
HPARCHIVE 

This vintage Hewlett Packard document was 
preserved and distributed by 

www. hparchive.com 

Please visit us on the web! 

Scanned by on-line curator: Jack Hudler 

** For FREE Distribution Only ** 





HEWLETT 
PACKARD 

Test & 
Measurement 
Catalog 

@ Hewlett-Packard Company 1990 

Published by Marketing Communications 
Test & Measurement Sector 
Hewlett-Packard Company 
5301 Stevens Creek Blvd. 
Santa Clara, CA 95052-8059 

www. hparch ive.com - 



Support & Warranty 

Amslatanca 

US Gowrnment Sol- 

The table of contents lists product groups and shows the thumb tabs assigned 
to each group. 

Alphabetical index by function or by product description. See page 25. 
Model number index. See page 37. 

Selection guides in many product sections help you locate specific products. 

For highlights, see pages 6 through 24. For more information, complete the 
business reply card that is included with this catalog. 

New products are identifed by the NEW symbol. 

Specifications describe product performance. Parameters described as typical, 
nominal, or approximarely are supplemental characteristics. 

This symbol identifies products that have HP-IB (IEEE-488) capability. 
See page 574. 

This symbol identifies products that support HP Interactive Test Generator 
(HP ITG) software for easy generation of test code. See page 610. 

The prices shown are U.S. list prices. Purchase prices are determined by 
the prices prevailing when the order is received. For current prices or a forma 
quote, contact your nearest HP office. See page 737. 

Net 30 days from invoice date. See page 735. 

Prices include HP standard shipping to any U.S. destination. Other shipping 
methods can be arranged. See page 735. 

For operating environments, support life. and warranty terms, see page 736. 
For support options. see pages 722 to 73 1. 

For assistance in selecting or configuring products, contact your nearest 
HP sales office. See page 737. 

Many products in this catalog are covered on GSA federal supply schedule 
contracts. Contact your nearest HP sales office to obtain national stock 
numbers and to place orders. See page 737. 

Orders for end use outside the U.S. should be placed with an HP sales office 
or distributorship in the country of end use. See page 735. 
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Customer Services 

Producl & Service Intonnation Customer Idontlption Center 
For information about any Hewlett-Packard product or service, or for additional 
copies of this catalog, call the Customer Information Center (CIC) at 800-752-0900 
between 6:00 am and 5:00 pm PST. 

HP Sales & Support 
For local assistance, contact your nearest HP sales and support oftice. See page 737. 

HP Publications 
For information on other HP publications and other HP catalogs. see page 760. 

Orderlng Lac4 Sales & Support OPIices 
To place an order for any product in this catalog, contact your HP sales 
representative. See page 737. 

HPDIRECT 
Many products in this catalog can also be ordered for same-day shipment from 
HP DIRECT (see page 732). To order, call HP DIRECT at 800-538-8787. You 
can pay by credit card or use an HP DIRECT account. All products have an 
unconditional 30-day money-back guarantee. There is no charge for surface 
shipment. To order a free HP DIRECT catalog, use the business reply card that 
follows page 53, or call HP DIRECT. 

Financing 
You can "pay as you go" with rental, lease, and finance plans from HP Financing. 
HP EasyRent offers one of the most cost-efficient avenues for acquiring 
HP technology in today's marketplace. With HP financing plans, you pay less 
because HP uses its low cost of funds to minimize your costs. All HP products 

, + .  are eligible. For more information about HP's broad range of plans, 
see page 734. 

Hardware HP Support Optiom 
The HP Support Options program offers a range of service options that offer 
low-cost opportunities to extend product warranty benefits for a specified time. 
See page 723. 

Sottware HP BasicLiue 
HP BasicLine offers current, comprehensive support information, with electronic 
access to information and the right to use HP software updates. 

HP ResponseLine 
HP ResponseLine provides comprehensive software maintenance. It offers all of the 
features of HP BasicLine, plus unlimited telephone assistance for normal software 
usage. See page 73 1. 

Education HP Customer Edue~tion 
HP has training centers throughout the world. Classes are limited to ten students. 
Lab equipment is provided at each class, and lab time is assigned. All HP courses 
can also be scheduled and taught at your site. For a list of courses, see pages 729 and 
730. For more information on specific customer education programs, contact your 
HP sales representative. See page 737. 
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Measurement Systems Architecture 

The test systems of the 90s must 
be easier to build, provide faster 
throughput, and last longer. 
System designers now select sys- 
tem hardware and software com- 
ponents that are proven to work 
together reliably. Pmgrammers 
need to reduce the amount of time 
it takes to write quality applica- 
tion programs. Project managers 
minimize risks bv reauirinc flexi- 

Helping you build better measurement systems faster 

ble test systems 6uilt'from>rod- 
ucts that meet industry standards. 
Manufacturers must offer more 
and better products optimized for 
test system applications. I 

High-pformance products 
that meet indusav standards are 
the backbone of HP'S Measure- 
ment Systems Architecture 
(MSA). Hewlett-Packard offers a 
wide array of products that meet 
industry standards such as 
IEEE 488.2, SCPI, VXIbus and 
MMS. More importantly, HP's 
implementations of these stan- 
dards have been designed to opti- 
mize the performance of your 
test systems. 

HP's MSA appmach is illu- 
strated by the diagram to the 
right, which represents a generic 

Ism 

- 
II M W  

RF HARDWARE 

test system. As shown in the support you need to build test sys- 
table, HP currently offers a spec- tems faster and more effectively 
hum of products that allow you to throughout the 90s. 
build high-performance test sys- The following two pages pro- 
tems that are compatible with vide an overview of key HP 
industry standards. In addition, products that constitute the cur- 
HP continues to develop the prod- rent MSA lineup. 
ucts, development tools, and - -riptlon HP .olultw -P@ 

Software Operating systems HP BASIC. MS-DOS@, UNDL 604 
LaWWS HP BASIC 604 
Software development twls HP Interactive Test Generator (HP ITG) 610 

HP Functional Test Manager (HP FTM) 612 
lnsmment driven 611 

Computer platforms 

Form factor 

DaWcontml highway 

HP WOO Series 300 Workstations 
(Motorola based) 
PC-300 Contmllen 
(Intel-based) 
Rackmountable (Rl332 controller) 
VXI embedded (Vl360) 
HP-IB (IEEE 488.2) 
m u s  
Modular Measurement System (MMS) 

Instrument Finnwm Drives hardware SCPl 
HP Jnstrument BASIC 

In6hument Hardwm Measurement and switching HP-IB insuuments 
V x l  cards 
MMS modules 

Hardware development tools MMS and VXI development tools 

MS-WS in a U.S. regisrered mdcmark of Mic-R Cmpwati~ 
UNlX is a rrgistered trademark of AT&T in ihe U.S.A. and in nher munoicn 

www. hparchive.com 



SCPI 
SCPI (Standard Commands for 
Programmable Instruments) is the 
name of an industry standard 
adopted by HP and eight other 
manufacturers in April 1990. 
SCPI is based on lEEE 488.2 and 
HP's Test and Measurement 
Systems Language (TMSL). SCPI 
is a set of universal commands for 
instruments that makes it easier 
and quicker to develop test pro- 
grams. SCPl's common com- 
mands simplify software develop- 
ment because you no longer need 
to learn a different language for 
every instrument. HP's TMSL 
products are already compatible 
with the SCPI standard, and HP 
is implementing SCPI in many 
more products. 

Instruments 
HP's MSA includes both modular 
product families and stand-alone 
HP-IB instruments. all optimized 
for automated test systems. The 
HP 75000 VXI products allow 
you to integrate a wide range of 

switching, analog. and digital surements from RF to lightwave 
measurement capability into main- that meet the industry-wide MMS 
frames that meet the industry-wide standard. Many new HP instnl- 
VXlbus standard. The HP 7M00 ments include built-in contmllers 
system provides rugged. reliable running [BASIC. a subset of 
instruments for demanding mea- HP BASIC. 

All H P  7SlMMI VXl ,~!,ulttlcm uve .SCPl, !lzc !!<m i ! ~ ~ l t , . ~ ! r v - w i ~ l ~ ~  S , ~ , ! ~ ~ I ~ , ~ ~ I  ~ ~ , ~ ~ , z , , z ~ ~ , z ~ l  wr, <t!#d 
r l r r  in ,pp~m<lhr  HI' ITG ro/itwrne. givi,r,q year <a,r!l?<ltihilin: ea.$r-of-t,.v<,. ~trtd/?,rr .v?\tc~,n 
~ l e v < ~ l , r ~ ~ n ~ ~ .  

HP:s mrk-ond-srock HP- IB bzrm<rnu,zrr pmeide e i ~ ~ l i ~ l , f i ~ t m ~ l u ~ i ~ ~ ~ ~  For ~tpplicnlio?t.s fro"! RF through lighrwwvr. rlrr H P  70WO nrodul'ir 
for your rompurrr-uidel test rtpplk.oti~~nr. t,,ron~nmc,rt sr.srem IMMSI pm~ides n,g#vd and rvliahlr bixh- 

~w~fi~nnarrc' i~~sm~merrr~~riurr.  
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MODEL NUMBER INDEX 
New product listings are printed in bold face type 

5965B Infrared Detector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  669 
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6024A 200 Watt Autoranging DC Power Supply . . . . . . . . . . . . . . . .  494 
6030A 1000 Watt Autoranging System Power Supply . . . . . . . . . . .  486 
603 1A 1000 Watt Autoranging System Power Supply . . . . . . . . . . .  486 
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6060A Electronic Load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  466469 
6063A Electronic Load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  466-469 
6 1 14A & 6 1 1 5A Precision DC Power Supplies . . . . . . . . . . . . . . . . . .  504 
6 177C Precision DC Current Source . . . . . . . . . . . . . . . . . . . . . . . . . . . .  505 
6 18 1 C Precision DC Current Source . . . . . . . . . . . . . . . . . . . . . . . . . . . .  505 
61 86C Precision DC Current Source . . . . . . . . . . . . . . . . . . . . . . . . . . . .  505 
6200B-6209B DC Power Supplies . . . . . . . . . . . . . . . . . . . . . . . .  .500. 502 
6212C-6218C DC Power Supplies . . . . . . . . . . . . . . . . . . . . . . . . .  500. 502 
6227B Dual Tracking DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . .  492 
6228B Dual Tracking DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . .  492 
6234A Dual Output Power Supply . . . . . . . . . . . . . . . . . . . . . . . .  .500, 502 
6235A Triple Output Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . .  501 
6236B Triple Output DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . .  501 
62378 Triple Output DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . .  501 
6253A Dual Output DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . .  492 
6255A Dual Output DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . .  492 
6259B DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  496 
62608 DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  496 
626 1 B DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  496 
6263B DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  496 
6264B DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  496 
6266B DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  496 
6267B DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  496 
6268B DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  496 
6269B DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  496 
6274B DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  496 
628 1 A DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  492 
6282A DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  492 
6284A DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  492 
6286A DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  492 
6289A DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  492 
6291 A DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  492 
6294A DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  492 
629614 DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  492 
6299A DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  492 
6434B DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  498 
6448B DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  498 
6453A DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  498 
6456B DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  498 
6459A DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  498 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6464C DC Power Supply 498 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6466C DC Power Supply -498 
6469C DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _498 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6472C DC Power Supply 498 
6475C DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  498 
6477C DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -498 
6479C DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  498 
6483C DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -498 
6621A System Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  482 
6622A System Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  482 
6623A System Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  482 
6624A System Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  482 

. . . . . . . . . . . . . . . . . . . . . . . . .  6625A Precision System Power Supply 484 

. . . . . . . . . . . . . . . . . . . . . . . . .  6626A Precision System Power Supply 484 
6627A System Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  482 

. . . . . . . . . . . . . . . . . . . . . . . . .  6628A Precision System Power Supply 484 

. . . . . . . . . . . . . . . . . . . . . . . . .  6629A Precision System Power Supply 484 
6632A System Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  480 
6633A System Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  480 
6634A System Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  480 
6651A System Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 47  8-479 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6652A System Power Supply .47  8-479 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6653A System Power Supply 478-479 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6654A System Power Supply .47 8-479 
6655A System Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  478-479 
6825A DC Power Supply/Amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . . .  503 
6826A DC Power Supply/Amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . . .  503 
6827A DC Power Supply/Amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . . .  503 
6900 Multiprogrammer 110 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  614 
6942A Multiprogrammer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .632 . 635 
6943A Multiprogrammer Extender . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  635 
6944A Multiprogrammer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  632 
69448 + 24D Multiprogrammer System User's Course . . . . . . . . . .  727 
6954A Multiprogrammer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  632-633 

7000 
7060A HP Sketchpro Graphics Tablet . . . . . . . . . . . . . . . . . . . . . . . . . .  687 
7090A Measurement Plotting System . . . . . . . . . . . . . . . . . . . . . . . . . . . .  82 
7440A ColorPro Plotter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  694 
7475A 6-Pen Graphics Plotter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  694 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7550 Plus 8-Pen Graphics Plotter 695 
7570A DraftPro Plotter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  696 
7575A DraftPro DXL Plotter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  696 
7576A DraftPro EXL Plotter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  696 

. . . . . . .  7595B Dnftmaster SX Single Sheet Drafting Plotter 698-699 
7596B Draftmaster RX Drafting Plotter . . . . . . . . . . . . . . . . . . .  698-699 

. . . . . . . . . . . . . .  7599A Draftmaster MX Multiuser Drafting Plotter 698 
. . . . . . . .  7600 Series Model 250 Monochrome Electrostatic Plotter 700 
. . . . . . . .  7600 Series Model 255 Monochrome Electrostatic Plotter 700 

. . . . . . . . . . . . . . .  7600 Series Model 355 Color Electrostatic Plotter 700 
7673A Automatic Injector and Sampler . . . . . . . . . . . . . . . . . . . . . . . .  669 
7680A Supercritical Fluid Extractor . . . . . . . . . . . . . . . . . . . . . . . . . . . .  669 
7979A '/2-inch tape drive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  686 
7980A '/>-inch tape drive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  686 
7980XC High-performance 'b-inch tape drive . . . . . . . . . . . . . . . . . . .  686 

8000 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  801 2B 50 MHz Pulse Generator 459 

8082A Pulse Generator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  456 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 1 1 1 A Pulse/Function Generator 437 

8 1 12A Pulse Generator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  460 
. . . . . . . . . . . . . . . . .  8 1 15A 50-MHz Dual-Channel Pulse Generator 461 

8 1 16A Pulse/Function Generator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  440 























E1405A Command Module 629 

El 
.................................... 

E ............................... E1410A 6 112-Digit Multimeter 623 
E1300A HP 75000 Series B Mainframe .................. .622, 629 El41 1A 5 112-Digit Multimeter 623 ............................... 

................................. .......................................... El 300A VXI Mainframe 594-595 E1416A Power Meter 145 
..................................... ........................ El 301A H P  75000 Series B Mainframe 629 ~ 1 4 2 0 ~  universrl counter 624 

................................. ...................... EI 301A VXI Mainframe 594-595 ~ 1 4 2 6 ~  500 M H ~  Digitizing Osfilloscope. 625 
.............................. E1323A Microprocessor Interface 264 E1440A 21 MHz Synthesized Function/Sweep Generator ....... 625 

......................... .............. E1323A VXI heprocessor for HP wc A-~Y- 628 E1460A 64-Channel Relay Multiplexer 626 
............................. ~ 1 3 2 4 ~  ~ ~ 2 3 2 C / 4 2 2  Data ( h ~ m  622 E1468A 64-Channel Relay Multiplexer ......................... 626 ............................... ......................... El 326A 5 112-Digit Multimeter 623 E1469A 64-Channel Relay Multiplexer 626 

........................... ...................... E1326B 5 112-Digit Multimeter 594-595 E1472A 50-0hm R F  Multiplexer (6x41)  627 
................... E1328A 4-Channel D/A Converter 594-595, 625 E1473A SO-Ohm R F  Multiplexer Expander (6x41)  ............ 627 

E1330A Quad Digital I n ~ u t I h t ~ u t  ...................... 625 E1480A V/360 Controller (VXI Embedded) 609 .................... 
El 330A Quad 8-bit Digital I n ~ u t / h t ~ u t  ................. 594-595 E1480A V/360 Controller ..................................... 629 

........................ ................ El 332A 4-Channel CounterITotalizer 585, 594-595 ~ 1 5 0 1 ~  ~p 75000 Series B Mainframe 622 
......................... El  332A 4-Channel Counter/Totalizers 624 E2000A Interactive Test Generator for HP BASIC ......... 6 1 0 4 1  1 .......................... .......... E1333A 3-Channel Universal Counter 624 ~ 2 0 0 1 ~  Instrument Driver Software for Hp ITG 610-611 

E l 3 4 5 ~  16-Channel Relay Multiplexer ............... 594-595, 626 ~ 2 0 8 0 ~  LIF Utilities 606 .......................................... 
~ 1 3 4 6 ~ 4 8 - C h a n n e l ~ e l a y M u l t i ~ l e x e r  . . . . . . . . . . . . . . . . . . . . . .  4-595 E21-5061BFlyingClock(Cesium) 508 ............................. 
E 1 3 4 6 ~  48-Channel Single Ended Relay Mulitplexer ............ 626 ~21-5065A Portable Rubidium Time Standard 509 .................. 
El 347A 16-Channel Thermocouple Relay Multiplexer . 594-5957 626 E2301A Surface Thermocouple Probe ..................... 100-101 
E1351A 16-Channel FET Multiplexer. ................ 594-595. 627 E2302A Airflow Thermocouple Probe 100-101 ..................... 
E1352A 32-Channel S i n g l ~ n d e d  FET Multiplexer ........ . 5 9  4-595 E2303A Thermocouple Probe Adapter ..................... 100-101 
E1352A 48-Channel Single-Ended FET Multiplexer .............. 627 E2304A Handheld Multimeter Carrying Case .............. 100-101 
E1353A 16-Channel Thermocouple FET Multiplexer ... 594-595$627 E2305A Replacement Test Leads ......................... 100-101 
E1355A 16-Channel Thermocouple Relay Multiplexer ........... 626 ~ 2 3 7 3 ~  Multimeter ...................................... 100-101 
E1355A 8-Channel Relay Multiplexer ..................... .59  4-595 E2377A Multimeter ...................................... 100-101 
El 356A 16-Channel Thermocouple Relay Multiplexer ........... 626 E2400A Microprocessor interface 262 .............................. 
~1356.4  8-Channel Relay Multiplexer ...................... 594-595 E2403A Microprocessor Interface 263 .............................. 
~ 1 3 5 7 ~  8-Channel 120 Ohm Strain Gage Multiplexer ............ 627 E2404A Microprocessor Interface 262 .............................. 
E 1 3 5 7 ~  8-Channel FET Multiplexer . . . . . . a * . . . . . . . . . . . . . . .  5g4-595 E2405A Microprocessor Interface 263 .............................. 
E1358A ~ - ~ h ~ n n e l 3 5 0  Ohm Strain Gage Multiplexer ............ 627 E2406A Microprocessor Interface .............................. 262 
E 1 3 5 8 ~  8-Channel FET Multiplexer ...................... . 59  4-595 E2407A Microprocessor Interface 264 .............................. 

.................................... E1361A 4x4 Matrix Switch 626 E2409A Microprocessor Interface .............................. 263 
El 364A 16-Channel k ~ r m  C Switch .................. 594-595, 626 E2413A Microprocessor Interface 262 .............................. 
El 366A 50-Ohm RF Multiplexer (2x41)  ...................... 627 E2414A Microprocessor Interface 262 .............................. 
El  367A 50-Ohm RF Multiplexer (2x41)  ...................... 627 E2415A Microprocessor Interface 263 .............................. 
El 368A 18 GHz Microwave Switch ............................ 627 E2416A Microprocessor Interface .............................. 263 
El 369A Microwave Switch Driver .............................. 627 E2417A Microprocessor Interface .............................. 263 
E1370A Microwave Switch Driver .............................. 627 E2418A Microprocessor Interface .............................. 264 

........................................ ......................... E1400B HP 75000 Series C Mainframe 622 ~ 3 3 0 0 ~  1 c - c ~ ~  .53  6-537 
E 1 4 0 0 ~  VXI Development Mainframe .......................... 628 E3330A IC-MS Software 539 ...................................... 

......................... E1403A A/B-size VXI Module Carrier 628 



OSCILLOSCOPES & WAVEFORM ANALYZERS 
Digitizing Oscilloscopes 

The HP 54 100 and  HP 54500 series digitizing oscilloscopes . . . combine high bandwidth with high digitizing rates makes  these  general- 
purpose oscilloscopes useful for both analog and digital measurements. 

OSCILLOSCOPES 
Choosing the Right Scope for Your 
Application 

Selecting the right Oscilloscope involves 
asking whether the instrument can capture 
and accurately measure your signals. The 
following information will aid in your selec- 
tion of the best oscilloscope for your applica- 
tions. 
Selection Criteria 
Repetitive or single-Shot: A single-shot 
signal is one that occurs only once or infre- 
quently, so you need to acquire all of the in- 
formation on a single tr igger event. 
Repetitive signals occur over and over, so the 
signal can be acquired over many trigger 
events. Repetitive oscilloscopes are typically 
less expensive than single-shot instruments 
for the same degree of accuracy. 
Bandwidth: The bandwidth of an oscillo- 
scope is a critical factor in determining the 
accuracy to which signals can be measured. 
The questions to ask are "What is the highest 
frequency component in my signals?" and 
"What degree of accuracy do I need for my 
application?". 

The highest frequency component can be 
estimated using the following formula which 
compares rise time to bandwidth of signals. 

0.35 
frequency = - 

rise time 

The following graph shows the relation- 
ship between the ratio of rise times 

signal rise time 
oscilloscope rise time 

and the measurement error. The mcasure- 
ment error is calculated by using the sum of 
the squares as shown. 

As an example, a 250 MHz oscilloscope 
(rise time 1.4 ns) should accurately and 
repeatability measure a signal with a 4.2 ns 
rise time with an error of less than 5.0%. 
Digitizing Rate: The digitizing rate is prima- 
rily of interest in single-shot oscilloscopes. In 
these instruments the ability to capture and 
represent a waveform is directly related to 
the sampling interval, signal conditioning 
and digital signal processing. All HP single- 
shot oscilloscopes limit the bandwidth to '/1 
the sample rate, and they employ digital sig- 
nal processing techniques that provide accu- 
rate voltage and timing measurements. 

Measurement Error vs. Bandwidth Margin 

Percent Error 
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Digital Storage 
Bright, stable display of low-duty-cycle 
signals. 
Retain waveforms as long as desired for 
worst-case analysis. 
Fade-free, non-blooming display. 
Store as many waveforms as needed for 
comparison or reference. 
Make measurements after signal is ac- 
quired. This is especially useful on single- 
shot signals or infrequent error conditions. 
Waveform data available over the HP-IB. 
Signal averaging for noise rejection and 
increased resolution. 

Easy to Use 
Pressing the Autoscale button automati- 
cally sets up the time base, sensitivity, off- 
set, and trigger for a stable display over a 
wide range of input signals. 
Save up to ten front-panel setups in non- 
volatile memory; simplify a sequence of re- 
peated measurements quickly. 
Instant hard copy with either a pen plotter 
or a graphics printer eliminates time-con- 
suming, expensive photography. 
ECL and TTL presets scale the vertical 
gain, offset, and trigger levels for the se- 
lected logic family. This saves time in set- 
ting up for a measurement. 

Automatic Measurements 
Automatic edge finders save time, elimi- ~ ~ i ~ ~ ~ ~ i ~ ~  on complex ~ i ~ ~ ~ ~ l  
nate uncertainty, and reduce operator er- 
ror in time-interval measurements. Waveforms 
Measure pulse parameters automatically, pattern triggering allows you trig- 
without a controller. per on the complex events found in typical 

~~~ -~~~ - ~ 

Markers indicate where the measurement digital 'ystems. 
was made, providing confidence in mea- Trigger holdoff can be specified by events 
surement results. or by time for stable triggering on long, 

com~lex seauences of events. 
1ndipende;t trigger threshold adjust- 

Pte-trigger Display ments for each channel. No need to reset 
Find causes of events. the trigger level each time you switch from 
Displayed time can be any time before or one trigger source to another. 
after the trieeer. and is not limited to one 
screen widtKVbefore the trigger. Time in- 
tervals can be measured with a resolution 
of parts per million, before and after the 
trigger. 

Simplified Programming 
Simple, logical, structured programming 
mnemonics make programs easy to edit. 
easy to understand, and easy to modify for 
new applications. 
Measurement-oriented, English-like mne- 
monics. 

Document Results 
Active as well as stored waveforms, setup 

conditions, and measurement results can be 
printed or plotted for instant, low-cost docu- 
mentation. HP printers provide report-quali- 
ty hard copy for articles or printed reports at  
minimal cost, and without the delay of photo- 
graphic reproduction. 

Color as a Measurement Tool 
The addition of color to an oscilloscope can 

improve productivity in applications that are 
performed manually as well as in those that 
use automated measurements. Color can be 
combined with intensity, line types, and mod- 
ulation to create easier, faster measurements 
with fewer errors than with a monochrome 
oscilloscope. 

The 541 00- and 541 20-series oscilloscopes 
can display a high-resolution, flicker-free col- 
or representation of rapidly changing data on 
a nine-inch raster display. The user can work 
with as many as nine colors at  one time, se- 
lecting these nine from a total of 4096 availa- 
ble. For convenience, a default nine-color 
palette provides optimum viewing for users in 
standard laboratory environments. 

Adding color to an instrument such as an 
oscilloscope aids the user in four ways: 

it helps in differentiating between overlap 
ping, superimposed, or similar waveforms; 
it helps in associating displayed informa- 
t ion with corresponding d a t a  or  
waveforms; 
it can be used to emphasize displayed in- 
formation 
it allows the user to choose colors and their 
use in order to compensate for color blind- 
ness, ambient conditions, or special test re- 
quirements. 

Store Waveforms for Comparison 
and Reference 

Pixel memories for overlaying multiple 
waveforms. 
Waveform memories for measurements 
and comparison of stored signals. 



n OSCILLOSCOPES & WAVEFORM ANALYZERS 
HP Digitizing Oscilloscopes (cont'd) 
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YCS yes 

variable and infinite 
persistence, averaging 

2 pixel 
4 repet~t~ve. 

pattern 

color' display & color 
hard copy 

- 
Foc moh ~mwnnwn, 

order publlatkn numb* 

plrrrhmKI 
Price 

34 GW 
not applicable 

continuously variable 
1 mV-80 mV 
per d~vlsion 

50n 

A+& A-0. A vs 0, min, max, invert, only 

4 singleshot waveforms 
edge, pattern. state. 

dig~tal delay by event and 
tlme 

pattern 

built-in histograms 
TDR / TOT 

color display & 
color hard copy 

10 ps 
not appbcsMc 

4 

not applicable 
501 samples 

- - 
continuously variable 

1 mV-2.4 V 
per division 

50R 

AtB. A-0. A vs 0, min. 
max invert, only 

variable and ~nfin~te 
persatence, averaging 

2 pixel 
4 repet~tive 

built-in histograms 
color display & 
color hard copy 

'D modds only 
'10 polnts per period wfthout mconStructlon 
'HP 541 10D only 

10 ps 
not appltable 

4 
not applicable 
501 samples 

50 GHz 
not applicable 

2.5 GHz edge trigger 
to 18 GHz with 

HP 54118.4 

HP printers and HP plotters 

HP 5954-2659 (D) 

12.4 G R  
not applicable 

variable and infinite persistence, averaging 

2 pixel 
4 waveforms 

2.5 GHz edge trigger 
to 18 GHz w~th 

HP 54118A 

variable and infinite 
persistence, averaging 

2 pixel 
4 wavefons 

HP graphic printers, plotters including PaintJet 

67 

$22.900 

HP 5952-7084(D) 

64 
$13.900 
$18.500 
$22.900 

HP graphic printers. 
plotters including PainUet 

HP 5952-7084(D) 
HP 5952-1171(D) 

68 

142.800 

68 
$28.800 

66 

$28.900 

HP 5952-7084(D) 

60 

$28.800 

68 
$34.800 





OSCILLOSCOPES & WAVEFORM ANALYZERS 
Digitizing Oscilloscopes 
HP 54501A, 54502A, 54503A, 54504A, 54510A 

Choice of 100 MHz, 250 MHz, 400 MHz, 500 MHz a Dual-timebase windowing (except HP 54510A) 
bandwidth a Pan and zoom (HP 54510A) 

a Single-shot and repetitive signal performance Automatic limit testing 
a Up to 4 channels a Three-year warranty 
a Fully programmable a Affordable 
a Automatic pulse parameter measurements 

The HP 54500 Family of Digitizing Oscilloscopes 

A Family of Affordable Digitizing Ouillorcopes 
There are five models in the HP 54500 family of digitizing oscillo- 

scopes. For repetitive signals, the HP  54501A and 54503A offer 100 
MHz and 500 MHz, respectively, and four-channel, general-purpose 
performance. When single-shot capability is important, the 
HP  54502A and 54504A provide respectively 100 MHz and 50 MHz 
single-shot; and they both provide 400 MHz repetitive signal 
bandwidths. Using custom ADC design and other custom integrated 
circuits, the new HP 54510A boosts single-shot performance to 250 
MHz by introducing the first 1 Gigasample-per-second portable oscil- 
loscope. All members of this family deliver surprising performance at  
an affordable price. 

The Digitizing Advantage 
The HP 54500 family of oscilloscopes has features and functions 

that were previously available only on considerably higher-priced in- 
struments. Like the H P  54100 series digitizing oscilloscopes, these 
instruments include all of the digitizing advantages, such as autos- 
cale, pushbutton hard-copy output, automatic measurements, non- 
vo la t i l e  s e t u p  a n d  wavefo rm memor ie s ,  a n d  ful l  
HP-IB programmability. 

Affordable Automation 
The HP 54500 family's fully programmable setup and data acqui- 

sition capabilities can be used with your H P  Vectra PC, IBM PC, or 
other compatible personal computer. The built-in HP-IB interface, 
simplified, self-documenting programming language, and high data 
throughput rate provide a modestly priced, yet powerful automated 
test system. 

Easy-to-Use 
All members of the HP 54500 family have a new simplified user 

interface that makes them the easiest to operate of any HP oscillo- 
scopes. Adjustments are made with a single front-panel knob or 
numeric keypad. Automatic measurements, hard-copy output, or in- 
strument setup are performed with simple keystrokes. Operation is 
intuitive and straightforward. 

Advanced Logic and N Triggering 
Hewlett-Packard's advanced logtc triggering is a standard feature 

in the HP 54500 family. Use it to trigger on a wide variety of user- 
specified conditions. Trigger on edge, pattern, state, or trigger-after- 
delay to capture such elusive events as timing violations or transient 
bus phenomena. 

Select line and field for a variety of video waveforms. The 54500 
family makes it easy to focus on the video information that you need 
to capture. 

Measurement Limit Test 
Using measurement limit test, the HP 54500 family can automati- 

cally characterize a circuit or device over temperature or 
time-without human supervision. Specify upper and lower limits for 
any three of the instrument's automatic measurements, and leave it 
running unattended. If a measurement exceeds predefined limits, the 
violating waveform, measurements and other display data can be au- 
tomatically stored or transferred to an external printer or controller. 

These instruments can automatically calculate maximum, mini- 
mum, average. and most-recent values for all measurements, making 
device or circuit characterization even more accurate. 

Dual-time-base Windowing' 
Dual-time-base windowing lets you zoom in on fine details of the 

waveform that you are measuring. Similar to the dual-delayed sweep 
feature found on some analog oscilloscopes, dual-time-base window- 
ing gives you a time-expanded view of a smaller portion of the 
waveform that is defined by you with the instrument's easy-to-use 
cursors. 

Lightweight and Portable 
Members of the HP  54500 family weigh only 22 pounds and are 

easily transported. Their small size allows them to fit easily in the 
trunk of a car, making them ideal for field applications. An optional 
soft carrying case is also available, as well as a sturdy transit case for 
safe shipment. See page 76 for accessories. 
"The HP 54510A has "Pan d Zoom" In place of this features- page 59. 



Digitizing Oscilloscopes 
HP 54510A 

HP 5451OA: 1 GSa/s Digitizing Oscilloscope 
The H P  54510A is a I gigasarnples/second, two-channel, portable 

digitizing oscilloscope with a memory depth of 8k samples per chan- 
nel. The HP 54510A retains all of the key features and user friendli- 
ness of other 54500 series oscilloscopes. The HP 54510A adds 
waveform calculus, memory bar for pan and zoom, faster update rate, 
and faster throughput over HP-IB. The HP 54510A is an affordable 
high-performance oscilloscope for applications such as advanced 
hardware design and troubleshooting, high-energy mearch, and 
manufacturing test/ATE. 

HP 54510A Specifications and Characteristics 
Vertical (voltage) 
Bandwidth: dc to 250 MHz (-3 dB) 
dc-coupled' (300 MHz repettiwe mode typical) 

Switchable ac%oupled lower -3 dB frequency: 90 Hz 

bandwidth limits LF reject lower -3 dB frequency: 450 Hz 
Bandwidth llmit -3 dB frequency: 30 MHz 

- - 

Number of channels 2 ( s ~ m u ~ u s )  

Vertical sensitivity 1 mVld~v to 5 Vldlv 

range 
Vertical gain + 1.25% of full scale 

~ccurac?. ' 
Vertical 8 bits over eight d i i m m  (+ 0.4%) 

resalution4 10 bits wlaveraging (a 0.1%) 

Maximum umple rate 1 GSaIs 

Wavetorm record 8001 points (real-time) 
lenath5 501 points (repetitive) 

- 

Input C 7 p~ nominal 

Input coupling ac, dc 

Maximum i n ~ u t  1 Mn: t 250 V [dc + peak ac (< 10 kHz)] - r 

voltage 50W5Vrms 

Offset range Mm nilabh o f b l  
1 mV - 50 mV1d1v + 2 V  
>50 mV - 250 mVldiv + lOV 
>250 mV - 1 25 Vldw *50V 
>1 25 V - 5 Vldlv a250V 

Olhat accuracy' +(1.0% of ch. offset + 2% of full scale) 

Dynamic range * 1.5 x full scab from center of screen 

Channel-to-channel 40 dB: dc to 50 MHz 

isolation 30 dB: 50 MHz to 250 MHz 

Horizontal (time) 
Time base ranae 1 nddw to 5 gdiw 

Maximum time base 20 PS 

resolution 
Delta-1 accuracy' 
Repet~t~ve .t(O.W5% X &la t + 2E-6 X delay setting + 100 ps) 
Real-t~me a(O.00541 X delta t + 2E6 X delay setting + 150 ps) 
ls~n~le acouisit~onl 

Delay range 
(post-trlggeri 10 000 X (ddiw) 

Delay range Timeldiw settlng Available delay 
(pre-tngger) 100 ns .5 ddlv -160 x (sld~v) 

1 ns - 50 ndd~v -8 US 

Triggering 

Trigger sensitivitf 
Internal 

dc to 50 MHz 0.5 dii  
50 MHz to 250 MHz 1.0 dlv 

External 
dc to 250 MHz 1M) mVpp into 50 8 

Trigger pulse width (minimum) 
Internal 1.75 ns 
Extprnal 2 A n~ 

Trigger level range 
Internal a 1 5 x full scale lrom center screen 
External. + 2 V 

-- 

Specifications valid for temperature range t 1 0  degrees C from 
software calibration temperature with eight or more averages select- 
ed. 
' Uppaf bandwidth reducer by 2.5 MHz for each degree C abave 35 degrsg C. 

0 35 ' Rise times are calculated from 1,- - 
bandwldth 

' Varticai gain accuracy dwmaes 0.08% per "C from ron*ue calibration tampaaturn. 
' Expansion Is used Wow 7 mVldlv range. ao r d u t l o n  and accuracies are cwrespondlngly 
reduced. Below 7 mVldiv full sale is defined as 58 mV. 

Available omr tip-18 wavslorm rewrd length la: 
Raaltlme - 8000 polnta 
Repetltlve - 500 points 

* Spec1t)cstlon .pplkd at the maximum sampling rate. At lDwa ump(hrg rates qwMkatlan 
should read +(O.M)5% x d&a t+2E-6 x delay setting + 0.15 x sample Interval) For bandwidth 
llrnlted signals tr = 1.4 x sample interval. Sample interval Is M n e d  as llsample rate. Spsciflca- 
tlon alSo applies to tho80 automattc rnaasurements computing time Intervals on similar slope 
edges (i.0. pos-po~, neg-nag). 

Ordering Information 
The H P  54510A digitizing oscilloscope comes with two 

HP 10430A 10:l 10 MR probes, a front panel manual, a program- 
ming manual, a service manual, a miniature probe to BNC male 
adapter, a power cord, and a three-year warranty. 

Price 
Voltage measurement HP 54510A 1 GSa/s digitizing oscilloscope 5 10,950 
accuracfi Opt 908 rackmount kit (5061-6175) +5250 

Dual cursor +(1.25% of full scale + 0.032 x Vldiv) Opt 910 additional front panel, programming and +%75 
Single cursor +(1.25% of full scale + offset accuracy + service manuals 

0.016 x Vldiv) Opt 090 delete probes -5200 



OSCILLOSCOPES & WAVEFORM ANALYZERS 
Digitizing Oscilloscopes 
HP 54504A 

HP 54504A 400 MHz, 200 MSa/s Digitizing 
Oscilloscope with 8-bit Vertical Resolution 

The HP 54504A is a 400 MHz, 200 MSa/s sample rate. 2-channel 
digitizing oscilloscope with 8 bit AIDS designed for both repetitive 
and single-shot signals. In repetitive mode. the HP 54504A has 400 
MHz bandwidth. In real-time mode, its 200 MSa/s sample rate pro- 
vides a single-shot bandwidth of 50 MHz. Like other members of the 
HP  54500 family, the HP  54504A has all of the digitizing advantages 
of oscilloscopes that are much higher in price. Its high repeti- 
tivelsingle-shot bandwidth, ease of use, HP-IB programmability, and 
H P  54500 family general-purpose features make it a powerful tool for 
both manual and automated test applications. 

HP 54504A Specifications and Characteristics 

Real-time Repetitive 
Bandwidth: dc to 50 MHZ dc to 400 MHz' ' 
(-3 dB) 
dc-couoled 

Switchable acsoupled lower -3 dB frq.: 90 Hz 

bandwidth LF reject lower -3 dB h q . :  450 Hz 

limits Bandmdth limit: dc to 30 MHz 

Rise time2 7.0 ns 875 ps 

Number of 2 (simultaneous) 
channels 

Vertical 1 mVIdiv to 5 Vldiv 

sensitivity 
ranae 

Vertical gain *I.% of full scak 

accuracy (dc)).' 

Vertical s0.4% of full scak (8 bit AID) 

resolution4 .O I8 of full scale (10 b b  mth 2 8 averages) 

Maximum 200 MSa/s 
sam~le rate 

Real-time Repetitive 

Time base 1 nsldlv to 5 s/d~v 

ranae 

Time base 0.01% 
reference 
accuracv 

Maximum time 33 ~s 
base resolution 

Delta-t 42% x ddiv t(2% x ddiv 

accuracy t 0.01% x delta t t 1 ns) t 0.01% x delta t 
t 2 M  ps) 

Delay range M e l d i i  setting Ava~lable delay 
(post.tr~gger) 50 ms - 5 ddiv 40 x (sldiv) 

100 us - 20 msldiv 1s 
1 ns - 50 rs/d~v 10 OW x (ddlv) 

-lay range All tlmeld~v T~meld~v Ava~lable 
(pre-trtgger) sett~ngs setting delay 

40 x (sldn) lrs.5 ddw -dOx(ddn) 
10 ns-500 nddlv -80 rs  
1 ns-5 nsld~v -10 WOxfdd~v~ 

Triggering 

Trigger sensitivity 
Internal 
dc to 50 MHz 0.5 d'v 0.5 dlv 
50 MHz to 100 MHz not applicable 0.5 dlv 
100 MHz to 400 MHz not appl~cable 1.0ds 
External 
dc. 250 MHz 100 mVpp into 50 0 

Trigger pulse width (minimum) 
Internal 14.0 ns 1.75 ns 
External 2.8 ns 2.8 ns 

Trigger kvel Internal: 4 . 5  x full scale from center of screen 

ranae External: t 2V 

Power requirements: Voltage: 115/230 V ac, -25% to +I 5% 48-66 
Hz. Power 350 VA maximum 

Waveform normal 501 points bmc/dv Rec length 
Weight: Net. approximately 10 kg (22 Ib). Shipping: approximately 

record extended 2001 po~ntr 5 ns . 5 ddiv 501 pts 20 kg (44 Ib). 
2 n d d ~  401 ptS 

length6 Size: 194.3H x 422.3W x 355.6mmD (7.65" x 16.62" x 14") Does not 
I nsldiv 201 pts ~nclude front vanel protrusions 

Input R 1 MR 4 %  or 500 t l %  
(selectable) 

Specifications valid for temperature range +lO°C from software 
calibration temperature with eight or more averages selected. 

Input C 7 pF nominal 
'Upper bandwidth rs4ucas by 2.5 MHz for each 'C a b m  t35"C. 

lnput coupling acn dc 
'Rise times are calculated from: 

0 35 
Maximum 1 MR: s 2 M  V [dc t peak ac (<I0 kHz)] 

input 50R: 5Vrms 
voltage 
Offset range vertical sensitivity available offset 

1 mV - 50 mVldiv *2 V 
>50 mV. 250 mvld'iv * lo  V 
>250 mV - 1.25 Vld~v *SO V 
>1.25 V - 5 Vldiv a250 V 

o(hct *(+1.0% of ch. oHset+2% of full scak) 

rccurnev' 

t r =  - 
bandw~dth 

'Vertical gain accuracy duxame 0.08% pr 'C ham software callbfatlon tempature 
'Expansion IS u d  Wow 7 rnVldiv r a w  so vertical resolution and accuracies are corr-nd- 
lngly reduced Below 7mVldiv full mta Is deflnsd as 56 mV 
'On tlmeldlv settlngs 1 rsldlv and slower, bandwldth In rapetlttve mods la 50 MHz 
kvallable owr HP-IB wsvsform record length IS 

Real-t~me -normal 500 po~nts extended 2MX) po~nts 
Repet~t~ve 10 ns - 5 sldlv 1024 pts 

-5 ns/d~v IOOO pts 
2 nsld~v 400 pts 
1 nsld~v 200 pts 

Dynamic range i1.5 x full scale from center of xrm Ordering Intormation 
Channel-to- 40 dB: dc to 50 MHz 40 dB: dc to 50 MHz The HP 54504A digitizing oscilloscope comes complete with two 

channel NIA: 50 to 400 MHz 30 d ~ :  50 to MHZ HP 10430A 10: 1 10 MR probes, a front panel manual, a program- 

isolation ming manual, a service manual, a miniature probe to BNC male 
(w~th channels at qua1 sensitivity) adapter, a power cord, and three-year warranty. 

Voltage measurement accuracy (dc)).' Price 
Dual cursor +(1.5% of full scale + 0 032 x Vldiv) HP 54504A digitizing oscilloscope qtY 1 $6450* 
Stnale cursor i(1.58 of full scale +offset qty > 2 (each) S 6 2 5 7 s  . . 

accuracy t o  016 x Vld~v) Opt 908 rackmount kit (5061 -61 75) +$250 
Opt 910 additional front-panel. vroarammina and +$75 
service manual (54504-9090 1, i4564-90902) 
Opt 090 delete probes -$ZOO 

For same-day shipment, call HP DIRECT at 800-538-8787. 



HP 54503A 500 MHz 4 Channel Digitizing 
Time base 200 ps/d'v to 5 s/dv 

ranoe 
Oscilloscope 

The HP 54503A is a 500 MHz, 4 channel digitizing oscilloscope 
designed primarily for repetitive signal applications. All four chan- 
nels have full-featured attenuators. Like all of the HP 54500 family 
oscilloscopes, the 54503A features 2-channel simultaneous sampling 
and has the digitizing advantages of oscilloscopes much higher in 
price. Its four channels, 500 MHz repetitive signal bandwidth, ease of 
use. HP-I9 programmability, and H P  54500 family general-purpose 
features make it a powerful tool for both manual and automated test 
applications. 

Time base 0.005% 
nterence 
accuracy 
Maximum time N p s  
base resolution 
Delta t + 2% of ddiv +0.005% X delta t t l 0 0  ps 

accuracv 
Delay range Timeldiv setting 
(post-trigger) 50 ms - 5 sldiv 

100~- 20 msid~v 

Avsilabk delay 
40 X (s/div) 
1 s 

200'ps . 50 psdiv lO.Oo0 X (dd'v) 

W a y  range ;f iS5: -39.96 x (s/div) 
(pretr~gger) -99.9 rs 

200ps-5% -1o.OW x (s/d'~) 

HP 54503A Specifications and Characteristics 
Vertical (voitaael 

Bandwidth (-3 dB) dccoupled 
repet~t~ve' dc to 500 MHz 
s~ngle-shot dc to 2 MHz 

(based on 10 points per period of input signal) 

Switchabk aczoupled lower -3 dB frequency : 90 Hz 

bandwidth LF reject lower -3 dB frequency : 450 Hz 

limits Bandwidth limit upper -3 dB frequency : 30 MHz 

Triaaerina 
Trigger sensitivity 

> 5 mVid~v d c m M M  0.063 of MCs~ak 
100 MHz.500 MHz 0.156 of full scale 

< 5 mVlds dc-100 MHz 2.5 mV 
1W MHz.500 MHz 6 mV 

Trigger pulse 1.5 ns 
width Im~n~mum) Rise time 700 ps (calculated trom: rise trme = 0.35IBW) 

Number of 4 
channels2 

Trigger level + 1.5 X full scak from center of screen 

ranae 
Vertical 1 mvtd'v to 5 V / ~ N  

sensitivity range 
(all channels) 

Power Requirements: Voltage: 1 15/230 V ac, -25% to + I  5% 48- 
66 Hz. Power 350 VA maximum 
Weight: Net: approximately 10 kg (22 Ib). Shipping: approximately 
20 kg (44 Ib). 
Size: 194.3H x 422.3W x 355.6mmD (7.65" x 16.62" x 14") 

Vertical aain a1.255 
accurac~dc:'.' 

Vertical i 0.4% (8 bit AID) 

resolution4 a 0.1% (10 bits vla HP-IB with averaging) 
Does not include front panel protrusions 

Specifications valid for temperature range 5 10°C from software 
calibration temperature with 8 averages selected and channel(s) in 
sensitivity range 1. 2 or 5. 

Maximum 20 MSaIs 
sample rate 

Waveform 501 points (display) 
rtcord 1024 points (vla HP-IB) 

input R l M n t l % o r 5 0 n t l %  
(selectable) 

'Uppa bandwidth reducr by 2.5 M M  for each dagrea m r a d e  rbom +3S°C. 
'Slmultanews accluisltlon on two channek. Channels 1 and 4 we acaulnd simuhmmoudv. n 
lour channels are used, data IS acquired anmateiy by channels 1 ~ ~ 3 . 4 ,  then 2 and 3. 

. 
'Accuracy reduces by tO 08% lor each degree centigrade away from sohare callbratlm tan- 
perature 
'Expansion Is ussd M o w  7 mVldlv mnge so vertical rerolution and accuncla are canrpond- 
lngly reduced. 
'For singleshot vla HP-18, mvr(wm ncwd W ta S00 Mnn. In rqmlnlvemod.: 200 Wdlv  

- - 

l n ~ u t  C 7pF nominal 

Input coupling xq dc 

Maximum input 1Mn: t 250V [dc + peak ac <I0 kHz] 

voltaae 50 R: 5V rms 

t~me base range, waveform record length is 1W-poInts. 500 ps/dlv tlme bsse nngr, waveform 
record length 1s 250 pg~nte. 1 nsldlv tlme b a n  range, wavdorm record bath Is 500 wonts 12 
nsldiv time base range. wavs(orm record length is 1000 points. 

Ordering Information 
The HP 54503A digitizing oscilloscope comes complete with two 

H P  10430A 10: 1 10 MR probes, a front-panel manual, a program- 
ming manual, a service manual, a miniature probe to BNC male 
adapter, a power cord, and three-year warranty. 

Offset range Vertical sensitivity Available offset 
ImV to 50 mV1da a 2V 
> 50 mV to 250 mVId'v t lOV 
> 250 mV to 1.25 Vldiv t50V 
> 1.25 V to 5 Vlds a 25W 

m t  . c c u w  a (2% of full scale + 0.5% of offset) 

Dvnamic ranae (dc + peak ac) t 1.5 X full scak from n n t u  of screen Price 
HP 54503A digitizing oscilloscope qty 1 S s . 4 5 0 T  

qty 2 2  (each) S5,287= 
Opt 908 rackmount kit (5061-6175) +$250 
Opt 910 additional front-panel, programming 
and service manual (54503-90901,54503-90902) +$7S 
Opt 090 delete probes -5200 

For sameday shipment call HP DIRECT at 800-538-8787. 

Channel-to- 40 dB: dc to 100 MHz 

channel 30 dB: 100 MHz to 500 MHz 
(with channels at equal sensitivity) 

Isolation 
- -  

Voltage measurement 8ccur8cy 
Dual cursor" t (1.25% of full scsk + 0.032 d ' ~ )  
Slnnle cursor a (1.25% of full scale + offset accuracy tO.016 ds) 



OSCILLOSCOPES & WAVEFORM ANALYZERS 
Digitizlng Oscilloscopes 

HP 54502A 400 MHz, 400 MSa/s Digitizing Real-time Reactitive 
N lay  range All tlrneld~v sett~ngs Tlmeldlv Ava~lable 
(pre tr~gger) 40 x (sld~v) sett~ng delay 

Ips-51d1v -40x(sId1v) 
10 ns-500 nsldlv -80 ps 
I ns-5 nsld~v -10 000x(s/dlv) 

Oscilloscope 
The HP 54502A is a 400 MHz, 400 MSa/s sample rate, 2-channel 

digitizing oscilloscope designed for both repetitive and single-shot sig- 
nals. In repetitive mode, the H P  54502A has 400 MHz bandwidth. In 
real-time mode, its 400 MSa/s sample rate rovides a single-shot 
bandwidth of I00 MHz. Like other members o7the HP 54500 family, 
the HP 54502A has all of the digitizing advantages of oscilloscopes 
that are much higher in r i c e .  Its high repetitive s~ngle  shot 
bandwidth. ease of use, HP-I programmabilit . and ~ d ~ d 5 0 0 - f a m -  
ily general-purpose features make it a powerfuftool for both manual 
and automated test applications. 

Triggering 
Trigger sensitivity 

Internal 
dc 'c  100 MHz C 5 d ~ v  
100 MHz to 
400 MHz NIA 

. . 

1 div 
External 
dc - 250 MHz 100 mVp-p into 50 R 

HP 54502A Specifications and Characteristics Trigger pulse width (mlnlmum) 
Internal 7 0 ns Real-time Repetitive 

Bandwidth: dc to 100 MHz dc to 400 MHZ" 

. . . . - . . . -. 
External 2.8 ns 2.8 ns 

Trigger level Internal: t1.5 x full scale from center of screen (-3 dB) 
dc-couoled - - 

ranae External: t 2V 
Switchable ac-coupled lower -3 dB freq.: 90 Hz 

bandwidth LF reject lower -3 dB freq.: 450 Hz 

- 
Power requirements: Voltage: 115/230 V ac. -25% to +IS% 
48-66 Hz.  Power 350 VA maximum 
Weight: Net: approximately I0 kg (22 Ib). Shipping: approximately 
20 kg (44 Ib). 
Size: 194.3H x 422.3W x 355.6mmD 17.65" x 16.62" x 14") 

limits Bandw~dth Ihm~t, dc to 30 MHz 

Rise time2 3.5 ns 875 ps 

Number of 
channels 1)oes not include front panel protrusions 

Specifications valid for temperature range +lO°C from software 
calibration temperature with e~ght or more averages selected. 
'Upper bandwldth r e d u m  by 2.5 MHz for each 'C above t35OC. 
'Rise times are calculated from: 

0 35 
t r =  - 

bandw~dth 

Vertical 2 mV1d1v to 5 Vldiv 

sensitivity 
range 
Vertical gain *2 0% of full scale 

accuracy (dc)'.' 
Vertical +1.6% of full scale (6 b ~ t  AID) 

resolution4 aO.48 of full scale (8 blts wlth >8 averages) 

Maximum 400 MSaJs 25 MSaJs 

'Vertical gain accuracy decreases 0.08Y. per "C from s o h a r e  callbration temperature. 
'Ex~anSion is used M o w  7 mV/dlv ranae so W l c a l  resolution and accuracies are c o m w n d -  
ingly reduced Below 7mVldlv full scale% defined as 56 mV 
'On t ~ m e l d ~ v  rettlngs l r s l d ~ v  and slower, bandwldth In repetitive mode Is 100 MHz 
'Avallable over tip-18 waveform record length 1s 

Real-t~me -normal 500 po~nts, extended 2000 polnts 
Repet~t~ve 10 ns 5 sldn 1024 pts 

-5 nsld~v 1000 pts 
2 nsld~v 400 pts 
1 nsldlv 200 pts 

sam~le rate 
Waveform t~meldw Rec length 
record normal. 501 polnts 5 ns - 5 sld~v 501 pts 
lengthh extended: 2001 po~nts 2 ns/d~v 401 pts 

1 ns/d~v 201 pts 

I n ~ u t  R 1 MR 4 %  or 50R 4 %  HP 54502A Telecommunications Mask Template 
Test Option 

Make telecom mask template measurements to ANSI, CCITT, 
and ISDN standards without using Mylar overlays. HP  54502A op- 
tion 001 automates many of the mask measurements that are time 
consuming with analog oscilloscopes. Pass-fail accuracy and 
repeatability are improved through use of automatic measurements 
eliminating human error. 
H P  54502A Option 001 Features 

Input coupling ac, dc 

Maximum 1 MR: a250 V [dc + peak ac (< l o  kHz)] 

input 50R:SVrms 
voltaae 
Offset range vertical sens~ttvify ava~lable offset 

2 mV . 50 mV1d1v +2 V 
>50 mV - 250 m V l d ~  +10 V 
>250 mV - 1.25 Vld~v +50 V 
>1.25V-5Vldiv +250 V 

off set +(2 mVt28  of ch. offsett2.58 of full scale) 

15 standard telecorn signal mask templates stored in ROM 
Positive and negative templates 
Automatic triggering on positive "isolated ones"' in live traffic for 
many standard telecom s~gnals 
Automatic best-fit of test signals to sitive mask templates 
Automatic pass-fail comparison o rmask  templates with corre- 
sponding input signals 
Automatic storage, printing or plotting of failed signals 
User-defined pass-fail tolerance 
Memory protection for user mask templates, waveforms and front 

accurac9 
Dvnamic ranae 4 . 5  x full scale from center of screen 

Channel-to- 40 dB: dC to 50 MHz 40 dB: dc to 50 MHz 

channel 30 dB: 50 to 100 MHz 30 dB: 50 to 400 MHz 

isolation (with channels at equal senslt~v~ty) 

Voltage measurement accuracy ( d ~ ) ' . ~  
Dual cursor +(2 0% of full scale + 0.032 x Vld~v) 

Sinale cursor +(2 0% of full scale t offset accuracy t0.016 x Vldw) 

anel setups 
Eor more information on this option and a technical data sheet. 

Fontact your local HP Sales Office (see page 737). 
For the HP 54502A Opt. 001, the term "Isolated ones" Is deflned as a pulm sequence of at lean 

two zeros followed by a om, followed by at least wo zeros. 

Time base I nsldrv to 5 sldiv Orderinq ~nformation 
range The HP 54502A digitizing oscilloscope comes complete with two 
Time base 0.01% HP 10430A 10:l 10 Mfl probes, a front panel manual, a rogram- 
refrrrnee ming manual, a service manual. a miniature probe to BRC male . - - - . - . . - - 
accuracy adapter, a power cord. and three-year warranty. 

Maximum time 50 ps (max~mum) 
Price 

base resolution HP 54502A digitizing oscilloscope qty 1 56.450* 

4 2 %  x screen dlameter 4 2 %  x screen d~ameter 
qty I 2 (each) %6,257= 

Delta-t 
accuracy + 0.01% x delta t + 500 ps) + 0.01% x delta t +250 Opt 001 telecommunications mask template test option +%500 

PS) Opt 90% rackmount kit (5061-61 75) +5250 
Delav ranae Timeldiv setting Ava~lable delay Opt 910 additional front-panel, programming and +575 
- - ~- . - - ~ - = -  
( ~ ~ s t - t r a e r i  50 ms - 5 ~ / d l ~ ~  40 x (sld~v) service manual - 

100 ps .20 ms/d~v I s  0 t 090 delete probes -5200 
1 ns . 50 ps/dlv 10 000 x (sldu) & For same-day shipment, call HP DIRECT at 800-538-8787 



OSCILLOSCOPES & WAVEFORM ANALYZERS 
Digitizing Oscilloscopes 

HP 54501A El 
HP 54501A 100 MHz, 4 Channel Digitizing Horizontal (time) 

O S C ~ ~ ~ O S C O ~ ~  Time base 2 nsldiv to 5 sldiv 

The HP 54501A is a 100 MHz, 4 channel digitizing oscilloscope de- range 
signed primarily for repetitive signal applications. It has all of the Time base ,0059 

digitizing advantages of oscilloscopes much higher in price. Ease of accuracy 
use and general purpose features such as T V  trigger, dual-time-base ~~~i~~~ 100 ps 
windowing, advanced logic triggering, automatic measurements and tirne base 
full HP-IB programmability make it a powerful tool for both manual resolution 
and automated test applications. P 

Delta-t Accuracy 1 ns i (5E-5) x delta t + 0.02 x (Vdiv) 
k l t b t  accuracy for dusl-cursor, stngkhannel 

HP 54501A Specifications and Characteristics measurement, or for channel.to-channel 
measurement after visual tlme null callbration has 

Vertical (voltage) been performed. 

Bandwidth Delay range T~me base sett~ng Available delay 

dc-coupled (post-trtgger) 5 0 m s - 5 s  40 x (sldiv) 

Repetitive dc to 100 MHz (-3dB) 10011s-20ms 1 s 
Srngle shot dc to 1 MHz 2 n s - 5 0 6  10.000 x (sldiv) 

(Based on 10 points per period of input signal.) Delay range l o @ - 5 s  -40 x (sld~v) 
accoupled: (pre-trigger) 20 ns - 5  IS -200 ps 

Repetitive 10 Hz to l00MHz (-3dB) 211s-Ions -10.000 x (sldiv) 
S~ngle shot 10 Hz to 1 MHz (Based on 10 points per period of 

tnput signal ) Triggering 

Rise time 3.5 ns Trigger sensitivity 
5mV d~v dc-MMHz. 0.1 x full-scale 

0.35 calculated from: Rise time = -  OMH HI-100MM. 0.25 x full.scale 
bandw~dth All Other dc-20MHz. 0.05 x full-scale 

20MH~100MHz, 0.125 x full-scale 
Number of 4 (2+2) 

(Channels 2 and 3 are limited attmuator ~nputs. Trigger ~UIH width (minimm) 7 ns 
channels 

optimized for digital signals.) Trigger level i 6 div from center 

Simultaneous 2+2 range 
channels Channels 1 and 4 are acqutred simultaneously. If 

four channels are used, data IS acqu~red Specifications valid for temperature range + 10' C from calibration 
alternately by channels 1 and 4. then 2 and 3. temperature with 8 averages selected and channel (s) in sensitivity 

VertiCal 5 Vldlv to 5 mV/drv range 1, 2 or 5. 

sensitivity Power Requirements: Voltage: 1 151230 V ac, 

range -25'70 to + 15%48-66 Hz. Power 350 VA maximum 
Weight: Net: approximately 10 kg (22 Ib). Shipping: approximately 

Vertical gain t 1.5% 20 kg (44 Ib). 
accuracy (dc) Size: 194.3H x 422.3W x 355.6mmD (7.65" x 16.62" x 14") 
Vertical i 0.4% - 8 bit A/D Does not include front panel protrusions 
resolution (Since ercpanslon IS used for 5 mVld'v range. A/D 

resolution IS 7 bits 0.8% in that range.) Ordering Information 
+ 0.1% - 10 bits via HP4B (w~th averaging) The H P  54501A digitizing oscilloscope comes complete with two 

10 Megasamples/second 
HP 10432A 10: 1 10 MQ probes, an operating and programming man- 

Maximum ual, a service manual. one miniature-probe-to-BNC male adapter, a 
sample rate power cord and a three-year warranty. 
Memory depth 501 points (display) 

1024 points (v~a HP-IB) Price! 
For single-shot vra HP-IB, maximum memory depth rs 501 points. HP 54501A digitizing oscilloscope s ty  1 5 3 . 4 6 5 w  
For 2nsId1v t~me base range. memory depth is 200 points. qty 2 2  (each) 53,362* 
For 5nsld1v t~me base range, maxlmum memory depth vla HP-IB is 501 points. Opt 908 Rackmount kit (5061-6175) +5250 
Input RC (nominal) 1 M n. 16 pF Opt 910 One additional operating/programming +$75 

ac, dc 
manual (54501-90901) and one additional 

Input coupling Service manual (54501 -90902) 
Max input voltage i 250 V [dc + pcak ac ( t10 kHz)] Opt 090 delete probes -5200 

Offset range Sensit~vity range Available offset 
For same-day shipment, call HP DIRECT at 800-538-8787. 

5 - 50 mV1d1v i2V 
0.1 - 1 Vldtv t20V 
I - 5 Vld~v i200V 

o m t  • 2% Of offset • 0.2 X (Vld'~) 
+ 0.075 dwistonlA< from calibration accuracy temperature - 

i 16 d~vrstons from center operating range for dc 
. . 

Dynamic range + peak ac tnput. 

Channel-to- 40 dB dc to 20 MHz 
30 dB 20 MHz to 100 MHz channel (with channels at equal sensiiivity) 

isolation 

Voltage measurement aecurrcy 
Single cursor: gain accuracy + 

offset accuracy 
+IUD resolution 
galn accuracy + Dual cunor: 
(2 x IUD 
resolut~on) 
(stngle channel) HP 54501A 



Q OSCILLOSCOPES & WAVEFORM ANALYZERS 
Digitizing Oscilloscopes 
HP 54100A/D, 54110D 

1 GHz bandwidth Available with color or monochrome display 
Auto pulse parameter and time interval measurements Pre-trigger viewing 
Digital storage Logic triggering capability 

this feature valuable in measuring high-speed I-V device characteris- 
tics and transfer functions high-speed converters. 

HP 54100A/D and HP 54110D Digitizing 
Oscilloscopes 

As the speeds of analog and digital logic continue to increase, board 
and system designers need to pay even closer attention to high-fre- 
quency and transmission-line characteristics of their circuits. Design 
requirements are rigorous. Subnanosecond technology creates narrow 
and elusive pulses. 

When a monochrome display is preferred, for example in a totally 
automatic test application, choose the HP  54100A or H P  54100D 
oscilloscope. These units require less rack height (7") than the HP  
541 10D (8.75") and have all of the same measurement features and 
specifications. The HP 54100A has one external trigger input, while 
the HP  54100D and HP 541 10D have two. 

A Choice of Input Pods and Probes 
The HP 54100 and 541 10 inputs are configured with removable 

pods that can be chosen according to the application. Pods can be 
changed quickly and easily, and they occupy a minimum of storage 
space. 

50 Cf inputs and probes for a wide variety of environments, without 
the expense of amplifier plug-ins. 
I-GHz miniature active probes for densely packed, high-speed log- 
ic circuits. 
1 MR probes for circuits sensitive to resistive loading. 
50 R BNC inputs for measurements where terminated lines are im- 
portant. 
100: 1 probes for extended dynamic range. 
For more information on the H P  54100/ 1 10 probing system, please 

refer to page 74. 

High Bandwidth 
The HP 54100 and 541 10 unite a powerful 1 GHz bandwidth with 

a random repetitive sampling technique for viewing rarely occurring 
narrow waveforms. These oscilloscopes have 0.002% time base accu- 
racy and 10 ps resolution for confident measurements of critical tim- 
ing parameters in high-speed circuitry. 

With random repetitive sampling, you can capture waveforms that 
occur thousands of screen diameters before the trigger event. This 
gives an effective memory depth of millions of bytes for finding causes 
of failures that occur long before the trigger. 

Ordering Information 
H P  54100A lGHz digitizing oscilloscope 

Opt W30 Extended repair service. See page 723. 
H P  54100D IGHz digitizing oscilloscope 

Opt W30 Extended repair service. See page 723. 
H P  54110D lGHz digitizing oscilloscope 

with color display 
Opt W30 Extended repair service. See page 723. 

lnput Pods and Probes 
H P  54001A 1 GHz miniature active probe pod 
H P  54002A 50 R BNC input pod 
H P  54003A 1 MR 10: 1 probe pod 

Price 
5 1 3,900 

+5325 
31 8,500 

+5440 
$22,900 

+S550 

5765 
5130 
5 665 

High Resolution 
Analyze perturbations within a waveform with high resolution. 

With vertical magnification and waveform averaging, small signal de- 
tails can be viewed and measured with 10 bits of effective resolution. 

Flexible Analysis 
Only the H P  54100A/D and H P  541 10D allow the display of ei- 

ther vertical channel versus the other. The 1 GHz bandwidth makes 



OSCILLOSCOPES & WAVEFORM ANALYZERS 
Digitizing Oscilloscopes 

HP 54111D I3 
2 Glgasample/second, one channel when used wlth HP 8k memory depth 
541 14A HP PaintJet printer color output 
500 MHz repetitive bandwidth 

@!Jf+ 
SYSTEMS 

HP 54111D: High-speed General-Purpose scope In addition to its single-shot and repetitive capabilities, the H P  

~h~ HP 541 11 D can be configured as a 2 gigasamp~e/second 541 1 ID provides flexible input coupling with a side dynamic range 
(G SaIs), one channel oscilloscope or as a two channel 1 gigasam- for viewing and analyzing a variety of signals. Use this scope for just 

~lelsecond oscillosco~e with a memory d e ~ t h  of 8k samples per chan- about any general-purpose application from very slow to very high- 
he]'. The H P  541 1 i~ retains all df the key featuies and user speed repetitive or non-repetitive waveforms. 
friendliness of the H P  54100/110 oscilloscopes, such as automatic Ultra high digitizing rate 
measurements, autoscaling, cursors, and a color display. Plus, the HP  No longer do you need a manual analog storage oscilloscope to c a p  
541 1 1 D adds features necessary for controlling and managing the ad- ture high-speed single-shot phenomena found in: 
ded memory depth, such as scroll, zoom, and memory bar. high-speed pulse analysis 

Kay Contributions 
2 gigasamples/second digitizing rate (maximum) 
500 MHz bandwidth 
8k memory per channel 
Up to eight bits of vertical resolution with bandwidth limits 
Two channels of simultaneous capture at  up to I GSa/s 
Pre-trigger information 
Automatic measurements 
Fully HP-IB programmable 
Advanced logic triggering capabilities 
Instant hard-copy output 

Memory Bar Simplifies Data Vkwlng 
The H P  541 11 D provides 8k samples of memory per channel. This 

results in a minimum of 16 screens of waveform information in single- 
shot acquisitions. To simplify management of all this data, the 
H P  541 11D displays a memory bar. The memory bar is displayed 
along the top edge of the graticule and shows the portion of memory 
being viewed relative to the entire memory record. In addition, the 
trigger point is also shown along the memory bar. 

General-purpose to Special Applkations 
With a 2 gigasample/second digitizing rate, the H P  541 11D gives 

you the fastest sampling rate available in a general-purpose digitizing 
oscilloscope. However, the HP 541 11 D is much more than an instru- 
ment for capturing fast single-shot transients. With random repetitive 
sampling, this instrument provides a bandwidth of 500 MHz for high- 
speed circuit design and test. 

nuclear test studies 
plasma discharge 
high voltage arcing 
high frequency bursts 
All these single-shot events can be captured easily at  2 GSa/s, with 

4 ps of data stored for review and analysis. (8 ps over HPIB). 
High-speed ECL design 

Non-repetitive glitches appearing on the clock signal can be c a p  
tured easily with the 500 MHz single-shot performance of the H P  
541 1 ID with the H P  541 14A two-gigasample/second test set. Four 
ps of pre-trigger data is invaluable for determining the cause of the 
glitch. 
High-speed somkoductcw W l g n  

Single-shot performance of 500 MHz permits you to measure the 
outputs from latches (one-time events for multiple clock periods in 
ECL circuits). 
Laser and hlgh-enorgy -arch 

Photo detector pulses can be measured with single-shot capture us- 
ing the 2 GHz sampling rate and built-in automatic measurements. 
Infinite persistence can also be used to show and measure maximum 
variations of the waveform to the 500 MHz bandwidth. 

The HP 541 1 1D's two simultaneous 1 gigasample/second channels 
give you the single-shot performance of the most advanced analog 
storage oscilloscopes, but with all the advantages and ease of use of a 
digitizing oscilloscope. And with a staggered over-sampling tech- 
nique, the HP  54 1 1 1 D provides this single-shot performance with up 
to eight bits of non-blooming vertical resolution. 



OSCILLOSCOPES & WAVEFORM ANALYZERS 
Digitizing Osciiloscopes (cont'd) 
HP 54111D 

With a 1 gigasample/second digitizing rate, the  HP 541 1 I D  cap- 
tured this laser pulse single-shot. 

Data communications 
Combine 2 gigasample/second (GSa/s) digitizing rate with eight 

kbytes of memory depth per channel, for an invaluable tool for ana- 
lyzing high-speed serial waveforms such as data communications or 
radar testing. 
High bandwidth applications 

Uot only is the HP  541 1 1 D digitizing oscilloscope useful for single- 
shot phenomena, but it also samples repetitively, giving you 500 MHz 
bandwidth with high signal fidelity. Use this oscilloscope for general- 
purpose applications, from very slow to very high-speed repetitive or 
non-repetitive waveforms. 
Computer-aided test  

The HP541 I 1 D has many features that makeit an excellent tool in 
computer-aided test. Its repetitive bandwidth and digitizing rate al- 
low it to cover a wide range of automatic measurement applications. 
In addition, this instrument has many features that enhance test 
throughput time, such as built-in automatic measurements, fast ac- 
quisition cycles, and deep memory. 
lnput range and conditioning 

The HP 541 1 ID has the widest input dynamic range and coupling 
capabilities of any HP digitizing oscilloscopes. The input sensitivity 
can be set from 1 mV/div to 5 V/div. All input coupling is internal 
and programmable. The selections include: ac, dc, 1 MR, 50R, and 
ground. These input signal conditioning features make the 
HP 541 1 ID more general-purpose for the circuit designer and test 
engineer. 

HP 541 11 D Specifications 
Vertical (voltage) Singlcr hot Repetitive 

2 channel 1 channel 
with HP 541146 

Channels 2 2 

Bandwidth 250 MHz 500 MHz 500 MHz 

Transition time 1.4 ns 700 ps 700 ps 

Vertical resolution 8 b1td25 MHZ. 8 b~tr/M MHZ 6 bits. 
7 b1tsf100 MHz 7 b1t$!200 MHz 8 b~ts wlth 
6 blW2M MHz 6 b1ts!500 MHz' averagmg 

Vertical gain t 2 8  of full-scale' 
accuracy 
dc oftset accuracy t1.58 of setting 

Measurement accuracy 
snple data po~nt +lam accuracy i onset accuracy t resolut~on 
between data po~nts on the same waveform igaln accuracy t 2 x resolut~on 

Input coupling: addddc.54 Wgrwnd 
Input impedance: 1 MR at 6.5 pF or 50 !l (dc) 

~ i x i m u h  input IMR: t 40V [dc t peak act 

voltaae Mn: 5Vrms 

Horizontal (time) 
Digitizing rate 1 GWs to 50 Sals 

Deflection factor 500ps/dn to 1 ddn 

Memory depth 8k (&rat IGSaIs). 
per channel slngle shot only 

Delay range -@at %rs /d~  and k s .  
(prp tr ger mcreaslng to -160r at 1 ddn 

Delay range 0 16s at 0 5 d d s  and kss. 
(post ~rtggeri lncreaslng to 10 00s at 1 s/dn 

Time measunment accuracy 
nn@8&3t repetltne 

smn* channel t3@s 4 03% of readrng t lOOps iO 038 of readlng 
duai channel t600ps a0 038 ol readlng t200ps tO 038 of read~ng 

Tdggdng Internal External 
Sources channels 1. 2 lnputs 3.4 

Sensitivity 
dc IC ZWMHZ 0.1 x lull saca 15mv (I:I) 
200MH2 to 500MHz 0.2 X full scale' 45mV (]:I) 

Triaaer level ranme a3 x full scale alV (1.1) 
- -  - 

Input resistance not appl~cable 1 Mll 

Maximum input vd tam not appl~cable tlOV (dc t peak ac] 

h u t  o~eratina ranae not appl~cable t lV(1 . l )  [dc t peak acl 

'Raw Data 
'When calibrated to probe tip udng front panel csllbratlon source. Applkn t o  major ranges (5 
rnV/dlv. 10 mV1dk. 20 mVldlv. 50 mVldlv, 1W mVldlv. 200 mVld1v. 500 mVIdlv. 1 Vldlv. and 2 
Vldiv). All contlnuws settings between these ranges are t 3% of full-scale. 

'Applies to settings 5 mVld1v and above. 

Ordering Information 
HP 541 1 ID 2 gigasample/second digitizing 
oscilloscope 

Opt W30 Extended repair service. See page 723. 

Price 
$28,900 

dc offset range: t2M, rnV ( I  mV/dlv to 4.9 mVIdiv) 
tl V (5 rnV1d1v to 49 mvldn) 
t 10 V (50 rnV/da to 0.49 v/d'w) 
t 100 V (0.5 V!ds to 5 V!dn) 
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64k memory depth per channel 
Quad 400 megasamples per second digitizers 
Four channels. 

@#Q 
SYSTEMS 

HP 541 12D Digitizing Oscilloscope 

Four channels, deep memory 
The HP 541 12D is a 400 megasample-per-second (MSa/s), four- 

channel digitizing oscilloscope with 64k samples of memory depth per 
channel. The HP 541 12D retains all the key features and the user 
friendliness of the H P  541 00 series scopes. These features include au- 
tomatic measurements, autoscaling, cursors, functional color display. 
scroll, zoom, and memory bar. 

Key Contributions 
400 megasamples per second digitizing rate 
100 MHz repetitive and single-shot bandwidth 
64k memory per channel 
Four channels of simultaneous capture at  the full digitizing rate 
160 ps of pre- or post-trigger information minimum 
Automatic measurements 
Fully programmable 
Advanced logic triggering capabilities 
Instant hardcopy output 

Automatic Test Environment 
The English-like commands and the logical structure of the HPOL 

the (Hewlett-Packard Oscilloscope Language) make it easier to pro- 
gram the 54 100 series oscilloscopes in computer aided test. The Iearn- 
ing curve is greatly reduced. 

The four channels, built-in automatic measurements, and very 
deep memory of the 541 12D improve the throughput of ATE systems. 
Data that used to take many acquisition passes can now be captured 
in one pass. 

General-Purpose Inputs 
The fully programmable input impedance and coupling of the four 

channels allow the user to choose 1 megohm impedance ac or dc cou- 
pled or 50 ohm dc-coupled on each channel. 

100 MHz bandwidth (single-shot and repetitive) 
HP PaintJet printer color output 

Vertical (voltage) Singbshot Repetlttve 
Number of 4 4 
channels 
Bandwidth 

dc-co~~led dc to 100 MHz dc to 100 MHz 
ac-coupled 10 Hzto 100 MHz 10Hzto 100MHz 

Transition time 3.5 ns (nom~nal) 3.5 ns (nom~nal) 
(10% to 90%) 

Deflection factor 5 mVld i~ to 5 Vldii continuous 
(full scale=8 div) 

Vertical nsolution 6 bits 6 bits. 8 bits 
with averdm 

Vertical gain 12% of full-scale' 
accuracy 
dc offset accuracy 4.5% of setting 

Measurement 
accuracy 

s~ngle data point 
between data ~oints 

igain accwacysoffset accuracytresolutmn 
amin acc i 2  x resolution 

on same waveiorm 

dc offset range 

t 4 0  v (0.5 ~ l d w  to 5 Vldii) 
' 

Input ~ o ~ p l i n g  addddc-SO 0 
Input impedance lMOat6.5pForSOO 

Maximum 1 MQ: i 4 0  V [dc & peak ac] 

input 50 fl: 5 Vrms 
voltaae 
' When callbmted to probe tip ua.,g front panel csllbntlon source. AppHw to mpr r a m  
(5 rnV. 10 rnV. 20 mV, 50 mV. '70 mV, 200 mV. 500 mV. 1 V and 2 V). All contlnuars senlngn 
betwesn theas ranges are +? 31 full scale. 

Horizontal (time) 
Digitizing rate 400 MSaJs to SO Sals 

Memory depth either 64k or 8k, jngkshot only 
w r  channel 

Delay range 
lore-tr~nner) 

-160 iis at 125 m/dw and less, 
increasing to -1200 s at 1 s /d '~ 

Delay range 
loost.tr~enerl 

0.16 sat 0.5 rs/d~v and less, 
increasing to 10,000 sat 1 sldiv 

Time measurement accuracy 
slngle channel s500 ps i0.002% of reading 
dual channel tl ns t0.0028 of read in^ 

TriggCriW Intomal External 
sources channels 1.2,3.4 lnput rear-panel 

Sensitivity 0.1 x full-scale 10 mV (1:l) 

Trigger level range i 3  x full-scale i 5  V (1:l) 

Ineut resistance not appl~cable 200W 

Maximum not applicable i 4 0  V (dc t peak ac) 
input voltage 
Input opcrating not applicable i 5  V (1:l) [dc t peak ac] 

range 

Ordering Information Price 
HP 54112D 4 channel 64k memory/channel digitizing $22,900 
oscilloscope. 

Opt W3O Extended repair service. See page 723. +$575 





HP 54120-Series Specifications 
Vertical (channelsl' 

(-3 dB) 2 
High bandwidth 

Chan 1 18.0 GHz 12.4 GI& 20.0 GHz 20.0 GR 
Chan 2 20.0 GHZ 12.4 GHz 34.0 GHz 34.0 GHz 
Chan 3.4 20.0 GHz 12.4 GHz 34.0 GHz 50.0 GHz 

Low bandwidth 
Chan 1 12.4 GHz 10.0 GHz 12.4 GHz 12.4 GHz 
Chan 2 12.4 GHz 10.0 GHz 18.0 GHz 18.0 GHz 
Chan 3,4 12.4 GHz 10.0 OH2 18.0 GHz 26.5 GHz 

(calculated 
horn Tr=.35/BW) 
High bandwidth 

Chan 1 19.4 ps 28.2 ps 17.5 ps 17.5 ps 
Chan 2 17.5 28.2 ps 10.3 ps 10.3 ps 
Chan 3.4 17.5 ps 28.2 ps 10.3 ps 7.0 ps 

Low bandwidth 
Chan 1 28.2 ~s 35.0 DS 28.2 DS 28.2 ~s 

TDR System (HP 54121T. HP 54123T. md HP S4124T only) 
Comblnd aclllomcaoo md 
m w  lbmwllalchrrc*rldld 

M a  545 ps Adjustable: allowable 
IdJ values based on tlme 

base settlng 
Mtn~mum: 10 ps or 0.08 
x timeldiv, whichever 
is nreater 

horn edge; 
5+5%.-39btoIm 

ldl 
low O V t  2mV 
h l h  t 2 0 0 m V t 2 m V  

' Normallzed Afarmtlon is a chmcmmk, not a @pcmdon. The InfQnutbn h p r a m i d  ham 
for comparhon pwpoam only. Narmalbtim charactsrlstlcs are achieved only with the use of 
the normallratlon callbratl0ns and Hrmware routlnss. 

'Measured In th. low bandwidth and average dlwlay moda. 
'The rlsetlme ot the merator  IS baa than 35 gs, as calculated bvKr  awtaml' - K r  amemtor? t . . .  . . -  
(Tr scope)' 

Horizontal (time base) 
Sule factor (full-scale IS 10 dlvalons) 

Noh 16 ns to 10 s or wen diameters, crhiehever is smalkr 

Hlgh banhvidth 52 mV 52 mV 52 mV s2 mV nmr lnknrl rccuw 510 ps t 0.1% of reading 
(19 
attenuation) 

Low bandwidth _<I mV (1 mV 51 mV 51 mV 
;:I 
attenuation) 

WMa 
(full-scale is 
8 divis~ons) 
Min~mum I mVtdiv I mV/div I mVldiv I mVldiiv 
Max~mum 80 mVldiw 2.4 Vtd'iv 0 mVldiiv 80 mV/tiiv 

Attm* Mon NIA XI. X3. X10, NIA NIA 
m 

me t 500 mV a 500mV x s 500mV t 500mV 
&M atten. factor 

(Dual msrker measurement) 
nm ~ntrml ~ a d u t k n  o 25 psl or 0.02 d~vts~on. 

whlchever 1s laser 
'At 10 paldivhkm, data points am plotted at 0.2 ps i n l m i s  l o  match the dlsplq Msl molulion. 

Triaaeraxtemal lnwt onlv 
sentltldly 

dc - 100 MHz 40 mV peak-topcak 
100 MHz to 2.5 Ghz Increasing hearty frwn 40 mV at 100 MHz to 200 mV 

at 7 5 CHI 

Hleh f 4 ~  m Trigger bandwidth reduced to approximatdy 100 MHz. 
Trigger Iml m e  t l V  
lltt.. . - . . . . . .. ~ ~ -.. -... ". 

dc ucuruy (Tr~gger and time base combined) < 2.5 ps + 5E-5 x delay setting 
Slngle Voltage Average mode: t 0.4% d Mkak or marker reading (whichever is (one standard deviation) &led using 2 GHz synthesiied source at 200 mV peak-t& 
Marker' greater) a 2 mV X attenuation factor' peak with High Frequency Sensitivity ON and H i  Frequency 

Re(& OFF.) 
Ha baf&dth persistence mode: Low bendwidth pmistme mode: 
+ 0.4% of fulCwrk or marker a 0.4% of f u l h c A  or marker T ~ w  Input 
readlng (whrhever a greater) i 2 readlng (whichever is greater) t 2 Max~mum safe input voltage + 2 V dc + ac peak (+I6 dBm) 
mV x attenuation factor' t 3.0% mV x attenuatton factor5 t 1.5% Nom~nal tmpedance 50 Q 
o t  (readtng - channel offset)' oC (readlng - channel offset)' Percent reflect~on _<10%lor100psr i~t i r1~ 

Connector 3.5 mm im\ 
lnplb 

Number 4 4 4 4 
Cynamic s320mV a320mVX t32OmV a320mV 
range relative to attenuation r e l a t i  to relat~ve to 

channel offset factor channel offset channel offset 
Maximum safe a 2 V d c t  a 5 V d c t  + 2 V d c +  t 2 V d c t  
input voltage peak ac peak ac peak ac peak ac 

( t  16 dBm) (t24 dBm) ( t  16 dBm) ( t  16 dBm) 
Nominal impedance 50 0 50 fl 50 0 50 8 
Percent reflection 55% for 30 ps 559for 30 ps 55% for 30 ps 55% for 

rise time rtse hme rise time 30120 ps 
rlse time 

Connectors 3.5 mm (m) 3.5 mm (m) 3.5 mm (m) 3.5 mm12.4 
mm (rn) 

' ~ o p n h d ~ + 5 0 C ( + O e F ) o ( M t a n p M u r e ~ M ~ h o n ( p n * c s l l h t l a , .  
'The lnpul mplw are M m d  dlWwnlty lor 1- bn6rr141h in Me hlgh bandwldlh mode. 
'An affective OM of t 820 mV x anmuellon tactor can be achieved by d n g  the t 500 x anmu- 

ation factor mV of channel oltsa and adding + 320 mV x attenuation factor of offset with the 
waveform math OM scaling hmctlon.' 

'When driven from a 0 I1 source. 
"he attenuation factor of the HP 54121T. 54123T. md 54124T h 1. 
a For the HP 54123T and 54124T. the3%chngato5%ud M 1.5%durgrto2% 
' Performing a verllcal sofhvsre callbralidn Immedlaleiy before meking a msasuransnt alhnhmlaa 
the final term in the persistence mode dc accuracy sp&ificatlon. 



OSCILLOSCOPES & WAVEFORM ANALYZERS 
Accessories For The HP 54120 Series Digitizing Oscilloscopes 
HP 54006A, 54007A, 54008A, 541 18A, 10086A 

Hewlett-Packard has a large number of accessories for use with 
wideband digital sampling oscilloscopes that will help you build a 
multi-gigahertz system that is tailored to your unique needs. 

HP 541 18A, 500 MHz to 18 GHz Trigger 
Simple/Stable Triggering at Microwave Frequencies 

For applications requlrlng more than 2.5 GHz trigger bandwidth, 
use the HP 541 18A 18 GHz Trigger. The HP 541 18A gives your HP  
54 120-series oscilloscope true event triggering from 500 MHz to 18 
GHz with less than 1.7 ps of rms jitter at  18 GHz. This powerful and 
versatile accessory extends the oscilloscope's measurement capabili- 
ties to applications in lightwave communications, pulsed RF, gigabit 
logic, pseudo random bit stream eye patterns, and other microwave 
signals. 

True event triggering is not possible with countdown synchronizers, 
but with the event triggering capability of the HP  541 18A, you are no 
longer restricted to the limitations of countdown synchronizers. An 
HP microwave thinfilm IC locks onto your input signal and holds it, 
even if the signal has frequency drift or large deviations in FM modu- 
lation. 

Independent control of arming and triggering levels let you make 
measurements that simply were not possible before, such as triggering 
on a carrier of a radar pulse or CW signals with large noise compo- 
nents. And the trigger's variable holdoff feature makes i t  a snap to 
trigger on the carrier of a burst RF signal. 

HP 54006A 6 GHz Probe 
High Frequency Hand-held Probing 

Probing multi-Gh7 systems with the HP 54006A. 10:1, 500 R and 
20: 1, 1 kD resistive divider probes lets you access circuit nodes that do 
not have a 50 R connector. These probes let you see the signal at  spe- 
cific points, such as the input to a gate. You can also use them to 
probe circuits that are not nominally 50 Q. 

HP 54008A 22 ns Delay Line 
Viewing the Trigger Signal 

The HP 54008A delay l~ne  provides 22 ns of delay with a usable 
frequency response of 20 GHz. By adding this accessory to your HP  
541 20 oscilloscope system, you will be able to view the trigger event. 
The HP 54008A has enough delay to view the trigger event with the 
HP 541 18A Trigger installed in the trigger path also. 

HP 54007A Accessory Kit 
Low-loss Measurements For the HP 54120 Oscillorcope 
Systems 

The HP 54007A Accessory Kit provides an assortment of parts 
with 3.5 mm connectors for low-loss measurements. This kit is highly 
recommended for low-loss reflection and transmission measurements. 
It also includes semi-rigid coax, formed for use with the HP  1 16678 
power splitter. 
Contents of HP 54OO7A Accessory Kit: 
17-inch cable. APC 3.5 (f-f) 17-inch cable, APC 3.5 (m-f) 
Coaxial short. APC 3.5 (f) Coaxial short. APC 3.5 mm (m) 
50 R termination, APC 3.5 (m) 50 R termination, APC 3.5 (f) 
7.5 cm airline, APC 3.5 (m-f) Power splitter, APC 3.5 mm (f) 
6 cm. semi-rigid "L", SMA 3 cm. semi-rigid "L", SMA 

(m-m) (m-m) 
6 dB attenuator, APC 3.5 (m-f) 40 dB attenuator, APC 3.5 
Adapter, APC 3.5 mm (m-m) (m-f) 
HP 10086A ECL Terminator 
Safe, Reliable Termination For Measuring ECL Devices 

Create a simple high-performance 10 GHz interface between an 
ECL-compatible output and a 50 R instrument input. The ECL ter- 
minator provides bias and termination for your device under test, 
while presenting an undistorted and level-shifted signal to your mea- 
surement equipment. It also provides proper termination to ECL out- 
put devices, thereby reducing the risk of destroying sensitive output 
devices. 



Ordering lnformatlon 
HP 54120 Family 

HP 541208 includes: 
Color mainframe 
Interface cable 
Service manual for the H P  54120B (HP 54120-90907) 
Power cord 

Orderln&ln~or~tion Prices 
H P  5412 D ~ g ~ t ~ z ~ n g  oscilloscope mainframe $1 1.900 

Opt 908 Rackmount kit (HP 5061-9679) +$40 
Opt 910 One additional set of manuals +$20 

. - . . . . - 
HP 54121T 20 GHz dlgitlzlng oscilloscope 

The HP 5412lT 20 GHz Diaitizing Oscilloscoccconsistsof the HP 
HP 54121A includes: 

Operating and programming manuals for the HP 54121T 
Service manual for the HP 54121A 
Four channels, switchable step generator, and a trigger input 
Five adapters. APC-3.5 (f-f) (HP 5061-531 1) 
Five coaxial shorts. SMA (m) (HP 0960-0055) 
One anti-static mat with wrist strap (HP 9300-1484) 
RF accessories (HP 54121-68701): 
Five 20 dB attenuators, APC-3.5 (f-m) (HP 3334OC opt 020) 
Three 50 R cables, SMA (m-m) (HP 8120-4948) 
Two SMA (m) to BNC (f) adapters (HP 1250-1200) 
One 50 Q termination, SMA (m) (HP 1250-21 53) 
One 50 Q termination, SMA (f) (HP 1250-21 5 1) 
One coaxial short, SMA (f) (HP 1250-21 52) 

HP 54121T specific documentation 
HP 54121T Front-panel manual (HP 54121-90903) 
HP 54121T Programming manual (HP 54121-90904) 
HP 54121A service manual (HP 541 21-90902) 

HP 54122A includes: 
Operating and programming manuals for the H P  54122T 
Service manual for the H P  54122A 
Four vertical channels, internal attenuators, and a trigger input 
Five adapters, APC-3.5 (f-f) (HP 5061-531 1) 
Five coaxial shorts, SMA (m) (HP 0960-0055) 
One anti-static mat with wrist strap (HP 9300-1484) 
RF accessories (HP 54122-68701): 
One 20 dB attenuator, APC 3.5 (f-m) (HP 33340C opt. 020) 
Three 50 R cables. SMA (m-m) (HP 8 120-4948) 
Five SMA (m) to BNC (f) adapters (HP 1250-1 200) 

HP 541221 specific documentation 
HP 541 22T front-panel manual (HP 54122-90903) 
HP 541 22T programming manual (HP 54122-90904) 
HP 54122A Service manual (HP 54122-90901) 

HP 54123A includes: 
Operating and programming manuals for the H P  54123T 
Service manual for the HP 54123A 
Four channels, switchable step generator, and a trigger input 
Five adapters, APC-3.5 (f-f) (HP 5061-531 1) 
Five coaxial shorts, SMA (m) (HP 0960-0055) 
One anti-static mat with wrist strap (HP 9300-1484) 
R F  accessories (HP 54121-68701) See list under HP 54121 
above. 

HP 54123T specific documentation 
HP 54 123T front-panel reference manual (HP 541 23-90902) 
HP 54123T programming manual (HP 54123-90903) 
HP 54123A service manual (HP 54123-90901) 

HP 54124A includes: 
Operating and programming manuals for the HP 541 24T 
Service manual for the HP 54124A 
Four channels, switchable step generator, and a trigger input 
Three adapters, APC-3.5 (f-f) (HP 5061-531 1) 
Two adapters, 2.4 (f-f) (HP 11900B) 
Three coaxial shorts, SMA (m) (HP 0960-0055) 
Two coaxial caps. 2.4 mm (HP 54124-24101) 
One anti-static mat with wrist strap (HP 9300-1484) 
RF accessories (HP 54121-68701): See list above 

HP 541211 specific documentation 
HP 54124T front-panel reference manual (HP 54124-90902) 
HP 54 124T programming manual (HP 54124-90903) 
HP 541 24A service manual (HP 541 24-90901) 

54120B and the HP 541 2 1 ~ . - ~ h e  HIP 54121T 1s the recommended 
ordering configuration. 
H P  54121T 20 GHz digitizing oscilloscope 529,100 

Opt 090 Deletes RF accessories -S 1,800 
Opt 908 Rackmount kits (HP 5061-9672) +$89 
Opt 910 One additional set of manuals +$I20 
Opt +W30 Extended repair service. See page 723. $695 

H P  54121A Four-channel test set 317,200 
Opt 090 deletes RF accessories -51,800 
Opt 908 rackmount kit (HP 5061-9672) +$49 
Opt 910 one additional set of manuals +$lo0 

HP 54122T 12.4 GHz digitizing oscilloscope 
The HP 54122T 12.4 GHz Digitizing Oscilloscope consists of the 

HP 54120B digitizing oscilloscope mainframe and the HP 54122A. 
The HP 54122T is the recommended ordering configuration. 
H P  54122T 12.4 GHz digitizing oscilloscope $29,100 

Opt 090 delete RF accessories -5700 
Opt 908 rackmount kits (1 ea HP 5061-9672) +589 
Opt 910 one additional set of manuals +$I20 
Opt +W30 extended repair service. See page 723. 3695 

H P  54122A Four-channel test set $17,200 
Opt 090 delete RF accessories 4 7 0 0  
Opt 908 rackmount kit (HP 5061-9672) +S49 
Opt 910 one additional set of manuals +$I00 

HP 54123T 34 GHz digitizing oscilloscope 
The HP 54123T 34 GHz Digitizing Oscilloscope consists of the HP 

54120B and the HP 54123A. The HP 54123T is the recommended 
ordering configuration. 
H P  54123T 34 GHz Digitizing Oscilloscope $35,100 

Opt 090 delete RF accessories -31,800 
Opt 908 rackmount kit (HP 5061-9672) +S89 
Opt 910 one additional operating and programming +$120 
manual 
Opt +W30 extended repair service. See page 723. +$865 

H P  54123A four-channel test set $23,200 
Opt 090 delete RF accessories -S1.800 
Opt 908 rackmount kit (HP 5061-9672) +$49 
Opt 910 one additional set of manuals +$ 100 

HP 541211 20 GHz digitizing oscilloscope 
The HP 54124T 50 GHz digitizing oscilloscope consits of H P  

54120B and the HP 54124A. The HP 54124T is the recommended 
A ordering configuration. 

H P  54124T 50 GHz digitizing oscilloscope $42,800 
Opt 090 deletes RF accessories -51,800 
Opt 908 rackmount kits (HP 5061-9672) +$89 
Opt 910 one additional set of manuals +$I20 
Opt +W30 Extended repair service. See page 723. +$I055 

H P  54124A Four-channel test set $30,900 
Opt delete RF accessories -5 1,800 
Opt 908 rackmount kit (HP 5061-9672) +$49 

Accas.oritr 
H P  54006A 6 GHz resistive divider probe kit 
H P  54007A accessory kit 
H P  54008A 22 ns delay line 
H P  541 18A 18 GHz trigger 

Opt 090 delete RF accessories 
Opt 908 rackmount kit (HP 5061-9672) 
Opt 910 one additional manual 

HP 10086A ECL terminator 

For additional information concerning any high-bandwidth oscillo- 
scope accessory. see HP publication number 5952-7084. 



OSCILLOSCOPES & WAVEFORM ANALYZERS 
Oscilloscope Probes and Accessories 
Oscilloscope Probes 

Modula r  cons t ruc t ion  
lmproved  e lec t r ica l  p e r f o r m a n c e  
A c c e s s o r i e s  

HP 10400A Miniature Probe Family 
The H P  10400A miniature probe family offers modular construc- 

tion, improved reliability, and superior electrical performance over 
our previous mini-probes. Modular construction allows individual re- 
placement of probe tips, cables, and chassis assemblies cutting down 
on probe replacement and repair costs. An extra tip is included for 
quick repair of broken tip. Improved cable and strain relief design 
increase reliability. Electrical performance is also improved by reduc- 
ing the probe shunt capacitance and increasing the input resistance 
that load the circuit under test. 

The HP 10400A mini-probe family also features accessories (see 
v below) including a ground lead utilizing a ferrite bead for reduced 

ringing on pulse tops, and an IC grabber that allows easy connection 
i of a single probe to many IC packages without fear of shorting adja- * cent pins. 

OSCILLOSCOPE/MINIATURE PROBE COMPATIBILITY AND PROBE CHARACTERISTICS 

Approx overall APVx Campemrter 
HP Oscllloleope/ HP length in Dlvlslon shunt orcilimope max1 
Loglc Analyzer model meten (ft) ratio Input R capacitance input dc volts Price 

Same as HP 10431A but 
without probe identification HP 10430A l rn (3.3) 1O:l 1 MR 6.5 pF 1M 6-9 pF 450 $135 a 
54502A, 54503A, 54504A, 54510A 

1631AJD, 1715A. 1722A, 1725A 
1726A. 1727A, 1805109A 1 HP 10432A' I 1 3 . 3  1 1 1 10 MR 1 7 .  I 1M 10-16 pF 1 450 1 $125 
542001201, 54501A, 5185 

For oscilloscopes 
with 50 R inputs HP 10437A 2m (6.6) 1:l 50 R $90 a 
All scopes with high Z inputs HP 10438A l m  (3.3) 1:l 40 PF 450 $100 3 
(may reduce bandwidth) HP 10439A 2m (6.6) 1:l 64 pF 450 $105 

MOM I :  M ~ ~ I M  hput w a g e  may be lknned by scope hput max~m~m W. For same-day shipment. call HP DIRECT at 800-538-8787. 
 as probe IdentiRcatlon pin. 
?he HP 54201AID can we the HP 10432A or HP 1M35A p r o m  for the vertlcal Inputs, but the HP 10435A probe must be used for trigger Inputs. 
'For wrtical inputs only 



HP 10400A Family Accessories 
Each 10400A family probe is shipped with one general purpose 

grabber, one IC grabber, and one ground lead. An accessory package 
is also included which contains 4 grounding spanners (for close 
grounds at  the probe tip), 1 probe barrel insulator, 1 adjustment 
screwdriver, and 8 colored cable markers. 

The photo above illustrates use of the IC grabber. This device fits 
DIPS with 0.1 inch pin spacing (standard) and up to 0.9 inch package 
width. It is handy for connecting the mini-probe tip to a single DIP 
pin. Construction prevents shorting adjacent pins during hook-up. 
For applications where several adjacent DIP pins must be probed, the 
10024A accessory can be used (see page 76). 

HP 10002A 1000V SG1 Voltage Divider Probe 
The HP 10002A voltage divider probe is a general purpose probe 

for use with instruments that have a bandwidth of less than 40 MHz 
with an input impedance of 1 megohm shunted by approximately 15 
to 55 pF. The probe is rated at  IOOOV peak. 

HP 10020A Resistive Divider Probe Kit 
The HP 10020A Resistive Divider Kit is a signal probing system 

for measuring fast transition signals in high impedance systems. It is 
designed for use with 50 R input oscilloscopes, but may be used with 
other than 50R systems if a 50R feedthrough termination 
(HP  10100C) is used. The extremely low input RC of the 10020A 
provides high fidelity measurements of fast transition signals. 
Probe length (overall): 1.2 m (4 ft). 
Weight: net, 0.45 kg (I Ib); shipping, 1.4 kg (3 Ib). 
Accessories supplied: HP 10240B blocking capacitor, BNC adapt- 
er tip, 6-32 adapter tip, alligator tip. probe handle. cable assy's 5.1 cm 
(2 in) & 15.2 cm (6 in) ground, spanner tip, insulating caps, colored 
sleeves. 

The HP 10020A Resistive Divider Probe Kit (includes 
HP 102408) 

HP 10020A Resistive Dividers 

'When lermlmted in 50 ohms. 
"Llmlted by power dlsslpation d mbthn danmt. 

Dlvltlon 
Ratio 

1 1  

HP 102408 Blocking Capacitor 
The HP 10240B blocking capacitor is a probing accessory that pro- 

vides ac coupling while maintaining a 50 Q system. This capacitor is 
designed for use with the HP 10020A resistive divider kit, and it is 
included with the kit. It can also be used with any probe that must be 
terminated in 50 R. 
Characteristics 
Capacitance: 0.18 pF 
Maximum voltage: * 200 Vdc 
Reflection: Under 12% when driven by a 150 ps rise time step in a 50 
R system. 
Sag: Approximately 10% per w (1% in 100 ns) 
Connecton: BNC 

HP 1124A 100 MHz Active Divider Probe 
The H P  1 124A active divider probe provides high voltage, general- 

purpose probing capabilities for instruments having 50 R inputs with- 
out selectable high impedance inputs. This 10 MR 10 pF probe allows 
direct measurements of I00 V, in the 100: 1 division ratio mode, from 
dc to 100 MHz. In the 10:l division ratio mode, input voltage range is 
*I0 V. Power is supplied by instruments with probe power jacks or 
the HP  11 22A probe power supply. 

Input R* 
(ohms) 

50 

Dlvhlon 
lccumy 
- I 6 I - 

Ha V** 
(m) 

Inpul C 
(f l)  



OSCILLOSCOPES & WAVEFORM ANALYZERS 
Oscilloscope Probes and Accessories (cont'd) 

HP 1124A Specifications 
(Measured when connected to a 50 R load) 
Bandwidth: (measured from a terminated 50 R source) dc-coupled, 
dc to 100 MHz; ac-coupled, 2 Hz to 100 MHz. 
Pulse response: (measured from a terminated 50 R source) transi- 
tion time. <3.5 ns; perturbations, 5% p-p. Measured with pulse transi- 
tion time of >2.5 ns. 
Attenuation ratio: 10:l *5%; 100:l 4 % .  
Dynamic range: ~ 1 0 , 1 1 0  V; ~ 1 0 0 ,  a100 V. 
lnput RC: I0 Mohm shunted by = 10 pF. 
Maximum safe input 
dc-coupled: xI0, +300 V (dc + peak ac) 5100 MHz; x100, 4 0 0  V 
(dc + peak ac) 5 100 MHz. 
ac-coupled: x10, +300 V (dc + peak ac) <I00 MHz; dc component 
must not exceed *200 V; xl00, +SO0 V (dc + peak ac) 1100 MHz; 
dc component must not exceed *200 V. 
Accessories suppllcd: one 20.3 cm (8 in) ground lead, one retracta- 
ble hook tip, and two probe tip insulating caps. 
Power: supplied by instruments with probe power jacks or the HP 
1 122A proble power supply. 
Weight: net, 0.2 kg (5 oz); shipping, 0.91 kg (2 Ib). 
Length: 1.5 m (5 ft) overall. 

HP 1122A Probe Power Supply 
The HP 1 122A is a regulated power supply that provides all power 

requirements for simultaneous operation of up to four active probes. 
HP 1122A Specifications 
Probe driving capability: u p  to four HP active probes. 
Power output: - 12.6 V and +I 5 V. +3%. 
Power input: l I5 V or 230 V +lo%, 48 to 440 Hz, 40 W (with four 
probes). 
Weight: net, 2.7 kg (6 Ib); shipping 3.6 kg (8 Ib). 

HP 1137A High-voltage Divider Probe 
The HP 1137A 1000:l high-voltage divider probe is designed for 

use with any oscilloscope having input resistance of 1 MR ( a  1%) and 
nominal input capacitance between 6 and 50 pF. The HP 1137A is a 
1000: 1 voltage divider probe that extends voltage measurement capa- 
bility to 5 kV ac or dc. 

Operating Characteristics 
Maximum input voltage 
dc voltage 5 k~ 

- 

ac voltage 5 kV rms (0 to 250 kHz,) 2.5 kV rms, (250 kHz to 1 MHz). 
lnput impedance: 500 MR shunted by 3pF (approximate) 
Bandwidth: I MHz 
Rise time: Approximately 350 ns 
Calculated from formula: t, = 0.35 

bandwidth 
T emperatun coefficient: + 0.02% of reading per degree C. 
Division ratio accuracy: + 1.5% of reading (see note) 
Compensation range: For input capacitance of 6 pF to 50 pF. 
Crest factor: 2 or lebs 
Note Characterlsllc applies lor apers(lon betrreenO0 and 55' C, at than 85% rslatlve hum@- 
~ t y  For operallon above 40". at 85% to 95% rdatlve humldtly, add addlllonal 10% of rwdlng. 

General 
Operating modcr: 
I Mf2 mode, for oscilloscope impedance of 1 MR a I% 
10 M R  mode (optional), for input impedance of 10 MR * 1 % 
Operating temperature range: O0 to 55' C 
Storage temperature range: -20' to 70" C 
Cable length: 1.5 meters 
Accessories: Trimmer adjustment tool included 

Ordering Information Price 
H P  IOOO2A 1000V 50: 1 voltage divider probe $230 
H P  IOOZOA resistive divider probe kit 5495 
H P  10240B blocking capacitor $45 
H P  1124A 100 MHz active probe $350 
H P  1122A probe power supply $ 1,235 
H P  1137A 1000:l high voltage divider probe $150 



OSCILLOSCOPES & WAVEFORM ANALYZERS 
Oscilloscope Probes and Accessorles El 

dc to 200 MHz probe bandwidth lox, lOOX attenuators 
200 V (dc + peak ac) maximum voltage without dc offset & dc reject 

attenuators Remote-control input coupling and offset 
2000:l CMRR at 1 MHz 

HP 1141A, 1142A HP 1141A Accessories 

HP 1141A Differential Probe 
The HP 1141 A is a 1 X FET differential probe with 200 MHz 

bandwidth and 2000:l CMRR (Common Mode Rejection Ratio). 
The probe has a high-input resistance of 1 MR. and low-input capaci- 
tance of 7 pF to minimize circuit loading. 

The HP 1142A probe control and power module, which controls 
input coupling modes (dc and dc rejects) and which can be connected 
to any instrument with 50 R inputs. The offset capability in the HP 
1142A allows the viewing of very small signals on large dc compo- 
nents without attenuating low ac frequency components or causing 
sag from ac couplings. In automated test applications, the offset level 
can be changed with an external dc reference. 

Two attenuators, 10X and 100X, are provided to expand the dy- 
namic range of the inputs to + 35 V. An ac adapter is also provided. 

Operating Characteristics 
Bandwidth: dc to 200 MHz (-3 dB) 
Rise time: 1.75 ns (calculated by tr = (I.X ) 

bandwidth 
CMRR: 2000:l @ 1 MHz; 10:l @ 100 MHz 
Vertical .cturacy: 1.5 % (lX), 3.0 % (atten) 
Dynamic range: dc-50 MHz: + 0.35 V (1X). + 3.5 V (100X). 
50-200 MHz: i 0.17 V (1X). + 1.7 V (10X). + 17V (100X) 
dc offset: +/- 20 V (IX). +/- 200 V ( lox) ,  +/- 500 V (100X) 
Common mode input: +/- 0.5 V (1X). +/- 5 V ( lox) ,  +/- 50 V 
( I OOX) 
Maximum input voltege: 200 V dc + peak ac (IX), 500 V dc + peak 
ac (atten) 
Noise: 500 qV rms 
lnput coupling: dc, dc reject and ac (dc and dc reject are selected by 
pushing buttons on the 1 142A; ac coupling is provided via an adapter 
that attachs to the probe tip). 

ac ~ p l i n g  low ( t a q m y  response: 15 Hz (IX), 1.5 Hz (atten), 
1.3 Hz (100X) 
lnput RC: I MQ shunted by approximately 7 pF (1X) 
Output impedance: 50 Q 

General 
Power requirement: 90-1 32 Vac/ 198-264 Vac, 47-440 Hz. 25 VA 
max 
Temperature: 

non-operating: -40 to 70' C 
operating: 0 to 55' C 

Altitude: 
non-operating: up to 50,000 ft (15.300 m) 
operating: up to 15.000 ft (4,600 m) 

Humidity: 
non-operating: 90% relative @ 65' C 
operating: 95% relative @ 40' C 

Cable length: 4.5 ft (1.3 m) 

Ordering Information Price 
HP 1141A differential probe not to exceed f 2500 
Includes: HP 1 142A probe control and power module. 

10X and IOOX voltage attenuators, ac  
coupler, five probe leads. two probe clips, o p  
erating & service manual, calibration adapt- 
er, and ground lead. 



lIEl Oscllloscope Probes And Accessories (cont'd) 

HP 1250-1737 PC Board Mini Probe Socket 
The HP 1250-1737 PC board mini probe socket is ideal for 

breadboard circuit applications where it is desireable to make a relia- 
ble circuit connection between the mini probe tip and a test circuit 
(Solderina the tio itself into dace  is not recommended.) The H P  
i 250-1737 is alsd useful in prbduction PC board applications as an 
oscilloscope test point. The probe plugs into the socket parallel to the 
PC board. 

HP 1250-1918 PC Board Vertical Mini Probe 
Socket 

The HP 1250-1918 is similar to the 1250-1737 (above) except that 
it is designed for attaching the probe vertically to the board rather 
than horizontally. 

HP 10024A/10211A IC Test Clip 
The HP 10024A IC test clip provides easy probing of 14- and 16- 

pin dual in-line packages and includes four insulated circuit interface 
pins. Additional circuit interface pins are available (see Ordering In- 
formation) in packages of twelve pins. Each pin has a tip on each end 
so that probes such as those on HP logic analyzers can be connected 
for fast, functional checks of circuit operation. 

The HP 1021 1A dip clip is similar in operation to the H P  10024A. 
but accesses 24-pin dual in-line package IC. 

Probe Accessories 
Terminations 
HP 10100C: 50 ohm +I% BNC male to BNC female feedthrough 
termination. 

Standard Probe Tip Adapters 
H P  10229A hook tip adapter: retractable pincer tip provides firm 
connection to circuit nodes. Recommended accessory for H P  10020A 
resistive divider kit. 

Ordering Information 
H P  1250-1737 PC board mini probe socket 
H P  1250-1918 PC board mini probe socket (vertical) 
H P  10024A IC test clip (with 4 circuit interface pins) 
H P  10024-69501 interface pin kit for H P  10024A; in- 
cludes I 2  interface pins. 
H P  1250-1454 BNC-to-mini probe adapter 
HP 1021 1A dip clip 
H P  10229A retractable hook tip adapter 
H P  l0lOOC 50 ohm feedthrough termination 

Price 
$6.75 
$8.25 

$20.00 
555.00 

$ 15.00 
581.00 
$20.00 
540.00 

Testmobiles 
The low-priced H P  1180A testmobile cart is designed for 

H P  54500, HP  54200 digitizing oscilloscopes, and H P  1630, HP  1650 
logic analyzers. A quick-connect strap enables users to easily remove 
or replace the scope on the cart. The large casters give excellent sta- 
bility and smooth maneuverability. The top shelf tilt angle is adjusta- 
ble to optimize the oscilloscope's viewing angle. The back of the cart 
has power cord storage and mounting provisions for a five-outlet U.S. 
power strip (not included, order part number HP  92199B). For larg- 
er, heavier instruments, use the HP  1008A (see specifications below). 
Testmobile Specifications 

I I HPlMMA I UP ll lWA 1 
Height 

Overall width 

W~dth of tray 

T~lt  tray angle 

Max load on 

r (55 m) 
I 

1 - '  , , 8 lb) 1 22 kg (48 Ib) 

tilt tray I I 

I We~eht I net 1 13 ke 12 

Max load 
below tllt trav 

1 shlpping 1 22 kg (48 Ib) I 30 kg (66 Ib) ] 

HP 1008A with Opt 006: HP 1180A: Low-priced 
s torage cabinet with shelf on testmobile for the  HP 54500, 
top  and drawer In lower HP 54200, HP 1630, and 
position; load limit 18 (40 Ib) HP 1650 series. 
each on shelf and In cabinet, 
11 kg (25 Ib) In drawer. 
Ordering lnformation 
H P  1180A testmobile 5290 
H P  1008A testmobile $ 970 
Opt 006 Added shelf and cabinet for 1008A $270 

H P  921998 U.S. power strip for HP  1180A $36* 
For same-day shipment, call HP DIRECT at 800-538-8787. 

see option 006 
d e x r ~ ~ t l o n  

Transportation Accessories 
The following transportation accessories are available for the 

H P  54500 series and HP 16500 series. 
H P  1540-1066 soft carrying case $ 135 
H P  921 1-2645 transit case $430 
H P  5061-6183 front-panel cover $35 

25 k6 >. ~ 



Clamped or unclamped video output. 
Trigger output for line and frame. 
For most standard broadcast composite video sys- 
tems 
Compatible with most analog & digitizing scopes 

HP 11 33A N/Vidca Sync Pad 
The HP 1133A TV/video sync pod is an accessory that provides HP 54300A PROBE MULTIPLEXER 

users with TV sync triggering for most analog or digitizing oscillo- 
scopes. It features clamped or unclamped video outputs that can be Multi-input instrumentation 
viewed on the oscilloscope's vertical channels and trigger outputs that The HP 54300A is a programmable, dual eight-to-one probe multi- 

can synchronize the oscilloscope to video frame and individual lines. plexer designed to expand the input capability of instrumentation 

The pod itself is packaged in a case approximately 14x14x4.5 cm with 50n inputs. The unique strength of this multiplexer is its con- 

(5.5x5.5x1.75-) and is powered by a separate ac power module. The f i~urab i l i t~ .  The user may select from three different input pods: two 
pod features a loop-thru input (two female BNC) which can be driven high-frequency, high-impedence probes, or a 50R BNC input for ter- 
from a 75 ohm source, or for probing high impedance circuits, from a minated line applications. 

1-10 megohm probe. The loopthru feature allows 75 ohm signal to be The HP 54300A features full HP-IB programmability as well as 

looped through the TV/video pod then connected to a video monitor simple front-panel control. It has internal non-volatile memory for 

or other 75 ohm device. Clamped or unclamped ,,ideo outputs are de- storing lists of switching steps. Switch lists can be advanced step-by- 
signed to drive a high impedance probe (1- 10 rnegohm) connected to Step from a front-panel button, over the HP-IB (i.e., IEEE-488) or for 
the oscilloscope input. data logging applications, through a TTL pulse entered at  the rear 

The H P  1 133A is compatible with broadcast standards M, N, C, B, panel. 

G, H, I, D, K, K1, and L systems. HP 54001A 1 GHz Active Mini-probe Pod 
This pod, with its built-in probe, offers 1 GHz bandwidth with 

Characteristics 10kR/2 pF input loading. It uses HP's mini-tip probe for easy access 
Video input: ac coupled with an RC of 1 megohm shunted by approxi- in compact circuits, and features both high-bandwidth and high-im- 
mately 10 pF. pedance at the probe tip. 
Bandwidth: Approximately 10 MHz 
Maximum input voltage: 40 Volts (dc plus peak ac) HP 54002A 5OR BNC Pod 
Frame output is phase locked to the leading edge of the third field This pod should be used with terminated 50n systems. Output from 
synchronizing pulse on field one, to the leading edge of the second the multiplexer using this pod is <2 dB down at > 1 GHz. The 
pulse on field two. Frame output goes high on field one, and low on 54002A is also useful with divider probes such as the H P  10020A. 
field two. 

There is a switch for positive or negative sync pulse polarity. 
A gain control adjusts for signal amplitude a t  BNC input. 

HP 54003A 300 MHz 1 MQ Probe Pod 
This pod, with a 10:l detachable mini-tip probe, has 1 MQ resistive 

Gain from BNC unclamped Output is 2'5 to and 8 pF capacitive loading. It is valuable is a more 
50. significant loading factor than capacitance, such as in operational 

amplifier measurements. If desired, the probe can be removed from 
Ordering Information its pod to provide a 1 MQ approximately 10 pF BNC input. 
Note: The 11 33A must be ordered with a power supply option. 
H P  1133A TV/Video Sync Pod 5275 Ordering Information Price 

Opt ABA Power supply for U.S.A., 120V. nema 51SP SO H P  54300A dual 8: 1 probe multiplexer 58500 
plug Includes one operating and programming manual. 
Opt ABB Power supply for Europe, 220V CEE7-VII SO Each HP 54300 accepts up to 16 input pods in any com- 
plug bination. Pods must be ordered separately. 
Opt ABJ Power supply for Japan, lOOV nema 515P SO Opt 908 Rackmount flange kit +S35 
plug H P  54001A 1 GHz miniature active probe pod $765 
Opt ABU Power supply for United Kingdom, 240V SO HP 54002A 50R BNC input pod $130 
BS 1363 plug H P  54003A 1 MR 10: 1 probe pod 5665 

wvvw. hparchive.com 



OSCILLOSCOPES & WAVEFORM ANALYZERS 
Waveform Recorder 
HP 5183A 

72 dB of dynamic range for analysis Adaptive sample rate 
New high measurement throughput BASIC driver 256K words per channel optional memory 
software Differential input 
Systems of up to 64 channels 

HP 5183A Wavetorm Recorder 
High Throughput tor Automated Measurements 

The HP 5183A is not a stand-alone instrument; it functions as a 
digitizing front end to a computer. HP BASIC driver software, opti- 
mized for speed, helps to set up, take measurements, and transfer 
data at  high speeds to an HP  9000 Series 200/300 workstation or HP  
Vectra PC. The HP 5183A's auto-advance feature can yield up to 70 
measurements (1 K words) per second with re-arm time as short as 13 
ms. Trigger features allow data acquisition that was previously either 
impossible, or required complex external trigger circuitry. The op- 
tional 5 12K word memory allows long continuous records to be ac- 
quired. In one channel operation, channel one can be configured to 
have 512K samples with option 512 installed. Adaptive Sample Rate 
gives the benefit of catching glitches that would ordinarily escape de- 
tection. 
Enhanced trigger capability 

As with the other Hewlett-Packard waveform recorders, post- and 
pre-triggering are available. This permits viewing of the trigger point, 
the events leading up to the trigger point, or events that occur long 
after the trigger has occured. Dropout trigger provides the capability 
to trigger on the absence of a signal. The recorder can be configured 
with auto advance to capture up to 256 1 K records showing dropouts, 
when Option 5 12 is installed. 

Delay trigger is used in the following manner. A trigger event oc- 
curs at the external trigger input. Then, when a user defined delay 
elapses, the recorder will wait for the proper internal trigger and re- 
cord in the operator defined environment. This can be used for record- 
ing signals such as a specific sector on a magnetic disk, using the index 
pulse as the external trigger, and the approximate delay to the proper 
sector. 
ASR (Adaptive Sample Rate - Option 301) 

ASR provides rapid sampling only when it is needed. conserving 
memory where possible. With this option, the recorder samples at  a 
slow speed until high-frequency energy is detected. When this occurs, 
the timebase switches to a higher speed to capture the high-frequency 
signal, returning to the slower speed when the high-frequency compo- 
nent ceases. For some signals, particularly those with low duty cycles, 
the maximum effective memory length can be increased (by a factor 
approaching 64) to approximately 30 million words. 

HP 5183A Condensed Specifications* 
Channel 1 and 2 inputs 
Maximum sensitivity (nominal): 50 pV. 
lnput attenuator ranges: + I00 mV to * 50 V (full scale). 
lnput offset voltage: I 200% of input attenuator range. 
lnput bandwidth (nominal): (-1 dB) 1 MHz, (-2 dB) 3 MHz with 
filter ( I 0  pole), (-4 dB) I MHz, (-65 dB) 3 MHz. 
lnput impedance (nominal): 1 MQ in parallel with 45 pF. 
CMRR at 10 kHz: 60 dB on 100 mV to I V ranges. 
Damage level: + 5 V (dc plus peak ac) on 100 mV to 1 V ranges. 
400': of  range (dc plus peak ac) on 2 V to 50 V ranges. 
Dynamic Performance at 1 MHz Signal lnput after 
Calibration 
Harmonic and spurious dhtortiocl: 565 dBc. 
Effective bits: 10.0 at 95% of full scale range. 
Triggering Characteristics 
Internal trigger: level and sensitivity selectable over input voltage 
range. 
External trig- level selectableover + 5V range, in mV increments. 
Internal source: Channel 1, Channel 2. 
Measurement control: auto, normal, single, manual trigger. 
Settable: level, hysteresis, position. 
Slope: +,-, or bi-trigger (internal only). 
Trigger position: - 100% to +6400% of record length. 
Time Base 
Internal time b 4 MHz internal time base allows sample rates 
between 250 ns and 4 s, in 250 ns increments. 
External time base 1.4 or I0 MHz. 
External encode: 1 pHz to 2.1 MHz or 1.9 MHz to 4 MHz. 
Memory 
64K words per channel standard; with option 512, 256K words per 
channel, also configurable as a single 512K word record for channel 1. 

Ordering Intormatian' Price 
HP 5183A waveform recorder 2-channel (includes $ 14,500 
an interconnect cable and software for control and data 
transfer on the H P  200 and 300 series computers). 
Requires host computer for operation. 

Opt 301 adaptive sample rate +f 3,450 
Opt 512 5 12K word memory +$5,750 
'See HP 5183A Recorder Data Shed (Pub 5952-7933D)tw mom Infonnatbn. 



OSCILLOSCOPES & WAVEFORM ANALYZERS 
Waveform Recorder/Measurement System 

HP 5180A, 5180S,51800A 

16K memory records up to 32 waveforms 
Accurately digitizes transient signals 
Up to 1 million wordsls data transfer 

-- --- --- 
Dynamic Performance (at 1 MHz) 

HP 5180A, HP 5180A, and HP 51800A 

High Quality Samples Every 50 Nanoseconds 
The HP 51 80A waveform recorder digitizes and stores single-shot 

or repetitive signals. Voltage waveforms are digitized at  sampling 
rates up to 20 M sa/s (50 ns/sample). Each voltage sample is encoded 
into a 10-bit word and stored into the memory. These precise voltages 
(and times) can be read from the front panel with cursors. 
Accurately Digitize Transients - The shape of fast attack and decay 
single-shot waveforms is preserved because the higher frequency 
components are accurately digitized. (See H P  Product Note 5 180-2.) 

View Singleshot or Repetitive Signals Quickly 
The HP 5180A controls external XYZ displays and hardcopy de- 

vices to show the contents of memory records without the need for a 
computer. Zoom and Gain features expand displayed waveforms hor- 
izontally or vertically to look in detail at  a selected portion of a 
waveform. There are two methods of transferring data from the HP  
5180A to a computer for analysis: HP-IB and DMA. Direct memory 
access (DMA) can transfer data a t  a rate up to 1 million 
words/second, depending on the computer. 

The H P  5 180A can begin recording a signal a t  one sampling rate 
and then switch to another. The switch point is selectable. Set one 
timebase at  a faster sample rate to record more detail, and set the 
other at a slower rate to conserve memory space. 

Automatic Time Domain Measurements 
Make time domain measurements on single-shot or repetitive 

waveforms with the HP  51800A Waveform Measurement Library. 
The library is a collection of programs designed to make measure- 
ments on signals captured by the HP  51 80A Waveform Recorder and 
H P  5 182A waveform recorder/generator. Instruments are controlled 
by sub-programs. All you do is chain them together to make the mea- 
surements you need. 

HP 5180A Specifications 
See HP 5 180A Waveform Recorder data sheet (Pub 5952-7722D) 
for more information. 

Channel A and B Inputs 
Maximum sensitivity: 200 pV. 
lnput attenuator range: * 100 mV to & 10 V (full scale). 
lnput offset voltage: + selected Voltage Range. 
Amplifier bandwidth (-3 dB): dc to 40 MHz (dc coupling). 

10 Hz to 40 MHz (ac coupling). 
input impedance (nominal): 1 MR 1 140 pF (10 V range). 

1 MR 1 1 35 pF (other ranges). 
Damage level: + 1 2 V above 1 kHz. 

~armonic and spurious distortion: - j0  dBc 
Effective bits: 7.8 

Triggering 
internal trigger: level and sensitivity selectable over input voltage 
range. 
External trig- level selectable over a2.5 V range. 
Trigger position: -100% to +9999% of memory. 

Timebase 
internal t i m e  20 MHz internal timebase allows sample rates 
between 50 ns and 50 ms in a 1-2-5 sequence. 
External timebase: external timebase signals between 1 MHz and 
20 MHz may be used. Internal divide ratio between 1 and 10' in a 1, 
2, 5 sequence. 

Memory 
Size: 16.384 10-bit words. 
Segmentation: memory may be divided into 1, 2, 4, 8, 16, or 32 
equal-length records. 

Outputs 
XYZ CRT monitor outputs: X. Y deflection voltages (NOMINAL) 
- I  to OV into 50 R. X requires 1 MHz bandwidth input; Y requires 5 
MHz bandwidth input. Z voltage (NOMINAL) is 0 to 2 V into 1 M 
(0 to 1V into 50 R), selectable positive or negative going blanking 
pulse. Z requires 1.25 MHz bandwidth input. 
HP-IB: all front panel function values selectable via HP-IB. Data I /O 
in ASCII or binary; maximum 3 Kbyte/second rate, depending on 
controller. "Talk only" to HP-GL plotters available even if no con- 
troller is used. 
DMA: direct memory access allows fast parallel data transfer; maxi- 
mum 1 M word/second, depending on controller. 

General 
Operating temperabw O°C to 55OC. 
Power requirements: 100/ 120/220/240 volts +5%. -10%; 48 to 66 
Hz. Max power dissipation 500 VA. 
Weight: net, 22 kg (48 Ib); shipping, 25 kg (53 Ib). 
Size: 142 H x 426 W x 574 mm D ( 5 v  x 1674" x 23"). 

Ordering Information Price 
H P  5180A waveform recorder $ 27,200 
H P  5180s waveform measurement system $0 

To ensure coordination of shipments and com- 
patability of instruments, computers and software, use 
the system model number when ordering the individual 
components, including peripherals such as printers and 
plotters. Obtain an HP 51800A data sheet and HP 
5 180s ordering guide from your local sales office. See 
page 737. 
H P  51800A Waveform Measurement Library 51,525 

Opt 910 Additional Manuals +$I50 
Accessories tor HP 5180A 
H P  10871B service kit $6,350 
H P  10873A Rackmount kit $210 
H P  10874A Slide mount kit $265 
H P  10875A 4.8 m DMA cable 5255 
H P  10875B 1.0 m DMA cable $255 

To ensure coordination of shipments and compatability of instru- 
ments and perhipherals such as printers, plotters, and disk drives, it is 
important that you request the appropriate data sheets and ordering 
guides from your local sales office. 



El OSCILLOSCOPES & WAVEFORM ANALYZERS 
Waveform Recorder/Generator, 20 MHz, 10 Bits, 16K Word Memory 
HP 5182A 

16K nonvolatile waveform memory Easily simulate complex, real signals 
Fully programmable via HP-IB Record single-shot, replay repetitively 
Quickly transfer waveforms to/from Computer 

Duplicate Infrequent Waveforms When You Need 
Them 

Recreate your single-shot signals with H P  5182A waveform 
recorder/generator. Also create repetitive signals by playing back a 
single recording again and again with no time gap between replays. 

Now you can test your circuits with the actual signal you record 
rather than a theoretical one. "What if' testing can be done by ad- 
ding a computer to modify and store the waveforms. An HP Series 
200/300 technical computer, H P  91 11A graphics tablet and an 
H P  5182A comprise the HP  51828 waveform generation system. 

WAVE FORM RECORDER GENERATOR 

ADC 

A Waveform Recorder/Generator is a High-Speed 
Digital "Tape" Recorder 

The "tape" is silicon memory. At 20 M samples per second, it can 
store 819 rs,  819 seconds at  20 samples per second. This digitized 
waveform can be played back once, or over and over again with no 
time gap. For example, you can accurately store 16 separate lines of 
video, or a single sector of data from a floppy disk drive. The video 
signal can generate color bar patterns to test video circuits. The disk 
signal can be used to test read-recovery circuits. 

Capture Replay 

Capture and Save in  the Field, Replay on the Bench 
Continuous (battery backed up) waveform memory allows you to 

record up to 32 waveforms on site. Remove the power and carry the 
HP  5182A back to the lab. Now you can play them back to test your 
circuits or for further analysis. Attach the HP  51 82A to an HP  Series 
200/300 technical computer and you can store the waveforms on 
disk, process them further a?d modif them for "what i f '  testing. 
Simulate Exmnstve. ~tnale-dhot  E~~~r l r tW?ntS 

HP 5182A you can capture a signal accurately when it occurs, then 
switch to generator mode, to replay it any time you need it. 

A sync pulse is generated once per playback cycle for synchro- 
nizing other e uipment. 
Generator acetion Specifications 
Peak output voltage (tor full-scale wavetorm) into 50 ohms 

Vernier Range Vernier 
Range Min Max Step Size 

Max. output ~0lt8ge Into open circuit: 10 V (NOMINAL). 
Output offset: -S.l2 V to +5.11 V in 10 mV steps into 50 ohms. 
AC performance: Noise: -65 dBc. 

Harmonic distortion (dc to 1 MHz): -48 dBc. 
Spurious (sample rate related): -40 dBc TYPICAL. 
Output risetime: 100 ns max. (10% to 90%). 
Amplifier bandwidth (-3dB): 10 MHz (NOMINAL) 

DC performance (10 bits resolution per sample) 
Differential nonlinearity: < 1 LSB (Monotonic). 
Integral nonlinearity: < 3  LSB. 
Offset accuracy: 100 mV (20-30°C). 

Absolute accuracy: 1 % of p p  full scale range (20-30°C). 
Internal trigger: Output automatically triggered when armed. 
External trigger: Slope, level, hysteresis, width, impedance, coup- 
ling and maximum input same as for Recorder. (See page 78.). 
Insertion delay: 250 ns max. 
Time base modes 

Main only: Available in Single, Auto, and Normal Sweep Arm 
modes. 

Mixed (maln, delay): Available in Single and Normal Sweep 
Arm modes. 
Memory size: 16384 10-bit words; Segmentation: 1,2,4,8,16 or 32 
equal length blocks. Generation: Data may be generated from any 
memory block. Within any one block, a portion of the waveform may 
be generated by setting the starting point and stopping point. An even 
number of points is always output. 
Sync output: Voltage: 0 to -0.75 V NOMINAL into 50 ohms. Pulse 
Kidth: o n e  sampletntewal with the falling (first) edge active (or 
approximately 100 ps when the sync pulse is past the stop position. 
and Sweep Arm is Single or Normal). Position: Settable from first 
point in the record to the last point. If the sync position is set outside 
the limits of the Start and Stop Position markers, the output record is 
extended to include the Sync Position by assigning a dc voltage (equal 
to the nearest Start/Stop Position marker) to the waveform between 
the Start/Stop Position marker and the sync position. 

- - -  - - 
Some experiments can be very time-consuming and expensive to Ordering Information 

repeat, for example, biomedical experiments, measurements of explo- HP 5182A waveform recorder/generator 
sions, and propagation experiments such as radar and sonar. With the 

Price 
53 1,700 



OSCILLOSCOPES & WAVEFORM ANALYZERS 
Waveform Genera tlon System 

HP 5182S,51820A 

Save time storing and recalling waveforms 
Quickly modify and utilize waveforms 
Save time when generating arbitrary waveforms 
No programming necessary 

HP 5182A, 51828 Waveform Generation 

Save Time Generating Specialized Waveforms 
The H P  51820A software is a powerful set of tools for creating 

specialized waveforms. Modify captured waveforms or define new 
ones with the HP  46087A graphics tablet (part of the HP 51823 sys- 
tem). Simply press a SOFTKEY to send waveforms to the HP 5182A 
for replay or disc for storage. Since the H P  51820A is a complete 
package (no programming is required), you are productive immedi- 
ately. 

The software is driven by a main menu and three submenus: draw, 
process and 110. Because it is only two levels deep, you will not get 

This signal was recorded from a floppy disk read head. lost in multiple levels of menus. 

Waveform Capture, Modification and Playback 
Modify captured waveforms and play them back into the device 

you are testing. Rather than waiting for a glitch to occur randomly, 
you can draw one and see the circuit response immediately. 

Waveforms can also be modified by processing. Simple functions 
like offset and gain are built into the SOFTKEY MENU. There are 
also SOFTKEYS for adding or multiplying two waveforms together. 

More complicated processing like calculus and convolution can be 
accomplished by modifying the user-equation subroutines. Four 
SOFTKEYS are reserved for your own equations. The software 
comes with the equations programmed to generate sine waves, trian- 
gle waves, square waves and random noise. 

The signal is combined with noise generated from built-in 
function. Arbitrary Waveform Generation 

There are three ways to create the waveforms you need. You can 
recall waveforms from the library, including sine waves, square 
waves, SIN (X)/X, Gaussian pulses, exponentials and more. You can 
calculate waveform samples with equations. Third, you can draw or 
trace waveforms with the graphics tablet. Choose the method that 
will get you the signal you need in the shortest time. 

Ordering Information Price 
HP 5182s waveform generation system SO 
HP 51820A waveform generation software $1,525 

To ensure coordination of shipments and compatability of instru- 
ments, computers and software, use the system model number when 
ordering individual components including peripherals such as printers 
and plotters. Obtain H P  51820A and H P  51800A data sheets and a 

It is used to test the sensitivity of read recovery circuits. H P  5182s ordering guide from your local sales office. See page 737. 



El PLOTTERS & RECORDERS 
Measurement Plotting System 
HP 7090A 

Floating and guarded Inputs 
dc to 3 kHz bandwidth, 33.3 kHz sampling rate 
3 channels with simultaneous sampllng 

The H P  7090A is designed for low-frequency (<3 kHz) measure- 
ment, analysis, and documentation. It merges several technologies - 
waveform recording, digital plotting, analog recording, and 
automated measurement - to provide a powerful solution to a broad 
range of measurement applications. It significantly increases the 
ability to measure and display low-frequency phenomena and 
substantially improves real-time recording and digital plotting, in one 
low-cost system. 

Signal Capture 
Simultaneous sampling on each of three channels, 12-bit resolu- 

tion. bandwidth of dc to 3 kHz (33.3 k samples/s maximum), and 
1000 word memory per channel allow high resolution measurement. 
storage, and display. 

Flexible Triggering 
The HP 7090A has six trigger modes, which allow virtually any 

signal change to initiate signal capture, even decaying repetitive sig- 
nals such as faults in a power line voltage, or in a transducer's carrier. 
Combined with pre-trigger capability, these trigger modes make the 
H P  7090A Measurement Plotting System ideal for turn-on/off char- 
acterization, fault monitoring and mechanical motion analysis. 

A System Component 
All panel functions are programmable via the HP-IB interface. 

Data can be transferred from the internal 1 k-buffers or streamed in 
real time from the analog-to-digital converters at  up to 500 pointsls. 
In addition, the menu-driven H P  17090 measurement graphics 
software package is available for properly configured HP 9000 Series 
200 and 300 computers (BASIC only). The software allows easy data 
manipulation, storage and retrieval, and system integration. 

Versatile Capabilities 
As the name implies, the H P  7090A measurement plotting system 

is also a high-performance digital plotter. It is ideal for a graphics 
dump from a smart instrument (e.g.. from an H P  spectrum analyzer) 
or as part of an HP-10 system; you can also use the H P  7090A to take 
an X-Y dump from an analog instrument (e.g. from an HP spectrum 
analyzer system). With the HP  7090A. hand annotation is unnecessa- 
ry. The 7090A annotates setup conditions, date and time, selected 
data points from memory, and trigger information. It draws user-de- 
fined axes and grids, eliminating the need for pre-printed graph pa- 
per. The HP 7090A even lets you plot overhead transparencies for 
technical presentations. 

12-bit resolution, 1 k buffer/channel 
6 trigger modes with up to 100% pre-trigger capture 
Full programmability and data transfer over HP-IB 

Applications 
Analog recording: Electrical, chemical, mechanical and medical 
fields all benefit from recording real-time X-Y and Y-T relationships. 
As an analog recorder, the H P  7090A has sensitivity to 5 mV full 
scale and 41,000 calibrated ranges for easy and quick calibration to 
measurement units. The H P  7090A's superior dynamic performance 
and high sensitivity provide users the versatility and accuracy re- 
quired in laboratory environments. 
Capturing low frequency electrial tramlentr: General diagnostic 
monitoring (such as looking for relative timing sequences) and fault 
monitoring (capturing pre-trigger data for intermittent failure analy- 
sis) are natural applications for the HP  7090A. 
Measuring phase relationships: The simultaneous sampling on all 
channels is ideal for measuring current/voltage phase relationships in 
power systems. 
Analog instrument/digital system link: The H P  7090A can inte- 
grate an analog instrument into an HP-IB system; the HP  7090A, 
with a controller can digitizeoutput voltages from analog instruments 
for HP-IB system data entry. 
Mechanical and electromechanical testing: Applications in which 
transducers convert velocity, acceleration, force, temperature or tor- 
que to voltage are a good fit for the HP  7090A. These applications 
have a maximum output frequency below 3 kHz. The HP 7090A's 
flexible trigger capabilities make it useful for one-shot elec- 
tromechanical events such as clutch and mechanism engagements. 
Electromechanical control systems: The H P  7090A can measure 
the response of a system to a stimulus; a typical use would beexciting 
the system with a step function and using the measured response to 
determine damping ratio and the natural frequency of the control sys- 
tem. 
Material testing: The H P  7090A can record classic stress-strain 
curves, particularly those obtained from destructive testing. The data 
is stored in a buffer, so even though the sample has been destroyed. 
the data can be viewed and rescaled in several different ways. 
Automatic test: When linked to an H P  9000 Series 200 computer, 
the HP  7090A is a good, inexpensive learning tool for small compa- 
nies considering automatic test systems. Applications include envi- 
ronmental and production line testing and proof of performance 
records. 

Measurement Graphics Sottwan 
HP 17090 measurement graphics software is designed to access the 

full capabilities of the HP  7090A Measurement Plotting System and 
integrate it into computer system applications. This software is com- 
patible with properly configured Series 200 and Series 300 com- 
puters. The computer system must have ten softkeys, a knob, and 
separate displays for alpha characters and graphics. The main user 
interface with this software is through 10 softkeys on the computer's 
keyboard and a knob. 
Program capabilitim There are six main functional areas of Mea- 
surement Graphics Software: 

measurement setup annotation 
measurement storage and retrieval 
display data manipulation 
Measurement Graphics Software helps you use the H P  7090A's 

features easily and efficiently, and it provides storage, annotation and 
data transformation capabilities not available on the HP 7090A unit 
alone. 
Friendly, menu-driven intartace: Each menu allows the user to view 
several parameters simultaneously. Series 200 and 300 softkeys and 
cursor-control knob minimize keyboard input, and the "help" softkey 
displays the available choices and ranges for each parameter setting. 



inputs 
Number of channels: 3 
Type of input: floating, guarded 
Sensitivity: 5 mV to 100 V full scale 
Sensitivity ranges: 41,000 
Zero offset: a 2  full scale or a100 V maximum 
Zero ofset ranges: approximately 5% or range steps 
lnput impcdence: 1 MR. shunted by 45 pf (nominal) 
Maximum input voltage: 200 V dc or peak 
Maximum source resistance: 10 M 
Common mode rejection ratio: 140 dB dc; 100 dB ac @ 60 Hz with 1 kR 
unbalance in LOW terminal and most sensitive range (at 2S°C) 

Electrical accuracy (a 25OC. +I scale offset maximum): 
Constant inaccuracy 

I V to 100 V range: a0.151 of range 
5 mV to 500 mV range: increases from a0.151 of range @ 500 mV to 
~k0.261 of range @ 5 mV 

Reading inaccuracy: a0.0551 of reading 
Tempemtun coefficknt 

Constant inaccuracy 
I V to 100 V range: a0.0121 of range/degrec C 
5 mV to 500 V range: increases from a0.0121 or range/degree C @ 500 
mV to a0.044% of rangeldegree C @i 5 mV 

Reading inaccuracy: aO.Ol% of reading/degree C 
Timebne 

Buffer mode 
Range: 30 milliseconds to 24 hours 
Number of ranges: 4,700 

Direct mode 
Range: 1 second to 24 hours 
Number of ranges: 3,700 

Accuracy: +0.1% 
Dynamic Performance 

Slewing speed (Nominal) 
Direct mode: 127 cm/s (50 in/s) 
Plotting mode: 75 cm/s (30 in/s) 

Acceleration (Nominal): 2 g constant 
Bandwidth (23dB): 3 kHz for all full scale ranges 2 20 mV 
2.6 kHz for all full-scale ranges <20 mV 
Peak capture: 250 p at fastest timebase range 

Memory per Channel 
Size: 1000 words 
Resolution: 12-bits 

Trigger Chancteristks 
Internal trigger: Inside or outside window to capture decaying repetitive 
signals, inside resets with each reverse transition; Above or below level, se- 
lectable over the full-scale range in 1.0% of range increments (NOMI- 
NAL); Source, channel 1 
External trigger: BNC connector, TTL level or contact closure to ground 
Manual trigger: Available from front-panel controls 
Display: Up to 100% pre-trigger capture, up to 24 hour post-trigger delay 
before measurement start 

Suppkmental Characteristics 
Writing system: 6-pen carousel with automatic pen capping 
Fiber-t~p pens for paper or transparencies 
Digital plotting 

Intelligence: over 40 HP-GL instructions; five built-in character sets includ- 
ing ANSI ASCII, HP 9825, FrenchlGerman, Scandinavian, Span- 
ish/Latin America Front-panel controls: PI, P2; pen position cursors: pen 
selection Interface modes (user selectable): listen only; listenltalk 

-0- 
Paper, overhead transparency film 
Sizes (switch-selectable): A4/A (210 x 297 mm, 8.5 x I1 in); A3/B (297 x 
420 mm, l l x 17 in) 

Programming 
HP-IB control of all recorder and plotter functions 
Software lockable front panel 

scope wtput 
Allows use of X-Y oscillascope to preview buffer contents 
Connectors: 2 BNC, vertical and horizontal 
Output: - 10 V to 10 V (0 V corresponds to origin on chart); refreshed every 
15 ms 
Resolution: 10-bit 

Digital vdtmeter (DVM) modr 
Allows panel display of dc voltage levels on selected channel input Sampling 
rate: l /s  (NOMINAL) 

Pen position data display 
Allows cursor to move pen along Data Display plotted buffer data on select- 
ed channel, value shown on display, and coordinate pair can be printed at 
selected points. 

External pen lift control 
BNC connector, TTL level or contact closure to ground 

Analog-to-digital 
Max. sampling rate: 33.3 k samples/s 
Max. streaming rate wer HP-IB: 

ASCII Binary 
1 channel 1671s 500/s 
1 channel plus 1431s 3331s 

trigger 
3 channels 591s 1671s 
3 channels plus 591s 1671s 

trigger 
Real-time dock 

Functions: second, minute, hour, day, year 
Controls: front-panel set, battery (lithium) backup 
Accuracy: *4 sec/day @ 2S°C 

~nvironm&tal pow& kquiremenh 
Operating temperature: 0-55°C 
sdurce: ibo, I 20,220,240 v ac - 1 0 ~ ~ .  +5% 
Frequency: 48-66 Hz 
Consumption: 140 W 

size 
205.5H x 575.0W x 465.0mmD (8.1' x 22.6' x 18.3') 

Weight 
Net, 15.7 kg (34.5 Ibs); shipping, 23.6 kg (18.3 Ibs) 

Accessories Suppiktd Part Number 
Interfacing and Programming Manual 07090-90001 
Operator's Manual 07090-90002 
Pocket Guide 07090-90004 

An assortment of pens and media a n  also shipped with each HP 7090A 
unit. Paper size and power cord are determined by destination. 

Ordering Information Price 
H P  10833A HP-IB (IEEE-488) I-meter cable $SO* 
HP 108338 HP-IB (IEEE-488) 2-meter cable $SO* 
H P  7090A measurement plotting system $5500 

Option 910 (duplicate set of manuals) +$I00 
HP 17090A/B/C measurement graphics software 

Option 630 (3.5 inch disk size) $700 
Option 655 (5.25 inch disk size) 5700 

For same-day shipment. call HP DIRECT at 800-538-8787. 
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lution, and excellent noise rejection. Often 
your requirements are somewhere in-be- 
tween. HP's innovative integration tech- 
niques used in most of its DMMs can trade 
speed for resolution, which adds measure- 
ment flexibility. 

HP's integrating DMMs offer the fastest 
reading rates available with power line- 
related noise rejection. Integration selection 
(number of power line cycles) is the key to 
performance tradeoffs in HP's system 
DMMs. For example, reading rates are max- 
imized by decreasing resolution and the 
number of power line cycles. Conversely, ac- 
curacy and resolution are improved by in- 
creasing the number of power line cycles. In 
short. HP  allows you to choose the resolu- 
tion, accuracy, and noise rejection needed. 
while maximizing measurement speed. 

Digital Multimeters 
Hewlett-Packard offers a wide range of 

digital multimeters (DMMs) to meet test 
and measurement requirements. H P  has a 
DMM with the measurement capability you 
need for data acquisition, production or re- 
search testing. 

The combination of precise measurement 
and versatile configuration capabilities in 
H P  DMMs gives you meaningful measure- 
ments of your product or process. This en- 
ables you to interpret results and make 
decisions that improve productivity and qual- 
ity. You can perform dc and ac tests of volt- 
age and current, and measure resistance 
using two or four terminals. Frequency and 
period measurements are also available on 
some multimeters. 

Measurement-driven applications in cali- 
bration and metrology/standards labs need 
the accuracy and stability of the HP  3458A. 
The digitizing capabilities of the H P  3458A 

also enable you to use this multimeter in 
high-resolution digitizing applications. 

Computer-aided production testing re- 
quires a wide variety of functions, resolu- 
tions, and speeds; the HP  3457A fits those 
needs. Many of your bench measurement 
problems are handled by the HP  3468A/B, a 
high-performance 5112-digit, five-function 
DMM. 

For low-cost HP- IB  systems, the  
HP  3478A provides five measurement func- 
tions with the performance to meet many sys- 
t e m  r e q u i r e m e n t s .  F o r  p o r t a b l e  
troubleshooting, the H P  E2300 series of 
handheld multimeters offers you HP quality 
in a 372-digit handheld. 

Measurement Performance 
Tradeoffs 

In some applications, measurement speed 
is the most important requirement. Other a p  
plications demand high accuracy, high reso- 

High Throughput Reduces 
Test Time 

For system applications, you can increase 
throughput using DMMs like the HP  3458A. 
This system DMM is HP's throughput leader 
when you need to change functions and 
ranges often to obtain all of your measure- 
ments. The ability to change functions and 
ranges quickly while taking measurements is 
a good way to  view measuremen t  
throughput. Several of HP's system DMMs 
share this common strength to help you im- 
prove your throughput and your profits. 

Most of HP's system DMMs have a Volt- 
meter Complete pulse output for increment- 
ing channels on external scanners or 
switches, without the delay of a computer 
command. An external trigger input is ideal 
for synchronizing your DMM to your mea- 
surement. Interrupt capability allows your 
system to run more efficiently, since your 
computer need only provide control when re- 
quested by the DMM. Flexible triggering en- 
ables  you to  proper ly  synchronize  
measurements with your device-under-test. 

Features such as passffail limit testing in 
the HP  3457A and HP 3458A. program 
memory, and reading storage minimize the 
computer interaction with the DMM and can 
help you speed-up your system. 



LOW Cost of Ownership your total cost of ownership. As a result, we for all of our system DMMs a t  a low incre- 
In addition to flexibility and multi- offer electronic no-pots calibration to maxi- mental price. Therefore, you can expect HP's 

functional capability. HP DMMs are noted mize your system up-time. Designed-in reliability and support to keep your test sys- 
for reliability. From concept to implementa- modularity and self-test capabilities keep re- tem up and running for a long time. As a re- 
tion, every phase of designing and manufac- pair time and costs to a minimum. sult of HP's commitment to quality, you can 
turing DMMs has resulted in extremely The reliability of H P  products is so good benefit by reducing your total cost of owner- 
reliable products. Your DMM reliability is that we offer three years of hardware support ship when purchasing HP DMMs. 
directly reflected in test system up-time and 

HP Modd 
de voltage 
Accuracy 
I y l  best full scilk 
(parts per mill~on) 

Rcrolutiml(Mnovolh) 
Manmum reading rate 

at 5% dints 
(readings per W 

Max~mum range (volts) 

Resistmnce 
Accurxy 

1 yr k t  lull scak 
(parts per mllion) 

Resolution (microhnn) 

ac voltage 
Bandw~dth 

Functions 

Optl0n~ 

Price 

HPUSOA 
#rM 

5.1 
'O";om' 

50,000 
1000 

10.5 
10 

l k t 0 1 0 M H z  
dc h JC V, 2- & 4- 
wire 0, offset- 
compemated 0. dc 
h ac I, frequency, 
pcclod. math,tM- 
sequence storag~, 
ratlo, 20 kbytes 
reading memory, 
digltalng, & HP.10 

Opt 001 
Expanded 
read~ng 
memory to 
148 kbyta, 

Opt 002 
High stability 
(4 ppm/yr), 

Opt 005 
Waveform 
analysis libraty 

Opt 700 
CllL Laqua@ 

Opt W30 
3 yr hardware 
support 

$6,110 

HP WA 
Plt 89 

27 

10 

Jb0 
1000 

(HP W 7 A )  

52 
10 

2 0 k t o l M H z  
dc & ac V. b & 4- 
wire 0, &t- 
compnrsted R dc 
& ac I, heqwncy. 
pcnod, math. test- 
~gvence storage, 
1 kbyte reading 
memory, & UP40 

Opt 700 
CllL 

Opt W j o  
3 yr hadware 
support 

44497A 
1030 V 
attenuator 

44491A 
Armaturc relay 
mux 

44492A 
Reed relay 
mux 

$3.100 

HP 3478A 
#r 92 

67 

100 

4.4 
300 

167 
100 

2 0 k t o j 0 0 k k  
dC & X v. 2- h 4 
wire 0, dc & ac I, 
& UP-I0 

Opt 
3 yr hardware 
WpPOrt 

$995 

HP J4SA 
WM 

25 

100 

210 
1000 

86 
100 

20Hzto250kHz 
dc & X V. 2- & 4- 
mre 0, offset. 
compmsattd 0, 
math, rat~o.UP-I0 

Opt 050 - noise 
rejection for 
50 Hz 

Opt 060 - noise 
rejection for 
60 Hz 

Opt W30 - 3 yr 
hardware 
support 

$5.695 

HP M 3 7 A  
W# 

2300 

100.000 

- 
10 

- 
- 

- 
dC V. HP.18 

Opt W30 3 yr 
hardware 
support 

$4.395 

HPMSA 
#r# 

130 

1000 

24 
1000 

50 
I 

3 0 k t o 2 5 0 k M  
dc & 8 V. 2. & 4- 
mre 0. maM,HP.IB 

Opt 001 average 
converter 

$7.295 

HP34WA/B 
#r% 

187 

1000 

3.7 
300 

160 
lo00 

20HztoJ00kHz 
dc & x V, 2. & 4- 
mre 0. dc & K I. 
HP.11 

Opt 001 
r e c h q m b k  
battery pack 

Opt W30 3 yr. 
hardware 
support 

$820 

HPW 
# r w  

350 

1000 

4.7 
1200 

300 
lo00 

2 0 H z t o 1 0 0 k ~  
dc & K V,?-mrt 0, 
Ohms m o  adjust, 
dc & M I, d~ode 
test 

Opt 001 
streamlined 
portable c a x  

$1.580 

HP E2mA/ 
L2378A 
pqt 100 

X67 

100.000 

- 
1000 

I O k t o l k H z  
dc & K V, dc & 
ac l 2-wire 0, dlodc 
test, aud~o 
continutty, temp 
(K-Typc), h data 
hold 

E2301A surface 
thermocouple 
probe 
K-TYW 

E2302A MIOW 
thermocoupk 
probe 
K-TYW 

E2303A 
thermocwpb 
probe adapter 

E2305A 
r e p l a m t  
test leads 

$1691189 



R DIGITAL MULTIMETERS 
A System Multlmeter with Both Hlgh Speed and Hlgh Accuracy 

-- 

MATE 
HP 3458A SYSTEMS 

The HP 3458A multimeter shatters long-standing performance Select a reading rate of 100,000 readings per second for maximal 
barriers of speed and accuracy on the production test floor, in R&D, test throughput. Or achieve highest levels of precision with up to 
and in the calibration lab. The H P  3458A is simply the fastest, most 8I/z digits of measurement resolution and 0.1 part per million transfer 
flexible, and most accurate multimeter ever offered by Hewlett- accuracy. Add to this, programming compatibility through the Hew- 
Packard. In your system or on the bench, the H P  3458A saves you lett-Packard Multimeter Language (HPML) and the HP  3458A's 
time and money with unprecedented test system throughput and ac- simplicity of operation and you have the ideal multimeter for your 
curacy, seven function measurement flexibility, and low cost of own- most demanding applications. 
ership. 

High Test System Throughput High Resolution Digitizing Calibration Lab Precision 

Faster Testing 
Up to 100,000 readings/s 
Internal test setups >200/s 
Programmable integration times from 
500 ns to 1 s 

Greater Test Yield 
More accuracy for tighter test margins 
Up to 8112 digits resolution 

Longer UpTime 
Two-source (1 OV, 100M) calibration, 
including ac 
Self-adjusting, self-verifying auto-cali- 
bration for all functions and ranges, in- 
cluding ac 

Greater Waveform 
Resolution and Accuracy 

16 bits at 100,000 samples/sec 
18 bits at 50.000 samples/sec 
12 MHz bandwidth 
Timing resolution to 10 ns 
Less than 100 ps time jitter 
Over 75,000 reading internal memory 

Flexible Digitizing Software 
Powerful, easy-to-use analysis software 
for HP  9000 Series 200/300 Com- 
puters 
Subprograms for waveform acquisi- 
tion, data transfer. FFT, IFT, and data 
presentation 

Superb Transfer Measurements 
8 5  digits resolution 
0.1 pprn dc Volts linearity 
0.1 pprn dc Volts transfer capability 
0.01 pprn rms internal noise 

Extraordinary Accuracy 
0.6 pprn for 24 hours in dc Volts 
2.2 pprn for 24 hours in Ohms 
100 pprn mid-band ac Volts 
8 pprn (4 pprn optional) per year volt- 
age reference stability - 

HP 3458A Multimeter Performance Features 

DC Volts AC Volts AC Current 
5 ranges: 0.1 V to 1000 V 6 ranges: 10 mV to 1000 V 5 ranges: 100 pA to 1 A 
8l/2 to 4v2 digit resolution 1 Hz to 10 MHz bandwidth 10 Hz to 100 kHz bandwidth 
Up to 100,000 readingsls (4'12 digits) Up to 50 readings/s with all readings to Up to 50 readings/s 
Maximum sensitivity: 10 nV specified accuracy 500 ppm 24 hour accuracy 
0.6 ppm 24 hour accuracy Choice of sampling or analog true rms 
8 ppm (4 ppm optional)/year voltage techniques 
reference stability 100 ppm best accuracy 

Ohms DC Current Frequency and Period 
9 ranges: 1OQ to 1GQ 8 ranges: 100 nA to 1 A Voltage or current ranges 
Two-wire and four-wire $2 with offset Up to 3,500 readings/s (5'12 digits) Frequency: 1 Hz to 10 MHz 
compensation Maximum sensitivity: I pA Period: 100 ns to 1 s 
Up to 50,000 readingsls (5'12 digits) 13 ppm 24 hour accuracy 0.01% accuracy 
Maximum sensitivity: 1 OpQ ac or dc coupled 
2.2 pprn 24 hour accuracy 



Specifications for NPLC 100 
9 + 1 0  within 24 hours and + l0C of last 

ACAL; TCAL t5OC. 
For High stability (Option 002) 

8 + 1  subtract 1.5 ppm of Reading 
from 90 day, and 4 ppm of 
Reading from 1 or 2 year 

8 + 0.2 accuracy. 
Add 2 ppm of reading additional 
error for HP factory traceability 

10 + 0.3 of 10 V dc to US NIST. 
Traceability error is the absolute 
error relat~ve to National 

10 + 0.1 Standards associated wlth the 
source of last external 
calibration. 

DC Voltage Aocur8cy Transfer Accumcy 

NPLC = 100 
0.5 + 0.5 Following 4 hour warm-up. Full 

scale to 10% of full scale. 
Measurements on the lOOO V 

0.3 + 0.1 range are within 5% of the initial 
measurement value and following 
measurement setting. 

0.05 + 0.05 Tref IS the starting ambient 
temperature. 
Measurements are made on a 

0.5 t 0 . 1  f~xed range using accepted 
metrology practices. 

Marlmum input 
Range Full Sule Resolution Impedance 

Noise R e j e c t i o n  (dB)* 
AC N M P  AC ECMR DC ECMR 

NPLC t l  0 90 140 
NPLC 21 60 150 140 
NPLC 210 60 150 140 
NPLC 2100 I0 160 140 
NPLC = 1000 80 170 140 

1 Year 
(ppm of Rerding 
+ ppm of Range) Condklonr 

'Applles for 1 kQ unbalsnoe In the LO lead and +0.1% of the llne heguacy currently set lor 
LFREQ. 
'For llrm heawncv +I%. ACNMR is 40 dB for NPLC 2 1. or 0 dB for NPLC 2 100. For llne he 

10 Min Tref iO.5OC 
(ppm of Reading 
+ppm of Range) Condttlw 

quency +5%; ACNMR Is 85 dB for NPLC 2 100. 

Maximum Input 
Rated l n w t  NllwhWAw 

HI to LO i1000 V pk i1200 V pk 
LO to Guard 4 0 0  V pk 1350 V pk 
Guard to Earth i500 V pk tl000 V pk 

Resistance Accuraev 
Four-Win 6hm1 
One Year 

Range (ppm of Reading + ppm of Range) Condk lm  

10 R 15 + 5 100 power line cycle 
100 R 1 2 t 5  integration, offset 
1 kR 10 + 0.5 compensation on. 
10 kR 10 + 0.5 With~n 24 hours and 
100 M2 10 + 0.5 + 1 T  of last ACAL; Tcal 
1 MR 1 5 + 2  +5"C. 
10 MR 50 + 10 Add 3 ppm of reading 
100 MR 500 + 10 additional error for HP 
1 GR 0.5% t 10 factory traceability of 10 

MI to US NIST. 
Traceability IS the 
absolute error relative to 
National Standards 
associated with the 
source of last external 
calibrat~on. 

'TwbWlre Ohms Accuracy 
~ d d  250 mn to the four-wire ohms accuracy. 



DIGITAL MULTIMETERS 
A System Multimeter with Both High Speed and Accuracy (contyd) 
HP 3458A 

AC Voltage 
(Synchronously Sub-sampled 
Mode) Accurmy 

24 hr to 2 Year 

m l m u m  Input ( s ~ ~ Z I ~  t 
Rmga Full &lk Recolutlon lmpedlmr S ol Range) CondHkm 

10 mV 12.00000 I0 nV 1 Mn 4 5 %  with 0.02 + 0 011 
<I40 pF 

100 120.0000 100 nV 1 MnilS% with 0.007 4.002 
mV <I40 pF 

1 V 1.M0000 1 pV 1 Mn+l5% with 0.007 + 0.002 
c140 pF 

10 V 12.00000 10 pV 1 Mn t2% with 0.007 + 0.002 
c140 pF 

100 V 120.0000 100 ~IV 1 MR t2% with 0.02 + 0.002 
tl40pF 

Spec~f~cat~ons apply 
full scale to 10% of 
full scale, dc c 10% of 
ac, slne wave Input. 
crest factor = 1 4 
W~th~n 24 hours and 
i 1 T  of last ACAL 
Peak (ac + dc) Input 
l~m~ted to 5 x full 
scale lor all ranges In 
ACV functron 
Add 2 ppm of read~ng 
addrtronal error for 

1000 V 1050.000 1 mV 1 Mfl tP% with 0.04 t 0.002 ~ ~ ~ , " ~ ~ ~ l " ,  of ,, 
<I40 pF 

dc to US NIST. 

Maxlmum lnput 
RW Input Non-Datructlw 

HI to LO *I000 V pk +I200 V pk 
LO to Guard i200 V pk i350 V pk 
Guard to Earth i500 V pk +I000 V pk 
Volt-Hz Product 1 x lP 

Rear In ut Tern~inals 1 For 8nveluent  
system use 

Front/Rear Panel Description 
Display 

Bright, easy-to-read, vacuum fluorescent display 
16-character alphanumeric display to easily read data, 
messages, and commands 

Standard tunctionlrange keys 
Simple to use, for bench measurements of dcV, acV. Ohms, cur- 
rent frequency and period 
Select autorange or manual ranging 

Menu command keys 
Immediate access to eight common commands 
Shifted keys allow simple access to complete command menu 

Numeric/user keys 
Numeric entry for constants and measurement parameters 
Shifted keys (€0 through f9) access up to ten user-defined setups. 

Volts/ohms/ratlo terminals 
Gold-plated tellurium copper for minimum thermal emf 
2-wire or 4-wire Ohms measurements 
dc/dc or ac/dc ratio inputs 

Current measurement terminals 
Easy fuse replacement with fuseholder built into terminal 

Guard terminal and switch 
For maximum common mode noise rejection 

Front-rear terminal switch 
Position selects front or rear measurement terminals 

External Output 
Programmable TTL output pulse with 
5 modes for flexible system interface 

Externa Trigger Input I HP-IP Interface Connector 

Throughput 
Maxlmum Reuling Ratos 

100,000 readingsls at  49 digits (16 bits) 
50,000 readingsfs at  5'12 digits 
6,000 readings/s at  6112 digits 
60 readings/s at  7 9  digits 
6 readingsls at  8'12 digits 

Meaauroment Swtom Spnd 
100,000 readingsls over HP-IB or with internal 
1 10 autoranges/s 
200 function or range changesls 
Post-processed math from internal memory 

memory 

Ordering Information 
H P  3458A Multimeter (with HP-IB, 20 kbytes reading 
memory, and 8 ppm stability) 

Opt 001 Extended Reading Memory (Expands total 
to 148k bytes) 
Opt 002 High Stability (4 ppm/year) Reference 
Opt 005 Waveform Analysis Library for HP Series 
300 Computers with BASIC 4.0 or greater 
Opt W30 Two additional years Return-to-HP hard- 
ware support. See page 723. 
Opt 700 CIIL Language 
Opt 907 Front Handle Kit 
Opt 908 Rack Flange Kit 
Opt 909 Rack Flange Kit (with handles) 

Price 
$61 10 



DIGITAL MULTIMETERS 
3'/2 to 6*/2 Dlglt DMM with Extended Resolution to 7 * / 2  Digits 

HP 3457A 

Over 1350 readingshec at 3'/z digits Three plug-in multiplexer options 
Seven Functions-dcV, acV, dcl, acl, ohms, dc sensitivity to 10 nanovolts 
Frequency and Period Outstanding combination of performance and price 

DESIGNED FOR 
MATE 

SYSTEMS 

-- 

HP 3457A Digital Multimeter 
The HP 3457A has seven functions with 3 9  to 6'/2 digits of resolu- 

tion extendable to 7'12 digits at  reading rates from 1 reading every 2 
seconds to 1350 rds/s and basic DC volts accuracy as good as 5 ppm. 
In addition, the input of the H P  3457A can be expanded up to ten 
channels with either of the optional plug-in multiplexer assemblies. 
On the bench, the front panel operation is extremely flexible and com- 
prehensive. In systems, the Hewlett-Packard Interface Bus (HP-IB) 
is standard. 

Powerful Measurement Management 
The H P  3457A combines superb analog measuring capability with 

equally powerful measurement management. More than 1000 read- 
ings or whole measurement sequences can be stored in the HP  3457A 
for convenient and fast measurement throughput. The present dmm 
setup can be stored in the non-volatile state memory for convenient 
reconfiguration of the dmm. 

Additional power from math functions can be obtained by using 
PASS/FAIL limit testing, NULL. SCALE, THERMISTOR 
linearization, and others. The power of total electronic calibration, 
including ac volts, makes it easy to maintain instrument performance. 

System Features 
Keeping with HP's long tradition of systems oriented digital mul- 

timeters, the HP  3457A has all the systems features you've come to 
expect plus more to make interfacing to your computer even easi- 
er-features like flexible formatting of ASCII. 16 bit binary, or 32 bit 
binary data and buffer memory so that you can take measurements 
with the H P  3457A at its highest speed. In addition, you'll find the 
VOLTMETER COMPLETE output and EXTERNAL TRIGGER 
input signals ideal for synchronizing other instrumentation with the 
HP 3457A. Finally. programmable front-rear terminal switching lets 
you measure two separate inputs without a scanner. 

Hewlett-Packard Multimeter Language (HPML) 
Another first for the HP  3457A DMM is an easy-to-use dmm Ian- 

guage-HPML. Designed so that software written for today's mul- 
timeter will fit tomorrow's, HPML only asks you to define the 
parameters necessary to accomplish your measurement. For example, 
if you want to make a measurement on a 9 volt dc signal with 0.01 56 
resolution, the command sequence is "DCV.9,.01". 

Control Interface Intermediate Language (CIIL) 
With Option 700, the HP  3457A responds to standardized DMM 

CIIL commands via HP-IB. Physically and functionally identical to 
the standard HP  3457A, Option 700 adds the CIIL command set 
with a built-in Test Module Adapter (TMA) to the DMM's standard 
HPML. The H P  3457A is further enhanced by adding the functions 
of ac and dc current measurement through CIIL through HP-IB. 

Three Rear-Panel Plug-In Options 
Either one of three different optional assemblies may be used with 

the HP  3457A for different measurement capabilities. Using the mul- 
tiplexer assemblies will enable up to ten signal channels to be scanned 
either sequentially or randomly. All of the functional capability of- 
fered through the normal front and rear input terminals is available 
for multiple inputs. Using the high voltage assembly allows single 
channel measurement of either ac or dc voltages at  the rear panel. 

For measurement flexibility, the HP  44491A Armature Relay 
Multiplexer Assembly offers eight two-wire channels and two cur- 
rentlactuator channels. Under software control, the eight two-wire 
channels can be reconfigured to four 4-wire ohm channels. The two 
current channels offer automatic make-before-break switching so 
that the path for current as high as 1.5 A is never broken. In addition, 
these two channels can be used as external device actuator channels. 
Each channel can switch up to 150 V. The general purpose multiplex- 
er can close a channel and make a measurement at  a maximum rate of 
33 channels per second. 

For higher speed scanning, the H P  44492A Reed Relay Multiplex- 
er Assembly offers ten two-wire channels. The H P  44492A is useful 
for switching Vdc, Vac, two wire ohms, frequency and period mea- 
surement signals with a maximum amplitude of 125 V. The Reed Re- 
lay Multiplexer can close a relay and make a measurement at a 
maximum rate of 300 channels per second. 

For measurement of voltages up to 1414 V peak, the HP 44497A 
High Voltage Assembly offers a 1000:l attenuator input (channel 1) 
for the high voltage measurements. In addition, the other rear termi- 
nal input (channel 0) can be utilized to perform conventional Vdc, 
Vac, two-wire and four-wire ohms, period, frequency, dcl, and acI 
measurements. Using the HP  44497A with HP  3457A in the 6l/1 digit 
mode will yield a resolution of 1 mV for a 1000 V input. Implement- 
ing the MATH Scale function will have the H P  3457A LCD display 
the measurement results in the correct units of kilovolts. 





Math Functions: The HP 3457A performs the following math 
functions on the measurements-NULL, SCALE, OFFSET, RMS 
FILTER.  S I N G L E  P O L E  FILTER,  T H E R M I S T O R  
LINEARIZATION, DB, DBM, % ERROR, PASS?FAIL LIMIT 
TESTING, and STATISTICS. Two math functions may be used at 
one time. 

Qeneral Specifications 
Operating Temperature: 0 to 55' C 
Warmup Time: one hour to all specifications except where noted 
Humidity Range: 95% RH, 0 to 40' C 
Storage Temperature: -40 to +75' C 
Power: 100/120/220/240 V +lo%, 48 Hz - 66 Hz, 220 V, +lo%, 
48 Hz to 66 Hz. Fused at .2A (1 15 V) or 0.08 A (230 V). <30 VA. 
Size: 89 H (without removable feet) x 425 W x 292mm D (3.5" x 
16.75" x 11.5"). Height (with removable feet): 100 mm (4"). Allow 
76mm (3") additional depth for wiring. 
Net Weight: 5.05 kgm (I I .  1 Ibs) 
Shipping Weight: 9.3 kgm (20.5 Ibs) 

Plug-in Options 
HP 44491A Armature Rday Multipkxu Assembly Input Char=- 
teristics: Eight two-wire armature relay channels and two cur- 
rentlactuator channels. Maximum voltage (terminal-to-terminal or 
terminal to chassis) 250 Vrms. Maximum current (per channel) -1.0 
A DC or AC. Thermal Offset - 3p V. Closed channel resistance (end 
of relay life) - <2 Ohms. Maximum switching and measurement 
speed - 33 channels/second. 
HP 44492A Reed Relay Multi@exw Assembly Input Chamteris- 
tics: Ten two-wire reed relay channels. Maximum voltage (terminal- 
to-terminal or terminal-to-chassis) - 125 V peak. Thermal offset - 3 
pV. Closed channel resistance (end of relay life) - <4 Ohms. Specified 
for < 100 kHz ac volts and frequency operation. Maximum switching 
and measurement speed - 300 channels/second. 

Armature Relay (44491A) Reed Relay (44492A) 

HP 44497A High Voltage Attonuator Assembly Input Character- 
istks: Two relay channels. channel 1 devoted to high voltage mea- 
surements. Maximum High-to-Low voltage of 1000 volts dc or ac 
rms. Maximum Low-to-Earth voltage of 350 V Peak Non-destructive 
Overload voltage of 1700 V Peak, 1200 volts dc. Attenuator accuracy 
to be added to HP 3457A range and function accuracy for total accu- 
racy. 

dc 0.030% of reading 
20 Hz - 1 kHz 2.8% of reading 
1 kHz - 10 kHz 10.0% of reading 
Note: One year accuracy applies to Tcal A % ,  NPLC=I or 

greater. Specifications are for low-to-earth voltage less than 0.1 times 
the High-to-Earth voltage. 

Ordering Information Price 
H P  3457A Multimeter $3100 
*HP 44491A Armature Relay Multiplexer Assembly 5545 
*HP 44492A Reed Relay Multiplexer Assembly 5545 
*HP 44497A High Voltage Attenuator Assembly 5545 

Opt 401 Side Handle Kit (5061-1 171) +545 
Opt 700 CllL Language +$1000 
Opt 907 Front Handle Kit (5061-1 170) +570 
Opt 908 Rack Flange Kit (5061-1 168) +535 
Opt 909 Rack Flange and Front Handle Kit +%85 
(5061-1 169) 
Opt 910 Extra Operating and Service Manual +$I 10 
Option W30 Extended repair service. See page 723. +580 

Accessories 
H P  44490A Rack Slide Kit for 30 inch depth racks $250 
H P  44493A Screw Terminal Connector for HP 44491A $65 
includes strain relief and housing 
H P  44494A Screw Terminal Connector for H P  44492A $65 
includes strain relief and housing 
H P  34118A Test Lead Kit $30= 
H P  34301A RF Detector Probe, 100 kHz to 700 MHz $SO* 
H P  34300A 40 kV ac/dc Probe, dc to 300 Hz 590 
H P  341 19A High Voltage Probe, 1000:l. ac & dc Voltage 
Divider for up to 5000V $130= 
H P  44414A: Four Thermistor Pack $63 * 
'Plug~n options may be ordered and shipped aqmetdy wlthoul a HP 3457A mahfmm. Unkw 
othtKwise specified, the optional plug-in scgssorlss will be shlpped with the HP 3457A maln- 
frame 

= For same-day shipment, call HP DIRECT at 800-538-8787. 



Q DIGITAL MULTIMETERS 
Low Cost 3% to 5% Dlgit HP-I6 Multlmeter 
HP 3478A 

5 measurement functions 
Up to 90 readings/s 

Electronic call bration 
100 nanovolt resolution 

Description 
The H P  3478A is a low cost, full function, reliable DMM for sys- 

tem measurements. Selectable 3'/2 to 5% digit resolution and 5 
autoranging functions offer flexibility in automated testing. The HP 
3478A measures dcV, true rms acV, 2- and 4-wire resistance, and dc 
and ac current. Simple, fast electronic calibration eliminates all ad- 
justments to provide a lower cost of ownership. 

Low Cost of Ownership 
The combination of an extremely reliable DMM with complete 

electronic calibration and self-test gives you low cost of ownership. 
The proven reliability of the HP  3478A is so good that Hewlett-Pack- 
ard offers you two additional years of hardware service (Option W30) 
for less than four percent of the purchase price of the DMM. 

Performance 
Selectable speed and resolution provide the right capability for 

your measurement. The H P  3478A can perform production tests or 
acquire experimental data at  90 readingsls with 3M digit resolution. 
or take 35 readingsls with 130 dB of noise rejection using 4!4 digits. 
The 5% digit mode offers 100 nVdc and 100 pR resolution for precise 
measurements. True rms with 300 kHz bandwidth and 4:l crest fac- 
tor provides reliable measurements of ac signals. Fast autoranging 
makes the first reading useful and accurate. 

Designed tor Systems 
Switchable frontlrear inputs permit flexible system connections. 

The Voltmeter Complete output and External Trigger input allow 
synchronization of the HP 3478A with a scanner for fast multiplexed 
measurements without the delay of software commands. The test pro- 
gram can write prompt messages or results on the alphanumeric dis- 
play. The operator can respond by pressing the H P  3478A's SRQ key 
to interrupt the controller and start the next test. Built-in self-test 
capability assures proper operation. 

Electronic Calibration 
Complete calibration of the HP 3478A is accomplished without 

any internal adjustment or removing the instrument's covers. Either 
manually, from the front panel, or automatically over HP-IB, calibra- 
tion is fast and easy. Connect your standards to the H P  3478A and, 
during calibration, the calibration constants are stored in the 

1 6  Mi 
T F R M  I 

A l l  TFnM . '.OUV - 

HP 3478A's non-volatile memory. The result is less calibration error 
and lower calibration costs. 

Specifications 
DC Voltage 
input Characteristks 

Input resistam 30 mV, 300 mV, 3 V ranges: > 101° Q 
30 V, 300 V ranges: 10 MR rt 1% 

Maximum input voltage (non-destructive): Hi to Lo: 303 Vrms or 
450 V peak; Hi or Lo to Earth Ground: +500 V peak 

Measurement accuracy: *(% of reading + number of counts). 
Auto zero ON. 

5% Digit Mode 

I 300 V I 0004t 2 ( 0 0 0 5 t 2  1 0007t2 1 
'Teal Is the tempratwe 01 the mvlronmenl where the HP 3478A WM calibrated. Callbratlon 
should be performed wlth the temperature of the envlronmenl be(wwn 20°C and 30'C. 24 h w r  
accuracy relatlva lo callbratlon standards. 

r 

, m 
30 mV 

4% and 3% digit mode: accuracy is the same as 5% digit mode for % 
of reading; use 1 count for number of counts on all ranges except 30 
mV. use 4 counts. 

T N *  al°C 
24 Hour 
0 025 + 40 

TW* is *c 
Sow 1 Y u r  

0.0275 + 40 1 0.035 + 40 



Temperature coefflcknk 0" to 55OC. 5H digits, auto zero ON. +(I Measurement accuracy: +(% of reading + number of counts). 
Auto zero ON. 5% digit display. 4-wire ohms. 

300 mV 0.0005 t 0.5 
0.0004 t 0 05 

0.023 +35 0.027 + 41 0.034 t 41 

30 V 0.0006 t 0.5 300 fl 0.0045 + 4 0.012t 5 0.017t 5 
300 V 0.0004 t 0.05 

3 k.300 I57 0.0035 t 2 0.011 t 2 0.016 t 2 
3 MR 0.0052 t 2 0.011 t 2 0.016 t 2 

30 MR 0 0 3 6 t 2  1 0 0 6 6 t 2  1 0 . 0 7 8 t 2  1 
Noise rejeetiom in dB with I kQ imbalance in LO lead: aC rejection Lurrent Throug! Unknown for 50.60 Hz + 0.1%. Auto zero ON. 

Range I 30n 1 30011 1 3~ 1 30W 1 3 0 0 ~  1 3MR 1 ~ O M R  
Current 1 1mA I 1mA I 1mA I l 0 0 d  I l O d  I Id  I l00nA 

AC Voltwe (true rms) 
lnput Characteristics 

1 

a 
CMR 
140 
140 
140 

Qhb 
5 4  dlgib 
4 4  digltc 
3 4  digltr 

Maximum Reading Rates (readings/s.) 

Maximum 
Reading 

(54 Dlglt) 
303 099 mV 
3.03099 V 10 pV 100 pV 1 mV 

30 V 303099 V 100 pV 1 mV 10 mV 
300 V 303 009 V 1 mV 10 mV 100 mV 

Line 
Fmquency 

W Hz 

lnput impedanw 1 MR + 1% shunted by <60 pF 
Maximum lnput Voltage (non-destructive): 
Hi to Low: 303 Vrms or 450 V peak 
Hi or Lo to Earth Ground: 4 0 0  V peak 
Measurement accuracy: +(% of reading + number of counts). 
Auto zero ON. 5% digit display. Accuracy is specified for sinewave 
inputs only, > 10% full scale. 

u 
NMR 
80 
59 
0 

1 Year, Tcai* 4 ° C  
I 

u 
ECMR 
150 
130 
70 

Auto Zero 
m d  Display 

on 
On 

Radulh 

... 7.- -, 
20-50 HZ 
M I 0 0  HZ 

100 Hz-20 kHz 

Crest tactor: >4: 1 a t  full scale 
Common mode rejection: with 1 kQ imbalance in Lo lead. >70 dB, 
at 60 Hz 
Maximum reading r a w  3% or 4% digits, 1.4 readings/s; 5% digits, 
1.0 readingsls. First reading is correct within 70 counts of final value 
when triggered coincident with step input. Add 0.6 seconds for each 
range change. 

3% dm 
90 
60 

20-50 kHz 
50-100 kHz 

100-300 kHz 

Resistance (2-wire R, 4-wire R) 
lnput Characteristics 

1 

Mtxlmum 
Readlng 

44 digib 
35 
20 

1.18 + 102 
0.50 t 102 
0.24 t 70 

1.14 t 163 
0.46 t 163 
0.20 t 120 
0.38 t 205 
1.20 t 840 

303 099 8 
3 03099 M 
30.3099 kil 
303 099 kil 
3 03099 Mfl 
n 7nqq MO 

5% dlglb 
4.4 
2.3 

1.14 + 102 
0.46 t 103 
0.20 t 70 

. .. -. . -. . -. . 
5% Dlgn I 4% Dlgn [ 3% Digit 

1 i m ~ n  I l m n  I l o m n  

10.1 t 3720 (30 V range only) 

0.26 t 140 
0.87 t 780 

lnput protection (non destructive): Hi to Lo: +350 V peak; Hi or Lo 
to Earth Ground: *500 V peak. 

0.42 t 140 
0.98 t i80  

DC Current 
lnvut Characteristics 

R m *  
300 mA 

3 A 

AC Current (true rms responding) 
lnput Characteristics 

3 A (<1 A) 
3 A (>1 A) 

Maximum input (non-destructive): 3 A from <250 V source: fuse 
protected. 
Measurement accuracy: +(% of reading + number of counts). 
Auto zero ON. 5% dieit dis~lav. 

Mtxlmum 
Reading 

( 5 ' 1  Dlglt) 
+ 303 099 mA 
i 3 03099 A 

I 3A I 3 03099 A I 10& I 100;~ I l m ~  1 
Maximum invuk (non-destructive): 3 A from <250 V source: fuse 

Maximum burden at lull scale: 1 V (3 A range), 0.1 V (0.3 A range) 

0.14 t 6 
1.0 t 3 0  

R m *  
300 mA 

. . 
protected. 
Measurement accuracy: +(% of reading + number of counts). 
Auto zero ON. 5Ih digit display. Accuracy is specified for sinewave 
inouts onlv. > 10% of full scale. 

Rndulh 

0.17 t 6 
1.0 t 3 0  

5% Digit 
1 PA 

10 d 

M#xlmum 
Reading 

(5'2 Digit) 
303 099 rnA 

Maximum burden at lull scale: 1 V RMS (3A range) 

Radu(kn 
5% Dlgh I 4'4 Dlglt I 3% Mlft 

1 ILA 1 10 uA 1 100 uA 

50-1 kHz 
1 k.10 kHz 
10 k.20 kHz 

General 
Operating temperature 0 to 55OC 
Humidity range 95% R.H.. 0 to 40°C 
Power ac line 48 to 440 Hz; 86 to 250 V, 25 VA max. 
Size 102 mm H x 215 mm W x 356 mm D (4" x 8" x 14"); 
3% in.  H without feet. 

4% Dlglt 

10 rA 
loo d 

~. -. - - - 

~ e & h t  3 kg (6.5 Ib) 
HP-IB Interface Functions SHI,  AHl, T5, TEO. L4, LEO, SRI, 
RLI. PPO, DCI, DTI, CO 

3% Dllft 
100 1J\ 

1 mA 

0.81 t 163 
0.72 t 163 
0.86 t 163 

Ordering Information 
H P  3478A Multimeter 
Choose one power option (no charge): 

Opt 315 100 V, 50 Hz; Opt 335 220 V, 50 Hz 
Opt 316 100 V, 60 Hz; Opt 336 220 V, 60 HE 
Opt 325 120 V, 50 Hz; Opt 345 240 V, 50 Hz 
Opt 326 120 V, 60 Hz; Opt 346 240 V, 60 Hz 
Opt U'30 extended repair service. See page 723. 
Opt 907 Front Handle Kit (5061-0088) 
Opt 908 Rack Mount Kit (5061-0072) 
Opt 910 Extra Manuals (03478-90008 and 

(03478-90009) 

1.50 t 163 
1.42 t 163 
1.56 t 163 

For same-say shipment, call HP DIRECT at 800-538-8787 

Price 
5995 * 

$0 
SO 
$0 
$0 

+535 
+551 
+$54 T 
+522 



DIGITAL MULTIMETERS 
61/2 to 3% Dlglt HP-lB DMM with High Stablllty 
HP 3456A 

Up to 330 readings per second 100 micro-ohm to 1.0 gigaohm 
100 nanovoit resolution 

QI. e. 63. C Q. O,%. =-- m a c3 fl. c.*c. 
0.8: m. m. a r;l @ '0 - - 

Description 
This fully guarded, integrating Digital Multimeter is designed for 

bench or systems. The HP Model 3456A measures dc. true RMS ac 
voltage and resistance. 

Measurement speed and accuracy can be enhanced for a specific 
application, using the H P  3456A's selectable integration time (up to 
100 power line cycles). An operator can select up to 330 read- 
ings/second for high speed bursts or one reading every fifteen minutes 
for periodic measurements. Resolution of 100 nanovolts at  48 read- 
ings/second (6% digits) to 10 microvolt resolution at 330 readings per 
second (31/2 or 4% digits) can be selected. 

With good repeatability and 100 nanovolt sensitivity, accuracy on 
the ten volt range is *0.0008% +2 counts over a 24-hour period at 
23OC *1 OC. 

Four full-scale, true rms ac voltage ranges are provided, with read- 
ing speeds up to 12 readings per second over a 10 Hz to 250 kHz 
frequency range. Best accuracy is 0.05%. Crest factor is greater than 
seven at full scale. 

With the HP 3456A's program memory and reading storage capa- 
bility, the HP  3456A can take measurements and store them while a 
computer performs some other task. 

Another system feature of the HP  3456A is its hardware scanner 
advance capability for scanned or multiplexed system applications. 
As soon as the HP  3456A's measurement cycle is complete, a TTL 
signal is available to trigger a variety of switching instruments. 

Specifications 

DC Voltage 

Muimum Mnlmum 
R d i y  Raohml Input Input 

I i t  @/I d m  5'12 dlgn 4'11 d m  Rnirtana Voltage 
O. lV.119999V 100nV 1pV 10pV ,lO1oR tlCCOV 

1.OV 119999V luV 10uV 100uV >lOLO R peak 

Measuremmt accuracy: * (9% of reading + number of counts). 

( h m v n q '  % I O % O f ~ l  "g 'Add .OP --- 
loo0 

AC RMS Voltage (AC, AC + DC) 

Mulmum 
Rdlng  WuUen 
(5% digit) 6% rn 54 d m  4% d m  

10.0V 11.9999V 10pV 100 pV 

100.00 V 119 999 V 100 pV 10 mV 

l W O V  700.00 Y I mV 10mV 100mV 

input 
Impadme 

1 MD 1.5% 
shunted by 

~ 9 0  pF 

Mulmum 
Input 

(700 V rms) 
10' VHZ 

Measurement accuracy: +(% of reading + number of counts). 
90 dam 23°C + 5'C 

'Froqwmces > 100 kHz are speclfkd lor 1.0 V and 10 V ranged only 
'ln~e~rat~on tlme In power line cycles (PLC) For 5'12 dlglls, mulll~ly counts by 0 1 For 4'11 dlglla. 
mutt~ply counts by 0.01. 

Resistance (2 WQ, 4 WQ, 2 WOCQ, 4 WOCQ) 
Mulmum Cumnl 
Reading R@wluWon Thmugh 

RW (5'7 digit) 6% dlgll 5% digit 434 d m  Unknown 
100 R 119999R 100 pR I mil 10 mll 1 mA 
1 kR 119999R I mR 10 rnR 100 mR 1 mA 

'Ohms w r c a  Is a 500 nA current swrce In paralY with a 10 MR mlatance. 

I IGR I 1 1 t  1 1 1 t 1  I 1 6 t 1  1 6 t 1  I 

Measurement accuracy: * (% of reading + number of counts). 

Ratio 
Type: dc/dc, acfdc, or (ac + dc)/dc 
Method: 4-wire with Volts Lo input common 

RANGE 

100 11 

lk f l  

Ratio = 
Signal -voltage 

Ref. Hi Voltage-Ref. Lo Voltage 
Reading Rate 

I- nm ~n AvtoZwOtl 
Power Line Crrlsc 

RwMd-' Auto Zm On 

24 hour: 23% t l ° C  

6% d m  (210 PLC) 6% dlglt (1 PLC) 

0003 + 24 0003 + 32 

0 0 0 2 t 4  0 0 0 3 t  5 

IPLC) MIL SOH2 W L  50th 
0 01 14% didt) 330 290 210 le0 1 

90 d q ~  23% +5OC 

6% dlglt (?lo PLC) 6% dlgH (1 PLC) 

0 0 0 4 t 2 4  O W 4 t 3 2  
0 0 0 3 t  4 O W +  5 

. - .  
I00 00 (6% dlglt) .57 .47 .29 .24 

Memory 
Reading stom Store up to 350 readings. 
Program memory: can execute an internal program which controls 
instrument configuration and measurement sequence. 

General 
Operating tempemtun: 0 to 50°C 
Humidity Range: 95% R.H., 0 to 40°C 
Power: 1 0 0 1  120/220/240 V +5%, -lo%, 48 Hz to 400 Hz line oper- 
atlon. 45 VA max. 
Size: 88.9 H x 425.5 W x 527.1 D (3%" x 16% " x 20%") 
Weight: net, 10.49 kg (23.13 Ib.); shipping, 13.35 kg (29.38 Ib.) 
Ordering Information Price 
I iP  3456A digital voltmeter $5695 

Opt 050: Noise rejection for 50 Hz $0 
Opt 060: Noise rejection for 60 Hz $0 
Opt W'30: 3 year hardware support. See page 723. +$I20 



DIGITAL MULTIMETERS 17 
System Dlgltal Multlmeters 

HP 3437A, 3455A 

51/i/61/h-diglt DVM with auto cal 
High speed 3% digit system voltmeter 

HP 3437A Multimeter 
The Hewlett-Packard 3437A System Voltmeter is designed for sys- 

tems. It is a 3%-digit, high-speed dc voltmeter with sample and hold. 
The standard unit measures dc volts, provides trigger delay, burst 
reading capability and Hewlett-Packard Interface Bus (HP-IB). 

There are three dc floating input ranges: 0.1 V, 1 .OV and 10.OV full 
scale with a maximum display of "1998." Sample and Hold allow the 
H P  3437A to be an instantaneous reading voltmeter. The trigger de- 
lay can be set from 0 . 1 ~ ~  to 1.0 second and the number of readings 
can be set from 0 to 9999 readings. 

Specifications 
Static Accuracy (90 days, 23°C 4 ° C )  

10 V range: *(0.05% of reading +1.6 counts). 
Static accuracy temperature codfkiimt (0°C-50°C): 

*(0.002% reading +0.05 counts) /OC. 

lnput Characteristics 
10 V range: R = 1 MR +20%, C<75 pF. 
Maximum input voltage high to low on all ranges: <+30 V peak. 
Maximum voltage low to chmsh: +42 V peak. 
Maximum reading rate (remote. N Rdgs. > I ,  and a zero delay 
listener) 

ASCII: 3600 readingsls. 
Packcd: 5700 readingsls. 

lnput Bandwidth (3 dB) 1 V and 10 V range: I .O MHz. 

General 
Operating temperature: 0 to 55'C. 
Storage temperature: -40°C to 75°C. 
Humidity range: 195% R.H., 0°C to 40°C. 
Power: 100 V, 120 V, 220 V, 240 V +5%, -10%. 48 Hz to 440 Hz 
line operation, <42 VA. 
Size: 88.9 H x 212.7 W x 527.1 mm D (3%" x 8% ' x 20%"). 
Weight: net, 5.6 kg (12 Ib 4 02). Shipping, 7.6 kg (16 Ib 12 02). 

Ordering Information Price 
HP 3437A System Voltmeter $4395 

Opt W30 extended repair service. See page 723. +$95 

HP 3455A Multimeter 
Hewlett-Packard's 3455A Digital Voltmeter is a 5% to 6%-digit 

integrating voltmeter for bench or systems applications. The standard 
instrument measures dc volts, ac volts, and resistance. HP-IB and 
auto or manual ranging are also standard. 

DC measurements can be made with up to IpV sensitivity. Ohms =!m 
measurements are made with either a 2-wire and 4-wire mode. The 
high resolution (6%-digit) mode gives dc and ohms measurements 
with greater than 1 part per million resolution. The standard true rms 
ac to dc converter measures sinusoid and complex signals with crest 
factors up to 7:l at  full scale from 30 Hz to 1 MHz. 

Specifications 
DC Voltage 
Accuracy (% of reading + counts), 672 digit mode 

Inpul resistance 0.1 V through 10 V range: > 10" ohms. 100 V and 
I000 V range: 10 megohm +0.1% with Auto Cal. "off." 
Maximum input voltage: High to low input terminals: +I000 V 
peak; Guard to chassis: +500 V peak; Guard to low terminal: *200 V 
peak. 
NMR at 50 or 60 Hz +O.l%: >60 dB. 
ECMR with 1 kR unbalance in low lead at dc: > 160dB 

- 

24 hn: 23°C c I°C 

ac voltage (rms converter) 
lnput impedance 

Front terminals: 2 MR +I% shunted by less than 100 pf. 
Rear terminals: 2 MR +I% shunted by less than 75 pf. 

Maximum input voltage 
High to low terminals: a1000 volts peak; lo7 VHz max. 
Guard to chassis: +500 V peak; Guard to low terminal: +200 V 
peak. 

Crest factar: 7:1 at  full scale. 
Accuracy: [+ % of reading + counts] (ac coupled) 
1 I 3Nlkta I I I I 1 

Range 

1 V 
10 V 

Resistance 
Accuracy (% of reading + counts) 4-wire, 6 9  digit mode 
1 24 hours: 23" c leC 1 

24 H n  
0.003 + 4 
0.002 + 3 

Maximum Readlngs per second for Remote Operatims. 
1 Function I M Hz I 60 Hz 

ww 
0.006 + 4 
0005 + 3 

Range 

1 k!! 
10 kR 
100 t5l 
IOOOW 

I Fast acV irmsl I 12 I 13 I 

24 Hwn 
0.0025 + 4 
0.0045 + 4 
0.0020 + 5 
0.0120 + 4 

Ohms 

General 
Power: 100 V, 120 V, 240 V +5% -10%. 48-400 Hz; <60 VA. 
Size: 88.9 H x 425.5 W x 527.1 mm D (3.5" x 16.75" x 20.75"). 
Weight: net, 9.38 kg (20.7 Ib): shipping, 11.8 kg (26 Ib). 

Ordering Information Price 
HP 3455A Digital Voltmeter 57295 

Opt 001 average converter -597 

90- 
0.0035 + 5 
0.0060 + 5 
0.0035 + 6 
0.0135 + 5 

acV (rrnsb I 1.1 I 1.3 
1 1  12 



DIGITAL MULTIMETERS 
Hlgh Performance 5% to 3% Digit Bench DMM 
HP 3468AlB 

Five functions 
Electronic calibration 
5% to 3% digits 

P . a s b * r w w - '  *" 
-.x;g 

7 *r 

Description 
The HP Models 3468AJB are autoranging 5% to 3% digit DMMs, 

with the five functions of dc volts, true RMS ac volts. 2- and 4-wire 
ohms, dc current and true RMS ac current. They are low-cost, highly 
reliable DMMs which can be completely calibrated electronically, ei- 
ther manually from the front panel or remotely in an automatic cali- 
bration system. Remote calibration is made possible by the built-in 
HP-IL (Hewlett-Packard Interface Loop) interface which provides 
complete programmability of functions, ranges and modifiers. 

The HP 3468A comes in a streamlined portable package with a 
handle for convenient carrying, whereas the HP  3468B comes in a 
plastic system case for easy rack mounting. Both are available with a 
rechargeable battery and battery charging circuitry for portable mea- 
surements. 

High Performance 
The HP 3468A/B have 5 functions with selectable 5%. 4% or 3% 

digit resolution. DC and true RMS ac voltage measurements are pro- 
vided from 0.3 volt full scale range with 1 pV sensitivity up to 300 
volts. The bandwidth of the true RMS ac converter is from 20 Hz to 
100 kHz on all ranges and up to 300 kHz on the 30 V range. Either 2 
or 4-wire ohms measurements can be selected with a maximum range 
of 30 MR. Both dc and true RMS ac current capability is provided up 
to 3 A. All functions on the HP  3468A/B incorporate fast autorang- 
ing. The HP 3468AIB use an integrating analog to digital conversion 
technique for high noise rejection. The selectable 3%. 41h or 5% digits 
of resolution allows flexibility for choosing speed or noise rejection. 

Electronic Calibration 
Complete calibration of the H P  3468AJB is done electronically, 

either manually from the front panel or remotely in an automatic cali- 
bration system. There are no internal adjustments necessary. Com- 
plete calibration of all functions is done without removal of the 
instrument's covers, thus saving valuable time and reducing cost. The 
calibration procedure for the HP  3468AIB involves connecting a cali- 
bration standard to the input, then pressing three keystrokes to store 
one calibration constant in CMOS RAM for each range and function. 

When the H P  3468A/B make a measurement, each reading is cor- 
rected according to the calibration constants that have been stored. 
The internal CMOS RAM used in the H P  3468AJB is powered by a 
lithium battery to create a non-volatile memory capable of holding 
the calibration constants for more than ten years. 

Battery 
The optional battery pack includes a rechargeable battery and the 

battery charger circuitry for up to five hours of continuous measure- 
ments. 

Specifications 
DC Voltage 
Input Charactdstks 

Mulmum 

a0.301000 V 
t 301000V 10 pV 100 PV 
t 30.1000 V 100 pV 1 mV 10 rnV 

J O O V  a 301 000 V 1 mV 10 mV 100 mV 

InDut resistance: 0.3 V. 3 V ranges: > 101° fl 
30 ~ , ' 3 0 0  V ranges: 10 MR + 1% 

Maximum input voltage (non-destructive) 
Hi to Lo: 301 Vrms or 450 V peak 
Hi or Lo to Earth Ground: +SO0 V peak 

Measurement accuracy: *(% of reading + number of counts). 
Auto zero ON. 5'/2 digits. 

' T b l  Is t k  Mnparturn ol Me avlmmnrnt Were Me W A 1 8  wan calibrated. CsllbnHon 
should be ~~ dth the ternpaaturn of the environment bWem 20'C and 30°C. 



Temperature coefficient: OeC to 5SeC, 5M digits, auto zero ON. 
a (% of reading + number of counts)JeC. 

Noise rebetion: in dB. with 1 kR imbalance in Lo lead. AC reiection 

Maximum reding rate with HP-41CV: 2 readingsJsecond. 

for 50, 66 Hz ~ 0 . 1 % .  Auto zero ON. 

Resistance (2-wire R, 4-wire a )  

Input Charrctcrhth 

Mw 
5% d M  

300 R 301.000 D 1 mR 10 mR 100 mR 
3.01000 M I 3 I 30.1000, I 1 I 1 I 1:: I 

AC 
NMR 
80 

m 

lnput protection (non-destructive): 350 V peak. 
Measurement accuracy: +(%of reading inumber  of counts). Auto 
zero ON. 5'/2 digit display. 4-wire ohms. 

AC 
ECWR 

150 

Malmum 
Reading 
(54 dlgk) 

3% kR 
3 M  

30 MR 

Current Through Unknown 

DC 
CMR 
140 

Rdutbn 
5% d m  1 4% dl@ I 3HdigH 

RIW I mn 1 3 ~  I N W  1 m~ I ~ M D  I NMD 
Current 1 l rnA I 1 m A  I IOOIIA I lOpA I 1pA 1 1 W n A  

301.000 M 
3.01000 MR 
30 1000 MR 

Maximum open circuit voltage: 6.5 V 

AC Voltage (true RMS responding) 
lnput Characteristics 

1 R 
10 fl 

100 R 

lnput imped- 1 MR *I% shunted by <60 pF. 
Maximum inbut voltaoe fnon-destructive): 301 Vrms or 450 V ~ e a k .  - .  
~easureme~t  accuracy: +(%of reading+ number of counts) 'Auto 
zero ON. 51/2 digit display. Accuracy is specified for sinewave inputs 
only. > 10% of full scale. 

10 R 
lOO R 

1 M  

1 Year, TCaI aSeC 

100 R 
1 M 

10 M 

1.14 t 163 1.14 + 102 1.18 t 102 
50100 Hz 0.46 t 163 0.46 t 103 0.5 t 102 
100 HZ-20 LHz 0.29 t 163 0.26 t 102 0.33 t 102 
2&50 kHz 0.56 t 247 0.41 t 180 0.55 t 180 
50-100 kHz 1.74 t 882 1.05 t 825 1.26 t 825 
100 k-300 kHz 10.1 t 3720 

I 1 (30 V range only) 

Crest tact= >4:1 at full scale. 

DC Current 
lnput Charactorlstks 

Maximum input (non-destructive): 3 A from <250 V source; fuse 
protected. 
Measurement accuncy: a(% of reading + number of counts). Auto 
zero ON. 5% digit display. 
I I Trrl +SOC I 

Rn(r 
3 A 

AC Current (true RMS responding) 

Mulmum 
Reading 
(5% dlgit) 

i301000A 

m 
3 A, c l  A lnpul 
3 A, >l A Input 

Rndulkn 
5 H d m  I 4% dlglt I 3% d m  

l O d  I IM)d I ImA 

1 3 ~  1 301000A I 10.~4 I 100'4 I I m i  ] 
Maximum input (non-destructive): 3 A from <250 V source; fuse 
protected. 
Measurement .ccur.cy: +(% of reading + number of counts). Auto 
zero ON. 5% digit display. Accuracy specified for sinewave inputs 
only, > 10% of full scale. 
1 Year, Tc.1 aS°C 

1.77 t 163 2.5 + 163 
501 kHz 1.1 t 163 1.8 t 163 
1 k.10 k L  1.0 t 1 6 3  1.7 t 163 
10 k.20 kHz 1.14 t 163 1.84 t 163 

b -. - 

RIW 
0.3 A 

General Information 
Operating temperaturn 0 to 5SeC 
Humidity range: 95% RH, 0 to 40°C 
Power: ac line 48 to 440 Hz, 86 to 250 V, (see configuration) 
Battery: (Opt 001 ) Rechargeable lead-acid; minimum continuous o p  
eration for 5 hours at 25°C; recharge time is 16 hours with HP 
3468AJB off and 36 hours with HP 3468AJB on. 
Size: HP 3468A: 98.4 H x 238.1 W x 276.2 mm D (3.88" x 9.38" x 
10.88"). 3468B: 89 H x 213 W x 275 mm D (without feet), 3.5" x 
8.38" x 10.83". 
Weight: HP 3468A/B-2.1 kg (4.63 Ib); H P  3468AJB with Opt 
001-3.1 kg (6.83 Ib). 

Configuration order one power and frequency option at no charge 
from below. 
Opt 315 I00 V, 50 Hz; Opt 335 220 V, 50 Hz 
Opt 316 100 V, 60 Hz; Opt 336 220 V, 60 Hz 
Opt 325 120 V, 50 Hz; Opt 345 240 V, 50 Hz 
Opt 326 120 V, 60 Hz; Opt 346 240 V, 60 Hz 
Ordering Information Prke 
H P  3468A DMM in Streamlined Portable Case with S 8 2 0 T  
HP-IL and test probes. 
H P  3468B DMM in Rack and Stack Case with HP-IL S820* 
and test probes. 
Options and Accessories 
H P  3468A/B Option W30, add 3 year Extended Hard- $25 
ware Support 
H P  3468A/B Option 001, add Rechargeable Battery $182 
Pack 
H P  3468B Option 401, add Side Handle Kit $45 
(HP PIN 5061-1 171) 
H P  3468B Option 907, add Front Handle Kit $65 
(HP P/N 5061-1170) 
H P  3468B Option 908, add Rackmount Kit for a f60 
Single Instrument (HP  PIN 5060-0173) 
H P  P/N 5060-0174 Rackmount Kit for rack mounting $87.50 
two instruments side-by-side 

For same day shipment, call HP DIRECT 800-538-8787. 

w a r  
0.14 t 6 
1.0 t 3 0  

1 Y w r  
0.17 + 6 
1.0 t 3 0  

Mulmum 
Reading 
(54 dlglt) 

0 301000 A 

Rdutbn 

5Hdi#f 1 4Ydlglt 1 3 H d m  
1 uA I lOvA I IOOllA 



Q DIGITAL MULTIMETERS 
Bench, General Purpose and Wlde Bandwidth 
HP 3466A/3400A 

HP Model 3466A 
The HP 3466A is a 4 '/z digit autoranging multimeter offering six 

functions ACV, DCV, ACI, DCI. Ohms, and Diode Test. ACV and 
ACI measurements are true rms with selectable ac or dc coupling. 
Available with rechargeable batteries or ac power only. it offers 1 
pvolt and 1 mOhm sensitivity with zero adjustment on the lowest 
ranges to compensate for external offsets. 

Specifications 
DC Voltage 

AC Voltme Itrue-rms res~ondinn. true-rms calibrated) 

k&ency A y a c y :  t o 3 0 - 7  c 
+ 94 of readi + # counts 

20 to 30 Hz 
30 to 50 Hz 1 + 30 
50 Hz to 10 kHz 0.3 + 20 

Maximum Input: (ac+dc)V:& 1200 Vdc, 1700 V (dc + peak ac); 
acV: +600 V dc,1700V(peak ac + dc); 10' volt-Hz max. 
Crest Factor: 4:l at  full scale. 

10 to 20 kHz 

Resistance 
Ranges: 20 Ohm to 20 MOhm in 7 ranges 
Input Protectian: 250V or 350V (dc + peak ac). 

1 + 40 

Range Accuracy: 1 year. 15 to 30 deg. C 

20 to 100 kHz I 2 + I 5 0  
AC to DC converter accuracy: % of full scale (20 to 30 deg. C) 

AC Current 

1OHz 5OHz 1 MHz 2MHz 3 MHz 10 MHz 

TC: 0.1% horn 0 10 20 and 30 to 55 dq ,C  

C m t  Factor: (ratioof peak to rms amplitude of input signal): 10:l at 
full scale. 
Input impedance: from 0.001 to 0.3V range: 10 MOhm shunted by 
<50 pF. 1.0 to 300 V range: 10 MOhm shunted by < 20 pF. ac cou- 
pled input. 
Outpul: negative 1 V dc into open circuit at  full scale deflection, pro- 
portional to meter deflection from 10 to 100% of full scale. 1 mA 
maximum; nominal source impedance is 1 kOhm. Output noise is 
< I mV rms. 

Accuracy: 1 year. 
15 to 30 deg.C 

*(% reading + # counts) 
2.0 + 50 
0.9 + 35 
2.0 + 50 
1.2 + 20 

Range 

200 pA to 200 mA 

2000 mA 

Current Accessories (urnis- 101 10A adapter. BNC to dual banana jack. 

Ordering Information Price 
HP 3466A Digital Multimeter. Standard configuration 5 1 2 9 0 s  
in a streamlined portable case with handle, ac line pow- 
er, batteries and charger, and test leads. 

Opt 001 streamlined portable case, ac line power only -575 
Opt 002 Rack and Stack case, ac line power only. -510 
(Rack mount kit not included.) 

For sameday shipment, cell HP DIRECT at 800-538-8787. 

HP Model 3400A 
The HP 3400A is a true rms analog voltmeter. Six-decade frequen- 

cy coverage makes the HP  3400A extremely flexible for audio and RF  
measurements up to 10 MHz and permits the measurement of broad- 
band noise and fast risetime pulses. 

Pulses or other non-sinusoids with crest factors up to 10:l can be 
measured full scale. Plots of measured data and higher resolution 
measurements can be produced by connecting a dmm to the conve- 
nient rear-panel dc output which produces a linear 0 to I volt output 
proportional to the meter deflection. 

Specifications 
Voltage Range: 1 mV to 300 V full scale, 12 ranges. 
dB Range: -72 to + 52 dBm (0 dBm = 1 mW into 600 Ohm). 
Frequency range: 10 Hz to 10 MHz. 
Response: responds the rms value (heating value) of the input signal 
for ;ill waveforms. 
Meter accuracy: % of full scale (20 to 30 deg. C)* 

10 Hz 50 Hz 1 MHz 2 MHz 3 MHz 10 MHz 

F w ~ ~ = Y  

20 to 30 Hz 
30 Hz to 10 kHz 
20 to 30 Hz 
30 Hz to 10 kHz 

Maximum Input: current: 2 A (fused protected). Voltage: 250 V Ordering Infomation Price 
DC Current HP 3400A RMS Voltmeter 52195 
[ Range 1 Accurm 1 year. 15 to 30 deg. C I Opt 001 expands the dB scale by placing it on the top +S60 

200 pA, 2mA, 20mA 
200 mA 
2000 mA 

+ (% reading + # counts) 
0.07 + 2 
0.15 + 2 

of the meter. 
Rear terminals in parallel with front terminals and 

linear log scale uppermost on the meter face are avail- 
able on special order. 

0.5 + 2 Opt 508 extends range to 20 MHz +S200 



DIGITAL MULTIMETERS 
h e s s o r i e s  

Probes, Test Leads 

HP 34301A RF Detector Probe 
This probe detects high frequency signals for voltage measure- 

ments. The probe can be used with any dmm having a 10 M R input. 
Bandwidth: 100 kHz - 700 MHz 
Voltage range: 0.25 V - 50 Vrms 
Accuracy: 100 kHz - 500 MHz. +1 dB 

500 MHz - 700 MHz, +3 dB 
lnput capacitance: approx. 5 pF 
Maximum ac input: 50 Vrms 
Transfer ratio: I Vdc output for 1 Vrms input 

HP 34302A Clamp-on AC/DC Current Probe 
A clamp-on probe used for measuring ground currents, power sup- 

ply ripple, or current distribution in systems. This probe allows you to 
measure ac, dc and ac+dc currents without breaking the circuit. 
Ranges: * 10 A dc or I0 A ac 

+ 100 A dc or 100 A ac 
Frequency mponw: dc to 1 kHz 
Recommended I- >3.0 k R 
Rated output: & l .O V dc at  10 A 

* l . 0 V d c a t  100A 
Aperture size: 19 mm 
Accuracy: +2% of rated output 

HP 34300A 40 kV AC/DC High Voltage Probe 
A probe for use with any dmm having an input resistance of 10 M R. 

Maximum input (at sea level): 40 kV (dc + peak ac), derated 1% of 
voltage rating per 100 meters in rise from sea level. 
Voltage division ratio: 1000: 1 
Bandwidth: dc to 300 Hz 
lnput resistance: 1 G R 
Division ratio accuracy: +2% (DC. 1000:1, 10 M R termination) 

HP 1106OA Surface Mount Device Test Probe 
Designed for SMD testing, the tweezer design of this probe pro- 

vides an easy method to access and measure SMD resistive networks. 
Not to be used over 42 volts peak. 

HP 34303A Temperature Probe 
Temperature measurements are read directly in degrees C or F on 

dmm's having a minimum input impedance of 10 k R. The probe is a 
temperature-to-voltage transducer with a forward-biased diode pro- 
viding calibrated linear output. A standard dual banana plug output 
connector provides universal connection to dmm's. A 9 volt battery is 
required for operation and is not included. 
Temperature range: -58' to 302 O F ;  

-so0 to 150 OC 
Output: 10 mV/' C or "F 
Resolution: 0.01 'C or OF 
Accuracy: +3.0° P;+ 1.7OC 

HP 11 059A Kelvin Probe Set 
Works with any dmm with 4-wire ohms. Circuit connection is per- 

formed with two gold-plated flat tweezers with special gripping sur- 
faces to ensure precise contact to the components being measured. An 
alligator clip and lead are provided for either grounding or guarding. 
Instrument connection is through banana plugs. Not to be used over 
42 volts peak. 

Ordering Information 
H P  11002A Test Leads (banana - alligator) 
H P  11003A Test Leads (banana - alligator & probe) 
H P  11053A Low Thermal Lug-Lug Jumper Set 
H P  11058A Low Thermal Banana-Banana Jumper Set 
H P  11059A Kelvin Probe Set 
H P  11060A Surface Mount Device Test Probe 
H P  11062A Kelvin Clip Set 
H P  11096B High Frequency Probe 
H P  11 174A Low Thermal Lug-Banana Jumper Set 
H P  34110A Carrying Case for YZ Rack Size Instru- 

ments 
HP 3 4 l l l A  DC High Voltage Probe 
H P  34118A Test Lead Kit 
H P  34119A High Voltage Probe 
H P  34300A 40 kV AC/DC High Voltage Probe 
H P  34301A RF Detector Probe 
H P  34302A Clampon AC/DC Current Probe 
H P  34303A Temperature Probe 

For same day shipment, call HP DIRECT at 800-538-8787. 

Price 
s22* 
$22 * 
5 2 9 s  
S29* 

5 1 3 5 s  
$24 
5 2 6 s  

$239* 
$29 * 
S 8 2 s  

$265 
S 3 0 W  

5 1 3 0 s  
S 9 0 W  
S 8 0 s  

5 2 5 0 s  
5 1 2 0 s  



DIGITAL MULTIMETERS 
3'/2 Dlglt Handheld Multimeters 
HP E2373A, E2377A, E2378A 

Excellent standard feature set 
Choice of general purpose or rugged model 
0.3% or 0.7% basic DCV accuracy 

byear standard warranty on all models 
3200 count analog/digital display 
All models in stock 

HP E2373A, E2377A, and E2378A 

E2300 Series Handheld Multimeters 
The HP E2300 Series of handheld multimeters meet the require- 

ments of your portable basic measurement applications. Standard 
features on all three models include the following features: 

dc and ac volts, dc and ac current, resistance, audible continuity 
and diode test 
Maximum 1 kV dc, 750V rms, 10A 
Selection of auto-ranging or manual range hold 
Large 3200 count digital display (samples approx. 2 timeslsec.) 
with 32-segment analog bar (samples approx. 12 times/sec.) 
Display annunciators for all functions (except temperature on 
E2377A and E2378A), also for low-battery indication, overload. 
range hold and data hold (E2377A and E2378A) 
Built-in tilt stand and three terminal input jacks 
One-year calibration cycle 
Three-year warranty 

Three Models to Choose From 
The basic HP  E2373A multimeter is ideal for troubleshooting ap- 

plications. It offers all the standard features listed above, along with a 
basic DCV accuracy of 0.7%. Audible continuity and a choice of 
autoranging or manual ranging make this low-cost meter an excellent 
and economical choice. 

For more exacting tasks on the bench or in the field, the H P  
E2377A has a basic DCV accuracy of 0.3% and a lkHz bandwidth. It 
also adds a data hold function and a temperature function to the solid 
feature set of the H P  E2373A. The temperature function is built-in 
and can be used with any K-type thermocouple probe. 

For outside use and rougher applications, the HP  E2378A adds a 
rugged case to the feature set and accuracy of the HP  E2377A. It has 
all of the same functions and accuracy as the HP E2377A, and is 
encased in a yellow, splash-proof case. 

Refer to the comparison chart in the next column to determine 
which of the three models best suits your needs. 

Standard Accessories a n  Included 
All three meters come with alkaline batteries, spare fuse(s), operat- 

ing manual and test leads. 

Basic dc accuracy 
Bastc ac accuracy 
Maximum ac bandwidth 
Audible continutty and diode test 
Data hold function 
Temperature function 
Input protection up to 300 mA range 

10A range 
Power supply (alkaline batteries) 
Battery life (minimum) 

Always in Stock 
All three meter models and their accessories are always in stock. 

Please contact HP  for information on quantity price breaks on orders 
of two or more. 

Additional Accessories 
To extend the measurement capability of your handheld multime- 

ter, a variety of accessories are available. These are described below: 
HP E2301A Surface Thermocouple Probe, K-type (-130°C to 
260°C; accuracy is greater of +2.2"C or 0.75% of reading.) Note: 
must also order E2303A. Thermocouple Probe Adapter. 
UP E2302A Airflow Thermocouple Probe, K-type (for range and ac- 
curacy. see E2301A.) Note: must also order E2303A. Thermocouple 
Probe Adapter. 
HP E2303A Thermocouple Probe Adapter (Uncompensated, banana 
to K-type connector.) For use with E2377A or E2378A multimeters 
and any K-type thermocouple probe. 
HP E2304A Handheld Multimeter Carrying Case (padded, water- 
resistant nylon case with 2-zipper closing and inside pocket) 
HP E2305A Replacement test leads (right angle). 2 pair 
For additional multimeter accessories, refer to page 99. 

E2373A 
0.78 
1 . 2 8  

500 Hz 
Yes 
No 
No 

0 . 5 M 2 5 W  
unfused 

AA(1.5V)xZ 
2500h 

E2377A 
0.38 

1% 
1 kHz 
Yes 
Yes 
Yes 

0.5M250V 
15M250V 

W(1 .5V)xZ  
lOOOh 

E2378A 
0.3% 
1% 

1 kHz 
Yes 
Yes 
Yes 

0.5M250V 
15M250V 

W(1.5V)xZ 
lOOOh 





ELECTRONIC COUNTERS 
General Information 

The HP 5372's revolutionary Modulation Domaln technology is HP's most recent breakthrough in frequency, phase  and time interval 
measurement and  analysis. 

Electronic Counters - 
Introduction 

Hewlett-Packard offers the broadest line 
of electronic counters and counter/timers 
(27 models) in the industry. From the begin- 
ning of counting in the 1940's Hewlett- 
Packard has pioneered the major technolo- 
gies that make possible today's modern elec- 
tronic counters and frequency and time inter- 
val analyzers. 
Applications 

The use of various types of electronic 
counters for measuring and analyzing fre- 
quency, phase and time interval signal char- 
acteristics is common in most technical 
industries. The opportunity to choose from 
27 different ~roducts  to find the o ~ t i m u m  

HP counters offer: 
High measurement accuracy 
Fast system throughput/HP-IB capability 
Low cost of ownership 
Ease of use 
Data reduction on many models 
Triggering simplicity 

Recent Product Introductions 
HP introduces new products every year in 

an effort to provide the most advanced solu- 
tions available. The HP 5361B Pulse/CW 
Microwave Frequency Counter with built-in 
profiling provides an ideal and unique mea- 
surement solution for radar design engineers. 
The HP 5347A and HP 5348A portable CW 
Microwave Frequency Counters with a built- 

product for ; specific application wiil result in precision power meter offer a portable and 
in your best and most cost effective solution. easier-to-use service tool for the telecommu- 
The result of a Hewlett-Packard choice will nications industry. 
be an ideal application and performance fit The H P  5372A Frequency and Time In- 
resulting in greater value. terval Analyzer provides extremely powerful 

measurement and analysis (often not possi- 
ble before) to designers of disk and tape 
drives, agile radios, radars, components such 
as phase-locked loops and voltage controlled 
oscillators, and telecommunications prod- 
ucts. The extremely powerful HP  5372A is 
the second product in a new measurement 
area made possible by the latest innovation in 
counting technology: "continuous count". 

A new full performance universal counter 
is now available for VXI systems. The 
H P  E1420A is a C-sized card with an out- 
standing 200 MHz frequency range and 2 ns 
time interval performance. With exceptional 
measurement speed and a standardized 
message-based software interface, the 
H P  E1420A is the ideal systems counters. 
(See page 624 for more information.) 



Counter Categories 
Precision Time Interval Counter 

The HP 53709 Universal Time Interval 
Counter is optimized for precision time- 
interval measurements and provides phe- 
nomenal time-interval resolution of 20 ps. It 
also measures frequency and period (at in- 
creased accuracy per unit time compared to 
other counters) dc to 100 MHz. Statistics, 
external trigger, systems interface (HP-IB) 
and other features are all standard. 

HP 5370B - the standard for precision 
time-interval measurements. 

Microwave and Millimeterwave 
Frequency Counters 

These products provide fundamental high 
performance frequency measurements, dc 
through 110 GHz. Many enhancing features 
such as power measurement, battery opera- 
tion, systems interface (HP-19). and high- 
accuracy time bases are available standard 
or as options. 

Pulse counters add the capability to auto- 
matically measure and profile bunt or pulsed 
microwave or millimeterwave signals. 

Most current microwave and millime- 
terwave frequency counters: 

HP 5361B - the profiling pulsed/CW mi- 
crowave frequency counter. 

HP 5347A/5348A - portable CW m i w e  
wave plus precision power measurements 
for telecommunications service. 

HP 5350B/5351B/5352B - the CW mi- 
crowave trio that spans 10 Hz to 46 GHz. 

Basic RF Frequency Counters 
These low-cost products provide frequency 

measurements dc through 3 GHz for bench 
and systems use. (HP-IB is standard.) The 
reciprocal (high accuracy) measurement 
technique is used, battery and extended- 
accuracy time base are available. 

Most current R F  frequency counters: 

HP 5384A - the economy counter for sys- 
tems and field service. 

HP 5385A - economy, systems, field ser- 
vice and higher frequency too. 

HP 5386A - 3 GHz low end, low price, 
small size. 

Hewlett-Packard offers a full range of electronic counters from RF and microwave t o  
basic and hlgh performance universal counters. 

Basic and Performance Univerul 
Counters (Counter/Timers) 

Universal counters, sometimes called 
counter/ timers, combine the ability to mea- 
sure frequency and time intervals. Many 
models also provide the capability to measure 
period, ratio, statistics, voltage, and totalize. 
The higher performance products provide 
complete, automatic characterization of rise 
time, pulse width and other signal parame- 
ters. Many options such as, frequency exten- 
sion, voltage measurement, portable battery 
operation, higher performance time bases, 
and systems capability (HP-IB) are also 
available to customize the product to your 
specific needs. 

Most current universal counters: 

HP 5314A - an affordable portable. 

HP 5315A - the high-performance porta- 
ble. 

H P  5316B - the low-cost systems counter. 

HP 53348 - high performance at  a moder- 
ate price. 

HP 5335A - top performance in universal 
counters. 

For More Intormation 
Selecting a counter can be as simple as 

making a choice from the Selection Guide on 
the following pages. However, specific details 
of your application or characteristics of your 
signal (such as sensitivity, slew rate, etc.) 
might affect your selection. Therefore, spe- 
cific details on each product are presented on 
the pages following the Selection Guide. 

Also, tutorial application notes (Electronic 
Counter Series) on many important techni- 
cal issues affecting counters and counter a p  
plications are available for your aid in 
selection. These application notes will in- 
crease your knowledge about counters and 
your confidence in selecting the right product 
for your application. 

Appllcrtion Not. AN 200 
"Fundamentals of Electronic Counters" 

Application Note AN 200-1 
"Fundamentals of Microwave Frequency 
Counters" 

Application Note AN 200-2 (information on 
counter time bases) 
"Fundamentals of Quartz Oscillators" 

Applh t ion  Note AN 200-3 
"Fundamentals of Time Interval Measure- 
ments" 

A p p l h H a n  Note AN 200 -4 
"Understanding Frequency Counter Specifi- 
cations" 



ELECTRONIC COUNTERS 
General Information 

The Modulation Domain 
Gives You a New View 
of Complex Signals 

Better ways to analyze your complex sig- 
nals don't come along often. H P  brings you 
the Modulation Domain: a view of frequen- 
cy, phase or time-interval measurements vs. 
time. A way of seeing data that is intuitive 
and insightful. 

Modulation Domain is the missing piece of 
the puzzle. The oscilloscope shows you am- 
plitude (voltage) vs. time: the time domain. 
The spectrum analyzer shows you amplitude 
vs. frequency: the frequency domain. The 
H P  5371A and H P  5372A Frequency and 
Time Interval Analyzers show you measure- 
ments vs. time in the Modulation Domain: 

Frequency vs. time 
Phase vs. time 
Time interval vs. time 

Improve Your Measurement 
Analysis 

A wide range of applications can benefit 
from this kind of capability. 

Jitter measurements in digital communi- 
cations systems, disk and tape drives, and 
mechanical systems are dramatically im- 
proved. For example, view periodicity in jit- 
ter-a hint at  the source of the problem. 

The Modulation Domain makes it simple 
to study step response for voltage-controlled 

A n e w  a p p r o a c h  to the tradltlonal counter b l o c k  diagram l e t s  the HP 5372A make 
c o n t i n u o u s  m e a s u r e m e n t s  w i t h o u t  a l o s s  o f  p rec i s i on .  

oscillator characterization. You can easily Discover a new way to see your signals-a 
characterize the frequency hopping perform- new perspective that helps you solve elusive 
ance of an agile transmitter. Chirp linearity problems or fine-tune product performance. 
and phase switching in radar systems are Sharpen your competitive edge with the 
simplified using frequency or phase vs. time HP 5371A or HP  5372A. 
displays. 

Modulation Domain Analyzers 
r HP 5371A I 500 MHz I 10 didts 

Modulation Domain Analyzer Selection Guide 

HP 5372A 

Output 
Result/$ Model 

1000 

8000 

Timalntewal 
Resolution 
(SlngMhot/  
Averaging) 

500 MHz 
(2 GHz) 
(18 GHzl) 

Accessories 

Fmqwncy 
Range 
(Extension) 

A I F I ~ ~ ~ S  
and Display 

HP-IB: 
to 20,000 

HP-IB: 
to 20,000 
Fastport: 
to 14x106 

10 digits 

Maxlmum 
Continuous 
Meas. Rate 
(Mew/$) 

SlngieShot 
Fwq. Res. 
(1s Gate) 

11 1 1 $3,000 

Memory 
Size pleb 

Frequency and Time 
vs. Time Graph 
Software Histogram 
Event Timing Graph 
Numeric Display 

As 5371A plus: 
Hardware Histogram 
Frequency and Time 
vs. Time Avg. 
PreTrigger~ng 
Time Dev. (Jitter) 
Phase Deviation 

HP 5364A I Microwave MixerIDetector I Extends measurement range to include 2 to 18 GHz. 1 1 1 1  l S 1 3 . 0 0 0  

Allom timeintewal calibration to remove systematic errors from a measurement system. HP J06-59992A 

Pllce 

106 

106 

Timelntewal Calibrator 



Precision Time-Interval 

Counter Selection Guide 

HP 53708 1 100 MHz I 11Digits 1 35mV I 100 psI0.3 ps I HP-I8 standard, statistics 1 112 1 $13,300 

Modal 

CW Microwave 

F w ~  
Rmga (Extension) 

CW Mkrowave/Porrcr Meter 

HP 53508 

HP 53518 

HP 53528 

HP 5343A 

HP 5340A 

Fw. M u t i o n  
(1s Gatu Time) 

Pulsed/CW Microwave 

20 GHz 

26.5 GHz 

40 GHz (46 GHz) 

26.5 GHz 

18 GHz (23.6 GHz) 

HP 5347A 

HP 5348A 

HP 5342A 

SmltMty 

HP 5384A 1 225 MHz 1 9Digits ( l 5mV I 1 HP-I8 standard, battery optional 1 130 1 $1,590 
HP 5385A 1 1 GHz 1 9 Diaits 1 15 mV I I HP-IB standard. battery optional 1 130 1 51,995 

1 Hz 

1 Hz 

1 Hz 

1 Hz 

1 Hz 

20GHz 

26.5GHz 

18 GHz (24.5 GHz) 

IHP 5386A 1 3 GHz 1 9 D~g~ts I -33 dBm I I HP-I8 standard ( 130 1 $3,780] 

T lmalnt tm Rer. 
(SlnglaShot/ 

Averaging) 

HP 53618 

HP 5355A 
HP 5356A 
HP 53568 
HP 5356C 
HP 5356D 

-40 dBm 

-40 dBrn 

-30 dBm 

-33 dBm 

-35 dBm 

1 Hz 

1 Hz 

1 Hz 

1 Hz 

Requires 
HP 5345A 

20 GHz 

1.6 GHz (110 GHz) 
18 GHz 

26.5 GHz 
40 GHz 
110 GHz 

Addlthml Ftum 

Performance Universal 

Bask Universal 
~ H P  5314A 1 100 MHz I 1 Hz 1 25 mV I 100 ns 1 battery optional 1 143 1 $6901 

HP-IB standard. MATE optional 

HP-I8 standard, MATE optional 

HP-I8 standard, MATE optional 

HP-18 optional 

HP-I8 optional 

-32 dBm 

-32 dBm 

-25 dBm 

-32 dBm 

-25 dBm 
-20 dBm 
-20 dBrn . 
-25 dBm 
-20 dBm 

100 MHz (1.3 GHz) 

560 MHz (see HP 5355W 
HP 53561VBICID above) 

P 

HP 53348 

VXI E1420A 

HP 5335A 

[~=6-599@~ [ Timelnterval Calibrator I Allows timeinterval calibration to remove systematic errors from a measurement system. ( 112 1 $3.0001 

wvvw. hparchive.com 

M w  

115 

115 

115 

121 

121 

HP-IB optional, battery optional, 
-70 dBm to t 2 0  dBm power range 

HP-I8 optional, battery optional, 
-70 d8m to t 2 0  dBm power rang  

HP-I8 optional. -25 dBm to $22 dBm 
amplitude measurement optional 

Requires 
HP 5345A 

9 D i  

9 Digits 

9 Digits 

100 MHz (1.3 GHz) 

200 MHz 
(Opt. High Freq. channel) 

200 MHz (1.3 GHz) 

1 Hz 

9 Digits 

HP 5315A 

HP 53168 

$5,500 

$6.600 

$10,000 

$12.600 

$18,300 

118 

118 

121 

15 mV 

25 mV 

25 mV 

25 mV 

25 mV 

100 MHz (1 GHz) 

100 MHz (1 GHZ) 

$7,950 

$8,950 

$11.000 

$11,900 

$10.000 
$3,100 
$3,100 
$4,000 

$10.200 

HP-IB standard. MATE optional, 
full microwave pulse measurements, 
automatic pulse profiling 

Requires 
HP 5345A 

124 

127 
127 
127 

127 
127 

2 ns/200 ps 

2 ns/200 ps 

2 ns/100 ps 

10 ns/lO ps 

2 nd2 ps 

7 Digits 

7 Digits 

HP-IB standard, MATE optional, 
auto pulse characterization 

VXlcompatibility 

HP-IB standard, dc DVM optional, 
auto pulse characterization 

HP-1% standard, dc DVM optional 

HP-I8 standard, MATE optional, 
microwave measurements 
via HP 5355MHP 5356MB/C/D 

10 mV 

10 mV 

134 

624 

136 

139 

132 

100 ns/lO ps 

100 ns/lO ps 

$2.195 

$3,450 

$5,000 

$6,570 

$14,650 

battery optional 

HP-I8 standard 

140 

140 

$1,295 

$1,595 



ELECTRONIC COUNTERS 
Frequency and Time Interval Analyzers 
HP 5371A, 5372A 

dc to 18 GHz continuous frequency profiling capability Fast tlme-interval histogram analysis 
Built-in statistical and graphical analysis Pre-trigger display and time-interval detect 
Characterize frequency, phase, and time-interval ver- 150 ps rms single-shot resolution, 2 ps resolution with 
sus time averaging 

@- SYSTEMS 

The Modulation Domain Gives You a New View of 
Complex Signals 

Better ways to analyze your complex signals don't come along oft- 
en. Hewlett-Packard brings you the Modulation Domain: a view of 
frequency, phase, or time-interval measurements vs. time. A way of 
seeing data that is intuitive and insightful. It's the missing piece of the 
puzzle. The oscilloscope. shows you amplitude (voltage) vs. time: the 
time domain. The spectrum analyzer shows you amplitude vs. fre- 
quency: the frequency domain. The HP 5371A and HP 5372A Fre- 
quency and Time Interval Analyzers show you measurements vs. time 
in the Modulation Domain: 

Frequency vs. time 
Phase vs. time 
Time-interval vs. time 

Powertul Insight into Frequency, Phase, or Time Interval 
Performance 
I f  you need to characterize: 

Data storage products 
Radar systems 
Communication systems 
Electromechanical systems 
Frequency stability 
VCO's 
Frequency agile systems 
Hewlett-Packard's frequency and time interval analyzers can show 

you frequency and timing information that traditional techniques 
miss. 



Window Margln Analysis tor Disk and Tape Drive 
Characterization 

The HP 5372A features hardware data reduction to sort time inter- 
val measurements into histograms as fast as 13.3 million measure- 
ments per second. You can analyze data as a histogram, or you can 
have the HP  5372A display window margin information directly. 
This gives you a fast and accurate method of viewing a drive's overall 
timing performance in R&D or in production. 

You can use the time interval detect capability of the HP 5372A to 
monitor for timing errors. An inhibit input allows you to gate out 
sector header, ECC, and servo fields to measure only in data fields. 

The HP 5372A can be configured to measure data-to-data as fast 
as every 75 ns. For faster systems, a random event sampling mode 
ensures that histogram information is equally sampled across all code 
spacings. 

The HP 5372A displays window margin information directly for 
disk and t ape  drive testing. 

HP 5372A Frequency and Tine I n t e r u a l  Analyzer 

Stats:  4440632 meas betueen markers 
Hist :  Cont. H i s t  T I  A 
Min: 187.8 ns flean: 198.8 ns 
Max: 210.2 ns Std Deu: 2.1 ns 

A n A nl 
1 E+07 
meas 

0 
meas 

0 
175.0 ns 575.0 ns 

3 .2  ns/disp b in  

Direct VCO Chancteritrtion With Frequency vs Time 
Displays 

Voltage-controlled oscillators are a key component in many elec- 
tronic systems. VCO switching and settling characteristics directly 
affect total system performance. Switching and settling measure- 
ments have traditionally been made using discriminators and a stor- 
age oscilloscope, but the modulation domain simplifies this 
characterization by directly showing frequency or phase settling ver- 
sus time. You can view the step response and easily characterize ring- 
ing and overshoot, settling time, and post-tuning drift. The optional 2 
GHz Channel Con the H P  5372A extends VCO analysis tocover I00 
MHz to 2 GHz frequency steps. The HP 5364A Microwave Mix- 
er/Detector lets you analyze VCO's operating between 2 GHz and 18 
GHz. 

Frequency vs. time profiles of VCO switching transients 
Examine settling time, frequency overshoot, and ringing 
Characterize VCO stability and post-tuning drift 

A plot of frequency vs  time simplifies VCO switching and post- 
tuning drift analysis. 

HP 537213 Frequency and Tine I n t e r u a l  Analyzer 

TVar: Frequency A 
a Mkr x:-8.0888 us -3683 A euts 

y: 2.78 NHz 

Flexible graphic capabilities let you retrieve statistical informa- 
tion for any single distribution of this FILL (2,7) histogram. 

470.00 
mHz 
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ELECTRONIC COUNTERS 
Frequency and Time Interval Analyzers (cont'd.) 
HP 537149,5372A 

Flexible Jitter Spectrum Analysis for Digital 
Communications 

The HP 537 1A and HP 5372A frequency and time interval analyz- 
ers can be used to characterize jitter or phase noise in digital commu- 
nications and other serial data systems. The H P  5371A measures and 
displays the variations of period jitter with time or in a histogram. 
The HP 5372A adds the capability to display jitter as the variation of 
the significant instants from the ideal timing position (time deviation 
function). 

When you add a computer and analysis, you can make jitter spec- 
trum mesurements at  any clock rate (including non-standard rates) 
with higher resolution than current jitter test sets. The jitter 
bandwidth to be examined can be in excess of 2 MHz. In addition to 
jitter spectrum, jitter transfer function and adjustable weighting fil- 
ters can be added to processing software to extend system perform- 
ance. (Analysis software is available from Data Physics 
Corporation.) 

HP 5372A Frequency and Tine I n t e r u a l  Analyzer 

TVar: Tifle Oeu A 
PL-Pk: 76.51 m Rate: 10.680313 kHz 
Center: 1.30 m 

.---. -- -->-. ., :-.-.--..-;--. - .--.>:-..-,.--A 
50.0 1 1 

Jitter as a function of time. A strong periodic component can be 
seen in thls jltter vs. time graph. The rate of the jltter is dls- 
played, as well as peak-peak jitter in Unit Intervals. 

A Clear Picture of Agile Signals 
Characterization of agile transmitters is difficult in the time or fre- 

quency domains. Pseudorandom selection of the carrier means repeti- 
tive techniques are inadequate to properly characterize an agile 
radio's performance. 'Golden receiver' or back-to-back testing, where 
transmitters and receivers are tested in pairs, give little quantitative 
information about the radio's performance. 

The modulation domain provides a clear view of these agile signals. 
Parameters such as dwell time, hop rate, and carrier settling time can 
be obtained from the graphic display. Modulation parameters such as 
peak-to-peak deviation, center frequency, and modulation rate can 
easily be displayed as well. 

A histogram of frequencies is a clear measure of random usage of 
the frequency spectrum. Flat histogram characteristics indicate that 
channels are used with equal probability, providing the highest resis- 
tance to jamming and communication security. 

Software available from Data Physics Corporation gives you jlt- 
ter spectrum and transfer function computations from HP 
5371A or HP 5372A data. Weighting filters are also available. 

Direct frequency vs. time profiles of agile signals 
Characterize switching time, settling time, and hopping rate 
Examine modulation on agile carriers 

In addition to dwell time and hop sequence, the modulation 
characteristics on the agile carrier can easily be examined using 
the HP 5371A or HP 5372A time variation graph. 

HP 5372A Frequency and Tine Interual Analyzer 

TVar: Frequency A 
Pk-Pk: 191 .I kHz Rate: 499.999 Hz 
Center: 49.9966 HHz 
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Powerful Radar Signal Characterization 
Combining the H P  5364A microwave mixer/detector with the H P  

5371A or HP  5372A frequency and time interval analyzers, and a 
local oscillator gives you the ability to extend the modulation domain 
to 18 GHz. 

The H P  5364A microwave mixerfdetcctor is designed to ensure 
downconversion with minimal distortion and group delay over its 500 
MHz IF  bandwidth. You can provide your own local oscillator, or you 
can use an HP  source such as the H P  8671A synthesized CW genera- 
tor, the H P  8673C synthesized signal generator, or the H P  86738 
synthesized signal generator. In addition to the IF  channel, the H P  
5364A provides a video detector output to trigger the H P  5371A or 
H P  5372A. The video output can also be used to directly measure 
pulse width, rise and fall time, and PRFJPRI. 

Radar chirp-linearity is easily characterized in the modulation do- 
main. The H P  5364A microwave mixer/detector can be used to 
downconvert the chirp to baseband, maximizing measurement resolu- 
tion. A frequency vs. time display clearly shows deviation from linear- 
ity. The H P  5372A features display-averaging, which can 
dramatically improve the resolution of measurements on repetitive 
signals. 

Use the HP 5364A microwave mixer/detector (shown right) with 
the HP 5371A or HP 5372A to bring the modulation domain to 
microwave frequencies between 2 and 18 GHz. 

1 1 
HP 53721 Frequency and Time In tewa l  flnalyzer 

I TVar: Freauencu A I 

I Nkr x: 0 s - 0 f3 e u t s  
y: 0 H Z  I 

240.00 
MHz 

10.00 
NHz/diu 

190.00 
MHz 

Characterize Motion Control Systems 
Pulse encoders used in motion control systems deliver pulse streams 

that correspond to position - either linear or rotary. Position and ve- 
locity analysis can be done by characterizing the timing of pulses de- 
livered by the encoder. 

Continuous time-interval and frequency measurements with the 
HP  5371A or H P  5372A give you new insight into positioning system w performance. Variations in velocity or rotational non-linearities can 
easily be analyzed by viewing the time variation display; a plot of 
velocity versus time. For closed-loop systems, factors such as system 
dampening, overshoot, and response time can be quickly verified - in- 
dependent of the system's control. 

Rotational or linear velocity vs. time profiles 
Position control analysis 
Analyze dampening, overshoot, and response time 

The velocity (frequency) vs tlme graph allows easy analysls of 
the print sweep and double-speed return of a motlon-control 
servo used in a graphics printer. 

HP 537213 Frequency and Time Interval Analyzer 

TVar: Frequency A 
Mkr x: 871.5279184 as  2955 A e u t s  

y: 6.027005 
i e -- 

0 s 187.0000 us 
meas 0 

The power of modulation domain analysls can be seen with this 
HP 5372A frequency vs time graph of a frequency chirp on an 
agile carrier with a varying PRI. 

25.00000 
I I 
I I 
I I 
I I 
I I 

- -1- - - - 

0 

0 s 1.578363500 s 
fleas a 2454 



ELECTRONIC COUNTERS 
Frequency and Time Interval Analyzers (Cont'd) 
HP 5371A, 5372A 

Select the Frequency and Time Interval Analyzer that Meets Your Needs 
Hewle t t -Packa rd  offers t w o  Frequency a n d  T i m e  In te r va l  Ana lyzers  t o  analyze you r  signals i n  t he  M o d u l a t i o n  Doma in .  
Based o n  t he  same technology, t he  HP 5 3 7 2 A  is a comple te  superset o f  t he  HP 5371A .  T h e  tab le  be low summar izes t he  capabi l i t ies o f  each. 

Frequency Range 

2 GHz Channel C Input 

Maximum Measurement Rate 

I Averaged Time Variation 
Display Capability 

Maximum Measurement Memory 

Time Variation Display 
(Measurements vs. Time) 

I NIA 

125 mHz to 500 MHz 

N/ A 

10 MHz (100 ns) 

I YES 

125 mHz to 500 MHz 

Optional 

10 MHz (100 ns) 
13.3 MHz (75 ns)* 

1K Front Panel, 
4K HP-I0 Binary Mode 

YES 

I 
- 

Histogram Display I YES I YES 

8K Front Panel 
and HP-I0 

YES 

Fast Timelntewal Histogram 

Event Timing Display 

~ i i e ~ e v i a t i o n  Measurement 
(Timing J~tter) 

Phase Deviat~on Measurement 

1 -  Pre-Tri~er Capability I NIA I YES 

NIA 

YES 

-- 

FastPort Interface (direct output 
of measurement data) 

Measurements Referenced to 
External Trigger 

Histograms computed at 
a 10 MHz rate (13.3 MHP) 

YES 

NIA 

N I  A 

YES 

YES 

N/A 

NIA 

Timelntewal Detect Capability 

Multiple Blocks Displayed on 
Time Variation Graph 

I Statistics, Math and Limit Test I YES I YES 

Optional 

YES 

Measurement Inhibit Input 

Modulation Parameters 
(pk-pk deviation, rate, center) 

N/A 

N/ A 

'HP 5372A features a fast measurement mod% which incresses measurement speed to 13.3 MHz (7511s). Note that the maximum time lnte~al  in this mode is 131 ps 
N/A=not available 

YES 

YES 

N/A 

YES 

Window Margin Analysis 

Adjustable Input Sensitivity 

Direct Output to HP-I0 
PrinterIPlotter 

Display Update Rate 
(100 measurements) 

YES 

YES 

NIA 

N/ A 

YES 

1 updatels 

YES 

YES 

YES 

2 updatesls 



HP 5371A and HP 5372A Performance Summary 

Basic Performance 
Continuous measurements to a 10 MHz Rate (13.3 MHz rate us- 
ing the HP  5372A fast measurement mode) 
125 mHz to 500 MHz frequency range. 100 MHz to 2 GHz Chan- 
nel C (HP 5372A only) 
-4.0 to +4.0 second time interval range, including 0 seconds. 
150 ps rms single-shot time interval resolution. 10 digits per second 
frequency resolution. 
1 ns minimum input pulsewidth 
2 mV trigger level resolution 
Auto-trigger capabilities 
Selection of input pods: 50Q. 1 MQ, or 10 KQ active. 

Arming and Trig wing CapaMIIth 7 Measurement hol off by time, events, or signal edge. 
Measurement sample by time, events, signal edge, or parity. 
Arm on any of three input channels: external arm, input A, or input 
B. 

Measurements 
Function 

Frequency A',B1 

Frequency C' (HP 5372A only) 
Frequency 

A&B.A&C,B&C,A + B, 
A + C,B-A,C-A,B + C,C-B, 
A/B,B/A, 
A/C,C/A,B/C,C/B 

Period A1,B1 

Period C1 (HP 5372A only) 
Period A&B,A&C,B&C,A + 8, 

A + C,B-A,C-A,B + C,C-B, 
A/B.B/A, 
A/C,C/A,B/C,C/B 

Totalize A.B,A&B,A+B 
A-B,B-A.A/B,B/A 

Time Interval A,B.A- >B,B->A 

Contlnwus Time lntewal 
A*,B' 

* Time Intewal 
A,B,A->B,B->A 

Range 
125 mHz to 500 MHz 
8 kHz to 500 MHz3 
100 MHz to 2 GHz 
250 mHz to 500 MHz 
(A and B) 
16 kHz to 500 MHz 
(A and B)] 
100 MHz to 2 GHz (C) 
2 ns to 8 seconds 
2 ns to 131 ps3 
500 ps to 10 ns 
2 ns to 4.0 seconds (A and B) 
2 ns to 65 p (A and B)' 
500 ps to 10 ns (C) 

0 to 212 -1 events, each 
channel 
10 ns to 8.0 seconds 
10 ns to 131 ps3 
100 ns to 8.0 seconds 
75 ns to 131 p3 
-4.0 seconds to +4.0 seconds 
including 0 seconds 
-65 US to +65 ps 
including 0 seconds3 - 

Rise and Fall Time A' 1 ns to 100 ps (auto-trigger) 
Positive and Negative 1 ns to 1 ms (auto-trigger) 
Pulsewidth A' 
Duty Cycle A2 0% to 100 96 for pulsewidths 

> Ins and periods < I ms 
(auto-trigger) 

Ph.wArdB,BrefA 0 to > 360 degrees 
Peak Amplitudes A,B 1 kHz to 200 MHz, 

200 mV p p  to 2V p p  
' Maximum runple m e  ta HIOM Is 10 M M  (100 ns). and up to 13.3 M M  (75 ns) 
uslng the HP 5372A fasl maguremsnt mode. F a  all other mw!nmnmts, maximum sample rate 
is 5 MHz(2M) ns) in the normal measurement mode and 7.7 MHz (135 ns) in the fasl m s a s u r m t  
mode 

 require^ 8 m nelup time Mwam each msrurmsnt. 
' Fast Messuranenl Mode valuaa (HP 5372A only) 

Analysis Features 
Time variation of measurements: frequency vs. time, time interval 
vs. time, and phase vs. time. Averaged plots of time variation to 
improve vertical resolution are obtainable using the H P  5372A. 
Histogram 
Fast Time-interval histogram (HP 5372A only, histograms com- 
puted at measurement rate) 

Event timing plots 
Limit test 
Statistics: mean, minimum, maximum, standard deviation, vari- 
ance, rms. 
Allan variance, root Allan variance. 
Window margin analysis (HP  5372A only) 
Modulation parameters: center frequency, peak-peak deviation, 
modulation rate. 

MP-IB Performance 
Up to 20,000 measurementsJsecond throughput (HP 5371A), 
25,000 for HP  5372A (binary format) 
Three output formats: ASCII, floating point, or binary 
English-like HP-IB commands 
Full programmability 
Direct graphics output to printer or plotter 

HP 5364A Microwave Mixer/Downconverter 

Pertormame Summary 
2 GHz to 18 GHz input frequency range 
10 MHz to 500 MHz IF  output range 
2.2 GHz to 18 GHz local oscillator input range 
Built-in manual attenuator 
73 dB RF  input dynamic range for pulse signals, 53 dB for CW 
signals 
APC 3.5(m) connectors for R F  and LO inputs 
<7.5 ns video output risetime 
Less than 1 ns group delay over 500 MHz IF  output range 

HP 53700A Continuous Measurement Software 
This software consists of compiled subroutines that simplify and 

speed binary programming with the HP  5371A and HP Series 300 
computers. Sample programs demonstrating these routines are in- 
cluded. Software is supported with the HP  5371A only. 

Ordering Information Price 
H P  5371A Frequency and Time Interval Analyzer $23,250 
H P  S372A Frequency and Time Interval Analyzer $28.300 
Both the HP  5371A and HP 5372A include 
2 HP  54002A 50 R input pods. 
The HP 5372A also includes 1/2 day application 
consulting. 
Options 

Opt 060 Rear Panel Inputs (50Q BNC) for channels $0 
A and B. I MR BNC for external arm. Deletes 
front panel inputs. 

Opt W30 Extended Repair Service. See page 723. Contact H P  
Opt W32 Calibration Service. See page 723. Contact H P  

Additional options tor HP 5372A only 
Opt 001 Delete l /2  Day Application Consulting -56 10 
Opt 020 FastPort Data Output +$1,515 
Opt 030 2 GHz Channel C (if rear panel input is +$2.020 
desired, order opt 090). 
Opt 090 Rear Panel Inputs for channels A,B, and C. +$2.020 
1 MO BNC for External Arm, 50 Q BNC for 
channels A and B, type N connector for C. Deletes 
front panel inputs. 

H P  S364A Microwave Mixer/Detector $13,000 
H P  53700A Continuous Measurement Software 5 1,200 
(Supported with HP  5371A only.) 
Acccssorie8 
H P  54001A 1 GHz Miniature Active Probe/Pod (10: I, 5765 
10 Ki1) 
H P  54003A 1 MR Pod (with 10: 1 scope probe) $665 ' 
H P  J0659992A Time Interval Calibrator $3000 



ELECTRONIC COUNTERS 
Universal Time Interval Counter 
HP 53708 

20 ps single-shot LSD 
*I00 ps accuracy achievable 
8000 rneasurernents/s possible 

Built-in statistics functions 
Positive, zero and negative time 
Frequency and period to 100 MHz 

DEIUINED MR 

HP5370B 
SYSTEMS 

Increase Productivity with the HP 53708's 
Precision and Measurement Speed 

IC tester performance verification 
Fast IC characterization 
Disk drive manufacture 
Digital communications -jitter analysis 
Radarllaser ranging calibration 
Nuclear systems 
Calibration labs 

Use the full range of functions 

Time Intewaf: you can get 20 ps single shot LSD on time intervals 
from zero to 10 s, including negative time (where the STOP channel 
event occurs before the START channel event). 
Frequency: measure up to 100 MHz with 11 digits of resolution in 
one second. Choose gate times down to one period: use one period 
with average mode and access the powerful STATISTICS capabili- 
ties. 
Period: measure period average from one to lOOk samples and use 
STATISTICS. 
Statistics: will reduce your external computations, reduce random 
errors and improve measurement throughput. 
Sample size: you can select 1, 10, I k, 10k or l OOk samples from the 
front panel, or 1 to 65,536 samples over HP-IB. For the selected sam- 
ple size you can compute: 

Mean 
Standard Deviation 
Minimum 
Maximum 

Select the time intewal you want tram complex waveforms 
Use the extremely flexible arming and gating to select: 
+TI or +Ti with internal arming, external arming - no hold-off, or 
with external arming - external hold-off. 
Program all major capabilities of the  HP 53708 over HP-IB 
Data output rates: 

up to 8000 readings/second in fast binary mode - 125 ps dead time. 
10 to 20 readings/second fully formatted - 330 gs dead time. 

Time Interval Measurement Characteristics 
Range 
+TI: - 10 to + 10 seconds, including zero. 
+TI: 10 ns to 10 seconds. 
Resolution: measurement resolution will depend on input signal 
noise and slew rate. Refer to Graph 3 for characteristic curves. 

Accuracy 
Time interval measurement accuracy is influenced by internal sys- 
tematic uncertainties, trigger level timing error for each trigger edge, 
and timebase aging in addition to resolution or random uncertainties. 
Graphs 1 and 2 show characteristic systematic uncertainties for the 
HP  53708. These uncertainties may be reduced to less than 10 ps by 
calibration with the H P  306-59992A Time Interval Calibrator. Care- 
ful calibration and averaging will result in accuracies to * 100 ps. 

Frequency and Period Measurement Characteristics 
Range 
Frequency: 0.1 Hz to 100 MHz 
Period: I0 ns to 10 seconds 
Resolution: measurement resolution will depend on input signal 
noise as well as measurement gate time. Refer to Graph 6 for charac- 
teristic curves. 
Accuracy 
Accuracy is influenced by internal uncertainties, timebase aging, and 
noise on the input signal. Graphs 4 and 5 show the contributions of 
timebase aging and internal uncertainties to measurement accuracy. 
Periodic timebase calibration will minimize uncertainty due to 
timebase aging. internal uncertainties and noise effects may be re- 
duced by selecting longer gate times, or averaging results. 

The J06-59992A Time Interval Calibrator gives you the  ability t o  
remove systematic errors from your measurement system, s o  
that the  53708 can measure with uncertainties of < + I 0 0  ps. 
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Graph 4. Time base  crystal aging affects Frequency and Period 
Graph 1. lrrgger level timing varies with input 'Iew measurements. You can further reduce the  uncertainty by using rate. Uncertainty is associated with both start  and s top  edges.  an atomic frequency standard. 
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Graph 3. Noise on  the  input signal will add  uncertainty t o  a time 
interval measurement. Averaging will reduce the effects of ran- 
dom noise. 

For more information 
Ask your local HP  sales representative for the following literature for 
more details on the HP  53708 Time Interval Counter and the H P  
J06-59992A Time Interval Calibrator. See page 737 for your local 
H P  sales office. 
H P  53708 Technical Data Sheet Literature Number 5952-7915 
HP 306-59992A Technical Data Sheet 

Literature Number 5952-7837 
Product Note 53708-2 "Better than 100 ps Accuracy in H P  5370B 
Time Interval Measurements Through Bias Error Reduction" Litera- 
ture Number 5952-7834. 
Product Note 53708-3 "High Throughput Picosecond Characteri- 
zation of Pulse Parameters" Literature Number 5952-7769 

Measured Frequency 

Graph 5. Internal uncertainties affect Frequency and Period 
measurements. 
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Graph 6. Noise on  the  input signal will add  uncertainty t o  a Fre- 
quency o r  Period measurement. Longer gate  times and  averag- 
ing will reduce the  effects of random noise. 

Ordering Information Price 
H P  5370B Time Interval Counter $13,300 

Opt 913 (53708 Rack Flange Kit - use with + 530 
supplied front handles) 
Opt 908 (53708 Rack Flange Kit - without + $33 
supplied front handles) 
Opt W30 Extended repair service. See page 723. 
Opt W32 Calibration Service. See page 723 

H P  10870A HP 5370B Service Kit Accessory +$1,200 
H P  506-59992A Time Interval Calibrator + 53,000 

Application Note 191-7 "High-Speed Timing Acquisition and Sta- 
tistical Jitter Analysis" Literature Number 5952-7908. 



ELECTRONIC COUNTERS 
Accessories 
HP 10855A, 10856A 

HP 10855A 2-1300 MHz Preamp 
The H P  10855A Preamp provides a minimum of 22 dB gain from 2 

MHz to 1300 MHz to enhance measurements of very low-level sig- 
nals. The + 1.5 dB flat response reduces distortion in non-sinusoidal 
waveforms. The HP 10855A operates conveniently with a variety of 
H P  measuring instruments having probe power outlets, or will work 
with the H P  1122A Probe Power Supply. The HP 5334A15335A Op- 
tion 030 and HP 5328B Option 03 1 counters all measure frequency to 
1300 MHz and are compatible for use with the H P  10855A. 

HP 10855A Specifications 
Frequency range: 2 MHz-I 300 MHz. 
Gain (minimum): 22 dB; 24 dB typical. 
Gain flatness across full frequency r a m  +1.5 dB. 
Noise figure: <8.5 dB typical. 
Output power for 1 dB gain compression: 0 dBm. 
Harmonic distortion: -30 dB for -15 dBm output, typical. 
Output for <-66 dB harmonic distortion: -25 dBm, typical. 
VSWR: <2.9, typical. 
Impedance: 50 fl nominal. 
Reverse isolation: >45 dB. 
Maximum input: 3.5 V rrns (+24 dBm), fuse protected. 

Ordering Informatian Price 
H P  10855A 2-1300 MHz Preamp $800* 
H P  10856A Low Pass Filter Kit $450 

For same-day shipment, call HP DIRECT at 800-538-8787 

HP 10856A Low Pass Filter Kit 
The four low pass filters of the H P  10856A filter kit are 

recomended for use with any H P  frequency counter to reduce high 
frequency noise or unwanted signals that cause frequency or period 
measurement errors. Further applications for the kit include reducing 
noise (trace fuzz) in oscilloscope and spectrum analyzer displays. 

Frequency (NOMINAL) 
Input I m p d m  (NOMINAL) 
Slgnal Rejection, 
1W MHz to 500 MHz 

Roll-off: 20 dB per decade. 
Attenuation: x 2, reduces signal voltage by a factor of 2. 
Output impedance: for use with 1 MR input instruments. 



ELECTRONIC COUNTERS 
Our Newest, High-Performance CW Microwave Frequency Counters 

HP 53508,53518,53528 

Frequency coverage from 10 Hz to 46 GHz, without an 60-millisecond acquisition time 
external mixer 100 measurements/second over HP-IB in automatic 
2.4 mm connector available with Option 005 mode 
Exceptional sensitivity to -40 dBm Two years of extended hardware support with Option 
1 GHz/second tracking speed W30 

am SYSTEMS 

DESIGNED FOR 
MATE 

SYSTEMS 

The HP 53528, shown above, is  a 
member of the  new HP 5350 CW 
microwave counter family 

HP 53508/53518/5352B Microwave Fnquency 
Counters 

The HP 5350B/5351B/5352B are automatic CW Microwave Fre- 
quency Counters that measure to 20, 26.5. and 46 GHz respectively. 
With resolution as fine as 1 Hz, these counters provide you with fast 
and precise frequency measurements. 

By integrating all microwave components onto a single hybrid 
GaAs circuit, these counters offer you high performance at  low prices. 
Wide frequency coverage, exceptional sensitivity, fast tracking speed. 
high measurement throughput, and wide FM tolerance are but a few 
of the high-performance features that you get with these low-cost 
counters. 

With a built-in microprocessor, the HP 5350B/5351B/5352B also 
have math ca~abilities such as measurement scaling and offset. These 
functions are;seful when you need indirect measurement results. Al- 
so, automatic amplitude discrimination automatically measures fre- 
quency of the highest-amplitude signal in a multi-signal environment. 
Other convenience features include diagnostic routines that let you 
perform tests on the counter for general information and 
troubleshooting. 

The HP 5350B/5351B/5352B are ideal components for test sys- 
tems. They are easy to program and their English-like commands 
simplify systems integration by reducing your programming effort. 
Their high measurement throughput also saves you money by reduc- 
ing test time. In automatic test systems, the programmable alphanu- 
meric liquid-crystal display (LCD) can serve as a message center; and 
if operational security is a-wncern, keyboard and display lockout can 
be activated. In noise-sensitive environments, you can put these coun- 
ters in the SLEEP mode to reduce kickback noise to as low as -70 
dBm. 

Direct inputs to 46 OHz, Providing Lowt0.t Solutions 
for your Expanding Needs 

The HP 5350B/5351 B/5352B provide a full range of high-per- 
formance, low-cost products to meet your expanding measurement 
needs. The HP 5350B and HP 5351B measure frequency from 10 Hz 
to 20 GHz and 26.5 GHz respectively. The HP 5352B. which extends 
input capability to 40 GHz (46 GHz with Option 005). now lets you 
make measurements in the millimeter-wave range directly - without 
having to purchase expensive mixers. 

Exceptional Sensitivity, Making Direct Measurement of 
Low-Level Signals Possible 

As these counters have input sensitivity to -40 dBm (-30 dBm for 
HP 5352B). accurately measuring your low-energy signals becomes a 
simple task. For example, you no longer need expensive microwave 
amplifiers to make low-level measurements. Also, you no longer have 
to worry about signal attenuation by the probe when you make fre- 
quency measurements at  different nodes within your circuit. These 
conveniences simplify measurements in applications such as receiver 
front-end testing. 
Reduced Acquisition Time, Significantly impraving Your 
Measurement Throughput 

W ~ t h  acquis~tion time reduced to 60 milliseconds in automatic. 
fast-acquisition tracking mode (20 milliseconds in manual mode), 
these high-speed microwave counters can significantly improve your 
measurement throughput. 

In bench-top applications, this high-speed throughput gives you 
fast measurement response. The liquid-crystal display (LCD) will up- 
date measurements rapidly to shorten your evaluation time. For ap- 
plications that require fast measurement response to source tuning, 
these counters are ideal solutions. 

In systems environments, the counters' fast measurement 
throughput also contributes to your overall system efficiency. Deliver- 
ing more than 100 measurements/second over HP-IB in automatic 
mode, the counters' systems performance saves you money by reduc- 
ing test time. 
1 GHzlsecond Tracking S W ,  Accurately Measuring 
Your Fast-Moving Signals 

Fast acquisition also offers you fast tracking speed, With acquisi- 
tion time below 60 milliseconds, these counters can track source drift 
to 1 GHz/second effortlessly. For example, in measuring the response 
of a voltage-controlled oscillator (VCO) to voltage-source tuning. 
these counters will track the changing frequency rapidly to measure 
the transfer characteristics. 
Option W30 Provides you with Convenient Service and 
Support For the Second and Third Year of Ownership 

In addition to the one-year service that H P  normally provides for 
all of its instruments, Option W30 gives you two additional years of 
support at the time of purchase. This optional support reflects HP's 
commitment to product reliability and customer satisfaction. 



ELECTRONIC COUNTERS 
High-Performance CW Microwave Frequency Counters (cont'd) 

HP 53508/53518/5352B Specifications 

lnput 1 
Frequency range: HP 53508: 500 MHz to 20 GHz 

HP 5351B: 500 MHz to 26.5 GHz 
HP 53528: 500 MHz to 40 GHz 
Option 005: 500 MHz to 46 GHz 

Sensitivity, in dBm (specification/typical performance @ 25OC) 
HP 53508/53518: 500 MHz to 12.4 GHz: -321-40; Option 002: 
-311-39; Option 006: -291-37. 
HP 53508153518: 12.4 GHz to 20 QHz: -271-35; Option 002: 
-251-33; Option 006: -231-31. 
HP 53518: 20 GHz to 26.5 QHz: -161-28; Option 002: -131-25; 
Option 006: -1 11-23. 
HP 53528: 500 MHz lo 26.5 QHz: -251-30; 26.5 GHz to 46 GHz, 
linear decrease to -101-15. 

Maximum input: +7 dBm. 
Damage level: +25 dBm; H P  5350B15351B Option 006: 500 MHz 
to 6 GHz + 39 dBm; 6 GHz to 18 GHz + 36 dBm; 18 GHz to 26.5 
GHz + 34.8 dBm. 
SWR (typical): 500 MHz to 10 GHz 2: 1; Option 002/006 2.5: 1. 

I0 GHz to 26.5 GHz 3:l; Option 002/006 3.51. 
26.5 GHz to 46 GHz 3 5 1 .  

Coupllng: dc to 50R termination, ac to instrument. 
Connector: Precision Type N femaIe (HP 5350B) 

APC-3.5 male with collar (HP 535 1 B/HP 5352B) 
APC-2.4 male with collar (Option 005) 

Accuracy: + 1 LSD t time-base error X frequency; see graphs 3, 5. 
Residual stability: when counter and source use common 10 MHz 
time base or counter uses external higher stabilitv time base. .3 LSD 
rrns typical for resolution 1 Hz - 1 k>z at 2 5 " ~ f  HP 53528 .7 LSD 
typical 26.5 - 40 GHz; LSD = least significant digit. 
Resolution: selectable 1 Hz to 1 MHz. 
FM Tolerance (see Graph 2: FM Rate Tolerance) 

Maximum deviation: Auto 20 MHz p p  (HP 5350BlHP 5351B) 
I2 MHz p p  (HP 5352B) 
9 MHz p p  (Option 005) 

Manual: 60 MHz p-p (HP 5350BlHP 
5351B) 
55 MHz p p  (HP 53528) 
55 MHz p p  (Option 005) 

Maximum FM rate: 10 MHz. 
Tracking Speed 

Fast-acquisition track: 1 GHz/s. 
Normal FM rate: 1 MHz/s. 
Low FM rate: 80 kHz/s. 

AM tolerance: any modulation index provided the minimum signal 
level is not less than the sensitivity specification. 
Modes of Operation 

Automatic: counter automatically acquires and displays highest 
level signal within sensitivity range. 
Manual: center frequency must be entered to within t 20 MHz or 
input frequency; t 3 MHz worst case below 1 GHz; increases mea- 
surement and data output rate. 

Automatic amplitude discrimination: automatically measures the 
largest of all signals present, providing that signal is >6  dB (typical) 
above any signal within 500 MHz; >20 dB (typical) above any signal 
within 500 MHz to 20 (46) GHz. 
Acquisition time 

Automatic modc: fast-acquisition track: <60 ms. 
normal FM rate: < I25 ms. 
low RM rate: < 1.25 s 

lnput 2 
Frcauency range: 10 Hz to 525 MHz. 
 ode of dpera%on 
SOR: 10 MHz to 525 MHz. 
1MR: 10 Hz to 80 MHz. 
Sensitivity: full operating environment: 
50R3 I0 MHz to 525 MHz, 25 mV rms: 15 mV typical @ 25OC; 
1 MR: 10 Hz to 80 MHz, 25 mV rms: 15 mV typical @ 25OC; 
Gate Time = I/resolution: 1 ms minimum. 
Resolution: selectable 1 Hz to 1 MHz. 
High resolution: IMQ mode: 0.001 Hz for < 100 kHz input; 0.01 Hz 
for < 1 MHz input; 0.1 Hz for < 10 MHz input; 1 Hz for > IOMHz 
input: 1 second gate. 
Accuracy: (See Graphs 4 & 5). +I LSD 

+ I 4 x ~ r i g g e r ~ r r n r ( ' )  * Time Base 
( Gate Time 

Impedance: selectable 1M R nominal shunted by <70 pF or 50 Q 
nominal. 
Coupling: ac. 
Connector: replaceable fuse, type BNC female. 
Maximum input: 5052: +I0 dBm; l M  R: 1V rms. 
Damage level: 50R or IMR dc - 5 kHz: 250 V (dc + ac peak); 
>5 kHz: 5.5 V rms (+ 28 dBm) + 1.25 X lo6 V rms/FREQ. 
Panel label: 5.5 V rms (+ 28 dBm). 
Time base output: 10 MHz and 1 MHz. 2.4 V square wave ac cou- 
pled into I kQ: I .5V p-p into 5OQ; available from rear panel BNC con- 
nectors whenever the instrument has ac power connected. 
External time base: I, 2, 5 or 10 MHz, 0.7 V min to 8 V max. p-p 
sine wave or square wave into > IKR shunted by < 30 pF, via rear- 
panel BNC connector. External reference automatically selected 
when signal is present. - 
General 
Display: segmented 24-character alphanumeric LCD (backlighted). 
Keyboard: set-up stored in STBY mode. 
Self-check: tests for correct circuit operation. 
Diagnostics: front-panel or HP-IB selectable. Display and Keyboard 
Lockout. Service Diagnostics and User Information. 
Data output: over HP-IB bus; varies with Frequency and Resolution. 

Auto mode: >I00 readingsls. I0 kHz resolution, no math func- 
tions, " D U M P  mode. 
Manual mode: > 120 readings per second formatted at 10 kHz reso- 
lution, no math functions "DUMP MODE". 

Math functions: result = measurement x scale + offset. 
Offset: measurement is offset by entered value. 
Scale: measurement is multiplied by entered value. 
Smooth: displayed resolution is determined using exponential aver- 
aging; displays only stable digits. 
Sample rate: variable from less than 50 ms between measurements 
to HOLD, which holds the display indefinitely or until trigger occurs. 
Display rate: 51s. variable over HP-IB. 
Overload indication: "OVRLOAD" A user message. 
Sleep mode: input 1 emissions reduced to <-70 dBm typical when 
sleep mode or input 2 is selected. 
IF output: rear panel BNC provides 30 - 110 MHz down-converted 
microwave signal at >-20 dBm into 50 R, ac coupled. 
HP-I8 interface functions: functions and diagnostics are program- 
mable; address-set at front panel, default switches on rear panel; 
teachllearn programming; IEEE 728 compatible command struc- 
ture; function subset SH I .  AH I, T5. L4. SRI, RLI, PPO, DCI. DTI, 
CO, El (see page 574). 
Reset/local: returns to local control. 
Operation temperature O0 C to 50' C. 
Power reauirements: I00 VA max. 

Manual mode: <20 ms. ~ i n e  re~edt: I O O  v (90-105 ~ a c  rms; 47.5 - 440 HZ). 
115/120 V (1041126 Vacrms;47.5-440 Hz). 
220 V (198-231 Vac rms; 47.5 - 66 Hz). 
2301240 V (207-252 Vac rms; 47.5 - 66 Hz). 

Accessorier furnish& power cord, manual. 
Size: 133H X 425 W x 358 mmD (5%" X 16%" X 14") 
Weight: l l kg (24 Ib). 
( ' 1  Tr~gger E m u  de,- S r m s  

lnput Slew Rate In Vls  at TrlgOer Polnt 
Where q = eWe*lva nm nolsa of counter's input channel (100 rV  (yplcal) 

Time Base (10 MHz). en = rms n& of the Input signal for a 500 MHz bandwkith 
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Graph 5. Uncertainty due  t o  t i m a b a s e  error. T imabase  error 
can be reduced by calibrating the  time base more frequently, or 
by using a time base with a slower aging rate. 

Ordering Information Price 
H P  5350B 20 GHz Microwave Frequency Counter $ 5 . 5 0 0 ~  
H P  5351B 26.5 GHz Microwave Frequency Counter 56,600 
H P  5352B 40 GHz Microwave Frequency Counter S 10,000 

Opt 001 Oven Time Base +5750 
Opt 002 Rear Panel Inputs (HP 5350B 51B only) d +$300 
Opt 005 Frequency Extension to 46 G z (HP 5352B $3,900 . - 
only) 
Opt 006 Microwave Level Limiter (HP 5350B151B 
only) 
Opt 010 High Stability Oven Time Base 
Opt 700 MATE Programming 
Opt 910 Additional Operating & Sewice Manual 
Opt 908 Rack Mount Kit for use with front handles 
removed 
Opt 913 Rack Mount Kit for use with supplied front 
handles 
Opt 1A3 Bellcore CLEI Barcode Sticker 
Opt W30 Extended repair service. See page 723. . - 

Additional ~ ~ u i ~ r n m t ' ~ v 8 i l a b l c :  
Transit Case (HP 921 1-2643) 
Waveguide (3" straight) a d a ~ t e r  WR28-APC3.5 (HP 05356-20217) 
waverguide ' (3" styaight) 'to coaxial adapt& W R ~ ~ - A P C ~ . ~  
(HP 05356-20216) 
Adapter - In series APC 3.5 Male to Male (HP 1250-1748) 
Adapter - In series APC 3.5 Female to Female (HP 1250-1749) 

For same-day shipment, call HP DIRECT at 800-538-8787. 



Microwave Counter/Power Meter 
HP 5347A, 5348A 

Quick and easy power and frequency measurements Built-in sensor calibration tables 
Portable Supports HP's power sensors 
Battery operation 

HP 5348A with optional soft carrying case and HP 8485A power sensor 

HP 5347A and HP 5348A Microwave 
Counter/Power Meter 

The HP 5347A and HP 5348A microwave counter/power meters 
offer the convenience of a single instrument that meets both your fre- 
quency and power measurement needs. The H P  5347A 
counter/power meter makes these measurements to 20 GHz, and the 
H P  5348A to 26.5 GHz. Both counter/power meters offer the accura- 
cy and resolution that previously required a stand-alone counter and a 
separate power meter. 

Measurements are easy. The HP 5347A and 5348A are designed 
for ease of use; they have only five function keys. They are rugged, 
lightweight, and battery powered. 
True Power Meter Pertormance 

As a power meter, the H P  5347A and 5348A offer excellent dy- 
namic range, linearity, and accuracy. They use the same proven pow- 
er sensors used with Hewlett-Packard's stand-alone power meters. 
Power sensors and accurate, wide range measurements go hand in 
hand. 

Power measurements can be made from -70 dBm to +20 dBm 
over a 10 MHz to 26.5 GHz frequency range. depending on the sen- 
sors used. Exceptional power meter linearity and low sensor SWR 
combine to give you outstanding measurement accuracy. The instru- 
mentation accuracy is +0.5% in linear mode or +0.02 dB in logarith- 
mic mode, making power meter uncertainty a negligible part of your 
total measurement error. 

Outstanding Frequency Measurements 
The frequency counter offers performance that rivals Hewlett- 

Packard's highest performance, stand-alone CW microwave coun- 
ters. The HP 5347A measures frequency from 10 Hz to 20 GHz, and 
the HP  5348A from 10 Hz to 26.5 GHz. You can select either I Hzor 
10 kHz resolution while measuring signals down to -35 dBm. 
Portable, Easy-t~-UW 

The HP 5347A and 5348A come in a rugged, lightweight, and 
portable package. Several features have been designed-in for quick 
and easy, portable measurements. An internal battery option, for ex- 
ample, provides up to two hours of cordless measurements. 
Designed for Measurement Ease 

How many times have you purchased test equipment only to find 
that you never use most of the available functionality? The excess 
functionality only clutters the front panel and makes measurements 
difficult. Hewlett-Packard recognizes the importance of quick and 
easy measurements to field service personnel. The HP 5347A and 
HP 5348A are designed for ease of use. 



Five Function Keys Simplify Operation 
Extra functions that can get in the way of making quick and easy 

power and frequency measurements, were designed out of the H P  
5347A and HP 5348A counter/power meters. As a result, only five 
function keys are required to make accurate frequency and power 
measurements. With only five keys, the chances of getting an incor- ?m 
rect reading due to instrument set-up is almost eliminated. 

You will find that little or no time is required to learn how to use 
these instruments. And, in case it is needed, a one-page guide for get- 
ting started is shipped with every instrument. 

No Need for Calibration Tables 
Average calibration tables have already been entered for you in the 

H P  5347A and HP 5348A. They are permanently stored in memory. 
You no longer need to spend valuable time trying to correctly enter 
power sensor calibration tables. Using average calibration tables re- 
sults in only a slight reduction in overall measurement accuracy. 

With the H P  5347A and 5348A. you do not need to enter the fre- 
quency used to make a power measurement. Simply take advantage 
of the built-in frequency counter to measure frequency. With the The internal battery allows measurements 
press of a single key, the frequency measurement is stored for use in cumbersome electrical cords. 
the power measurement. The stored frequency is then used to access 
the power sensor calibration factor in the permanently stored calibra- 
tion factor versus frequency tables. 

Internal Battery for Cordless Measurements 
An ootional internal batterv allows vou to make cordless measure- 

ments for up to two hours. ~ G e n  you are in the field, you do not need 
a power cord. Just walk right up to the output port and make your 
measurement. 

An external dc input is available for even greater flexibility in 
choosing a power source. At times it might be more convenient to 
operate the instrument from a dc supply. 

A Rugged Package for Tough Environments 
These instruments are designed to survive the harsh transportation 

and operation environments common to portable applications. Their 
membrane front panels keep dirt and moisture from entering the in- 
struments. An optional soft carrying case stores accessories, protects 
the unit during transit, and frees your hands to make measurements. 

For Benchtop and ATE Systems Too 
You will find that having frequency and true power measurements 

in a single portable package saves valuable bench space in a manufac- 
turing environment. The ease-of-use features will also be greatly ap- 
preciated. 

A rackmount kit and HP-IB option are available for using the 
HP  5347A or HP  5348A in an ATE system. 

One  easy-to-use instrument makes  the  job quicker and more 
convenient. 



Microwave CounterlPower Meter (cont9d) 

Counter Specifications 

lnput 1 
Frequency range: HP 5347A: 500 MHz - 20.0 GHz 

HP 5348A: 500 MHz - 26.5 GHz 
Sonsitlvltr: 

HP 5347A/48A: 500 MHz - 12.4 GHz: -32 dBm 
(-35 dBm typical) 
i2.4 GHz - 20.0 GHZ: -27 dBm 
(-32 dBm typical) 

HP 5348A: 20.0 GHz - 26.5 GHz: -20 dBm(-27 dBm typical) 
Maximum input: +7 dBm 
Damage level: +25 dBm, peak 
Connector: HP 5347A: N(f) 

HP 5348A: APC 3.5(m) 
Coupling: ac 
Accuracy: +LSD +time base error x frequency 

Accuracy specification applies from O°C to 50°C when 
using internal time base, O°C to 55OC with external time 
base. 

Resolution: 1 Hz or 10 kHz, selectable 
Tracking speed: resolution = I Hz, speed = I MHz/s 

resolution = 10 kHz, Speed = 1 GHz/s 
Acquisition time: resolution = 1 Hz, Time < 125 ms 

resolution = 10 kHz, Time < 60 ms 
Maximum deviation: 20 MHz p-p, automatic mode 
Maximum FM rate: 10 MHz 
AM tolerance: any modulation index provided the minimum signal 

level is not less than the sensitivity specification. 
TCXO time base: see page 1 16 for specifications 
External time base: 10 MHz, 0.7 V min. to 8 V max p-p sine wave or 

square wave into > 1 KR shunted by < 30 pF, via 
front panel BNC connector. 

Option 006 microwave level limiter 
Damage Level 
500 MHz - 6 GHz: 39 dBm 

6 GHz - 18 GHz: 36 dBm 
18 GHz - 26 GHz: 34.8 dBm 

Sensitivity, reduced by: 
500 MHz - 12.4 GHz: 3 dBm 

12.4 GHz - 20.0 GHz: 4 dBm 
20.0 GHz - 26.0 GHz: 5 dBm 

lnput 2 
Frequency range: 10 Hz - 525 MHz 
Sensitivity: 25 mV rms (1 5 mV rms typical) 
Impedance: 1 MR nominal shunted by < 70 pF (10 Hz - 80 MHz) or 

50R nominal (10 MHz - 525 MHz) 
Maximum input: +I0  dBm (50R input). I V rms ( I MR input) 
Connector: BNC (f) 
Coupling: ac 
Resolution: 1 Hz or 10 kHz, selectable 

Power Meter Specifications 
Frequency range: I0 - 26.5 GHz, sensor dependent 
Power range: -70 dBm - +20 dBm (100 pW - 100 mW), sensor- 
dependent 
Power sensors: HP 8481A, HP 8481D, HP 8484A. HP 8485A 

The HP 8481D is a direct replacement for the HP 
8484A 

Dynamk range: 50 dB in 10 dB steps 
Display units: Watts, dBm 
Resolution: 0.01 dB in logarithmic mode, 0.1 % of full scale in linear 
mode. 

Accuracy 
instrumentation: +0.02 dB or *O.5% 
Zero Set (digital setability of zero): *0.5 % of full scale on most 
sensitive range 

Power reference 
Power output: 1 .OO mW. Factory set to +0.7 '7% traceable to U.S. 
National Institute of Standards. 
Accuracy: * 1.2% worst case (+ 0.9% RSS) for one year. 

General 
Diagnostics: rear panel or HP-IB selectable, service diagnostics and 

user information 
Data output: 90 measurements per second, counter -varies with fre- 

quency 
(10 kHz resolution, DUMP MODE) 
18 measurements per second, power meter 

HP-IB Intertace Functions: SH I .  AH I, T5, L4, SRI, RLl, DCl, 
DTI. El (see page 578) 
Operating temperature O°C to 55OC 
Power requirements: 50 VA maximum 
Line select: l00V (90 - lO5Vac rms; 47.5 440 Hz); 

1 151 120V (104 - 126Vac rms; 47.5 -440 Hz); 
220V ( 198 - 23 1 Vac rms; 47.5 - 66 Hz); 
230/240V (207 -252Vac rms; 47.5 -66 Hz) 

External dc: 12 to 26Vdc. 40 W, binding post 
Battery (Option 002): 1-2 hours of operation (typical), 12 hours to 
charge (typical) 
Accessories supplisd: power cord, OperatingfProgramming Man- 
ual, power sensor cable (HP 11730) 
Size: 144 H x 325 W x 456 D ( 5 . 6 6 " ~  12.8" x 18.0") 
Weight: 9.lkg (201b); with battery, 10.4kg (231b) 

Ordering Information 
H P  5347A 20 GHz CounterfPower Meter 
H P  5348A 26.5 GHz CounterfPower Meter 
Options for HP 5347A and HP 5348A 

Opt 002 Battery Pack 
Opt 006 Microwave Level Limiter 
Opt 01 1 HP-IB Interface 
Opt 070 Soft Carrying Case 
Opt 913 Rack Mount Kit 
Opt 915 Service Manual 
Opt 916 Addition Operating/Programming Manual 
Opt W30 (HP 5347A) Extended repair service. 
See page 723. 
Opt W30 (HP 5348A) Extended repair service. 
See page 723. 
Opt W32 (HP 5347Af48A) Calibration service. 
See page 723. 

Power sensors 
H P  8481A Power sensor 
H P  8481D Power sensor 
H P  8484A Power sensor 
H P  8485A Power sensor 
HP Power sensor cables 
H P  1 1730A 1.5 meters (5 ft) sensor cable 
H P  117309 3.0 meters ( 10 ft) sensor cable 
H P  11730C 6.1 meters (20 ft) sensor cable 
H P  11730D 15.2 meters (50 ft) sensor cable 
H P  11730E 30.5 meters (100 ft) sensor cable 
H P  11730F 61.0 meters (200 ft) sensor cable 
Additional equipment available: 

Transit Case 921 1-2650 
(See page 7 12) 

For same-day shipment, call HP DIRECT at 800-538-8787. 

P r k e  
s7,950= 
$8.950 



Automatic measurements to 18 GHz/26.5 GHz 
Portability 
Wide FM tolerance 

HP 5342A & 5343A Microwave Counters 
Portability 

The HP 5342A and HP 5343A Microwave Counters provide auto- 
matic frequency measurement to 18 or 26.5 GHz in highly portable 
packages. The operating range of the HP 5342A can be extended to 
24 GHz with Option 005. 

Amplitude Measurements (Option 002, HP 5342A only) 
Option 002 adds the ability to measure and display the power level 

of the input in dBm. The I I-digit LED display presents amplitude 
measurement to 0.1 dBm resolution. Also, the same option extends 
the instrument's dynamic range to enable frequency measurements to 
+ 22 dBm. 

F M  Tolerance 
Measuring a carrier frequency while it is being frequency modulat- 

ed has broad appeal in the communication industry and elsewhere. 
Both the HP 5342A and HP 5343A can tolerate peak-to-peak FM 
deviation to 50 MHz. 

Digital-To-Analog Converter (Option 004) 
Option 004 lets you convert any three consecutive displayed digits 

(frequency or amplitude) into an analog voltage output on the rear 
panel. This makes the monitoring of microwave-oscillator-frequency 
drift easy to make with only a stripchart recorder. 

Scaling and Offset Functions 
The versatility of the microprocessor-controlled keyboard allows 

you to perform math functions by means of a few key strokes. Fre- 
quency values to 1 Hz resolution can be added to or subtracted from 
the measured frequency for IF offset application. The HP 5343A also 
offers an mx + b mode for both scaling and offset functions. 

HP 5342A Specifications 
Signal lnput 
lnput 1 
Frequency range HP 5342A: 500 MHz to 18 GHz 

HP 5343A: 500 MHz to 26.5 GHz 
Sensltlvitr: HP 5342A: 500 MHz to 12.4 GHz: -25 dBm 

12.4 GHz to 18 GHz: -20 dBm 
HP 5343A: 500 MHz to 12.4 GHz: -33 dBm 

12.4 GHz to 18. GHz: -28 dBm 
18.0 GHz to 26.5 GHz: -23 dBm 

Maximum Input: +7 dBm (See Option 002.003 for higher levels). 
Impedance 50, nominal. 
Connector: HP 5342A: Precision Type N female. 

HP 5343A: APC 3.5 male with collar. 
Damage level: +25 dBm, peak (See Option 006 for +39 dBm protec- 
tion). 

ELECTRONIC COUNTERS 
C W Mlcrowave Frequency Counters 

HP 5342A, 5343A 

Q 
Amplitude measurement in dBm (HP 5342A Option 
002) 
High input sensitivity 
Digital-to-analog converter (Option 004) 

Coupling: dc to load, ac to instrument. 
SWR: < 2: 1. (Typical) 500 MHz-I 0 GHz 

< 3:l. (Typical) 10 GHz-18 GHz126.5 GHz 
FM tokrance: switch selectable (rear panel) 

Wide: 50 MHz p-p worst case. 
Normal: 20 MHz p p  worst case. 
Narrow: (HP 5343A only) 6 MHz p p  worst case. 
For Modulation Rates from dc to 10 MHz. 

AM tolerance: any modulation index provided the minimum signal 
level is not less than the sensitivity specification. 
Automatic amplitude dlurimlnation: automatically measures the 
largest of all signals present, providing that signal is 6 dB above any 
signal within 500 MHz; 20 dB above any signal, 500 MHz-18 126.5 
GHz. 
 odes d Operation 

Automatic: counter automatically acquires and displays highest 
level signal within sensitivity range. 
Manual: center frequency entered to within *40 MHz of true 
value. 

Acquisition Time 
Automatic Mode 

Narrow FM 200 ms worst case (HP 5343A only) 
Normal FM 530 ms worst case 
Wide FM 2.4 s worst case 

Manual m& 80 ms after frequency entered. 
lnput 2 
Frequency range: 10 Hz to 520 MHz direct count. 
Sensitivity: 50 R: 10 Hz to 520 MHz: 25 mV rms. 
1 MR: I0 Hz to 25 MHz: 50 mV rms. 
Impedance: selectable 1 MR, <50 pF or 50 R nominal. 
Coupling: ac. 
Connector: type BNC female. 
Maximum input 50  R: 3.5 V rms (+24 dBm) or 5 V dc, fuse 

protected 
1 MR: 200 V dc + 5 V rms. 

Time Base 
Crystal t r e q v  10 MHz. 
Stability 

Aging rate: < 1 X 10-'/month. 
Temperature < a 1 X over the range O°C to 50°C. 
Short term: <1 X for 1 second averaging time. 
Line variation: < a 1 X lo-' for 10% change from nominal. 

Output frequency: 10 MHz, 22.4 V square wave (TTL compatible) 
1 .S p-p V into 50 R available from rear panel BNC. 
External time bau: requires 10 MHz. 3.0 V p-p sine wave or square 
wave into 1 kR via rear panel BNC connector. Switch selects either 
internal or external time base. 



122 Automatic Microwave Counters u HP 5342A a 5343A 

Optional Time Base (option 001) 
Crystal frequency: 10 MHz. 
Stability 

Aging rah: <5 X 10-I0/day after 24-hour warmup. 
Temperature: <7 X over the range O°C to 50°C. 
Short term: < 1 X 10-lo for 1 second averaging time. 
Line variatfon: < 1 X 10-lo for 10% change from nominal. 
Warm-up: <5 X of final value 20 minutes after turn-on, at 
? C O P  

Amplitude Measurement (opt 002) (HP S342A only) 
lnput 1 
F r e q w w  ring.: 500 MHz-1 8 GHz. 
Dynamlc range (frequmcy .nd lord) 

-22 dBm to +22 dBm 500 MHz to 12.4 GHz 
-1 5 dBm to +22 dBm 12.4 GHz to 18 GHz 

Maxlmum operating lev& +22 dBm. 
Damage level: +25 dBm, peak. 
Resolution: 0.1 dBm. 
Accuracy: * 1.5 dB (excluding mismatch uncertainty). 
SWR: <2: 1 Typical (amplitude measurement). 

<5:1 Typical (frequency measurement). 
Measurement tlme 100 ms + frequency measurement time. 
Display: simultaneously dis la s frequency to 1 MHz resolution and 
level. (Option 01 1 provides hl~frequency resolution on HP-18). 
lnput 2 (50 R impedance only) 
Frequency range: 10 MHz-520 MHz. 
Dynamic range (trequency and level): -17 dBm to +20 dBm. 
Damage level: +24 dBm. 
Accuracy: + 1.5 dB (excluding mismatch uncertainty). 
SWR: < 1.8: 1 Typical 
Measurement time: 100 ms + frequency measurement time. 
Display: simultaneously displays frequency and input level. 

Extended Dynamk Range (opt 003) (HP 5342A only) 
Frequency range: 500 MHz to 18 GHz. 
Sensitivity: 500 MHz to 12.4 GHz: -22 dBm. 

12.4 GHz to 18 GHz: -15 dBm. 
Maximum operating kvel: +22 dBm. 
Dynamic range: 500 MHz to 12.4 GHz: 44 dB. 

12.4 GHz to 18 GHz: 37 dB. 
Damage kvel: +25 dBm, peak. 
SWR: <5:1. 

Microwave Limiter (option 006) 
input 1 
Frequency range: HP 5342A: 500 MHz - 18 GHz. 

HP 5343A: 500 MHz - 26.5 GHz. 
Sensitivity: HP 5342A: 500 MHz - 12.4 GHz: - 21 dBm. 

12.4 GHz - 18 GHz: - 15 dBm. 
HP 5343A: 500 MHz - 12.4 GHz: -30 dBm. 

12.4 GHz - 18 GHz: - 24 dBm. 
18 GHz - 26.5 GHz: - 18 dBm. 

Maximum ornratina kvel: + 7 dBm. 
Damage leiel: 500 %HZ - 6 GHz: +39 dBm (8W). 

6 GHz - 18 GHz: +36 dBm (4W). 
(HP 5343A only) 18 GHz - 26.5 GHz: +34.8 dBm (3W). 

SWR: 2.5:*1, 500 MHz -- lo GHz. 
3.5:1, 10 GHz - 18 GHz126.5 GHz. 

Note: Option 006 is incompatible with Option 002, Option 003, and 
Option 005 for HP 5342A. Please consult factory special to 
combine Options 005 and 006. 

General 
Accuracy: 1 LSD a time-base error. 
Rewlution: front panel push buttons select 1 Hz to 1 MHz. 
Display: 11 digit LED display, sectionalized to read GHz, MHz, 
kHz, and Hz. 
Selfcheck: selected from front panel pushbuttons displays 75 MHz 
for resolution chosen. 
Frequency offset: selected from front panel pushbuttons. Displayed 
frequency is offset by entered value to 1 Hz resolution. 
Frequency multiply: (HP 5343A on1 ) (rnx +b) measured data is 
multiplied by any integer u to 99. 0 A e t  can then be added or sub- 
tracted. Front-panel selectagle. 
Totalize (HP 5343A only): input 2 can totalize at rates up to 520 
MHz. Readout on the fly is controlled by front panel or HP-IB. 

Sample rah: variable from less than 20 ms between measurements 
to HOLD which holds display indefinitely. 
IF out: rear panel BNC connector provides 25 MHz to 125 MHz out- 
put of down-converted microwave signal. 
Power requlrementr: 1001 120/220/240 V rms, +5%. - 10%. 48-66 
Hz; I00 VA max. 
Weight: net 9.1 kg (20 Ib). Shipping 12.7 kg (28 Ib). 
Size: 133 H x 21 3 W x 498 mm D (5.25" x 8.38" x 19.6"). 

S.kchd RroMlon (Hz) 

Graph 1. Uncertalnty due t o  selected resolution. 
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Graph 2. Uncertainty due to time base error can be reduced by 
calibrating the  tlme base more frequently, or by using a tlme 
base wlth a lower aging rate. 

Orderin Information 
HP 5341!Frequency Counter 
HP 5343A Frequency Counter 
Options and Acceswries (both models) 

Opt 001 High Stability Time Base 
Opt 002 Amplitude Measurement (HP 5342A Only) 
Opt 003 Extended Dynamic Range (HP 5342A Only) 
Opt 004 Digital-To-Analog Converter 
Opt 005 Frequency Extension to 24 GHz (HP 5342A . - 
Only) 
Opt 006 Limiter Input Protection (+39 dBm) 
Opt 011 Digital Input/Output (HP-IB) (Cable Not 
Incl) 
Opt 90% Rack Mounting Adapter Kit 
Opt 1A3 Bellcore CLEI Barcode Sticker 

For a comparable product, see the HP 5347 
counter/power meter on page 1 18. 
HP K70-59992A: Rack Mounting .Adapter Kit With 
Slot for access to front connectors from rear. 
HP 10842A: Extender Board Kit 

Price 
$1 1,000 
5 12,600 

+ $900 
+ 52.500 

+ $795 
+ 5400 
+ 5 500 

+ $850 
+ 6550 

+ $100 
+ $30 



Single input 10 Hz to 18 GHz 
Automatic amplitude discrimination 
High sensitivity -35 dBm 

ELECTRONIC COUNTERS 
Automatic Microwave Counters 

HP 5340A 

Optional extension to 23 GHz 
High AM and FM tolerance 
Exceptional reliability 

HP 5340A Frequency Counter 
The HP 5340A Frequency Counter is an easily used, versatile in- 

strument for direct measurement of frequencies from 10 Hz through 
18 GHz via a single input connector. 

The exceptional sensitivity of this instrument enhances measure- 
ment in the microwave field, where signals are commonly low-level 
and connected via directional coupler or lossy devices. 

Access to the HP  Interface Bus via Option 01 1 provides a flexible 
systems interface. The ability to program octave range through this 
input reduces acquisition time to less than 40 ms (typical). 

HP 5340A Specifications 

SlgnaI lnput 
Input 1 
Range: 10 Hz to 18 GHz. 
Symmetry: sinewave or squarewave input (40% duty factor, worst 
case). 
SensitMtr: -30 dBm, 10 Hz  to 500 MHz; -35 dBm. 500 MHz to 10 
GHz; - 2 < d ~ m ,  10 to 18 GHz. 
Dynamic range 37 dB, 10 Hz to 500 MHz; 42 dB, 500 MHz to 10 
GHz; 32 dB, I0 GHz to 18 GHz. 
Impedance: 50 R. 
VSWR: <2: 1, I0 Hz-12.4 GHz; <3:1, 12.4-18 GHz. 
Connector: precision Type N. 
Coupling: dc to load, ac to instrument. 
Damage level: +30 dBm. 

Total power (ac + dc) not to exceed 1 watt. See Option 006 for up to 
+39 dBm ~rotection. 

~ c ~ u i s i t i o n  time: < 150 ms mean typical. 
lnput 2 
Range: 10 Hz-250 MHz direct count. 
Sensitivity: 50 mV rms. 150 mV p p  pulses to 0.1 %duty factor; mini- 
mum pulse width 2 ns. 
Impedance: 1 MR shunted by <25 pF. 
Connector: type BNC female. 
Coupling: ac. 
Maximum input: 200 V rms, 10 Hz to 100 Hz; 20 V rms, 100 Hz to 
I00 klHz; 2 V rms, I00 kHz to 250 MHz. 
Automatic amplitude discrimination: automatically selects the 
strongest of all signals present (within 250 MHz to 18 GHz phase- 
lock range), providing signal level is: 6 dB above any signal within 200 
MHz; 10 dB above any signal within 500 MHz; 20 dB above any 
signal, 250 MHz -18 GHz (typical performance). 
Maximum AM modulation: any modulation index as long as the min- 
imum voltage of the signal is not less than the sensitivity specification. 

Time Base 
Crystal frequency: 10 MHz. 
Stability 

Aging rate <3 X lo-' r month. g. Short term: <5 X lo-' rms for 1 second averaging time. 
Temperature: <+2 X over the range of 0°C to 50°C. 
Line variation: < + I  X lo-' for 10% line variation from nominal. 

Output frequency: 10 MHz, 12.4 V square wave (TTL compatible) 
available from rear panel BNC. 
External time base: requires 10 MHz approximately 1.5 V p p  sine 
wave or square wave into 1 kR via rear panel BNC. Switch selects 
either internal or external time base. 
Optional time base (opt 001) aging <5 X per day after 
24-hour warm-up for less than 24 hour off-time. 

Qeneral 
Accuracy: 1 1  LSD * time-base error. 
Resolution: front-panel switch selects 1 Hz to 1 MHz. 
Display: eight digit LED with positioned decimal point and appropri- 
ate measurement units of kHz, MHz, or GHz. 
Self check: counts and displays 10 MHz for resolution chosen. 
Sample rate controls time between measurements. Continuously ad- 
justable from 50 ms typical to 5 seconds. HOLD position holds dis- 
play indefinitely. RESET button resets display to zero and activates a 
new measurement. 
HP-IB interface (urntiom: SH1, AHI, TI ,  L2, SLl ,  RL2. PW, 
DCI. DTI, CO, El (see page 574). 
Operating temperature: O°C to 50°C. 
Power: 1 15 V or 230 V +5%, -lo%, 48-66 Hz, 100 VA. 
Weight: net, 11.3 kg (25 Ib). Shipping. 14.1 kg (31 Ib). 
Size: 88.2 H x 425 W x 467 mm D (3.47" x 16.75" x 18.39") 

Ordering Information 
H P  5340A Frequency Counter 

Opt 001 High Stability Time Base 
Opt 002 Rear Panel Connectors 
Incompatible with Option 006. Consult factory spe- 
cial to combine these Options. 
Opt 005 Frequency Extension to 23 GHz 
Incompatible with Option 006. Consult factory spe- 
cial to combine these Options. 
Opt 006 Limiter lnput Protection (+39 dBm) 
Incompatible with Option 002 & Option 005. Consult 
factory special to combine these Options. 
Opt 01 1 Remote Programming-Digital Output 
(HP-IB) 
Opt 908 Rack Flange Kit 
Opt 1A3 Bellcore CLEI Barcode Sticker 

Price 
518,100 
+ $950 
+ 5230 



ELECTRONIC COUNTERS 
Pulse/CW Microwave Frequency Counter 
HP 53618 

Frequency extensions to 26.5 GHz, 40 GHz, and built- 1 Hz resolution on pulsed and CW signals 
in frequency profiling Up to +50 dBm pulse level protection (optional) 
Measure frequency (pulsed or CW), PRI, PRF, pulse 60 ns minimum pulse width 
width, offtime, and frequency profiles directly Measurements down to 1 Hz PRF 

DESIGNED FOR 
MATE 

SYSTEMS 

I - 
c3 t.7 r - - r-. .- m: ,+ r3 r 

- - r n n i  - - - - - 
HP 53618 

HP 53618 Universal Counter 

Make All Your Frequency Measurements with One 
Microwave Counter 

The HP 5361 B was designed for both high precision pulse and CW 
performance. It is the only pulse/CW microwave counter with fre- 
quency of frequency modulation profiling built-in. Characterize sys- 
tems or components of radar, EW, and communications. Lower your 
equipment cost by eliminating the need for a separate CW counter, 
pulse generator, and computer. 

Precision pulse measurement prorid.r accuracy to spare 
The HP 5361 B measures 40 GHz pulsed microwave signals with up 

to 1 Hz resolution. Six separate pulse microwave measurements are 
available to characterize your signals: frequency, PRF, PRI, pulse 
width, off-time, and frequency profiling. 

True CW performance at no extra cost 
Count CW signals from 10 Hz to 40 GHz. with 1 Hz resolution. 

Resolution imprives to 0.001 Hz at 100 kHz. &her CW counter fea- 
tures include Fast Track and Low FM Rate. Fast Track enables the 
counter to measure a signal that is sweeping at  up to 800 MHz/s 
when characterizing a VCO or DTO. Low FM Rate allows measure- 
ments on a signal that is varying slowly in frequency. 

Frequency profiling made easy and inexpensive 
Intentional or unintentional FM on your carrier, such as a chirp, is 

easy to measure and plot with the H P  5361B and a printer. The func- 
tion Profile, with a printer, makes it possible to accurately determine 
the frequency vs. time characteristics of your pulsed or CW signal. 
replacing a computer, pulse generator, and much software. 

Automatic menurefnenh simplify testing. 
The HP 5361 B's "suite" of automatic features, Auto-Suite, is de- 

signed to make your testing easier. The counter performs many auto- 
matic operations that must be done manually in other counters. All 
you need to do is connect your signal and choose the function, and the 
counter does the rest. Automatic features include the following: 

Auto-Calibration- A major calibration is performed internally at  
power up, or on command. No external connections are needed. 
Auto-Assess- Determines if the signal is pulsed or CW and shifts 
to the correct measurement routines. 
Auto-Acquire- Automatically acquires a signal from 500 MHz to 
40 GHz. 
Auto-Gate- Sets the gate width for CW signals (dependent on the 
selected resolution). Pulsed signals are provided a gate width calcu- 
lated to minimize measurement errors. 
Auto-PRF- Allows you to measure the carrier frequency of signals 
with stable or changing PRIs, from 2 MHz to 50 Hz. A low-PRF 
mode enables measurements to 1 Hz PRF. 

Auto-Position- Positions the gate inside the microwave pulse so 
that turn-on and turn-off transients do not corrupt the measure- 
ment. 
Auto-Track- After a CW signal has been acquired, the H P  5361 B 
tracks a signal sweeping up to 800 MHz per second in Fast Track. 
Auto-Resolution- No calculator needed. You set the resolution and 
the counter calculates the number of pulses to average for the true 
requested resolution. And smoothing improves resolution. 
Auto-indicate- Displays the measurement and indicates whether 
the signal is pulsed or CW. 

Scope-View gives you confidence in externally gated 
measurements 

V~ew the exact position of the measurement on any 100 MHz oscil- 
loscope. For externally gated measurements, there is always a con- 
cern that the gating signal may not coincide with the microwave 
pulse. Scope-View enables you to easily set up an externally gated 
measurement because you can see the downconverted pulse with a dc 
offset at  the actual measurement interval. 

Figure 1. Sat up externally gated measurements with contl- 
dence using Scope-View. 



Built-in Profiling R t d u m  Costs and Simplifies 
Measurements 

Figure 2. Have the  power of a frequency profiling system on  
your bench wlth the  HP 53618 and a printer. 

Demanding designs require you to know mom .bout your 
signals 

Frequency profiling is becoming more important as demands are 
increased on radar, EW, transponder. and communication equip  
ment. Unwanted frequency pertubations on a switching voltage 
controlled/ digitally tuned oscillator (VCOfDTO) degrade perform- 
ance. If the linearity of a chirp deviates too much from the desired 
characteristics, the range side lobes will be out of spec. Characteriz- 
ing frequency transients, modulation, and linearity is key to lowering 
costs and increasing performance in future systems. 
Built-in profiling Is Inexpensive 

Previously, frequency profiling required a microwave counter, 
pulse generator, computer, software, and much interconnection. The 
PROFILE function provides the capability to make frequency mea- 
surement inside a pulse with no extra equipment, other than a printer. 
The printer is used to output a plot of the frequency vs. time (see 
figure 2). 
Easy-to-use becauu H h au(om8tk 

An external gate is not needed for pulsed signals. Pushing the 
PROFILE key starts the profiling function. The signal is acquired, 
the pulse width measured, then frequency profiling is started. When 
the profile is finished, it is sent to the printer for a permanent hardco- 
PY. 
The most accurate method d m m  prdiling 

Gating error is an inherent part of most counter architectures. This 
can be a small but consistent error of less than 100 ps. The algorithms 
and hardware associated with PROFILE reduce this gating error to a 
negligible amount providing more accurate measurements. 

The Cost-effective Choice tor Manutacturing and 
Service 

Test software to control the H P  5361B can be written two different 
ways. The counter can be controlled by easy to remember English- 
like commands, or Hewlett-Packard's Interactive Test Generator 
(ITG, see below). 
ITQ: The easiest way to gonor.1. tost soflw8re-use a mouse 

Interactive Test Generator (ITG) can be used to generate test 
software for the H P  5361B. This allows using a mouse for easy code 
generation for a rack of HP  instruments. The mouse is used to invoke 
different functions on graphical front panels, displayed on a comput- 
er. 
High-speed throughput lowers produdon costs 

The counter can also produce results at  rates up to 100 measure- 
ments per second. The improved efficiency saves you time and money 
by letting you test more devices for a given time. 

Extended allbration cydes keep the HP SSIfB working and 
out of the calibration lab 

The only periodic maintenance required for the H P  5361B is time- 
base calibration. Complete internal calibration is performed at  power 
up or upon command. To keep the counter out of the calibration lab 
even longer. Option 001 or 010 can be included. Option 010 extends 
the calibration cycle to five years, and still provide kHz measurement 
accuracy on a 40 GHz frequency measurement. 

The Power Required for R ID  on Tomorrow's Radars, 
VCOs, and DTOs 
Measures simple panmeters enlly; flexible enough tor 
complex signals 

The HP 536 1 B makes frequency, timing, and profiling measure- 
ments at the touch of a button. The counter also makes more complex 
measurements. You can measure the carrier frequency of agile sig- 
nals, staggered PRIs, or the frequency transients in a pulsed or CW 
signal. 
Frequency modulation on the pulse (FMOP) Is easy and 
inexpensive to quantify 

Frequency profiling a radar chirp to determine linearity or charac- 
terizing the droop when turning on a high power stage is easy with the 
H P  5361 B's PROFILE function and uses much less equipment. 
One counter measures radar pulse parmeters and the STALO 

The HP 5361 B features state-of-the-art pulse microwave measure- 
ments without sacrificing its CW performance. This counter can 
characterize your radar pulse, and has the needed features for mea- 
surements that require high-CW precision, such as testing the Stable 
Local Oscillator (STALO). The counter measures with 1 Hz resolu- 
tion up to 40 GHz. 
Resist Input burnout with a hlgh damage level 

Option 006 extends the damage level to +50 dBm for pulses of 1 p 
second and less, or approximately +40 dBm for CW signals. The 
standard damage level. and damage level above 26.5 GHz, is +25 
dBm, more than enough for lower power applications. 
The right mix ol features simplifies VCO and DTO tosting 

The HP 5361 B has features to accurately and easily test VCOs and 
DTOs. PROFILE lets you measure the step response with gate 
widths down to 11 ns. Post-tuning drift and settling time can also be 
measured in this way. Fast Track is useful for measuring tuning lin- 
earity because it tracks a signal that is moving at  up to 800 MHz per 
second. The counter outputs results a t  up to 100 readings per second. 

Figure 3. Measure all your signals, from the  STALO to the  out- 
put pulse, with the  HP 53618. 



I3 PulseICW Microwave Frequency Counter (cont'd) 

Summary Specifications 
Functions 

Frequency (Pulse or CW), frequency profiling, PRF. PRI, pulse 
width. and offtime 

lnput characteristics 

Input 1 (50 R) Input 2 (1 MR) Input 2 (50 R) 
Frequency nnge 500 MHz-20, 10 Hz-80 MHz 10 MHz-525 MHz 

26.5.40 GHz 
Sensltlvlty 25 mVrmS 25 mVrmS 

0.5-12.4 GHz -28 dBm 
12.4-20 GHz -23 dBm 
0.5-26.5 GHz (opt. 026, 040) -20 dBm 
26.5-40 GHz (opt. 040) dBm = 0.37 x f(in GHz)-29.8 

Frequency (INPUT 1) 
Automatk & manual aequlsltlon: 
500 MHz - 20 GHz; 
500 MHz - 26.5 GHz (opt. 026); 
500 MHz - 40 GHz (opt. 040) 
Least signlticant digit: 1 MHz to I Hz for frequency. 0.001 Hz for 
PRF. 
Pulse frequency measumnmh 

Pulse width (minimum): manual mode- 60 ns; auto mode- 100 ns 
Pulse rep treq: minimum-l Hz; maximum- 2 MHz 
Measurement time, resolution, accuracy: see datasheet 

CW frequency measurements 
FM tolerance: 5 5  M H z  p-p 
Tracking sped  (fast acquisition ): 800 MHz/s 
Acquisition time: manual mode- <40 ms; automatic mode, fast 
acq.- c I00 ms 
Gate times (1 Hz resolution): 200 to 1000 ms 
Measurement time: 28.5 ms, (in Dump Mode) 
Accuracy: See datasheet 

Pulse parameters (INPUT 1) 

i (20 ns) x (PRF)' 
i LSD i time base 

Profile (INPUT 1) 
Frequency range (min/max for Y axh): 500 MHz/40 GHz 
FM chirp tolerance (Max span for Y axis): 50 MHz p-p 
Time range (min/max span tor X axis): 100 ns/ I0 ms 
Time resolution: 1 ns 
Internal gate width: minimum: l l to 23 ns 

typical minimum: 14 ns 
External gate width (minimum): manual acquisition 20 ns 

auto acquisition 60 ns 
Number of data paints: Up to 100 
Protile frequency measurements 

Printers supported: HP 2225A. H P  22279. H P  3630A. opt. 002 
Protile phase measurements: see Application Note 377-4 for de- 

tails. Computer required. 
Frequency (INPUT 2) 
Range: 10 Hz to 525 MHz 
Accuracy: 0.001 Hz to I Hz 
Resolution/LSD: 0.001 Hz to 1 Hz 

Options 
Option 001 oven time bauk aging rate < 5 X l@1° per day 
Options 006, increased damage level: pulsed- + 50 dBm (100 
watts) peak; CW- +39 dBm (8 watts) 
Option 010 oven time base: aging rate < 7 X l@1° per week 
(Standard time base: aging rate < 1 X 10.' per month) 
Option 026: frequency extensions for input 1 to 26.5 GHz 
Option 040: frequency extension for input 1 to 40 GHz 

Ordering Information 
H P  5361B Pulse/CW Microwave Counter 

Opt 001 Oven Time Base 
Opt 006 Microwave Limiter 
Opt 010 High Stability Time Base 
Opt 026 26.5 GHz Frequency Extension 
Opt 040 40 GHz Frequency Extension 
Opt 700 MATE Interface 
Opt 908 Rackmount kit for use with front handles 
removed 
Opt 910 Additional operating and programming 
manual 
Opt 913 Rackmount kit for use with supplied front 
handles 
Opt 915 Service Manual 
Opt W30 Extended repair service. See page 723. 
Opt W32 Calibration service. See page 723. 

Price 
$1 1,900 

+$950 
+$950 

+5 1,500 
+$2,600 
+$7,000 

+$750 
+$34 

+$80 

+$83 

+$200 
+$3 15 
+$525 



ELECTRONIC COUNTERS 
Pulse and CW Microwave Frequency Counters 

HP 5345A/5355A/5356A,B,C,D 

Pulse microwave measurements, 400 M H z  to 110 G H z  100 H z  measurement resolution 
CW measurements, dc to 110 G H z  75 nanoseconds minimum pulse width 
-25 dBm sensitivity 20 nanoseconds minimum external gate 

Extending the  frequency range of CW and pulse measurements t o  100 GHz. DESIGNED FOR 
MATE 

SYSTEMS SYSTEMS 

Pulse and CW Measurements to 110 GHz 
HP 5355A Automatic Frequency Converterl5345A Counter, to- 

gether with the HP 5356A. 5356B. 5356C. 5356D Frequency Con- 
verter Heads, provide pulse and CW frequency measurement 
capability to 18,26.5,40, and 110 GHz respectively. The HP 5355A's 
internal microprocessor controls the measurement algorithm, com- 
putes the input microwave frequency, and displays the result on the 
HP 5345A with 11 digits of resolution. 

Automatic Pulse Detection 
This I I0 GHz counter is a versatile tool for characterizing pulsed 

signals. Internal pulse-detection circuitry (Figure 1) can detect in- 
coming R F  bursts as short as 75 nanoseconds and generate a mea- 
surement gate for the counter. With this internally-generated 
detection gate, the counter can then measure the average frequency - - 
of the  burst. 

Figure 1 .  Automatic Pulse Detection 

Sensitivity, FM Tolerance, Automatic Amplitude 
Discrimination 

I1 P's pul\e counters have sensitivity performance to -25 dBm. 
making measurement of low-level microwave and millimeter-wave 
signals reliable and accurate. For signals with frequency modulation, 
these counters also offer high peak-to-peak amplitude discrimination 
automatically measures the signal with the highest amplitude. 

Exceptional Resolution, High Accuracy 
You can select the measurement gate time of this counter from 50 

nanoseconds to 1000 seconds. Increasing the measurement gate time 
increases the resolution of measurement results. In fact, this counter 
can measure a 110 GHz signal with resolution down to 100 Hz and 
accuracy as good as 3 kHz in pulse mode. This performance can im- 
prove to 1 Hz in CW mode. 

Even if your application requires narrow external gates, the 
counter can still achieve fine resolution through an automatic fre- 
quency averaging scheme (Figure 2). When the measurement gate is 
longer than the external gate, the counter will automatically take sev- 
eral measurements of the repetitive signal. It will then average the 
results to yield better resolution. The measurement process is com- 
pletely automatic-making the counter easy to work with. 

INPUT 
SIGNAL 

U 4 
M A O E O ~ E R  

GATE 
- - - - THIS PORTION 

CONTROL O r  PRP INPUT 

INPUT 

Figure 2. Frequency averaglng t o  increase resolution 

Systems Performance, 9000 Measunments/Second 
These counters are fully programmable over HP-18. Measurement . .  - 

throughput of 9000 measurements/second saves you money by reduc- 
ing test time. 



Pulse/CW Microwave Frequency Counter (Cont'd) 

Condensed Specifications 
lnput Speclflcatlons (pulse and CW mode) 

HP 5356A HP 53568 HP 5356C HP 5356D 
Frequency Range 1.5-18 GHz 1.5-26.5 GHz 1 . 5 4  GHz 36-110 GHz 
Sensitiv~ty 
1.5-12.4 GHz -20 dBm -20 dBm -25 dBm -- 
12.4-18 GHz -15 dBm -15 dBm -20 dBm -- 
18-26.5 GHz -- -15 dBm -20 dBm - 
26.5-34 GHz -- - -15 dBm - 
34-40 GHz - -- -10 dBm - 
3650 GHz - - -- -20 dBm 
40-60 GHz - -- -- -15 dBm 
50-75 GHz - - -- -10 dBm 
75-95 GHZ -- -- -- - 7 dBm 
95-105 GHz -- - - - 5 dBm 
1011 10 GHz - - -- - 3 dBm 
@ Maximum 

lnput 
1.5-12.4 GHz t 5  dBm t 5  dBm t 5 dBm -- 
12.4-18 GHz t 5  dBm t 5  dBm t 1 5  dBm -- 
18-26.5 GHz -- t 5  dBm t 1 5  dBm -- 

36-110 GHz I -- -- -- I t 5 d B m  

@ Damage Level I t 2 5  dBm peak I t 2 5  dBm peak I t 2 5  dBm peak I t 2 4  dBm peak 
t 2 0  dBm CW 

Impedance 50 0 NOMINAL 50 R NOMINAL 50 R NOMINAL Waveguide 
SWR (TYPICAL) 
1.5-10 GHz ' t 2 1  t 2 1  t 2 1  -- 
10-18 GHz <31 t 3 1  t 3 1  -- 
18-26.5 GHz -- <31 t 3 1  -- 
26.5-34 GHz -- -- t 3 1  -- 
34-40 GHz -- t 5 1  -- -- 
36-110 GHz I -- -- -- I t 3 1  
Connector I N Male I SMA Male I APC 3.5 Male 1 Waveguide 

6l HP 5356AlB See O~tlon 006 for h W  d0mW DrOtectlan to + 39 dBm - . 
1.54 GHz. +O dBm'(+5 dBm. T Y P ~ A L )  
6-12.4 GHz. +5 dBm 

CW Mode 

TIME t 5345A Sample Rate t 125 ms. 

Gate Time > 100 ms: Acquisition time t HP 5345A GATE 
TlME + HP 5345A Sample Rate + 35 ms 

Tracking Rate -- 1 100 MHzJs 
I \ '  " '-"-I 

LSD Displayed 1 Hz t HP 5345A Gate Time 
Resolution a2 x LSD rms x FREQ 

1 Accuracy 1 *2 X LSD tl x 10-lo rms X FREQ a time base error X FREQ I 
@ 100 ms (Input IMI -5 to +5 dBm). 

300 ms (Input l ed  -15 to -5 dBm). 
400 ms(Input level -20 to -15 dBm). 

P u l r  Mode 

HP 53UIA/B/C/D HP 5356AIBICID 
Input Auto Mode Input Man Mode 

FM Tolerance 50 MHz p-p Chrrp 80 MHz p-p Ch~rp 
(TYPICAL) 

Acquisition Time HP 5356AIBlC Input Man Mode: 0 
(TYPICAL) HP 5356MB Input Auto Mode: 100 ps + (EXT GATE WIDTH 

x PRF) + 650 ms for EXT GATE 5 100 ps (2 + PRF) t 650 
ms for EXT GATE > 100 ps 
HP 5356C lnput Auto Mode: (8 + PRF) t 1.55s t 100 ps 
t (EXT GATE WIDTH x PRF) for EXT GATE 5 lOOs (10 t 
PRF) t 1.55s for EXT GATE > 100 fi  
HP 5356D -5 to t 5  dBm: (X) = 2.5 
HP 5356D -15 to -5 dBm: (X) = 3.5 
HP 5356D -20 to -15 dBm: (X) = 4.5 

( X ) s t 2 (  l00ps )ForEXTGATE(100ps 
EXT GATE WIDTH X PRF 

(X)s t 2 For EXT GATE > 100 ps 
m 

I 1. HP 5356D Limited Search: (X) = 1: Range .I to 6 GHz or ( 
1 *3 GHz from center frequency 

Calibration Time I ( HP 5345A GATE TIME ) t 75 ms 
EXT GATE WlDTH x PRF 

Performed during 10 consecutive measurements when 
PULSE Mode is selected, after anv front  ane el change. or 
when the EXTERNAL GATE width ;hanges by more rhan 
12%. Only calibrates if External Gate IS t l 0 0  ps. 

Measurement Time Acquisition Time Acquisition Time + Calibration Time I (TYPICAL) 1 t Calibration Time tHP 5345A SAMPLE RATE t 60 ms 
+ HP 5345A t (1 us t HP 5345A GATE TIME) 

I 
. . 

SAMPLE RATE I t HP 53451 GATE I EXT GATE WIDTH X PRF 
' 

I 
TIME or 100 JIS 

(whichever is greater) 

I EXT GATE I WIDTH X PRF t 1 
1 100 ms 

Pulse Width Min: I 100 ns 
(150 ns. HP 53560 

Max: 20 ms '  

Pulse Repetition 
Frequency Min: 

Max: 
Minimum OnIOFF I RATIO I 25 dB TYPICAL 

Maximum Video 
Feed-Through 15 mV p-p TYF'ICAL for rf burst rise and fall times > 10 ns I 1 for HP 5356AlBlC. No limitation for HP 5356D (Waveguide 

~ .d 

beyond cutoff). 
Minimum EXT 
GATE WlDTH 20 ns 

I LSD Displayed 1 1 Hz + HP 5345A GATE TIME I 
Resolut~on s 2  x LSD a 100 HZ rms a 

(1 + ~ H P  5345 GATE TIME X EXT GATE TIME WIDTH) @ 
Accuracy *2 X LSD 4 0 0  Hz rms 

(1 t dHP 5345 GATE TIME X EXT GATE TIME WIDTH) @ 
+ 04 t 3  KHz 

EXT GATE WlDTH 
I *Time base error X FREQ 
@ For (HP 5345 GATE TIM€) 2 10 ms end WLSE WIDTH 2 10 ,US. W. 

tlOO Hz r (A + dHP 5345 GATE TlME X MT GATE WIDTH) 

For MT GATE SIQMIS QOnerated by the HP MSbA. MI MT GATE WIDTH qWtM Input PULSE 
WlDTH mlnuo 30 no rPlPlCAL1 for the HP 5356AIBICID lnwl md wurls lnwl PULSE width . - -  
minus 05 no (TYPICAL) for the HP 5355A 0.4-1 5 GHz Input 



Graph 1. Uncertainty (2 X LSD) due  t o  selected 5345A gate  
time. 
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Graph 2. Uncertainty, due  t o  time-base error. Time-base error 
can b e  reduced by calibrating the time base more frequently 
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Graph 3. Uncertainty d u e  t o  jitter (rms jitter) and gate  error 
( .04 3 k ~ z )  
EXT GATE WIDTH 

Input Specifications 
5355A 0.4 - 1.6 GHz (condensed) 
Sensitivitr: -1 5 dBm. 
Maximum Input: +5 dBm. 

Impedance: 50 R nominal. 
Damage level: +24 dBm peak (fuse in BNC connector). 
Pulse width: 150 ns to 1 s 

Pulse repetition rate: 1100 Hz to 2 MHz. 

60 MHz ---- 

1 MHz 

I 1 I 
30 Hz 2 kHz 10 MHz 

Figure 6 HP 5356D FM Tolerance 

Ordering Information Price 
HP 5345A Electronic Frequency Counter 514,500 
HP 5355A Automatic Frequency Converter 5 10,000 
HP 5356A 18 GHz Frequency Converter 53,100 
HP 53568 26.5 GHz Frequency Converter $3.100 
HP 5356C 40 GHz Frequency Converter 54,000 
HP 5356D 36-1 10 GHz Harmonic Mixer Driver 58.500 
Options tor HP 5345A 

Opt 011 HP-IB includes remote programming +$1,500 
Opt 012 HP-IB similar to Opt 01 1. but also includes +5 1,600 
slope and trigger level controls 
Opt 700. Test Module Adapter (TMA) for MATE +55,750 
System 
Opt 908 Rack Flange Kit, HP 5060-8740 +565* 

Options tor HP 5356A 
Opt 001 High Pass Filter +S320 
Opt 006 Limiter +$600 

Options tor HP 53566 
Opt 001 18-26.5 GHz Waveguide (WR-42) +S1,050 
Opt 006 Limiter +5520 

Option tor HP 5356C 
Opt 001 26.5-40 GHz Waveguide (WR-28) +5940 

Options tor HP 5356D (requires an HP 5355A with 
S /N prefix greater than 2620 - xxxxx and one of the 
following mixer options) 
Opt 005 (two HP 5061-5458 parts) 2 cables to +$230 
connect HP 5356D to HP 1197Q/U/V or W 
Opt 050 (HP 11970Q) 36-50 GHz Harmonic Mixer +51,700 
Opt 060 (HP 11970U) 40-60 GHz Harmonic Mixer +51,850 
Opt 075 (HP 11970V) 50-75 GHz Harmonic Mixer +52,250 
Opt 110 (HP 11970W) 75-1 10 GHz Harmonic +52,500 
Mlxer 

For same day shipment, call HP DIRECT at 800-538-8787. 



ELECTRONIC COUNTERS 
Low Cost Counters for Frequency Measurements 
HP 5384A, 5385A, 5386A 

Frequency measurements to 3 GHz (HP 5386A) HP-IB standard 
Up to 11 digits of resolution, 9 digits per second Systems performance and portability 
-23.5 dBm sensitivity 

HP 5386A: 10 Hz to 3 ~ ~ z ( p i c t u r e d  above). 
HP 5385A: 10 Hz to 1 GHz (not shown). 
HP 5384A: 10 Hz to 225 MHz (not shown). 

HP 5384A/5385A/5386A Frequency Counters 
The HP 5384A/85A/86A are HP's lowest priced system frequen- 

cy counters. They provide outstanding measurement performance for 
bench, field, and systems applications. Combining wide frequency 
range, high resolution, high sensitivity, and HP-IB compatibility, 
these counters compare with instruments which cost much more. 
Portable: The  half-rack-width package makes the H P  
5384A/85A/86A portable and saves rack or bench space. 
Versatile Dlsplay: The twelve-digit, liquid-crystal display has larger 
characters than other LED displays and is easier to read in sunlight. 
The added feature of remote display extends the usefulness of these 
counters beyond that of simply making and displaying frequency 
measurements. User-friendly messages, prompts and measurement 
units can now be displayed. 
Low Cost Of Ownership: Integrated design and extensive self-tests 
result in greater reliability, easier serviceability, and ultimately lower 
cost of ownership. 

Performance 
If your frequency measurement needs are below 3 GHz, the HP  

5386A will provide you with the basic performance of traditional mi- 
crowave counters, at  about half the price. The H P  5386A measures 
frequencies from 10 Hz to 3 GHz with only two input ports, instead of 
the three ports found with other counters. The high-frequency input 
measures frequencies from I00 MHz to 3 GHz with -23.5 dBm sensi- 
tivity (15 mV rms). In addition, prescaling techniques offer peak-to- 
peak FM tolerance of at  least 100 MHz for your communications 
applications. You can select the number of digits displayed from 3-to- 
11 to blank meaningless digits from an unstable signal source. The 
H P  5386A also solves your systems problems with full remote 
programmability (via HP-IB standard feature) and remote display 
capabilities. The high-stability timebase option will lengthen the re- 
quired calibration period (for kHz accuracy at  3 GHz) from six 
months to a full year. 

Applications 
The H P  5386A fits well in the following application areas for local 

oscillator, IF, and radio transmitter frequency measurements: 
Military and private communications 
TACAN, DME. and Identify Friend or Foe 
Global Positioning System 
MDS Television 

Condensed Specifications 
lnput Channel A (HP 5384A/85A/88A): 1 MQ / /  25 pF. 

Range: 10 Hz to I00 MHz. 
Sensitivity: 15 mV rms sine wave 50 Hz (10 Hz for HP  5386A) to 
100 MHz; 45 mV peak-to-peak 5 ns minimum pulse width: HP  
5384A/85A only: 25 mV rms sine wave 10 Hz to 50 Hz. 
Dynamic range: 45 mV to 4 V peak-to-peak X attenuator setting. 
Attenuator: X 1 or X20 nominal above 50 Hz input. 
Low pass filter: 100 kHz nominal 3 dB point. 
Manual trigger kvel: variable, -0.1 V to +0.1 V X attenuator. 
Damage level X l :  10 - 200 Hz 350 V (dc + ac peak). 

0.2 - 420 kHz 170 V (dc + ac peak). 
0.42 - 10 MHz (5 X 10' V rms Hz)/FREQ. 
>IOMHz 5Vrms .  

X2O: < l MHz. Same as XI: > l MHz. 50 V rms. 
lnput chanml B (HP 5384A): 50 ohm. 

Range: 50 to 225 MHz. 
Sensitivity: 10 mV rms 50 to 200 MHz; 15 mV rms 200 to 225 
MHz. 
Dynamk range: 10 mV to 1 V rms. 
Manual attenuator: variable, XI to X5 (0 to 14 dB) nominal. 
Damage level: 350 V dc + 5 V rms ac. 

lnput Channel B (HP 5385A): 50 ohm, fused. 
Range: 90 to 1000 MHz. 
Sensitivity: 10 mV rms (- 27 dBm) 100-1000 MHz: 15 mV rms 
(-23.5 dBm) 90 - 100 MHz. 
Dynamic range: 10 mV to 7 V rms (-27 to +30 dBm). 
Manual attenuator: variable, X 1 to X 18 (0 to 25 dB) nominal. 
Damage level: ac > l MHz + 30 dBm (7 V rms). 

a c < l  M H z 2 V r m s , d c + 5 V .  
lnput channel B (HP 5388A): 50 ohm nominal, VSWR 2.5, typical. 

Range: 100 MHz to 3 GHz, prescaled; (90 MHz to 3.5 GHz, typi- 
cal). 
Coupllng: ac. 
Sensitivity: I5  mV rms (-23.5 dBm); 5 mV rms (-33.0 dBm) typi- 
cal. 
Dynamic range: 15 mV rms to .5 V rms (-23.5 dBm to +7 dBm); 5 
mV rms to .5 V rms (-33.0 dBm to + 7 dBm), typical. 

NOTE: Manual attenuator not active for channel B. 
Frequency A and B 
Range channel A: 10 Hz - 100 MHz. 
Range channel B: (HP  5384A) 50 MHz - 225 MHz; (HP  5385A) 90 
M H z  - 1.0 GHz; (HP 5386A) 100 MHz - 3 GHz. 
LSD display& 10 Hz to 1 nHz. 
Accuracy: + Resolution + Time base Error X Frequency (see 
Graphs I and 3). 
Period A 

Range: 10 ns to 0. l s. 
LSD displayd: .001 fs to I0  ns. 
Accuracy: + Resolution + Time base Error X Period (see Graphs 2 
and 3) .  

Time base 
Standard HP 5384A: 10 MHz. 

Aging rate: <3 X 10-'/mo. 
Temperature: <5 X O0 to 50°C, ref. 25OC. 
Line voltage: < 1 X lo-' for + 10% variation. 

Standard HP 5385A/86A, Option 001 (HP 538444): TCXO, 10 
MH7. 

Aging rate: < 1 X 10-'/mo. 
Temperature: <2  X O0 to 40°C, ref. 25°C. 
Line voltage: < 5 X lo-' for + 10% variation. 

Oven Time base (Option 004) 
Frequency: 10 MHz. 
Aging rate: < 3  X 10-8/mo. after 30 days continuous operation. 
Temperature: < 1 X lo-', OD to 50°C. ref. 2S°C. 
Line voltage: <2 X lo-' for + 10% variation. 
Battery operation (HP 5384A185A only): the instrument operates 
for 3 hour\ (typical) with Option 004. In STBY, the oven will operate 
continuously for 24 hours (typical). 
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Graph 1. Frequency Resolution. Uncertainties which limit reso- 
lution can be reduced by increasing the gate time, reducing the 
noise on the input signal, or increasing the input signal ampli- 
tude. 
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Graph 2. Period Resolution. Uncertainties which limit resolution 
can be reduced by increasing the gate time, reducing the noise 
on the input signal, or increasing the input signal amplitude. 

Graph 3. Frequency and Period Uncertainty due to Timebase 
Error. Timebase error can be reduced by calibrating the 
timebase more frequently, or by using a timebase with a better 
aging rate. 

I/O Interface 
HP-IB Standard 
Programmable FuncHom: Frequency A. Frequency B. Period A. 
Programmable Controls: ATTN A, FlLT ER A, M A N  LEVEL A, 
M A N  LEVEL A/B (HP 5384A/85A Only), Gate Time. 
Display: Normal, Increment, Decrement (digits displayed); Remote, 
Local; any 12-character message can be displayed on the LCD via a 
system controller. 
Data Output: output will be maximum resolution/gate time. 
Format: 17 characters plus CR and LF. 
Rate: 4 readings/s maximum at 0.1 s gate. 
HP-IB Interface Functions: SH I. AH I, T5. TEO, L4, LEO, SR I, 
R L  I. PPO. DC I, DT 1, CO, E l  (see page 579). 
Talk Only: Set with address switch = 3 1. 

Battery Pack (Option 005 - HP 5384A/85A Only) 
Battery Type: sealed lead-acid. 
Capacity: 4 hours (typ.) at 25OC without Option 004. 
Recharge Time: 16 hours (typ.) in the standby mode. 
Battery Low Annunciator: enabled 20 minutes prior to instrument 
shutdown nominally. 
Battery Save Switch (mar panel): prevents discharge of interval 
battery by the oven timebase, Option 004, during instrument standby 
(STBY). 
Line Failure Protoctkn: instrument automatically switches to bat- 
tery in case of line failure. 
Weighk Option 005 adds 1.4 kg (3 Ib) to instrument weight. 

General 
Check: 10 MHz self-test. 
Gate Times: 0.1. 1, or 10 seconds (nominal). 
Display: 12-digit alphanumeric liquid crystal. 
Display Digits (variable): frequency 3 to 11; period 3 to 8. 
Timebase Output: 10 MHz. 25 mV p p  (nominal) into 50 ohm. 
External Timebase Input: 10 MHz, 0.5 V rms into 500 ohm; 15 V 
(dc + ac peak) maximum. 
Operating Temperature: O0 to 50°C. 
Power Requirements 

ac: selectable. I8 V A  max. (30 VA max., HP 5386A) 115 V + 10%. 
-25%; 230 V + lo%, -15%: 48 - 66 HZ; 115 V zt 10%: 380 - 420 
Hz. 
dc: (HP 5384A/85A Only): 9 - 15 V dc, 1.0 A maximum. 

Weight 
HP 5384Al85A: net. 2.2 kg (4.8 Ib). Shipping, 4.1 kg (9 Ib). 
HP 5388A: net, 3.4 kg (7.8 Ib). Shipping 5.3 kg (1 1.9 Ib). 

Size: 
HP 5384A/85A: 21 2 mmW x 98 mmH x 276 mmD (8% in. x 3% in. 
x 10% in.); HP5386A: 212.3 mmW x 88.1 mmH x421.6 mmD (8% 
in. x 3 %  in. x 16'/2 in.). 

Ordering Informatian Price 
HP 5384A Frequency Counter 225 MHz $1 590.00T 
HP 5385A Frequency Counter l .O GHz 51 995 .00s  
HP 5386A Frequency Counter 3.0 GHz 53780.00 

Opt 004 High Stability Ovenized Timebase + 5550.00 
Opt 910 Additional Operating/Service Manual + 520.00 
Opt W30 Extended repair service. See page 723. 
Opt W32 Calibration service. See page 723. 

HP 5384A/85A only 
Opt 001 High Stability TCXO (HP 5384A)* + $150.00 
Opt 005 Battery Pack + 5300.00 
Side Handle Kit: HP 5061-1 171 550.00 
Rack Mount Kit (single): HP 5060-0173 $90.00= 
Rack Mount Kit (dual): HP 5060-0174 577.50w 
Vinyl CarryingIOperating C a m  HP 341 1OA 582.00= 
*TCXO time base i s  standard with HP 5385A/86A 

HP 5386A only: 
Front Handle Kit: HP 5062-3988 $50.00* 
Rack Mount Kit (single): HP 5062-3972 551 .OO= 
Rack Mount Kit (dual): HP 5062-3974 and 555.00= 
506 1-9694 

For same day shipment, cell HP DIRECT at 800-530-0787. 



ELECTRONIC COUNTERS 
Our Fastest Universal Systems Counter 
HP 5345A 

500 MHz Direct Count, Conversion Plug-Ins 
to 110 GHz 
2 ns Single Shot Resolution, 2 ps Averaged 

25 mV Sensitivity to 500 MHz 
Up to 9000 readingshecond over HP-I6 

HP 5345A Electronic Counter 

Versatile, High-Speed Measurement Power 
- High resolution pulsed Frequency measurements and pulse profiling 

to i10 GHz with the HP 5355~-and HP 5 3 5 6 ~ / ~ / ~ / ~ .  ' 

- 

- Rapid 2 ns resolution Time Interval measurements for jitter charac- 
terization. 

- High throughput Frequency. Period, Radio, Totalize, and Scale 
measurements to 500 MHz. 

HP 5345A Condensed Specifications 
lnput channels A and B 
Range: 0 to 500 MHz dc coupled 50 Rand 1 MQ; 4 MHz to 500 MHz 
ac coupled, 50 R; 200 Hz to 500 MHz ac coupled, 1 MR. 
Impedanm selectable, 1 MR shunted by less than 45 pF or 50 R 
(nominal). 
Sensitivity (XI): 5OQ, 25 mV rms sine wave and 75 mV p-p pulse. 
1 MR. 25 mV rms sine wave and 75mV p p  pulse to 300 MHz; 50 mV 
rms sine wave and 150 mV p p  pulse to 500 MHz. 
Trigger level: adjustable over a2.0 V dc. 
Output: rear-panel BNC connectors bring out CHAN A TRIG LEV- 
EL and CHAN B TRIG LEVEL for convenient DVM monitoring. 
Common lnput 
Range: ac coupled 50 0.4 MHz to 400 MHz; ac coupled 1 MR. 300 
Hz to 400 MHz; dc coupled. 0 to 400 MHz. 
Impedance: 50 R remains 50 R; 1 MR becomes 500 M shunted by 
<80 pF. 
Sensitivity (XI): 50 R, 50 mV rms sine wave and 150 mV p-p pulse. 
1 MR. 25 mV rms sine wave and 75 mV p p  pulse to 50 MHz; 75 mV 
rms sine wave and 150 mV p p  pulse to 200 MHz; 120 mV rms sine 
wave and 360 mV p p  pulse to 400 MHz. 
Frequency A 

Range: 0.00005 Hz to 500 MHz. 
Resolutlon: See Graph 1. 
Accuracy: a Resolution Time-Base Error (Graph 2). 

Period A 
Range: 2 ns to 20,000 s. 
Resolution and accuracy: AFreq [Per]/Freq (Graphs 1 and 2). 
Time intewal/tlme interval average 
Range: 10 ns to 20,000 s. 
Minimum dead time: 10 ns. 
Trigger pulse width: 1 ns (typical) minimum width input at mini- 
mum voltage input. 
Resolution 

Time Interval: 2 ns a Noise Trigger Error (Graph 3). 
Time Interval Average: & T.I. Resolution + 2 picoseconds. 

dintervals averaged 
Accuracy: a Resolution * Time Base Error (Graph 2) & Trigger 
Level Timing Error (Graph 4) 700 ps. 

Ratio B/A 
Range: both channels accept dc to 500 MHz. 
LSD: Ratio/[Freq B x Gate Time]. 
Resolution and accuracy: a LSD a [A Trigger Error (Graph 
3)lGate time] x Ratio. 

Start/Stop 
Range: both inputs dc to 500 MHz. 
Modes: A. A a B determined by rear-panel switch. 

Scaling 
Range: dc to 500 MHz. 
Scaling factor: selectable by GATE TIME setting. Scaling factor 
equals GATE TIME ~et t ing/ lO-~ seconds. 
Input: input signal through channel A. 
Output: output frequency equals input frequency divided by scaling 
factor. 

Time base 
Standard high stablllty o m  
Frequency: 10 MHz. 
Aging rate: <5 X 10-lo per day. 
Short term: c 1  X lo-" for 1 s average. 
Tempraturn <7 X O°C to 55OC. 



100 ,.HZ i\ I /  ! I I I  

0.1 rc gate. 100 p V m  W. I Vpp d m w  

Y 1 1 
I rc gale. 100 , , V m  nolr. 1 Vpp dm w m  

l o  "HZ 
1WHz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 500 MHz 

Input Signal Freqwmy 
(10s =a*) 

Graph 1, Frequency Resolution Error: Noise on the lnput signal 
and internal uncertainties affect Frequency and Period mea- 
surements. Longer gate times will reduce this error. (For Period. 
invert and find the AF/F, then multiply by the Period. This yields 
Period Uncertainty (AP).) 

lnput Slgnal Fmqwmy or Time 
m tul.) 

Graph 2, TimaBase Error: Environment and aging of the crystal 
affects all measurements. Frequent calibration and a better 
time base will reduce this error. 
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Graph 4, Trigger Level Timing Error: Affects the Start and Stop 
points, total error is the larger of the two. lnput calibration will 
reduce this error. 

Time Base (cont.) 
External frequency standard input: input voltage > 1.0 V rms into 1 
kR required from source of 1,2. 2.5, 5 or 10 MHz *5 X (*5 x 
lo-' for option 001). 
Frequency standard Output: > 1 V rms into 50 R at 10.0 MHz sine 
wave. 
General 
Display: I 1-digit LED display and sign. 
Gate time: 1000 s to 100 ns in decade stew: <SO ns in MIN oosition. . . 
Measurement s& ~ - -  -~~ -.~. -r---  

Mode of Opntlon 1 ~ M W -  ] 
I Normal O~erat~on (Max samok rate) i 10 i 

Overtlow: asterisk is illuminated when display is overflowed. 
Sample rate: continuously variable from <0.1 s to >5 s with front- 
panel control. In HOLD position the last reading is maintained until 
the counter is reset. 
External arm input: counter can be armed by a -1.0 V signal applied 
to the rear panel 50 R input. 
External gate input: same conditions as for EXT ARM. 
Gate output: > l V into 50 R. 

Externally armed 

Externally gated 

Comouter dumo 

operating temperature: O°C to 55OC. 
Power requirements: 100/ 120/220/240 V rms +5% -10% 48 to 66 

%lo 

500 
9.000 

Hz, maximum power 250 VA. 
Weight: 17 kg (37 Ib). 
Size: 132.6H x 425 W x 495 mmD (5.22" x 16.75" x 19.5"). 

Ordering Intormation Price 
HP 5345Ab Plug-In Counter 514,500 

Opt 01 1 HP-IB includes remote programming + $ 1,500 
Opt 012 HP-IB similar to Opt 01 1, but also includes + 51,600 
slope and trigger level controls 
Opt 908 Rack Flange Kit, HP 5060-8740 + 5 6 5 T  
HP 10595A Board Extender Kit: For troubleshooting $1,100 

For same day shipment, call HP DIRECT at 800-538-8787. 
'See page 127 for Microwave extensions. 

(3raph 3, lnput Noise Trigger Error: Nolse on the lnput signal 
affects both the Start and Stop points of all time interval mea- 
surements. Averaging will reduce this error. 



ELECTRONIC COUNTERS 
100 MHz Universal Counters 
HP 5334A and 53348  

Two matched 100 MHz input channels; optional C Automatic rise/fall time, pulse width and ac/dc voltage 
Channel to 1.3 GHz measurements 
9 digits per second resolution from 1 Hz to 1.3 GHz Complete HP-IB programmability standard 
2 ns time interval resolution, 200 ps with averaging MATE interface optional 

HP 53348 Universal Counter 
Expanded Universal Counter Capability for Bench or 
System 
- Riselfall time, pulse width measurements at  the push of a button. 
- Measure the ac/dc voltage of the input signal. 
- Offset, normalize, and average measurements for greater usability 

of results. 
- Auto triggering and auto attenuation for user convenience. 
As well as 
- 100 MHz frequency and period measurements with resolution of 9 

digits per second of gate time. 
- Time interval and time interval delay to 2 ns resolution, 200 ps with 

averaging. 
- Full HP-IB programmability standard with optional rear inputs for 

system applications. Make up to 140 readings per second. 
- 1.3 GHz C Channel, MATE Interface, and High Stability Oven 

Time Base options. 
- External arminglgating for synchronizing measurements to exter- 

nal events. 
C o n d e n d  Specifications 
Input Characteristics (channels A and B) 

Range 
dc couplad: 0 to 100 MHz. 
ac coupled: 1 MR, 30 Hz to 100 MHz; 5052.1 MHz to 100 MHz. 

Sensitivity 
15 mV rms sine wave to 20 MHz, 35 mV rms sine wave to 100 
MHz. 
100 mV peak-to-peak at  a minimum pulse width of 5 ns. 
Dynamk range (X I )  
45 mV to 5 V peak-to-peak, to 20 MHz. 
100 mV to 2.5 V peak-to-peak, to 100 MHz. 
Trigger level range 
Manual (auto trigger off): continuously adjustable over 4 . 1  V (X 
ATTh) ,  displayed In 20 mV steps (X ATTN). 
Preset: f3V NOMINAL in Sensitivity Mode. 
Auto trigger 

dc couplcd: 100 Hz to 100 MHz. 
ac coupled: 1 MQ. 100 Hz to 100 MHz; 50 R, 1 MHz to 100 
MH7. 

Trigger slope: independent selection of + or - slope. 
Impedance: 1 MQ or 50 R, NOMINAL, switch selectable. 
Attenuator 

Manual: X 1 or X 10 NOMINAL. switch selectable. 
Auto: attenuator automatically switched when in auto trigger. 

Low pass filter: 100 kHz NOMINAL, Channel A. switchable. 
External arm 
Sensitivity: 500 mV peak-to-peak at  Min. pulse width of 50 ns. 
Signal operating range: -5 V dc to +5 V dc. 
Slope: independent selection of START and STOP ARM slopes: 
+. -.or OFF. 

Frequency A and Frequency B 
Range: ,001 Hz to 100 MHz. 
Resolution: See graph 1. 
Accuracy: + Resolution + Time Base Error (Graph 2). 

DESIGNED FOR 
MATE 

SYSTEMS 

Period A 
Range: 10 ns to 10's (single gate). 10 s (100 GATE AVERAGE) 
Resolution, accuracy: AFREQ [PER]/FREQ (Graph 1 and 2) 
Time interval A to B 

Range: -1 ns to 10' (single shot), 10 s (100 GATE AVERAGE). 
LSD: 1 ns (1 00 ps using I00 GATE AVERAGE). 
Resolution: + LSD + noise trigger error (graph 3) + 1 ns rms. 
Accuracy: + Resolution + time base error (graph 2) a trig level 
timing error (Graph 4) * trig level setting error (graph 5) + 2 ns. 

Time intenal delay 
Selectable delay can be inserted between START and STOP of 

Time Interval A to B. Inputs during delay are ignored. Delay Range 
is 1 ms to 99.999 s. 
Ratio A/B 

Range: ,001 Hz to 100 MHz both channels. 
LSD: 4 X RATIO/ [FREQ A X GATE TIME]. 
Resolution and accuracy: a LSD + [B Trig Error (Graph 
3)/GATE TIME]. 

Totalize 
Range: 0 to 1012 -1. 
Resolution and accuracy: 1 count of input signal. 
Pulse width A 
Range: 5 ns to 10 ms. 
LSD, resolution, accuracy: same as time interval A to B except + 2 
ns In Accuracy deleted. 

Rise/fall time A 
Range: 30 ns to 10 ms. 
Minimum amplitude: 500 mV peak-to-peak. 
Dynamic range: 500 mV to 40 V peak-to-peak. 
LSD, resolution, accuracy: same as time interval A to B. 
ac/dc voltage 

Max. and min. peaks or dc level of Channel A or Channel B input 
are displayed. 
Frequency range: dc. 100 Hz to 20 MHz. 
Dynamic range: 9-40 V peak-to-peak; a51  Vdc. 
Resolution: X I: 20 mV X 10: 200 mV 

Time base 
Frequency: 10 MHz. 
Aging rate: <3  X lo-' per month. 

Math 
Display = (Measurement/Normalize) + Offset. 
Entry range: + 1 X 10-lo to + 9.99999999999 X lo9. 
Single cycle: one measurement per push of RESET. 
100 gate average: 100 measurements accumulated and average 
value displayed. Adds one digit of resolution to measurements and 
reduces resolution error by 10. 

Hewlett-Packard Interface Bus 
Programmable controls: all front-panel controls and functions, 
except power on/stby switch. 
Trigger level: set Channel A or B in 20 mV steps (X ATTN). 



Data outwl 
~ o n n a i  opmtkn: ten readings/second, formatted. 
High smed mode: UD to 140 readinnslsecond (55 readinnslsecond - .  - .  
wiih option 700), un'formatted. 
HP-1B interface functions: SH I, AH I, TS, TEO, L4, LEO, SRI , 
RLI, PPO. DC 1 ,  CO. E2 (see page 578). 

10 *w 
too uz i rm tom1 im ml t u n ~  ~ O M H Z  too rnl i cnz 

0r-h 1, Frequency Rdut lon Error: Noiw on the lnput signal 
and internal uncertalntles affect frequency and period measure- 
ments. 

lnput Sipnal F r q u m y  or Tim8 
(log rc@lel 

Graph 2, Time Base Error: crystal environment and aging af- 
fects all measurements. 

lnpltmSk*rR*atTTr100.rPdnt 
m -1 

Qnph 9, lnput Miso TriW.r Error. Noise on the lnput signal 
affects both the start and stop points of all time interval mea- 
surements. 
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Qmph 4, Trigger Lwd Timlng Error: A M 8  the start and stop 
points of all time-interval measurements. Total error Is the larg- 
er of the two trigger point errors. 

lnput Slgnd Slow R l k  at 1rfgg.r Pdnt 
(loo -1 

Qnph 5, Triggu Levd Sottlng Error: Aftects both the start and 
stop points of all time interval measurements. 

HP 5334A 
Contact your local HP sales office for information regarding the 

HP 5334A Universal Counter. 

Options 
Ovtlon 010 Hkh 8taMIHr Tlmo IOvonl 

~requency: i0  MHz. - 
Aging Rate: 5 x 10-''/day after 24-hour warm up. 

Ootion 030 1300 MHz C Chmrnl 
kange: 90 MHz to 1300 MHz. 
Sensitivity: 15 mV rms (-23.5 dBm) sine wave, ,90 MHz to 1000 
MHz. 75 mV rms (-9.5 dBm) sine wave, 1000 MHz to 1300 MHz. 
Resolution and accuracy: same as Frequency A and B. 

Option 700 internal CllL interface (MATE) 
Measurement functions p rov idd  
Frequency A, B, and C; Period A, Time Interval A to B. Ratio A/B, 
Totalize A, Rise/Fall Time A, Pulse Width A, Read Levels A and B 
(ac/dc voltage and trigger). 
Programmable controls: 
Channel A and B: Trigger Level, Auto Trigger, Coupling, Trigger, 
Slope, Impedance, Attenuator, Common. 
External Arm: External Arm Select, Slope. 
General: Gate Time 
Measurement data output rate 2.5 readings/second. 

Ordering Information Prlce 
HP 5334A Universal Counter 54550 
HP 5334B Universal Counter S 2 1 9 5 T  

Opt 010 Oven Oscillator +S800 
Opt 030 Channel C +S550 
Opt 060 Rear Terminals +$I25 

Channel A,B and ARM in parallel with front inputs. 
Option 030 at rear panel only. 

Opt 700 Internal MATE programming +5450 
Opt W30 Extended repair service. See page 723. 
Opt W32 Calibration service. See page 723. 

For samaday shipment, call HP DIRECT at 800-538-8187. 



ELECTRONIC COUNTERS 
Our Highest Performance Universal Systems Counter 
HP 5335A 

A high performance 200 MHz/2 ns Universal Counter Advanced automatic triggering capabilities 
Built-in automatic rise time, duty cycle, pulse width, HP-18 plus math and statistics functions standard 
slew rate and phase measurements 

Remarkable Automatic Measurement Power 
The HP 5335A is an advanced universal counter with automatic 

measurement power built in. Designed either for bench or systems 
applications, the counter has 16 front-panel measurement functions, 
plus four "phantom" functions, all automatically selected by push 
button or by HP-IB. These twenty functions, plus greatly expanded 
arming and triggering capability, make the H P  5335A a most power- 
ful universal counter. In addition, math and statistics features, 
matched Channel A and B input amplifiers. and HP-IB are all includ- 
ed in the standard unit, making the HP  5335A easily the most ad- 
vanced universal counter available at  its price. 

Pulse Characterization Measurements 
The H P  5335A possesses the expected universal measurements, 

and does them better than ever before. Beyond the expected measure- 
ment set, the H P  5335A has the ability to automatically measure 
waveform characteristics for various applications. Op amp character- 
ization is one area where a number of measurements are needed to 
define the amplifier's performance. Using the H P  5335A and a signal 
source, rise and fall times, output slew rate, and propagation times 
can be measured with one test set-up. Also, duty cycle can be mea- 
sured to see the distortion on a square wave through the amplifier due 
to different rising and falling slew rates. Phase measurements are also 
push-button selectable and automatically performed by the counter. 

Complete Triggering Capability 
To get good measurement results, a counter must properly trigger 

on the input signal. The H P  5335A employs both manual and auto- 
matic trigger modes to quickly and easily set the right trigger points. 

Manual Triggering 
The counter has a t 5  Vdc range to help reduce input attenuator 

use for most input signals, including TTL. 

Automatic Triggering 
Two auto trigger modes help you trigger automatically. Just press 

auro trig or select auto trig on the HP-IB and the counter automati- 
cally selects 10%-90% rise/fall time trigger points, 50% phase trigger 
points, or the preset value of your choice. Then it tracks the signal's dc 
offset continuously to stay on the right trigger point. Option 040 al- 
lows programmability of trigger levels via HP-IB. 

Trigger Level DVM 
Built into the basic counter. Just press TRG LVL to see both input 

channel trigger levels displayed. 

A Full Set of Universal Measurement Functions 
In addition to waveform characterization features, the HP 5335A 

has an extremely wide set of measurement functions covering fre- 
quency, time, events and volts. These functions let you characterize 
signals quicker and more thoroughly than ever before possible. 

Frequency 
Frequency is the most common measurement performed by coun- 

ters. The HP 5335A measures to 200 MHz in Channel A, 100 MHz 
in Channel B, and 1.3 GHz in its optional Channel C. Due to the 
counter's advanced design and reciprocal measurement technique, 
resolution is a constant 9 digits per second of gate time across its en- 
tire measurement range. 

Time 
In a universal counter, a time interval measurement equates to a 

stopwatch measurement started and stopped by unique events. Preci- 
sion is dependent on the counter's circuitry. 

To ensure precision, the HP  5335A has matched custom input am- 
plifiers to greatly reduce trigger errors that might be produced if the 
start and stop signals were amplified differently. Further, the counter 
employs an analog interpolation technique that turns its 10 MHz 
clock into the equivalent of a 1 GHz time base. The HP 5335A is thus 
able to resolve single shot time interval measurements to better than 2 
nanoseconds (100 ps with averaging). This analog interpolation elim- 
inates the need found in some counters for a phase-modulated (jit- 
tered) time base for time interval average measurements. 

Math and Statistics 
Averaging techniques are often used to extend the resolution of a 

counter. For averaging. the H P  5335A provides sample sizes of N = 
100 or N = 1,000. Best of all. averaging can be employed for all mea- 
surements except phase. In addition to mean, and selection of sample 
size, the counter takes standard deviations of the current measure- 
ment for the sample size selected. 

Math functions are another built-in feature that provide operator 
convenience. These functions let you convert the display into direct 
indications of parameters like flow, speed, pressure, and temperature. 
Additionally, the counter remembers the offset, scale, and normalize 
factors for each measurement function. 



Condensed Specifications 
lnput Characteristics (channel A and B) 
Range 
DC coupled, 0 to 100 MHz. 
AC I MR. 30 Hz to 100 MHz. 
AC 50 Q, 200 kHz to 100 MHz. 
NOTE: Channel A range 200 MHz rvhsn In Frtqusny A ard r\lHo modss. 

Sensitivity (XI )  
25 mV rms sinewave. 
7 5  mV peak-to-peak pulse at minium pulse width of 5 ns. 

Dynamic Range (XI )  
7 5  mV to 5 V peak-to-peak, to 100 MHz. 
75 mV to 2.5 V peak-to-peak, >I00 MHz. 

Signal Operating Range (Xl,  DC) 
- 5  V dc to +5 V dc. 

Trigger Level Range (Xl )  
Auto Trigger OFF 

Preset: set to 0 V dc NOMINAL. 
Adjustable: -5 V dc to +5 V dc. 

Auto Trigger ON 
Preset: set to nominal 50% point of input signal. 
Adjustable: nominally between + and - peaks of input signal. 

Auto Trigger (Xl )  
Range (50% duty cycle) 

DC coupled, 30 Hz to 200 MHz. 
AC 1 MR. 30 Hz to 200 MHz. 
AC 50 R, 200 kHz to 200 MHz. 

Minimum signal: I00 mV rms. 
Duty cycle range 10% to 90%. 
Response time: 3 seconds, typical. 
NOTE Auto Trigger require3 a repetitive signal. 

Coupling: ac or dc, switchable. 
Impedance: 1 MQ, nominal, shunted by <35 pF or 50 R nominal, 
switchable. In COMMON A, 1 MR is shunted by <50 pF. 
Attenuator. XI or XI0 nominal, switchable. 
Slope: independent selection of + or - slope. 
Channel input: SEPARATE or COMMON A, switchable. 

Frequency A 
Range: 0 to 200 MHz, prescaled by 2. 

LSD Displayed 

1 ns 
x FREQ. (e.g. 9 digits in a second). 

Gate Time 

Resolution 
Trigger Error 

a ( 2 X  LSD) a 1.4X 
Gate Time 

X FREQ. 

Accuracy: a (Resolution) a (Time Base Error) X FREQ. 

Period A 
Range: 10 ns to 10' s. 

LSD Dlaplayed 

I ns 
X PER. (e.g. 9 digits in a second). 

Gate Time 

Period avorag.: user selects MEAN function, and n = 100, or 
n = 1,000. 

Time Interval A+B 
Range: 0 ns to 10's. 
LSD displaydl ns (100 ps using MEAN). 
Resolution: + (2 X LSD) + (START Trigger Error) + (STOP Trig- 
ger Error). 
Accuracy: + (Resolution) i (Time Base Error) X TI a (Trigger 
Level Timing Error) a (2 ns). 
Gate mod.: MIN only. 
Time internal avorage: user selects MEAN function. and n - 100, or 
n = 1,000. 

Time Interval Delay (holdoff) 
Front panel Gate Adjust control inserts a variable delay between 
START and enabling of STOP. Electrical inputs during delay are 
ignored. Delay ranges are same as gate time ranges (100 p, to 4 s 
NOMINAL) for gate modes of Fast, Norm, and Manual. 

Inverse Time Interval A+B 
Range: lo-' to lo9 units/second. 
LSD Displayed, Resolution, and Accuracy are inverse of Time Inter- 
val A+B specifications. 

Rise and Fall Time A 
Range: 20 ns to 10 ms transition with 50 Hz to 25 MHz repetition 
rates (50% duty cycle). 
Minimum pulse height: 500 mV peak-tepeak. 
Minimum pulse width: 20 ns. 
Duty cycle range: 20% to 80%. 
LSD Displayed and Resolution are same as Time Interval A+B 
Specifications. 

Pulse Width A 
Range 5 ns to 10' s. 
Trigger point rang.: 40% to 60% of pulse height. 
LSD Displayed and Resolution are same as Time Interval A+B spec- 
ifications. 

Duty Cycle A 
Range: 1 % to 99%,O to 100 MHz. 
Trigger point range 40% to 60% of pulse height. 

1 ns 
LSD dhplayed: - x 100% 

PER 

NOTE: Constant duly cycle nquked dwlng fnmmmmt. 

Slew Rate A 
Range: 50 V/s to l d  V/s slew rate with 50 Hz to 25 MHz repetition 
rates (50% duty cycle). Minimum Pulse Height, Width, and Duty 
Cycle Range are same as Rise and Fall Time A. 
lnput mode: automatically set to COMMON A with 10% and 90% 
trigger levels. 

Ratio A/B 
Range: Channel A. 0 to 200 MHz (prcscaled by 2). 

Channel B. 0 to 100 MHz. 

where FREQ is higher 
FREQ X Gate Time 

frequency after prescaling. 

Totalize A 
Range: 0 to 100 MHz. 
LSD dlsplayd: 1 count of input. 
HP-IB output: at end of gate. 

Manual 
Count -1: via RESET key. 
HP-IB output: totalize data on-the-fly sent if Cycle mode set to Sin- 
gle. Input frequency range in this mode is 0 to 50 Hz nominal. 

Oated 
Count nut: automatic after measurement. 

Phase A Rel B 
Range: -1 80' to 360'. Range Hold off. or 0' to 360°, Range Hold 
on, with signal repetition rates of 30 Hz to 1 MHz. 
Mlnimum signal: 100 mV rms. 
LSD displayed: 0.1 ". 

Gate Time 
Rang.: 100 ns to lo1 s. 
LSD diapiayed: up to three digits with Ext. Arm Enable OFF, 100 ns 
when ON. MIN Gate Mode display zero. 



ELECTRONIC COUNTERS 
Our Highest Performance Universal Systems Counter (cont9d) 
HP 5335A 

Trigger Level Reset: starts a new measurement cycle when pressed. 
Range: Xl, +5 to -5 V; X10, +50 to -50 V. Check: performs internal self test and lamp test. 
Resolution: X 1, 10 mV; X10, 100 mV. Display: 12-digit LED display in engineering format; exponent range 
Accuracy (Xl): +20 mV, *0.5% of reading. of +lH 10-18. 

Time Base Operating temperature: 0 to 50°C. 

Standard Crystal 
Power requirements: 100, 120, 220, 240 VAC (+5%, -10%). 48- 
66 Hz; 130 VA max. 

Frequency: 10 MHz. 
Aging rate: <3 X 10-7/month. 

Weight: net. 8.8 kg (19 Ib 8 oz). Shipping, 13.6 kg (30 Ib). 
Dimensions: 425.5 mm W x 132.6 mm H x 345.4 mm D (16% in. x 

Temperature: < 4 x 0 to 50°C. 
5I.r in. x 13% in.), not including removable handles. 

Line voltage: < 1 X for 10% change. 
High stability crystal: see Option 010. Options 
External time base input: rear panel BNC accepts 5 or 10 MHz, Option 010: Hbh Stability Time (oven) 
200 mV rms ~ n t o  I kR; 5 V rms maximum. Frequency: 10 MHz. 
Time base out: 10 MHz, > 1 V p p  into 50 Q via rear panel. Aging rate < 5 X 1 0-lo day after 24-hour warm up. 

Statistics 
d Short term: < 1 X lo-' rms for Is average. 

Temperaturn < 7 xIO-~, 0 to 50°C. 
Sample size: selectable between either n = 100 or n = 1,000 Line voltage: < 10-~o for change. 
samples. Warm-up: within 5 X I O - ~  of final value in 20 minutes. 
Std. dev.: displays a standard deviation of selected sample size. 
Mean: displays mean estimate of selected sample size. Option 020: DC Digital Voltmeter 
Smooth: performs a weighted running average and truncates unsta- Range: 4 digits, autoranging, autopolarity, in *lo, +100, =t1000 V 
ble least significant digits from display. ranges. 

Sensitivity: 100jiV. 1 mV, 10 mV, 100 mV for *1 V, *10 V, +I00 
Math V. 1000 V readings. 
All measurement functions, with exception of GATE TIME, Totalize LSD displaysd: same as sensitivity. 
in Scale Mode, and TRIG LVL, may be operated upon by Math func- lnput type: floating pair. 
tions. Offset, Normalize, and Scale may be used independently or to- lnput impedance 10 MR + 1%. 
gether as follows: Option 030: 1.3 GHz C Channel 

Measurement + Offset Input Charscteristics 
Display = X Scale. 

Normalize Range: 150 MHz to 1.3 GHz. 
Sensitivity: I0 mV rms sinewave (-27 dBm) to 1 GHz. 100 mV rms 

Number value range: + 1 X 1 0-9 to t 9 X 1 09. sinewave (-7 dBm) to 1.3 GHz. 
Last display: causes value of previous display to Offset (negative Frequency 
value), Normalize, or Scale all subsequent measurements. Range: 150 MHz to 1 3 GHz, prescaled by 20. LSD Displayed, Res- Measurement 1-1: causes each new measurement to be Offset (neg- o lut lon,  and Accuracy'are same as Frequency A. 
ative value), Normalized, or Scaled by each immediately preceding 
measurement. Ratio CIA 

Range: channel A. 0 to 200 MHz. 
Hewlett-Packard Interface BUS channel C, 150 to 1300 MHz. 
Programmable controls: all measurement functions. Math, Statis- 040: Compleb swtms tics, Reset, Range Hold, Ext. Arm Enable/Slope. Check, Gate Adj. 
(- ms to s), Gate Open/Close (gate times to -), Mode, Adds remote selection of low pass filter, ac/dc coupling. XI-XI0 at- 

tenuation, dc trigger level and input impedance for both Channel A 
Cycle, Preset, Slope. Common A, Auto Trigger. 
SDccial functions: FREO B. PULSE B. TIME B+A. TOT A-B. 

and B. 

L ~ A R N ,  MIN, MAX, a1l;nternal diagnostic routines. 
Intertace functions: SHI ,  AHI, T5, TEQ, L4, LEQ, SRl ,  RLI. 
PPP, DC I, DTI, CO. (see page 579). 
Data output: fixed output format consisting of 19 characters plus CR 
and LF output in typically 8 ms. 
Option 040: adds complete systems programmability; see column at 
right. 

General 
Gate: minimum, manual, or continuously variable (NORMIFAST) 
vla Gate Adj. control. 

NORM: 20 ms to 4 s NOMINAL. 
FAST: I00 ps to 20 ms NOMINAL. 
MIN: minimum gate time. Actual time depends on function. 
MANUAL: each press opens or closes gate. 

Cycle: determines delay between measurements. 
NORM: no more than 4 readings per second, nominal. 
MIN: updates display as rapidly as possible (- 15 readings per sec- 
ond. depending on function). 
SINGLE: one measurement taken with each press of button. 

Arming: Ext. Arm Enable key allows rear panel input to determine 
Start and/or Stop point of a measurement. External gate defined by 
both Start and Stop armed. All measurements are armable except 
Manual Totalize, Phase, and Trigger Level. 

Start arm: + or - slope of arm input signal starts measurement. 
Stop arm: + or - slope of arm input signal stops measurement. 
When used, Start Arm must occur before Stop Arm. 
Ext. arm input: rear panel BNC accepts TTL into 20 M. Mini- 
mum Start To Stop Time: 200 ns. 

Trigger level out: dc output into 1 MR via rear panel BNCs for 
Channel A and B; not adjusted for attenuators. 

Accuracy at dc (Xl): + 15 mV +0.5% of TRIG LVL reading. 
Gate out: TTL level into 50 R; goes low when gate open; rear panel 
BNC. 
Range hold: freezes decimal point and exponent of display. 

Definitions 
Duty cycle: percentage of time a signal is high or low. depending on 
Slope A setting. Trigger point is highllow dividing point. 

PULSE x 100%. DUTY CY = - 
PER 

Slew rate: effective slope between 10% and 90% points of rising or 
falling signal depending on Slope A setting. 

Phase: angle, with respect to B signal, between 50% points of channel 
A and B signals, trigger slopes selected by Channel A and B slope 
switches. 

PHASE = 
(TI1 + T12) 360" 

2 PER 
TI1 is time between 50% points of A then B signals using slopes de- 
fined during Phase measurement. 
TI2 is time between 50% points of A then B signals using complement 
slopes to TI 1. 
Front handles: supplied with instrument. 

Ordering Information 
HP 5335A Universal Counter 

Opt 010 Oven Oscillator 
Opt 020 DVM 
Opt 030 C Channel 
Opt 040 Expanded HP-IB Control 
Opt 908 Rack Flange Kit for use without handles. 
Opt 913 Rack Flange Kit for use with supplied front 
handles. 
Opt W30 Extended repair sentice. See page 723. 
Opt W32 Calibration service. See page 723. 

For same day shipment, call HP DIRECT at 800-538-8787 

Price 
S5,OOOS 
+ $960 + $710 
+ 5985 
+ $905 
+ $33 
+ $65 



100 MHz and 1300 MHz 
10 ns Time interval 
T.I. Averaging to 10 ps resolution 

ELECTRONIC COUNTERS 
100 MHz Universal Counters 

HP 53288 

"Armed" measurements 
DVM option 
HP-IB Interface standard 

z if- I 

@m HP 53288 SYSTEMS 

HP 53288 Universal Counter 
- Frequency measurements to 100 MHz, 1.3 GHz optional. 
- 10 ns Time Interval resolution, I0 ps with averaging. 
- 10 ns Period resolution, 1 fs with averaging. 
- +I000 V dc DVM and High Stability Oven Time Base options. 
- HP-IB programming and External Arming standard. 

Condensed Specifications 
Input Characteristics 
Sensitivity: 25 mV rms, to 40 MHz; 50 mV rms, 40 MHz-100 MHz. 
Attenuators (nominal): XI, X10 switch selectable. 
Frequency A range: 0 to 100 MHz. 
Period A range: I00 ns to 10% with resolution to 10 ns. 
Period average A range: 100 ns to 107s with resolution to 1 fs. 
Time interval A + B range: 10 ns to 10's with resolution to 10 ns. 
Time interval average A + B range 0.1 ns to 1 s with resolution to 
10 ps. 

Minimum doad timo: 40 ns. 
Ratio B/A range: Channel A, 0 to 10 MHz; Channel B. 0 to 100 
MHz. 

HP-IB Interface Bus 
Programmable functions: Functions, resolution, sample rate, (max- 
imum or manual control), arming, display modes, measurement 
modes, output mode, and reset commands. Trigger level, trigger 
slope, input impedance, coupling, separate/common/check, invert A 
and B. Trigger level is programmable in 10 mV steps in xl;  100 mV in 
x 10. Trigger level accuracy under remote control in XI: +35 mV. 
Intertsce functions: SH I. AH 1 .  TI,  L2. SRI ,  RLI,  PPO. DCI, DTI, 
CO, E l .  (See page 579). 
Service request (SRQ): if enabled, indicates end of measurement. 
Maximum data output rate 500 readings/s. 

General 
Display: 9-digit LED display. 
Sample Rate: Variable from less than 2 ms between measurements 
to HOLD, which holds display indefinitely. 
Gate Output: rear panel output: TTL levels. 
Time Base Output: rear panel output; TTL levels. 
Operating Temperature: O0 to 50°C. 
Power Requirements: 100/120/240 V rms, +5%, -10% (switch se- 
lectable). 48-66 Hz; 150 VA max. 

Time Base Oscillators 
Standard Crystal Oscillator 
Frequency: 10 MHz. 
Aging Rate: <3 x 10-'/month. 
Temperature: < 2.5 x O0 to 50°C. 
Line Voltage: < 1 x 10-7 for 10% change. 

Option 010: Oven Oscillator 
Frequency: 10 MHz. 
Aging Rate <5 x 1 0-lo day after 24-hour warm-up. d Short Term: < 1 x lo-' rms/s. 
Temperature: <7 x O0 to 50°C. 
Line Voltage: < 5 x for 10% variation. 
Warm-Up: within 5 x lo-' of final value in 10 minutes. 

Option 021: High Perfomam Digital Voltmeter 
Range: * 10. 100. + 1000 V dc and Autorange. 
Sensitivity: 10 pV, 100 pV, 1 mV, 10 mV, I00 mV for measurement 
times of 10 s, 1 s 0.1 s, 10 ms. 1 ms respectively. 
Input: floating pair. 10 MR nominal. 
Maximum Input: hi to low: + 1100 V all ranges; low to chassis 
ground: *SO0 V. 
Trigger Level -h: 1 mV display resolution. 

Option 031: 1300 MHz C-Channel 
lnput Charucteristk. 

Sensitivity: 20 mV rms sine wave (- 21 dBm). 
Maximum Input: 5 V rms, t 5 Vdc, fuse protected. 

Frequency C 
Range: 90 MHz to 1300 MHz, prescaled by 4 with resolution to 
0.1 Hz. 

Ratio C/A 
Range: channel A. 0 to 10 MHz; channel C, 90 to 1300 MHz 
Attenuation: continuously variable for optimum noise suppression. 

Ordering Information 
HP 5328B Universal Counter 

Opt 010 High Stability Time Base 
Opt 021 High Performance DVM 
Opt 031 1300 MHz Channel C 
Opt 050 DVM and Channel C 
Opt 908 No Handles Rack Flange Kit 
Opt 913 With Handles Rack Flange Kit 
Opt W30 Extented repair service. See page 723 
Opt W32 Calibration service. See page 723 

Price 
$6,570 
+$960 
+$910 

+$1,215 
+$2.125 

+S30 
+f 30 



ELECTRONIC COUNTERS 
Universal Counters 
HP 5315A, 5316B 

Frequency, period, ratio, and totalize to 100 MHz Uses reciprocal technique for full low-frequency 
Portable, and HP-18 models resolution 
1 GHz capability available 100 ns time interval, 10 ps T.I. averaging 

Oven option for increased accuracy 

HP 5315A and HP 53168 Universal Counters 

A Ouiet Revolution in Capability 
HP's economical HP  5315A and H P  5316B counters provide all 

the universal counter capability you've come to expect at  much higher 
prices. That's because they use a unique custom circuit called the 
MRC (Multiple Register Counter) which packs counting and com- 
puting power into this popular counter series. To a user, the differ- 
ences in operation from conventional direct models can be listed 
quickly: low frequency resolution is an outstanding 7 digits per second 
of gate time and reliability is extremely good due to the counter's low 
chip count. Also, the continuously adjustable gate time allows auto- 
matic selection of sample size for easy trade-offs between measure- 
ment time and resolution. 

Much of the counter's performance is b a d  on reciprocal counting 
techniques first pioneered in HP's high-performance HP 5360A com- 
puting counter. and the current HP  5345A Universal Counter. The 
use of these techniques coupled with HP's MRC and a microproces- 
sor provides a quiet but powerful revolution in counter performance 
within the HP  5315A and HP 5316B. For example, this counter gives 
you its full 7-digits/second resolution over the range from 1 Hz to 100 
MHz. This, simply stated, shows the power of the MRC and recipro- 
cal counting. 

High Performance, Low Price 
In addition to its economy, the MRC counter offers a full set of 

universal counter measurements, and there are very few limitations to 
this capability. Increased accuracy in low-cost portable and system 
counters is also available with the oven oscillator option through im- 
proved temperature stability and lower aging rates. 

Frequency to 100 MHz, C-Channel to 1.0 QHz 
The MRC counter measures frequency to 100 MHz. Additionally 

the optional C-Channel measures to 1.0 GHz for both CW and pulsed 
R F  signals as narrow as 60 ms. The C-Channel option is particularly 
useful in navigation and communications equipment testing due to 
this pulsed RF  measurement feature. 

Time Interval to 100 ns, T.I. Averaging to 10 ps 
The MRC counter provides three time measurement modes. Sin- 

gle-shot time interval allows measurements over a range of 100 ns to 
100,000 seconds. This capability can be used to measure pulse width. 
Time interval averaging provides greater resolution for repetitive 
events. Finally. time interval delay avoids measurement of spurious 
signals by holding off the counter's trigger point by a precise, opera- 
tor-selectable amount of time. 

A Full Set of Measurements 
Besides the frequency and time functions mentioned above, the 

MRC counter has other measurement functions that make it a truly 
impressive value: 
Period A-allows single period measurements via Channel A. 
Ratio A/B-allows frequencies to 100 MHz in both Channel A and 
B. 
A By B-totalizes the A input between 2 events on B channel. 
Totalize-a manually gated totalize mode of operation. 

Input Signal Conditioning Versatility 
A full complement of input signal conditioning controls are provid- 

ed for both channels. These include * slope, +2.5 Vdc trigger level, 
and ac/dc coupling. Other controls are a Separate/Common switch, 
and a 100 kHz low-pass filter for Channel A. 

A Choice of Portable or System Models 
HP 5315A: a portable, light-weight unit best suited for field applica- 
tions. This unit has a convenient carrying handle and optional battery 
power is available for up to 4 hours continuous operation. 
HP 53168: this model possesses all the characteristics of the H P  
53 15A, and it has HP-IB capability built-in as standard equipment. It 
has low RFI, it is rackable, and it is functionally identical to the HP  
531 5A. In addition to programmable measurement functions, the us- 
er can also select dc trigger level and + slope under HP-IB control. 
Channel A and B trigger levels are brought out to the front panel on 
this unit for easy measurement with a DVM. 



HP 5315A, 53188 Condensed Specifications 

Input Characteristics (channel A and channel 6) 
Range dc coupled, 0 to 100 MHz. 

ac coupled, 30 Hz to 100 MHz. 
Sensitivity: 10 mV rms sine wave to 10 MHz. 25 mV rms sine wave 

to 100 MHz. 75 mV peak-to-peak pulse at minimum 
pulse width of 5 ns. 

Sensitivity can be varied continuously up to 500 mV rms NOMI- 
NAL by adjusting sensitivity control. In sensitivity mode, trigger lev- 
el is automatically set to 0 V NOMINAL. 
Dynamic Range 

30 mV to 5 V peak-tepeak. 0 to 10 MHz. 
75 mV to 5 V peak-to-peak, 10 to 100 MHz. 

Coupling: ac or dc, switchable. 
Filter: low pass, switchable in or out of Channel A. 3 dB point of 
100 kHz NOMINALLY. 
Impedam 1 Mfl NOMINAL shunted by less than 40 pF. 
Signal operating range: +2.5 Vdc to -2.5 Vdc. 
Attenuator: X 1 or X20 NOMINAL. 
Trigger level: variable between +2.5 Vdc and -2.5 Vdc. 
Slope: independent selection of + or - slope. 
Common input: all specifications are the same for Common A except 
the following: 

Sensitivity: 20 mV rms sine wave to 10 MHz; 50 mV rms to 100 
MHz; 150 mV peak-to-peak at a minimum pulse width of 5 ns. 
Dynamic range: 60 mV to 5 V peak-to-peak to 10 MHz; 150 mV to 
5V peak-to-peak, 10-100 MHz. 
Impedance: 500 M NOMINAL shunted by less than 70 pF. 

Frequency (channel A) 
Range: 0.1 Hz to 100 MHz. 
Resolution: See Graph 1 
Accuracy: a Resolution a Time Base Error (Graph 2) 

Period 
Range: 10 ns to lo5 s. 
Resolution: See Graph 1 
Accuracy: Resolution a Time Base Error (Graph 2) 

Time Interval 
Range: 100 ns to lo5 s. 
LSD dispiayd 100 ns. 
Resolution: + LSD a Noise Trigger Error (Graph 3) 
Accuracy: * Resolution Time Base Error (Graph 2) 

Time Interval Average 
Range 0 ns to lo5 s. 
LSD displayed: 100 n s / d ,  10 ps maximum. 
Number 01 intervals avoragad (N): N = Gate Time x FREQ. 
Minimum dead time (stop to start): 200 ns. 
Resoiution: *LSD 5 [Noise Trigger Error (Graph 3 ) ] / d  
Accuracy: Resolution + Time Base Error (Graph 2) i 4 ns 

Time Interval Delay (holdoff) 
Front panel gate time knob inserts a variable delay of NOMINALLY 
500 p to 20 ms between START (Channel A) and enabling of STOP 
(Channel B). Electrical inputs during delay time are ignored. Delay 
time may be digitally measured by simultaneously pressing T.I. Aver- 
aging, T.I. Delay and blue key. Other specifications are identical to 
Time Interval 

Ratio 
Range 0.1 Hz to 100 MHz, both channels. 
LSD: [(2.5 x Period A)/Gate Time] x Ratio. 

Totalize 
Manual 
Range: 0 to 100 MHz. 
A gated by B 
Totalizes input A between two events of B. Instrument must be reset 
to make new measurement. Gate opens on A slope, closes on B slope. 
Range: 0 to 100 MHz. 

General 
Standard Time Ikw 

Frequency: 10 MHz. 
Aging rate: < 3X 10-'/mo. 
Temperature: a 5 X O0 to 50°C. 
Line voltage: < 1 X lo-' for a a 10% variation. 

Check: counts internal 10 MHz reference frequency. 
Error light: LED warning light activated if logic error is found during 
instrument turn-on self-check. 
Display: 8-digit LED display, with engineering units annunciator. 
Overflow: only frequency and totalize measurements will overflow. In 
case of overflow, eight least significant digits will be displayed and 
front panel overflow LED will be actuated. All other measurements 
which would theoretically cause a display of more than 8 digits will 
result in the display of the 8 most significant digits. 
Gate time: continuously variable, NOMINALLY from 60 ms to 
10 s or 1 period of the input, whichever is longer. 
Sample raw. up to 7 readings per second NOMINAL except in time 
interval mode, where it is continuously variable NOMINALLY from 
250 ms to I0 s via Gate Time Control. 
Operating temperature: O0 to 50°C. 
Power requirements: 100,120,220,240 V (+5%, -10%) 48-66 Hz; 
15 VA maximum or 30 VA maximum (HP 5316B). 
Weight: net, 2.2 kg (4 Ib 12 oz). Shipping, 4.1 kg (9 lb). 
Size: 98 H x 238 W x 276 mmD (37/n" X 93/s" x lO7F). 

Additional HP 53188 Specifications 
Rack and stack metal case with rear panel, switchable ac power line 
module, Specifications same as HP 53 15A except as follows: 
Rackmount kit: HP 5061-9672 recommended. 
Oscillator output: 10 MHz. 50 mV p p  into 50 fl load on rear panel. 
External trequency standard input: 1.5. 10 MHz. 1 V rms into 500 
R,  or rear panel. 
Trigger level output: +S%, +I5 mV, over a2.0 Vdc range at front 
panel connectors. 
Size: 88 H x 212 W x 415 mm D (31/2" x 83/s" x 16l/zW). 
Weight: net, 3.7 kg (8 Ib 2 oz); shipping, 6.3 kg (14 Ib). 

Hewlett-Packard Interface Bus 
Programmable tunctiom: Frequency A and C, Frequency A Armed 
by B, Period A, Totalize A Gated by B, Ratio A/B, Time Interval 
A+B, Time Interval Average A+B, Time Int. Delay, Read Gate 
Time. 
PrognmmaM. contrd.: Gate Time Command which sets long (60 
ms to 10 s) or short (500 to 30 ms) range; Trigger Level Com- 
mands which set Channel A and/or B slope (+) and Channel A and/ 
or B trigger from - 2.50 Vdc to + 2.50 Vdc in steps of .OlV. 
HP-iB interface Functiom: SHI, AHl, TI,  L2, SRl ,  RLI, PW, 
DCI, DT1. CO, El  (see page 578). 

Options 
Opt 001 : High Stability Time Base (TCXO). 

Frequency: 10 MHz. 
Aging rate: c 1 x 10-'/mo. 
Temperatun: t 1 X lo4, O0 to 40°C. 
Line voltage: < 1 X for a 10% variation. 



ELECTRONIC COUNTERS 
Universal Counters (cont'd) 
HP 5315A, 5316B 

Opt 002: Battery (HP 5315A only). 
Type: rechargeable lead-acid (sealed). 
Capacity: TYPICALLY 4 hours of continuous operation at  25 OC. 
Recharging time: TYPICALLY 16 hours to 98% of full charge, 
instrument non-operating. Charging circuitry included with Op- 
tion. Batteries not charged during instrument operation. 
Low voltage Indicator: instrument turns itself off automatically 
when low battery condition exists. Discharge LED flashes slowly 
when this happens. Discharge LED is on whenever battery is sup- 
plying power to instrument. Charge LED indicates state of charge 
of battery during charging only and is on whenever battery is 
charged to 95% NOMINAL of capacity. Charge LED flashes when 
90% NOMINAL of charge taken out is replaced. Charge LED is off 
if charge is less than 70% NOMINAL of capacity. 
Line tailure protection: instrument automatically switches to bat- 
tery in case of line failure. 
Weight: Opt 002 adds 1.4 kg (3 Ib) to weight of instrument. 

Option 003: C Channel. 
lnput Characteristics 

Range: 50 to 1000 MHz, prescalcd by 10. 
Sensitivity: 15 mV rms sinewave (-23.5 dBm) to 650 MHz. 75 
rnV rms sinewave (-9.5 dBm) to 1000 MHz. Sensitivity can be 
decreased continuously by up to 20 dB NOMINAL . 50 to 500 
MHz and 10 dB NOMINAL, 500 to 1000 MHz by adjusting sen- 
sitivity control. Trigger level is fixed at  0 V NOMINAL. 

Dynamic range: 15 mV to 1 V rms (36 dB), 50 to 650 MHz. 75 mV 
to 1 V rms (20 dB), 650 to 1000 MHz. 
Signal operating range: +5 Vdc to -5 Vdc. 
Coupling: ac. 
Impedance 50 R NOMINAL (VSWR, < 2 3 1  TYPICAL). 
Damage level: +8 V (dc + ac peak), fuse protected. Fuse located in 
BNC connector. 
Resolution and A e e u r w  same as Frequency A. 

Option 004: High Stability OVEN Time Base 
(HP 531544 only). 
Frequency: I0 MHz. 
Aging rate: < 3  X 10-8/mo*. 
Temperature: +1 X lo-', O0 to 50°C. 
Line voltage: < 1 X for a 10% variation. 
Oven will operate continuously off of a fully charged battery for > 
24 hours, typically, when in standby mode (no power applied, in- 
strument OFF, and Freq. A button depressed). 
(HP 53188) 
Frequency: 10 MHz. 
Aging rate: < 3  X 10-'/mo.** 
Temperature: 1t2 X lo-'. O0 to 50°C. 
Line Voltage: < 1 X for a 10% variation. 

Graph 1. Frequency Resolution Error: Noise on input signal 
and internal uncertainties affect frequency and period measure- 
ments. For period, invert the period (P) of the input signal, and 
find frequency uncertainty (AF). Period uncertainty (AP) = (AF/F) 
x P. 

Graph 2. T i m  B a w  Err= Envlronment and  aglng of the  crystal 
affects all measurements. 
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Graph 3. Input Noiw Trigger Errar: Noise on the  input slgnal 
affects both the start and s top points of all time interval mea- 
surements. 

*ARM 30 dap contlrmws operation (ac powr awlled, fn OFF or ON Posfilon). 
**~ner 30 days continuous operation < 5  x lo-'/ mo.. anw 7 days contlnuws operation 

Order ing  Information P r i c e  
HP 5315A Universal Counter S 1 2 9 5 a  
H P  53168 Universal Counter S 1 5 9 5 q  

HP 5315A HP 53168 Ria 
- 

Opt 001 
Opt 002 
Oot 003 

Opt 004 

Opt 
W30 

Required power opths 
All HP 531 5A orders must include one ( I )  of these Price 
line power options: 

Opt 100 90- I 05 Vac $0 
Opt 120 108- 126 Vac $0 
Opt 220 198-23 1 Vac $0 
Opt 240 21 6-252 Vac SO 

TCXO Time Base 
Battery Pack 
C-Channel(l.0 GHz) 

I $ ( Calibration Service 

For same-day shipment, call HP DIRECT at 800-538-8787 

High Stability Time Base 

Extended Repair Service 

X 

X 
X 

X 

X 

X 

5315: + $575 
5316: t $550 

X 

X 

t $180 
t $330 
t $400 

X 

X 

t $600 

t $45 



100 MHz 
100 ns time interval 
Portable 

ELECTRONIC COUNTERS 
Low Cost Unlversal 

HP 5314A 

Time Interval 
Range: 250 ns to 1 s. 
LSD dirplaycd: 100 ns. 
Resolution: + LSD =t START trigger error a STOP trigger error. 
Accuracy: + LSD a START trigger error 

a STOP trigger error * (time base error) x TI. 
External arming required for STARTISTOP channels. 

Ratio (A to B) 
Range: 10 Hz to 10 MHz CHANNEL A. 

10 Hz to 2.5 MHz CHANNEL B. 
LSD dhpiaye. 1 / N  in decade steps of N for N = 1 to 1000. 
Resolution: + LSD a (B trigger error x Frequency A)/N. 
Accuracy: LSD a (B trigger error x Frequency A)/N. 

Totalize 
Range: 10 Hz to 10 MHz. 
Resolution: * 1 count of input. 
Totalbe controlled by front panel switch. 

General 
Check: counts internal 10 MHz oscillator. 
Display: 7 digit amber LED display with gate and overflow indica- 

HP 5314A Universal Counter 
The HP 53 14A Universal Counter combines excellent performance 

and traditional HP  quality at  a very attractive price. This counter is 
designed to deliver reliable, high quality operation in such areas as: 
Production Test, Frequency Monitoring. Education. Training, Ser- 
vice and Calibration. Additionally, the optional battery (option 002) 
makes the HP  5314A especially attractive for field and portable ap- 
plications. 

Operating temperatun: 0"o 50 OC. 
Power requirement: 115, +lo%, -25%; 230 V, +9%, -17%; 
48-66 Hz; 10 V A  max. 
Weight: 2.0 kg (4.4 Ib). 
Dimension: 238 mm W x 98 mm H x 276 mm D ( 9 5  in. x 3'/s in. x 
10% ~ n . ) .  
Time B ~ H  
Frequency: 10 MHz. 

Aging rak: < 3 parts in 10' per month. 
Temperatuwx + I part in 105, 0 to 50°C. 
Line voltage: < a 1 part in lo7 for a 10% variation. 

Input Characteristics (channels A and B) 
Range: CHANNEL A: 10 Hz to 10 MHz Direct. 

1 MHz to 100 MHz Prescaled. 
CHANNEL B: 10 Hz to 2.5 MHz. 

Sensitivity: CHANNEL A: 25 mV rms to 100 MHz. 
75 mV peak-to-peak at  minimum pulse 
width of 5 ns (100 MHz range). 

CHANNEL B: 25 mV rms to 2.5 MHz. 
75 mV peak-to-peak at  minimum pulse 
width of 200 ns. 

Coupling: ac. 
Impedance 1 MR NOMINAL shunted by less than 30 pF. 
Attenuator: XI or X20 NOMINAL (A channel only). 
Trigger level: continuously variable a 350 mV times attenuator set- 
ting around average value of signal. 
slope: independent selection or  + or - slope. 
Channel input: selectable SEPARATE OR COMMON A. 
Dynamic range: 75 mV p-p to 4 V p-p. 

Frequency 
Range: 10 Hz to 10 MHz direct count. 

1 MHz to 100 MHz prescaled by 10. 
Least significant digit (LSD) displayed: direct count 0.1 Hz, I Hz. 
10 Hz switch selectable. Prescaled 10 Hz. 100 Hz. 1 kHz switch se- 
lectable. 
Resolution: a LSD. 
Accuracy: a LSD a (time base error) x Freq. 

Period 
Range: 10 Hz to 2.5 MHz. 

100 ns 
LSD displayed: - 

N 
for N=l  to 1000 in decade steps of N. 

Resolution: a LSD * (1.4 x TRIGGER ERROR) 
N 

Accuracy: a LSD * 11.4 x TRIGGER ERROR) 

a (time base error) x Period. 

Options 
Option 001 TCXO 

Frequency: 10 MHz. 
Aging rate: < 1 part in 10' per month. 
Temperature: < a 1 part in lo6, 0 to 40°C. 
Line voltage: < a 1 part in 10' for + 10% variation. 

Option 002 Battery 
Type: rechargeable lead-acid (sealed). 
Capacity: typically 8 hours of continuous operation at  25 OC. 
Recharging time: typically 16 hours to 98% of full charge, instru- 
ment non-operating. Charging circuitry included with option. Bat- 
teries not charged during instrument operation. 
Battery voltage sensor: automatically shuts instrument off when 
low battery condition exists. 
Line failure protection: instrument automatically switches to bat- 
teries in case of l~ne  failure. 
Weight: Option 002 adds typically 1.5 kg (3.3 Ib) to weight of in- 
strument. 

Accessories 
Carrying case for half-rack size instruments 

Definitions 
Resolution: smallest discernible change of measurement result due to 
a minimum change in the input. 
Accuracy: deviation from the actual value as fixed by universally ac- 
cepted standards of frequency and time. 
Trigger error: 

Y'(80w~)2 + en2 
Irrnrl \. ... ", 

input slew rate at trigger point (wV/s). 
Where en is the RMS noise of the input for a 100 MHz bandwidth in 
CHANNEL A and 10 MHz bandwidth in CHANNEL B. 

Ordering Information Price 
HP 5314A 100 MHz/  100 ns Universal Counter S690= 

Opt 001 High Stability Time Base + $180 
Opt 002 Battery + $180 
Opt W30 Extended repair service. See page 723 
Opt W32 Calibration service. See page 723 

HP 341 10A Carrying case $82 
All orders must include one (1) of these line power options: 

Opt 115 86-127 V SO 
Opt 230 190-250 V SO 

For same day shipment, call HP DIRECT at 800-538-8787. 



POWER METERS 
Peak Power Analyzer, Peak Power Sensors 
H P  8990A, 84812A, 84813A, 84814A 

HP 8990A Peak Power Analyzer 
Corn lete Pulse Power Characterization 
The & 8990A peak power analyzer provides com lete and accurate 
characterization of today's complex pulsed signaE. This new Peak 
Power Analyzer is capable of performing 8 automatic timing mea- 
surements (risetime, falltime, pulse width, PRI, PRF, duty cycle and 
delay) and 5 automatic power measurements (peak power, average 
power, pulse toplbase amplitude and overshoot) w ~ t h  pushbutton 
ease. Front panel operation is intuitive and straightforward. Data en- 
tries can be typed In or made with the front panel knob; automatic 
measurements are made with simple keystrokes. 

The HP 8990A offers two sensor channels lus two external trig- 
gering/oscilloscope channels which permits tge simultaneous mea- 
surement of modulating sienals and detected power envelopes. 
Powerful measurement and dlsplay routines put you in control of your 
most demanding pulse applications. Measurement statistics, high 
speedlhigh sensitivity triggering, amplitude and time markers, dual- 
t~mebase windowing, measurement l~mit test, waveform storage and 
waveform math are some of the new capabilities featured in the 
H P  8990A. 

The peak power analyzer is compatible with the H P  84812A, 
84813A and 84814A peak power sensors. These sensors and the 
HP  8990A combine to give you outstanding measurement accuracy 
in demanding situations: 

*excellent sensor SWR holds over all power levels. 
*automatic temperature sensing and correction. 
*exceptionally low calibration uncertainty. 
*automatic calibration routines for internal gain, offset and impe- 
dance variations. 

*superior timebase precision. 
With state-of-the-art peak power measurement accuracy, fast and 

c o m p l e t e ~ l s e  characterization, high performance triggering, tnce- 
ability an r e l~ab~ l~ ty ,  the HP  8990A lets you measure your test signal 
with speed, precision and confidence. 

HP 8990A Specifications 
Frequency range: 500 MHz to 40 GHz, sensor dependent. 
Power range: -40 to +20 dBm 
Rise/Falltime: 
-15 to +20 dBm: <5 ns 
For lower power levels, rise time increases from 150 ns to 1 ms based 
on vertical sensitivity. 
Max Pulse repetition ratc: 100 MHz externally triggered, 1 MHz 
internally triggered. 
Linear vertical scale: 50 nW/div to 20 mW/div in 1-2-5 sequence. 
Log vertical scale: 1.2.5 dB/div 
Instrumentation uncertainty: +3.0% (RSS) 

Video inputs (channels 2 & 3) 
Bandwidth: dc coupled: dc to 100 MHz (repetitive); dc to 1 MHz 

(single shot). 
ac coupled: 10 Hz to 100 MHz (repetitive); 10 Hz to 
1 MHz (single shot). 

Risetime <5 ns 
Vertical sensitivity: 100 mV/div to 500 mV/div 
Vertical gain accuracy: + 1.5% 
Available offset range: +2OV 
Time base 
Range: 2 ns/div to 5 s/div in 1-2-5 sequence. 
Resolution: 100 ps 
Accuracy: 0.005% 
General characteristim 

Power requirements: Voltage: 90-132 or 198-264 Vac; 48-66 Hz. 
Poser: 250 VA max. 
H P - I B ~ o ~ ~ s : S H I ,  AHI, T5. L4,SRI, RLI, PPI. DCI, DTI, CO, 
k2. 
Size: 194 H x 422 W x 366 mmL (7.65" x 16.62" x 14.4") 
Weight: Net, 12.3 kg (27 Ib); shipping, 18.4 kg (40.5 Ib) 

HP 84812A/13A/14A Specifications: 
Frequency range: HP 848 12A: 500 MHz to 18 GHz 

HP 84813A: 500 MHz to 26.5 GHz 
HP 84814A: 500 MHz to 40 GHz 

Power range: -40 to +20 dBm 
Sensor input return loss (SWR): 

500 MHz - 18 GHz: >20 dB (1.22) 
18 GHz - 26.5 GHz: >17 dB (1.35) 
26.5 GHz - 40 GHz: > I2  dB (1.70) 

Connector type: HP 848 12A: Type-N (m) 
HP 84813A: APC-3.5 mm (m) 
HP 84814A: 2.4 mm (m) 

General characteristics 
Size: HP 848 l2A: 27H x 37W x 137 mmL (1 .O5" x 1.45" x 5.4") 

HP  84813A: 27H x 37W x 127 mmL (1.05" x 1.45" x 5.0") 
HP  84814A: 27H x 37W x 127 mmL (1.05" x 1.45" x 5.0") 

Weight: net, 0.29 kg (0.64 Ib); shipping, 0.64 kg (1.4 Ib) 

Ordering Information: 
H P  8990A Peak Power Analyzer 
H P  84812A Peak Power Sensor 
HP 84813A Peak power Sensor 
H P  84814A Peak Power Sensor 

Price 
5 1 5,000 
5 1,400 
5 1.600 
$1,900 



POWER METERS n 
Power Meter 

HP 437B,70100A, E1416A 

OE(lU3MD MI) 

HP4378 
SYSTEMS 

HP 4378 Power Meter 
The HP 4378 is a low-cost, high performance, single-channel, 

programmable, average Power Meter compatible with the HP  8480 
family of thermocouple and diode power sensors. Depending on which 
Power Sensor is used, the HP  437B can measure from -70 dBm 
(100pW) to +44 dBm (25W) at  frequencies from 100 KHz to 50 
GHz. 

Designed for ATE systems and demanding bcnchtop measure- 
ments, the H P  437B Power Meter makes fast, accurate and reliable 
average power measurements. Only 3'12 inches high and half rack 
wide, the HP  437B minimizes the use of critical rack space in ATE 
systems. The advanced plastics technology used in the H P  437B cabi- 
net combines the light weight of plastic with the shielding effective- 
ness of metal, making the HP 4378 the only power meter to meet 
MIL-STD-461C EM1 specifications. 

A modern and flexible feature set makes this meter easy to use in 
any application: 

Automatic calibration and zeroing. 
Frequency entry instead of Cal Factor. 
Ten pre-loaded sensor Cal Factor versus frequency tables. 
Selectable resolution to 0.001 dB. 
Offset entry in dB. 
Duty cycle entry for a convenient peak power representation of the 
measured average power. 
Ten store/recall registers. 
HP-IB is standard. 
Analog meter is a standard feature. 
With a measurement speed twice as fast as that of the industry- 

standard HP  436A, powerful programming capability. state-of-the- 
art accuracy and exceptional reliability, the H P  437B lets you mea- 
sure your test signal with speed, precision and confidence. 

HP 70100A and E1416A 
MMS and VXI Power Meters 

The HP 70100A is a full-feature single channel power meter mod- 
ule for the Modular Measurement System (see page 189). It has all 
the capability of the HP  437B Power Meter in an 118th rack-width 
module. The HP 70100A features the same modern and flexible fea- 
ture set as the HP 437B. the same state-of-the-art accuracy and is 
also fully compatible with the HP  8480 series of power sensors. The 
HP E1416A power meter is a VXI version of the H P  70100A. For 
information on the HP  E1416A refer to page 627. 

HP 4378, 7OlOOA, and E1418A Specifications 
Frequency Range: I00 kHz to 50 GHz. sensor dependent. 
Power Range: -70 to +44 dBm (100pW to 25W), sensor dependent. 
Power Sensors: Compatible with all H P  8480 series Power Sensors. 
Dynamic Range: 50 dB in 10 dB steps. 
Display Units: Absolute: Watts, dBm; Relative: percent, dB. 
Resolution: Selectable resolution of 0.1,0.01 and 0.001 dB in loga- 
rithmic mode; or 1%. 0.1% and 0.01% of full scale in linear mode. 

Accuracy 
Instrumentation: +0.02 dB or 10.5%. 
In REL mode: +0.02 dB or aO.S% within measurement range; +0.04 
dB or 1% outside measurement range. 
Zero Set: *0.5% of full scale on most sensitive range. 

Power Reference 
Power Output: l.OOmW, Factory set to 10.7% traceable to US Na- 
tional Institute of Standards and Technology. 
Accuracy: 2t 1.2% worst case (+0.9% RSS) for one year. 

General (HP 4376 only) 
EMI: Radiated and Conducted Emissions and Radiated and Conduct- 
ed Susceptibility are within the requirements of RE02, CE03, 
RS01/03 and CS01/03 called out in MIL-STD-461C, and within the 
requirements of VDE 087 1 and CISPR Publication l I .  
Rear Panel Output: Analog 0-1 volt without digital filtering or Cal 
Factor correction, 1 kohm output impedence, BNC connector. 
Line Voltage: I00 and I20 Vac, +5%- 10%. 48-66 Hz, 360-440 Hz; 
220 and 240 Vac, +5%-lo%, 48-66 Hz. 
Power Requirement: 8 Watts maximum (10 VA max). 
Weight: Net 2.6 kg (5.9 Ibs); shipping 4.5 kg (10 Ibs). 
HP-I8 Codes: SH 1. AHI, T5. TEO, L4. LEO, SRI ,  RLl.  PPI. DCI. 
DTI,  CO. 
Dimensions: 88m H x 212mm W x 273mm D (3.46" H x 8.35" W x 
10.75" D). 

Accessories 
Furnished: HP 11730A, 1.5m (5 ft.) cable for power sensors; 2.4m 
(7.5 ft.) power cable. Mains plug shipped to match destination re- 
quirements. 
Available: To select or substitute non-standard lengths for power sen- 
sor cable, see page 146. To rack mount one H P  4378 order part num- 
ber 5060-0173. To rack mount two HP 437B power meters, order 
part number 5060-0174. 

Ordering Information 
H P  4378 Power Meter 

Opt 002 Supplies a parallel rear panel sensor input 
Opt 003 Supplies a parallel rear panel sensor input 
and moves reference oscillator to rear panel 
Opt 004 Delete the H P  11 730A sensor cable 
Opt 401 Provides side-carrying handle and standoff 
feet 
Opt 915 Service Manual 
Opt 916 Extra Operating Manual 
Opt W30 Two additional years of return-to-HP war- 
ranty 
Opt H36 Additional analog meter 

HP 70100A Power Meter Module 
Opt 003 Moves reference oscillator from front to rear 
panel 
Opt 004 Delete the H P  11730A Power Sensor Cable 
Opt 005 Delete reference oscillator 
Opt W30 Extended repair service. See page 723. 

For same-day shipment, call HP DIRECT at 800-530-8787 

Price 
62500= 
+675 
+$75 

-575 
+$25 

+S25 
+S25 
+%65 

+$lo0 
52900 

$0 

-575 
-3250 

+670 



POWER METERS 
Power Meters 
HP 436A, 438A 

Ideal for ATE applications 
Dual power sensors 

HP 436A Power Meter 
The HP 436A power meter is a general-purpose digital power 

meter intended for manual and automatic R F  and microwave-power 
measurements. It is compatible with the entire series of HP 8480 
thermocouple and diode power sensors. 

The HP 436A measures either absolute or relative power. It dis- 
plays absolute power in either Watts or dBm, and relative power in 
dB. The HP 436A offers intuitive and straightforward manual opera- 
tion as well as optional HP-IB programmability (Opt. 022). 

Specifications 
Frequency range: I00 kHz to 50 GHz, sensor dependent. 
Power range: -70 to +44 dBm (I00 pW to 25 W), sensor dependent. 
Accuracy 

Instrumentation 
Watt mode: +O.S%. 
dBm mode: *0.02 dB +0.001 dB/dcgree C. 

dB (REL) model': *0.02 dB +0.001 dB/degree C. 
Zero: :~utomatic, operated via front panel switch. 
Zero set: +0.5% of full scale on most sensitive range, typical. 
Zero carry over: +0.2% of full scale when zeroed on the most sensi- 
t~ve range. 
Power reference: internal 50 MHz oscillator with Type-N female 
connector on front panel (or rear panel, Opt. 003) 
Power output: 1.0 mW. Factory set to +0.7% traceable to the US 
National Institute of Standards and Technology. 
Accuracy: + 1.2% worst case (+0.9% rss) for one year. 

Supplemental Characteristics 
Recorder output: linearly proportional to indicated power with 1 volt 
corresponding to full scale and 0.316 volts to -5 dB; 1 kR output im- 
pedance, BNC connector. 
Power consumption: 100, 120, 220. 240V (+5%, - 10%). 48 to 66 
Hz, and 360 to 440 Hz; <20 VA (<23 VA with Opt. 022). 
HP-IB function codes: AH I ,  CO, DC2. DTO, LEO, PPO, RL2, SH I ,  
SRO. T3. TEO. 
Weight: net, 4.5 kg ( I0  Ib); shipping, 5.5 kg (12 Ib) 
Size: 134 H x 21 3 W x 279 mmD (5.2" x 8.4" x 1 1 .On) 

Accessories 
Furnished: HP 11730A. 1.5 m (5 ft) power sensor cable; 2.3 m (7.5 
ft) power cable. 
Available: To select and substitute non-standard lengths for power 
sensor cables. see page 147. HP 5061-9657 rack mount adapter kit 
(one HP 436A by itself). 

Ordering Information 
H P  436A Power Meter 

Price 
5 3 , 7 5 0 s  

Opt 003: Reference oscillator output on rear panel only $0 
Opt 004: Delete power sensor cable -575 
Opt 022: Digital input/output, fully HP-IB compatible SO 
Opt 908: Kit for rack mounting one H P  436A +S55 
Opt 910: Extra operating and service manual +$25 
Opt W30: Extended repair service. See page 723. +S60 

'Speclficat~ons for wlthin range measurements. Fw rangato-range accvrav add i0.02 dB 

Innovative ratio & difference measurements 

I rh"- , ., 

HP 438A Power Meter 
The H P 438A power meter is a dual-channel power meter designed 

specifically for ATE systems. The compact front panel saves critical 
rack space, while the dual channel design allows simple and accurate 
measurements of the ratio and difference of power levels from two 
sepa ra t e  sensors.  Th i s  meter  is compa t ib l e  with the  
HP  8480 series of thermocouple and diode power sensors. 

HP-IB capability is standard on the HP  438A. For US Air Force 
MATE (Modular Automatic Test Equipment) system application, 
Option 700 provides the HP 438A with the internal capability to be 
controlled by the MATE language CIlL (Control Interface Interme- 
diate Language). 
Specifications 
Frequency range 100 kHz to 50 GHz. sensor dependent. 
Power range: -70 to +44 dBm (100pW to 25W). sensor dependent. 
Lses HP 8480 series power sensors. 
Instrumentation accuracy 

Single channel: +0.5'% (Watt mode) or +0.02 dB (dBm mode). 
Dual channel: *I% (Watt mode) or +0.04 dB (dBm mode). 

Zeroing: automatic. +0.5% of full scale on most sensitive range. 
Power reference 

Power output: 1.00 mW. Factory set to *0.7%, traceable to the US 
latlonal Institute Standards and Technology. 
Accuracy: + 1.2% worst case (*0.9% rss) for 1 year. 
Connector: front panel Type-N female (also rear panel Opt 002). 

Su~~lernental Characteristics 
Recorder output: linearly proportional to indicated power in Watts. 
One volt corresponds to full scale; 1 KR output impedance. BNC rear 
panel female connector. 
Line voltage: 100, 120, 220 or 240 Vac +S% -10%. 100 and 
120 volts. 48 to 66 Hz and 300 to 440Hz. 220 and 240 volts. 48 to 66 
Hz only. 
Power requirements: 65 VA, 35 Watts, maximum. 
HP-IB interface codes: SH I, AH I ,  T5, TEO. L4. LEO, SR I .  RLI, 
PPI, DCI. DTI. CO. 
Weight: net, 5.9 kg (13 Ib). Shipping, 9.1 kg (20 Ib). 
Size: X9 H x 213 W x 418 mmD (3.5" x 8.4" x 16.8"). 
Accessories 
Furnished: HP 1 1730A. 2 each. 1.5 metre (5 ft) power sensor cables. 
Power cable, I each, 2.4 meters (7.5 ft). Mains plug matches destina- 
tion requirements. 
Available: To select and substitute non-standard lengths for power 
sensor cables, see page 147. 
Ordering Information Price 
H P  438A Dual Channel Power Meter $5.1 SO= 

Opt 002: Rear panel sensor connector (in +5325 
parallel with front panel) and additional 
reference oscillator with rear panel output. 
Opt 70: Internal MATE programming +$I250 
Opt 004: Delete power sensor cables -5 150 
Opt 910: Additional manual +525 
Opt W30: Extended repair service. See page 723. +$I30 

For same-day shipment. call HP DIRECT at 800-538-8787. 



HP 4358 Power Meter 
The HP 435B Power Meter is an analog power meter, compatible 

with the entire series of HP 8480 Power Sensors. Depending on which 
sensor is used, the HP 435B can measure power from -65 dBm to 
+44 dBm, full scale, at  frequencies from 100 kHz to 50 GHz. This 
versatile instrument also features <I% instrumentation uncertainty, 
low noise and drift, auto-zero, recorder output, optional battery oper- 
ation, and long cable options up to 61 m (200 ft). 

HP 11683A Range Calibrator 
The HP I I h83A Calibrator is specifically designed for use with the 

HP  4358.436A. 437B.438A. 70100A and E1416A Power Meters. It 
allows verification of full-scale meter readings on all ranges, as well as 
meter tracking. Simply connect the cable between the power meter 
and calibrator. The CAL ADJ control on the power meter is used to 
set the meter to full scale on the 1 mW range. The calibrator and 
meter are then stepped through the other ranges verifying accuracy 
within a l %  plus noise and drift. The H P  11683A also has a polarity 
switch which tests the Auto-Zero circuit. 
HP 4358 specincations 
Frequency range: 100 kHz to 50 GHz (sensor dependent). 
Temperature range: 0 -5S°C. 
Power Range (calibrated in watts and dB in 5 dB steps). 

With HP 848xB: +5 dBm (3 mW) to +44 dBm (25 W) full scale. 
With HP 848xH: -5 dBm (0.3 mW) to +35 dBm (3 W) full scale. 
With HP 848xA: -25 dBm (3 pW) to +20 dBm (100 mW) full 
scale. 
With HP 848xD: -65 dBm (300 pW) to -20 dBm (10 pW) full 
scale. 

Accuracy 
Instrumentation: +I% of full scale on all ranges. 
Zero: automatic, operated by front-panel switch. 
Zero set: +0.5% of full scale on most sensitive range, typical. 
Zero carryover: +0.5% of full scale when zeroed on the most sensi- 
tive range. 
Power reference: internal 50 MHz oscillator with Type N female 
connector on front panel (or rear panel. Option 003 only). 

Power output: 1.00 mW. Factory set to a0.7% traceable to the 
U.S. Yational Institute of Standards and Technology. 
Accuracy: + 1.2% worst case (*0.9% rss) for one year. 

Supplemental Characteristics 
Recorder output: linearly proportional to indicated power with 1 volt 
corresponding to full scale: I kR output impedance. BNC connector. 
RF blanking output: provides a contact closure to ground. Used for 
turning off RF input to sensor during auto-zeroing. BNC connector. 
Power consumption: 1 10 or 120 V (+5%, -lo%), 48 to 66 Hz and 
360 to 440 Hz: also 220 or 240 V (+5%, -10%). 48 to 66 Hz only: 
<20V. A. 
Weight: net, 2.7 kg (5.9 Ib). Shipping, 4.2 kg (9.2 Ib). 
Size: 155 H x 130 W x 279 mm D (6.3" x 5.1" x 11"). 
Acces.orie8 
Furnished: HP 11730A. 1.52 m (5 ft) cable for the power sensor; 
2.3 m (7 .5  ft) power cable (mains plug shipped to match destination 
requirements). 
Available 
To select or substitute non-standard lengths for power sensor cables 
see H P 1 1730A-F Power sensor cables section. 

HP 5060-8762: Rack adapter frame (holds three instruments the 
size of the HP 4359). 

POWER METERS 
Power Meter, Range Callbrator 

HP 435B. 11683A 

HP 11683A Range Calibrator Specifications 
Calibration functions: outputs corresponding to meter readings of 3, 
10, 30, l00and 300pW; I ,  3, l0,30, and l00mW. 
Calibration uncertainw +0.25% in all ranges. 
Power: 100,120,220, or 240 Vac +5%, -10%. 48 -440 Hz, less than 
10 V .A. 
Weight: net, 1 .I 3 kg (2.5 Ib). Shipping. 1.9 kg (4.2 Ib). 
Size: 89 H x 133 W x 216 mm D (3.5" x 5.25" x 8.5"). 

HP 11730A-F Power Sensor Cables 
The HP 11730 series power sensor cables are for use with the 

HP  435B, 436A. 437B. 438A, 70100A and E1416A power meters 
and the HP  8480 series of thermocouple and diode power sensors. 
These cables are designed to reduce RFI effects on low power read- 
ings with an improved shielding design in the cable itself. Cables may 
be ordered individually or in pairs in any combination desired for sin- 
gle and dual-channel measurements. 

The HP 11730A cable is the standard cable for the H P  435B, 
436A. 4378,438A (2 cables shipped), 70100A and E1416A meters. 
To order a non-standard cable, select Option 004 for the meter in 
question, and order the desired cable from below. 
Ordering Information Price 
H P  11683A Range Calibrator 51,100 
H P  435B Power Meter 51,700= 

Opt 001 Rechargeable battery installed provides up to +$I00 
16 hours of continuous operation 
Opt 002 Input connector placed on rear panel in par- +525 
allel with front 
Opt 003 Parallel sensor inputs front and rear panels, +525 
reference oscillator output on rear panel. 
Opt 004 Delete power sensor cable -575 
Opt 910 Extra operating and service manual +57.50= 
(PIN 00435-90040) 
W30 Extended repair service. See page 723. +$SO 

H P  11730A 1.5 meter (5 ft) sensor cable 595 * 
H P  11730B 5.0 meter (10 ft) sensor cable S l O S s  
H P  1173W 6.1 meter (20 ft) sensor cable 5 1 5 0 s  
H P  11730D 15.2 meter (50 ft) sensor cable 5 2 1 0 s  
H P  11730E 30.5 meter (I00 ft) sensor cable S 2 8 0 w  
H P  11730F 61.0 meter (200 ft) sensor cable $ 4 5 0 S  

For same-day shipment, call HP DIRECT at 800-538-8787. 



POWER METERS 
Power Sensors 
HP 8481A/B/D/H, 8482A/B/H, 8483A, 
8485A/D, R/Q 8486A/D, 8487A/D, 11708A 

HP 8480 Power Sensor Family 
The HP 8480 power sensors are designed for use with the H P  435B, 

436A, 437B, 438A, 70100A and El41 6A Power Meters. These ther- 
mocouple and diode power sensors provide extraordinary accuracy, 
stability and SWR over a wide range of frequencies (100 kHz to 50 
GHz) and power levels (-70 to +44 dBm). 

Best SWR in the Industry 
Mismatch uncertainty is usually the largest single source of error in 

power measurements. The HP 8480 power sensor family gives you 
extremely low SWR even at mm-wave frequencies. For example, the 
new HP 8485D high sensitivity power sensor has a specified SWR of 
less than 1.29:l over its entire 50 MHz to 26.5 GHz frequency range. 
This low SWR translates into minimum mismatch uncertainty and 
optimum measurement accuracy. 

Accurate Calibration and Traceability 
Each power sensor in the HP  8480 family is individually calibrated 

and traceable to the U.S. National Institute of Standards and Tech- 
nology (NIST, formerly NBS). The uncertainty in this calibration 
factor is your link to NIST. The Cal Factor measurement system 
used by HP Standards Lab provides you with minimum Cal Factor 
uncertainty. 

True-RMS Reading Sensors 
HP high-sensitivity diode power sensors (HP 8481 D/5D/6D/7D) 

are always operated inside the square-law region. This means that the 
sensor will act as a true-RMS reading device over its entire -70 to 
-20 dBm dynamic range. The benefit to you: H P  sensors provide you 
with accurate readings even if your test signal is subjected to mul- 
titone environments, modulated carriers, or carriers with high har- 
monics. 

mm-Wave Sensor Calibration 
A 50 MHz calibration port is included in HP waveguide power sen- 

sors for calibration with the power meter. This calibration provides 
traceability to NIST at millimeter-wave frequencies, and it elimi- 
nates the uncertainties due to temperature changes and the variance 
in making measurements with different meter/sensor combinations. 

Accurate Accessories Included 
With HP power sensors, you can start making measurements right 

away. No more hunting around for attenuators or adapters. HP  sen- 
sors include all the accessories you need to optimize accuracy and 
save time. 

In-House Power Sensor Calibration 
Power sensor calibration is now easier than ever with the new HP 

1 1760s-E01 calibration system, designed specifically for Metrology 
and Cal Lab engineers. In less than four minutes, this complete sensor 
calibration system can measure your sensor's Cal Factor, calculate all 
measurement uncertainties, generate a permanent record for your 
files, and plot a new replacement Cal Factor label. 

For more information on the HP  11760S-E01 Power Sensor Cali- 
bration System, please contact your HP  Field Engineer. 
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Figure 1. HP 8480 Power Sensor Family frequency and power 
range coverage. 



HP 8480 Series Specifications 
25 Wan Sensors 1 mW to 25W (0 to 4 4  dBm) 

I 50 MHz-26.5 GHz 50-100 MHz 1.15 
100 MHz-2 GHz: 1.10 +lo to +20 dBm 

2-12.4GHz: 1.15 
12.4-18 GHz: 1.20 

H P M a h l  F r q n w y I * ~  - -- . 
M.ximm sm -liml* M m x i n n p o m r '  -1rr w P h  

W 1 B  10 MHz-18 GHz 10 MHz-2 GHz: 1.10 0-35°C: 30W avg Net0.8 kg 11.75 Ib) 
2-12.4 GHz: 1.18 +35 to +U dBm 35-55°C: 25W avg N(m) Shipping 1.5 kg (3.25 Ib) 

$1,700 

12.4.18 GHr 1.28 fl% 0.01-5.8 GHz: SOOW pk 

W B  100 kHz-4.2 GHz 100 k ~ z - 2  GHZ: 1.10 5.8-18 GHz 125W pk N(m) $1.650 
500W.p per pulse 24.2GHz: 1.18 

848 1 H 10 MHz-18 GHz 10MHz-8GHz: 1.M 
8-124GHz: 1.25 

12.4-18 GHz: 1.30 

W H  100 kHz-4.2 GHz 100kHz-4.2GHr 1.20 

18-26 5 GHz: 1.25 

om. 033 50 MHz-33 GHz 26.5-33 GHz: 1.40 

jf 

10 MHz-18GHz 
30-50 MHz: 1.18 

50 MHz-2 GHz: 1.10 
2-12.4 GHz: 1.18 

100 mW S e w n  1 Wto 100 mW (-30to +20 dBm) 

+25to+SdBm 
i5% 

I- 100 kHz-4.2 GHz 100-300 kHz: 1.60 
0.3-1 MHz: l . M  

1 MHz-2 GHz: 1.10 
2-4 2 GHr 1.30 

300 mW avg, 15W pk APC-3.hm (m) 
30W. ps per pulse 

3.5W W, lDOW pk 
lOOW. y per pulse 

N(m) 

N(ml 

Net 0.2 kg (0.38 Ibl 
Shipping 0.5 kg I1 Ib) 

jf 

j f  

- 

Net 0.2 kg (0.39 lb) 
Shipping 0.5 kg (1 Ib) 

BUaA 100 kHz-2 GHz 100-800 kHz: 1.80 
(75m 600kHz-2 GHz: 1.18 

R W 6 A  26.54 GHz 1.4 

IT3 

50 MHz-26.5 GHz 0.B-0.1 GHz: 1.19 
0.1-4GHz: 1.15 -=to -20 dBm 
4-12 GHz: 1.19 

12-18 GHz: 1.25 

$a75 

$89 

11.025 

(1BrBBA 33-50 GHz 1.5 

M A  50 MHz.50 GHz 50-100 MHz 1.15 
100 MHz-2 GHz: 1.10 

2-12.4GHz: 1.15 
12.4-18 GHz: 1.20 
18-26.5 GHz: 1.25 
26.5-40 GHr 1.30 

40-50 GHz: 1.50 
- - 

* 

t1Oto +20 dBm 
+2. -4% 

+loto +20dBm 
+2. -4% 

100 mW avg 
1WmWpk 

8481D 3 50 MHz-50 GHz 0.05-0.1 GHz: 1.19 
0.1-2GHz: 1.15 

2-12.4 GHz: 1.20 
12.4-18 GHz: 1.29 

18-34GHz:137 
34-40 GHz: 1.81 

300mW avg, 10W pk 

300 mW avg. 15W pk 

High Sensitivity Sensors 100 pW to 10 pW (-70 to -20 dBm) 

18-26.5 GHr 1.29 

opt 033 50 MHz-33 GHz 26.5-33 GHz: 1.35 

. . 

300mWavg,l5Wpk 
30W. )n per pulse 

APC-3.5 mm (ml 

cQSO 

N(m) 
75R 

Wavegu~de flange 

* 840103.~ 10 MHz-18 GHz 10-30 MHz, 1.40 
30 MHz-4 GHz: 1.15 

4-10 GHZ: la 
10-15GHz: 1 .3  
15-18-35 

Net0.2 kg (0.38 Ibl 
Shippinp 0.5 kg (1 Ib) 

1 $1,450 * 

100 mW avg i 2.4 mm Iml 
100 mW pk 

Waveguide flange 

30W. rrs per pulse U G - 5 W  

Wavegu~de Flange 
UG-383lU 

2.4 mm (ml 

40-50 GHz: 1.88 

RMWD 3 26.5-4OGHz 1.4 

j5% UG:W 

1 Negligible deviation except for those power ranges noted. 
2 For pulses greater than 30W the maximum average power (Pa ) is  limited by the energy par pulse (El in W . pa according m Pa = 30-0.02E. 
3 Includes HP 117MIA 30 dB strenuator for calibrating against a 0 dBm, 50 MHz power reference. HP ll7OBA is factory set to 30 dB M.05 dB a 50 MHz, traceable to NISI. SWR <I.Q al 50 MHz. 
4Th1s sensor directly replaces the popular HP W A  Power Sensor. 

For same-day shipment, call HP Direct at 800-538-8787. 

Shimina 0.88 ka (1.3lbI 
Net 0.26 kg (0.53 Ib) 

-30 m -20 dBm 
f l %  

N a  0.2 kg (0.38 Ib) 
Sh~pping 0.5 kg (1 Ib) 

- 

Net0.14 kg (0.281b) 
Shipping 0.5 kg I1 Ib) 

-30 dB to -25 dBm 
%3% 

$700 

sZ.000 

100 mW avg I N(m) 
l00mW pk 1 

$2.750 

100 mW avo or pk 
I 

* 
$2.750 

$2,150 

jf 

jf 

Net 0.18 kg (0.41 Ib) 
Shipping 0.9 kg (2 Ib) 

1950 



POWER METERS 
Thermistor Power Meters & Power Meter Callbrator 
HP 432A/B, 8477A 

Automatic zero 
High accuracy 

Recorder outputs, analog & digital 
Long cable options 

HP 432A/B Power Meters 
High accuracy-no thermoelectric e m  high accuracy over a 
w ~ d e  temperature range is featured on the HP  432 Power Meters. By 
measuring the output voltage of the thermistor bridges, and comput- 
ing the corresponding power, even higher accuracy of +0.2% +0.5 
pW can be obtained. 

Accuracy can be maintained on even the most sensitive range be- 
cause the error due to thermoelectric effect is reduced to a negligible 
level. 
Calibrated mounts: each thermistor mount is furnished with data 
stating the Calibration Factor* and Effective Efficiency* at  various 
frequencies across the operating range. For easy and accurate power 
measurements, the front panel of the HP  432 contains a calibration 
factor control, calibrated in I% steps from 88% to 100%. that com- 
pensates for losses in the mount and eliminates the need for calcula- 
tion. 
Instrument type: automatic, self-balancing power meter for use with 
temperature-compensated thermistor sensor. 

BCD output: 8.4.2, 1 code: "1" positive. TTL compatible logic. Op- 
erates with HP  5150A. Opt 002 (BCD) Digital Recorder. "Print" 
and "Inhibit" lines available. (HP 4328 only.) 

Power Consumption 
HP 432A: 1 15 or 230 Vac &lo%, 50 to 400 Hz, 1.5 watts. 
HP 4328: 115 or 230 Vac +lo%, 50 to 400 Hz, 10 watts. 

Weight 
HP 432A: net. 2.3 kg (5.5 Ib). Shipping. 4.6 kg ( I0  Ib). 
HP 4328: net, 3 kg (6.5 Ib). Shipping, 4.8 kg (10.5 Ib). 
Size: 130 W x 155 H x 279 mm D (5.2" x 6.1" x 11.0"). 

HP 8477A Power Meter Calibrator 
The HP 8477A Calibrator is specifically designed for use with the 

HP  432 Power Meter. It allows you to verify full-scale meter readings 
on all ranges, and meter tracking. Simply connect three cables be- 
tween the power meter and calibrator; no charts or additional instru- 

"'Callbration Factor" and "Effectlva EHIclency" are ligurea of rnerlt expressing the ratio of the ments are required. 
substituted slgnal measursd by the power meter to the microwave power incident on and ab- Power: I 15 or 230 Vat +lo%, 50 to 400 Hz, 3 watts, 
sorbed by the sensor. 

Specifications (partial) 
Power Range 
HP 432A: seven ranges with full-scale readings of 10, 30. 100, and 
300 pW. I, 3, and 10 mW; also calibrated in dBm from -20 dRm to 
+ 10 dBm full scale in 5 dB steps. 
HP 4328: four ranges with full-scale readings of 10 and 100 r W ,  and 
1 and 10 mW. 
Noise: less than 0.25% of full scale peak (typical). 
Response time: at recorder output. 35 ms time constant (typical). 
Fine zero: automatic, operated by front panel switch. 
Zero carryover: less than 0.50% of full scale when zeroed on most 
sensitive ranee. 
Meter 
HP 432A: taut-band suspension, individually calibrated. mirror- 
backed scales. Milliwatt scale more than 108 mm (4.25 in.) long. 
HP 4328: three digits with one digit overrange. 20% overrange capa- 
b~lity on all ranges. 
Calibration tactor contral: 13-position switch normalizes meter 
reading to account for thermistor sensor calibration factor. Range 
100% to 88% in 1% steps. 
Thermistor sensor: thermistor sensors are required for operation of 
the HP 432AIB. For microwave sensors HP  4788. 8478B and 486 
series see page 1 5 1. 
Recorder output: proportional to indicated power with I volt corre- 
sponding to full scale. 1 kR output impedance. 

Ordering Information 
HP 432A Power meter 
HP 432B Power meter 

Opt 001 rechargeable battery installed, provides up 
to 20 hours continuous operation (HP 432A only) 
Opt 002 input connector placed on rear panel in par- 
allel with front 
Opt 003 input connector on rear panel only 
Opt 009 3.1 m ( I0 ft) cable for 1 10-R or 2 0 0 4  sensor 
Opt 010 6.1 m (20 ft) cable for 100-R or 2 0 0 4  sensor 
Opt 01 1 15.2 m (50 ft) cable for 100-R or 200-R sen- 

Price 
$1700 
$2550 

+ $105 

SOT 

Opt 012 30.5 m (100 ft) cable for 100-R or 200-R + $155 
sensor 
Opt 013 61 m (200 ft) cable for 100-Q or 200-0 sen- + $260 
sor 
Opt 100 I00 Vac operation, 48-66 Hz $0 
Opt 910 extra operating and service manual + $ 5 S  
(tiP432A: P /N  00432-90009) (HP432B: P /N  
00432-90053) 
Opt W3O Extended repair service. See page 723 + $60 

HP 8477A Power Meter Calibrator $1300 
Opt W30 Extended repair service. See page 723 + $50 

S For same-day shipment, call HP Direct at 800-538-8787 



POWER METERS 
Thermistor Mounts, Peak Power Sensor & Peak Power Meters 

HP 478A, 84788,486 Series, 8900C/D, 84811A 

H P 486 Series 

Temperature Compensated Thermistor 
Mounts 

High efficiency and good RF match are characteristic of the HP 478A 
and 8478B coaxial and 486A series waveguide Thermistor Mounts. 
Used in conjunction with the HP 432 Power Meter they provide high 
accuracy even in routine power measurements. These thermistor mounts 
are temperature-compensated for low drift, even in the presence of ther- 
mal shocks, permitting measurement of microwave power as low as one 
microwatt. Each mount contains data showing Calibration Factor and 
Effective Efficiency at six frequencies, directly traceable to the U.S. Na- 
tional Institute Standards and Technology at those frequencies where 
NlST provides calibration service. 

HP 488,478,84788 Specifications 

I l~pt ion 01 1: furnished with APC-7 RF connector 
*circular f l a w  adaptus: 

HP 8481 1A Peak Power Sensor 
The HP 848 1 1 A Peak Power Sensor works with the HP 8900CfD 

Peak Power Meters to measure the peak power of RF pulses. I t  is sup- 
plied with a 4 foot flexible cable to easily reach the pulse source being 
measured. The HP 8481 1A also conveniently detaches from the meter 
for storage, recalibration or replacement. 

HP 8900C HP 89000 

HP 8900ClD Peak Power Meters 
The HP 8900C and 8900D Peak Power Meters directly display the 

peak power of RF pulses over a 100 MHz to I8 GHz frequency range. 
Measurements can be made on pulses with widths from 1 ps (100 ns in 
Compare mode) to CW, and repetition rates from 100 Hz (0 Hz in 
Comvare mode) to 100 kHz. 

~ h k  HP 8 9 0 0 ~  is an economical analog meter calibrated in watts and 
dBm. The analog display with its large, easy-to-read scale makes it sim- 
ple to peak or null pulsed power systems. The HP 8900D has a high 
resolution 3% digit digital display calibrated in watts. The direct reading 
display and range annunciators make the digital version a good choice 
for production and field applications where unambiguous or frequent 
readings are required. 

HP 8900C/D Peak Power Meters Specifications 
Frequency range: 100 MHz to 18 GHz. 
Dynamic range: 20 dB (0 to +20 dBm). 

HP 890OC: 4 ranges of 3, 10.30 and 100 mW full scale. 
HP 8900D: 2 ranges of I0 and 100 rnW full scale. 

Pulse Response: 
Direct Mode 
Pulse width: Ips to CW. 
Repetition rate 100 Hz to 100 kHz. 
Compare Mode 
Pulse width: 100 ns (typical) limited by rise time specification. 
Repetition rate: 0 to 100 kHz. 
Rise time: 7.5 ns. 
Fall time: 125 ns (as measured on video outuut). 

Power consumption: 100 and 120 Vac +i, -10%. 48-66 Hz and 
360-440 Hz; 220 and 240 Vac +5, -10%. 48-66 Hz. 
1 Mater I I 1 Tmntw h u m  I 

HP 84811A Peak Power Sensor Specifications 
Power range: 0 to +20 dBm ( I  mW to I00 mW). 
Frequency range: 100 MHz to I8 GHz. 
SWR: I00 MHz to 12 GHz < 1.5. 12 GHz to 18 GHz < 2.0. 
Maximum peak power: +24 dBm (250 mW) for 5 minutes. 
Connector type: N (male). 
Calibration: every 2 GHz from 2 to 10 GHz. Every 1 GHz from I1 to 
18 GHz.  

Accuracy 

D~rect  
Compare 

Operating temperature: 0 to +55OC. 
Calibration accuracy: ( + I 0  to +40°C), t0 .7  dB 0.1 to 12 GHz. al .O 
dB to 1 X GHz. 0-10°C and 4C55"C: add +0.2 dB. 

cw 
r0.2 dB 
t0.2 dB 

Ordering information Price 
H P  8900C Analog peak power meter $2,750 
HP 8900D Digital peak power meter $3,300 

Opt H'30 Extended repair service (for HP 8900ClD). + 150 
See page 723. 

H P  8481 1A Peak power sensor S l . O O 0 ~  
For sameday shipment, call HP Dlrect at 800-538-8787. 

Pufu 
t0 35 dB 
t0.25 dB 

CW to Pulr 
*0 2 dB 
r0.1 dB 



SIGNAL ANALYZERS 
152 General Information U 

HP has a complete line of signal analyzers 
to provide frequency domain measurement 
capability. These include spectrum analyz- 
ers, distortion analyzers, audio analyzers, 
modulation analyzers, and measuring receiv- 
ers. Each type of instrument has distinctive 
capabilities that make it the preferred instru- 
ment for a particular measurement applica- 
tion. 

The spectrum analyzer is a swept-tuned, 
superheterodyne receiver that provides a 
CRT display of amplitude versus frequency. 
It is essentially a frequency-selective, peak- 
responding voltmeter calibrated to display 
the RMS value of a sine wave. The spectrum 
analyzer can show the individual frequency 
components that make up a complex signal. 
(It does not provide phase information about 
a signal, however). The swept receiver tech- 
nique used in Hewlett-Packard spectrum an- 
a lyzers  enables  f requency domain 
measurements to be made over a large dy- 
namic range and a wide frequency range of 5 
Hz to 325 GHz. 

The Fourier analyzer uses digital sampling 
and mathematical transformation techniques 
to form a Fourier spectrum of a signal. This 

method is presently useful for measuring sig- 
nals from a few pHz to I00 kHz and provides 
frequency, amplitude, and phase informa- 
tion. Like the spectrum analyzer, all infor- 
mation is presented on a CRT display. With 
its real-time signal analysis capability, the 
Fourier analyzer is able to capture periodic 
as well as random and transient events. 

The wave analyzer uses a tunable filter, 
which can be visualized as a movable fre- 
quency window, to measure both the ampli- 
tude and frequency of individual spectral 
components. This measurement technique 
essentially makes the instrument a frequency- 
selective voltmeter. The wave analyzer em- 
ploys meters and digital displays to show 
both the amplitude and frequency of the sig- 
nal within the window. HP  wave analvzers 
provide accurate results from 15 Hz to.32.5 
MHz. 

Distortion analyzers and audio analyzers 
employ broadband detectors and notch filters 
to measure signal properties such as total 
harmonic distortion. These tunable filters en- 
able the analyzer to selectively display the 
level and frequency of harmonic and distor- 
tion products. Measurement results are 
shown on a meter or digital display. Audio 
analyzers include a signal source, making 

possible measurements such as SlNAD that 
include signal and distortion levels. The fre- 
quency range covered by HP distortion and 
audio analyzers extends from 5 H z  to 600 
kHz. 

Modulation analyzers are designed to cap- 
ture and analyze a fundamental signal and 
its entire modulation envelope. These analyz- 
ers use independent AM and FM detection 
circuits for simultaneous analysis of complex 
modulated signals. When a modulation ana- 
lyzer is combined with a measuring receiver, 
accurate measurements of frequency, power. 
and modulation characteristics can be made 
on signals from 150 kHz to 26.5 GHz. All 
measurement results are presented on a digi- 
tal display. 

Spcctrum Analyzers 
Spectrum analvzers take advantage of the 

frequency-convkrsion properties-of the 
swept-tuned heterodyne receiver to make sig- 
nificant contributions to frequency-domain 
signal analysis. The following are some of the 
measurements that can be made with spec- 
trum analyzers: 
1) Absolute and relative frequency. 
2) Absolute and relative amplitude. 
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3) Noise. 
4) Distortion products. 
5) AM, FM & pulsed R F  modulation. 
6) Stimulus response. 
7) Electromagnetic compatibility (EMC). 

These measurements are possible because 
spectrum analyzers have the following char- 
acteristics: 
1 )  Broad frequency coverage from 5 Hz to 
325 GHz. 
2) Wide amplitude range from -138 dBm to 
+30 dBm. 
3) Excellent sensitivity for low-signal detec- 
tion. 
4) Excellent frequency stability. 
5) High resolution of frequency and ampli- 
tude. 

These capabilities allow spectrum analyz- 
ers to provide frequency-domain signal anal- 
ysis for numerous applications, including the 
manufacture and maintenance of microwave 
communication links, radar, telecom equip- 
ment, CATV systems, and broadcast equip  
ment; EM1 diagnostic testing; and signal 
suweillance. 

In addition to the swept-tuned frequency 
mode, spectrum analyzers can also be used in 
the fixed-tuned mode (zero span) to provide 
time-domain measurement capability much 
like that of an oscilloscope. 

With the addition of desktop technical 
computers, the capability of spectrum ana- 
lyzers can be greatly enhanced. Computers 
can be used to directly control the operation 
of spectrum analyzers over HP-IB. Com- 
puters can also be used to develop download- 
able programs (DLPs) for those spectrum 
analyzers with the capability to store such 
programs in non-volatile memory. These cus- 
tom measurement routines are then as easy 
to use as any of the standard instrument fea- 
tures. 

In addition, spectrum analyzers with HP- 
IB capability can directly control a plotter or 
printer, enabling a hard copy of the CRT dis- 
play to be made without the use of a comput- 
er. Application areas that require accurate, 
high speed, repetitive routines; physical sepa- 
ration of the operator and the analyzer; unat- 
tended operatjon or operation b; personnel 
with limited technical skills-all are candi- 
dates for automation. 

Areas that benefit significantly from auto- 
mated spectrum analysis include 
1) EMC testing, 
2) frequency spectrum monitoring, 
3) production testing of RF or microwave 
components, subsystems, or systems, and 
4) remote site testing. 

The basic measurement capabilities of the 
spectrum analyzer, combined with its ability 
to automate and to interface with other HP- 
IB instruments and peripherals, make this in- 
strument ideal for many general-purpose and 
specialized applications. 

Fourier Analyzers 
Fourier analyzers offer fast, high-resolu- 

tion spectrum and network analysis. Unlike 
conventional swept analyzers, Fourier-based 
analyzers can measure dynamic signals be- 
cause they measure all frequencies simulta- 
neously, not one at  a time. 

Fourier analyzers characterize signals us- 
ing digital signal processing techniques based 
on the Discrete Fourier Transform. For a 
complete description of these techniques, see 
Application Note 243. "The Fundamentals 
of Signal Analysis." 

Fourier analyzers are especially useful on 
low frequency signals (<I00 kHz) or where 
very fast measurements are desired. They 
can improve measurement speed by a factor 
of 10 to 100 and allow accurate measure- 
ments on frequencies a s  low as  a few 
microHertz. Signal components as closely 
spaced as 20 microHertz can be clearly re- 
solved and accurately measured. 

Since both magnitude and phase of each 
frequency component are measured, the 
Fourier analyzer can measure the statistical 
properties of signals or the joint properties or 
relationships of two or more signals. Applica- 
tions include acoustic, modal, vibration or ro- 
tating machine analysis. In addition, various 
types of modulation can be detected and 
measured. 

Simultaneous measurement of magnitude 
and phase on two or more channels provides 
high quality network measurements. Trans- 
fer functions or frequency response can be 
easily measured and the use of band-limited 
or band-translated random noise as the stim- 
ulus allows the entire frequency span of in- 
terest to be measured at  once. Measurement 
of the coherence function can provide an in- 
dication of the validity of many network 
measurements. 

Wave Analyzerr/SLMs 
Wave analyzers are known by several dif- 

ferent names: frequency selective voltmeters. 
carrier frequency voltmeters, and selective 
level meters. A wave analyzer can be thought 
of as a finite bandwidth filter which can be 
tuned throughout a particular frequency 
range. Signals will be selectively measured as 
they are isolated within the bandwidth of the 
filter. For a particular signal, the wave ana- 
lyzer will indicate both its frequency and am- 
plitude. 

The uses of wave analyzers can be catego- 
rized into three broad areas: (1) amplitude 
measurement of a single component of a 
complex frequency system, (2) amplitude 
measurement in the presence of noise and 
interfering signals, and (3) measurement of 
signal energy appearing in a specified, well- 
defined bandwidth. 

Wave analyzers are most commonly used 
in communication systems and have input 
configurations and measurement bandwidths 
optimized for these applications. Both bal- 
anced and unbalanced inputs are available 
and impedances range from 50 Ohms to 600 
Ohms. 

Distortion, Audio Analyzers 
The Hewlett-Packard distortion and audio 

analyzers consist of a narrow band rejection 
filter and broadband detector. Before the 
fundamental is rejected, the analyzer first 
measures the amplitude of the fundamental, 
all the harmonic components, and noise. 
Then the rejection filter is employed to re- 
move the fundamental. The ratio of the two 
measurements is total harmonic distortion 
plus noise. 



154 General lnformatlon U 
Audio Analyzers 

The audio analyzer performs several basic 
low frequency measurements in addition to 
distortion, making it a general purpose audio 
test set. The audio analyzer includes the 
SlNAD function for testing mobile radio re- 
ceiver sensitivity. It contains a low distortion 
audio oscillatoifor stimulus response testing 
in combination with its distortion analvzer. It 
has a true rms voltmeter and dc voltmeter for 
accurate measurement of complex waveform 
levels. Swept ac level and swept distortion 
measurements can be made using the inter- 
nal source and rms voltmeter. A reciprocal 
fr uency counter is included that continu- 
ouTy counts the frequency of the input sig- 
nal. 

True Harmonic Distortion 
Measurements 

Computer-controlled spectrum analyzers 
provide a rapid means of measuring true har- 
monic distortion levels. The fundamental and 
its harmonic components are rapidly mea- 
sured one at a time and the distortion is com- 
puted and either stored or printed. 

Modulation Analyzers/ 
Measurinq Receivers 

A rnodulat~on analyzer is a precision re- 
ceiver designed to detect the entire modula- 
tion envelope of a signal under test. It can 

measure and display the carrier characteris- 
tics of RF frequency and power as well as 
AM, FM and phase modulation characteris- 
tics such as AM depth, peak deviation, 
residual modulation, and various associated 
ratios. The modulation analyzer faithfully 
recovers theactual modulation signal for fur- 
ther analysis such as distortion testing. 

In addition to having all the capabilities of 
the modulation analyzer, the measuring re- 
ceiver can measure power down to -127 
dBm. With very high accuracy. it can look at  
signals up to millimeter-wave frequencies. 
This makes it ideal for calibration of signal 
generators and attenuators. 

Microwave Modulation Analyzers 
Most modern microwave communication 

and radar/EW system designers are turning 
to the use of complex modulations to improve 
performance and make them less susceptible 
to dense signal environments. This typically 
involves the use of quadrature or "vector" 
modulation formats such a s  QPSK or 
I6QAM in the case of communication sys- 
tems and complex, coded formats in the case 
of radar/EW systems. 

In all of these receivers, the signal process- 
ing is not handled in the traditional one- 
channel, amplitude-only mode, but instead is 

demodulated into in-phase and quadrature- 
phase signals that provide dynamic phase 
and amplitude information about the carri- 
er's modulation, and thus enhances system 
performance. 

The high bandwidth requirements of those 
modulations combined with the need to mea- 
sure and characterize both the amplitude and 
phase of the signals has led to the introduc- 
tion of the HP 8980A Vector Analyzer and 
the HP  898 1 A Vector Modulation Analyzer. 
Both instruments contain a matched dual 
channel, sampling oscilloscope with dc to 350 
MHz baseband capability. Powerful mea- 
surement routines and tailored screens make 
modulation measurements simple and fast. 
Routines will measure such parameters as 
quadrature error, lock angle, constellation 
closure, gain matching, and dc offsets. 

The HP 8981A contains an internal I /Q  
demodulator that takes an IF signal from 50 
MHz to 200 MHz and demodulates it into 1 
and Q signals for display and analysis. A us- 
er-configured down-converter can be used to 
analyze microwave signals. Extensive a pli 
cation information is available in ~ ~ ~ t c a :  
tion Notes 343-2, 343-3, and 343-4, as well 
as in related data sheets and product notes. 

Signal Analyzer Selection Guide 

Dynamic Signal Analyzers 
I I Radut lon  I Averam 1 M m u m  1 1 I I 
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2 k H i  
(150 Hz w/PFR) 

110 H i  

2 kHz' 
(1 50 Hz wiPFR) 

10 M H t  
(1.8 MHz wJCOMB) 

20 k H f  
(1.2 kHz w/PFR) 

20 kHz' 
(1 kHz w/PFR) 

1 k H f  

2.5 k H f  

1 k H f  

1 k H f  

tapwatum dopr drllt 

244 #HZ. 920 HZ 

625 @HZ. 1440 HZ 

6d4 ,Hz - 920 Hz 

Nohe lid 
(MnOWMt RBW) 

-120 dBv 
-116 dBv 

R a d u ( k n  
bndwldth 

Range 
3 Hz - 30 kHz 

,004 Hz. 17 kHz 

1 kHz - 3 MHz 

10 Hz. 3 MHz 

1 kHz - 3 MHz 

1 kHz - 3 MHz 

10 Hz - 2 MHz 

10 Hz - 300 kHz 
(3 MHz optton) 
10 HZ - 2 MHz 

I kHz. 3 MHz 

1 kHz - 3 MHz 

100Hz-2MHz 

10 HZ. 2 MHz 

10 Hz. 3 MHz 

10 HZ. 300 kHz 
(3 MHz option) 
10 Hz - 3 MHz 

Included. 'Relative Bccuracy = 

-140 dBv 

-140 dBu 

llynimk R n ( r  
2nd/3rd Odu 
85 46/85 dB 
85 dB185 dB 

Noiw L s n l  
( M ~ o M  RBW) 

-137 dBm 
-132 dBm 
-115 dBm 
-135 dBm 
-115 dBm 
-115 dBm 

-130 dBm 

-134 dBm 
(-156dBm option) 
-131 dBm 

-102 dBm 

-102 dBm 

-110 dBm 

-120 dBm 

-125 dBm 
-125 dBm 
(-109 dBm)' 
-136 dBm 
(-153 dBm option) 

relative f reqmcy raswnae + 

75 dBi75 dB 
60 dB160 dB 
78 dB178 dB 

AmplW 
h u n C r  (+Y 

.15 dB 

.I5 dB 

Opl- 

%:% 
105 dB186 dB 
80 dB180 dB 
72 dB183 dB 
88 dB197 dB 
70 dB180 dB 
70 dB180 dB 

81 d B M  dB 

82 dB192 dB 

81 d B M  dB 

92 dB171 dB 

92 dBnl  dB 

100 d ~ n 8  

105 dB185 dB 

107 dB/@ dB 
70 dB188 dB 

(84 dB191 dB)' 
96 dB198 dB 

kdw of &her scale or 

.5 dB 

.5 dB 

.5 dB 

H P W  
N u m b  

HP 3561A 
HP 3562A 

AmplW 
h~ (4' 

4 dB 
.3 dB 
2 dB 
2 dB 
2 dB 
2 dB 

2 dB 

2 dB 
(.75 dB)* 

2 dB 

3 dB 

3 dB 

3 dB 

3 dB 

2.7 dB 
2 dB 

(.75 dB)' 
2.5 dB 

(.75 dB)' 
fidelity or IF gain accuracy. 

PW 
157 
161 

HP 356M)A 
HP 3560A 
HP 35665A 

168 
156 
160. 159 

HP W 
Number 

HP 35858 
HP 3588A 
HP 8567A 
HP 85680 
HP 85900 
HP 8591A 

HP 8560A' 

HP 7 1 1 W  

HP 85610' 

HP 8592C 

HP 8593k 

HP 8562A 

HP 8563Aa 

HP 85660 
HP 71200C' 

HP 71210CU 

'CF = 1 GHz. 'For 

@ 
169 
171 
184 
184 
174 
176 

179 

189 

179 

174 

176 

179 

179 

184 
189 

189 

rpecial applications 



SIGNAL ANALYZERS n 
General lntormatlon I3 

Distortion/Audlo Analyzers 

'The HP 89038 at80 per(aos Frequency Count. S l g d l W .  SINAD, rrsm. acldc v&qp -anarts. 
NOTE 1: The HP 8901A Modulallon Analyzer (pclge 0O.M)) VOvldeS COIIIPW danodulallon Of AM. FM, and OM slgnah. "The HP 8903E pa(amr Fmqumcy Cant. SINAO, and ac/dc vollqp 
measuranents. 

Wan Analyzen/Sekctlve L e d  Meters 

fnpurncr 
Range 

I 5  Hz to 50 kHz 

50 Hz to 
32 5 MHz 

50 Hz to 
32 5 MHz 

Fnqurm). 
R W  

dc to 350 MHz 

dc to 350 MHz 
50 to 200 Mhz 

150 kHz-1300 MHz 

150 kHz-1300 MHz 

150 kHz-1300 MHz 

150 kHz - 
18 GHz or 26.5 GHz 

s@hcIh 
B ~ d p l a  

3 Hz 
10 Hz 
30 Hz 
100 Hz 
300 Hz 

20 Hz 
400 Hz 
3100Hz 

20 Hz 
400 Hz 
3100 Hz 

WID 

Carrier Phase Noiw Analysis 

Hadodublkn 
Menumn~nb 

Baseband 
AM. @M 

Baseband 
IF 

AM. FM. 4M 
AM. FM. OM 

AM. FM. OM 

AM. FM. )M 

Fra'4W 
Range 

5 MHz-18 GHz 

m k  R w  

Amplltudr 
Meaumnrmt 

Range 

5mV to 5V 

5mV to 5V 
-5 to -20 dBm 

t 3 0  to 0 dBm 

t 3 0  to -20 dBm 

t 3 0  to -127 dBm 

t 3 0  to -100 dBm 

H P M  
Number 
3048A 

Phase Noise 
Measurement System 

Fno. 
Rudwb 

LED 
1 Hz 

Resolut~on 

LED. 
0 1 Hz 

Resolution 

LED 
0 1 Hz 

Resolut~on 

Abmlub 

0 1 wV-300V 
full scale 

-130 
to 

t20dBm 

-130 
to 

t M d B m  

Ih#ln 

>85 dB 

>80 dB 

>70 dB 

Audb F n q w  bunt 
+ D M a W o n N w ~ u n m m t  

No 

NO 

No 

Yes 

Yes 

Yes 

Ylrlmum SomnMty d%/M 
( d e W  OII olha L mahod) 

-170 dBc/Hz 
(Requires external reference 

source of equ~valent 
performance) 

Tm of 
In@ 

Banana Jacks 

SOL'S 0. BNC 
600 Il Banana 

Jacks 

75 0 BNCMJECO 
124 R WECO 
135 R WECO 

150 R S~emens 
600 0 WECOl 

Stemens 

- 

Y u Z  

89BOA 

8981A 

8901A 

8901B 

8902A 

8 9 0 8  

FUIICHOMAV&W# 
Fully documented Software with 

specified Phase Detector. 
Frequency D~xr~m~nator ,  

AM and Two Port Measuremts 

TWOfovlplb 

rec 5 V full scale. mth 
pen l~ft 

BFO. Local Osc~llator, 
tunlng loudspeaker, and 

headphone la& 
Track~ng Generator 
Aud~olLoud Speaker 

1 MHz Ref 

Track~ng Generator 
Aud~olLoud Speaker 

1 MHz Ref 

- 
206 

206 

207 
207 

211 

215 

k* 
204 

Yokrd 
Opcn(kn 

AFC normal. 
BFO 

Wldeband 
Selectwe 
USBILSB 

W~deband 
Selectwe 
USBILSB 

WPW 
Numbn 

3581W 
3581C 

35B6C 
(3336C0) 

3 5 M  
(3336/1/B0) 

(3335A) 

Pap 

202 

202 
U 7  

554 
U 7  



SIGNAL ANALYZERS 
Portable Dual-Channel Dynamic Slgnal Analyzer 31.25 mHz to 40 kHz 
HP 3560A 

Frequency response, spectrum, transient analysis in 
the field 
8 hr (typical) operation on rechargeable battery pack 
Lightweight (3.2 kg / 7 Ibs) and portable 
FFT speed <50 ms for 1024 point complex FFT. 
Octave (full and one-third) and spectral map displays 
On-line zoom for greater resolution at high frequencies 

HP 3560A Portable Dynamic Si nal Analyzer P The HP 3560A portable dynamic signa analyzer is an FFT-based 
instrument capable of measuring time domain and frequency signals 
from both steady state and quickly changing signal sources. With two 
input channels, the HP  3560A provides a variety of frequency 
response measurements  with a f requency r ange  f rom 
3 1.25 mHz to 40 kHz. Battery power and light weight allow you to 
bring this broad range of measurements anywhere they are needed 
with fully portable operation. 

The HP 3560A provides more than raw measurements. The ICP 
input mode directly powers accelerometers, so external signal condi- 
tioning hardware is not required. Octave measurements, spectral map 
displays and marker functions make the HP  3560A a powerful, porta- 
ble measurement and analysis tool. 
Ultra-portable dualthanml measuremmt. 

The internal, rechargeable battery pack permits the HP  3560A to 
make spectrum and frequency response measurements in the field. 
The HP 3560A is built to withstand the harsh environmental condi- 
tions normally encountered in portable applications. With a 3.2 kg 
(7 Ib) total weight, the HP  3560A can be taken virtually anywhere. 
Troubleshoot noise and vibration problems 

Analysis features probide the power needed to isolate mechanical 
noise and vibration signal sources. Octave measurements allow stan- 
dard acoustic techniques to be used in characterizing the desired sig- 
nals. The octave measurements comply with ANSI SI . I  1 standard 
frequency bands and filter shapes. 

Spectral map displays allow you to view your signal and how it 
changes as a function of time. Spectral map displays are essential for 
rotating machinery applications where vibration varies as a function 
of the machine's operating speed. 

The spectral map display, combined with the external sampling ca- 
pability of the H P  3560A, makes it easy to determine which vibration 
signals are related to the operating speed of the machine and which 
are fixed frequency signals due to other vibration modes such as struc- 
tural resonances or oil whirl. 

The dual-channel HP 3560A offers structural analysis in the field 
when used with HP  35207A and 35208A hammer kits. Variable 
block size, combined with variable frequency span and on-line zoom. 
provide the tools for data collection and viewing of FRFs when using 
impact test techniques. Coherence measurements and reallimaginary 
trace coordinates allow powerful structural analysis. 

Documentation and analysis 
The HP 3560A measurements can be printed on HP QuietJet or 

HP  LaserJet printers, or HP-GL plottersvia RS-232. Stored data can 
also be transferred to a computer via RS-232 and is compatible with 
Hewlett-Packard's SDF (Standard Data Format) which allows data 
transportability to other Hewlett-Packard dynamic signal analyzers 
such as the HP 3566A/3567A and HP 35665A, and third-party anal- 
ysis packages for data analysis, comparisons and archiving. 

Specification Summary 
Frequency 

Measurement range: 31.25 mHz to 40 kHz with alias protection 
Spans: 50 Hz to 20 kHz in 1.2.5 sequence and 40 kHz. 
Resolution: frequency span / lines 
Number of Lines: selectable 101, 201, 401, 801, 1601 lines 
Block size: 256, 512, 1024, 2048.4096 points 
Windows: Hann, Flat Top, Uniform 

Amplitude (50 Hz to 20 kHz spans) 
Accuracy: * (0.5 dB + 0.025°h of full scale) 
Dynamic range: 70 dB spurious. (0-70% of span) 60 dB THD 

Frequency response channel match (50 Hz to 20 kHz spans) 
Amplitude: + 0.2 dB 0-80%' of span 
Phase: t 5 degree 0-80% of span 

Input 
Range: 5 mV to 5 V full scale in 1.2.5 sequence 
Coupling: ac, dc. ICP current source, engineering units, integra- 
tlon. differentiation 
Impedance: 1 MR 

Trigger 
Source: internal (Ch 1 or 2). external, free run 
Level: variable slope and level with 1% resolution 
Pre-trigger delay: 0 to 4096 points 
Post-trigger delay: 0 to 4096 points 

External sample 
Maximum frequency: 102.4 kHz, TTL input 

Averaging: time. RMS, exponential RMS, peak hold 
Displays 
T ~ m e  record, power spectrum, power spectral density, frequency 
response, 1 /3  octave, 111 octave, CH I-CH2 time, map (2 to 99 traces 
on display), cross correlation. coherence 
Display coordinates 
Linear magnitude, log magnitude, phase, real, imaginary. Linear 
x-axis, log x-axis, orders 
Data storage 
Non-volatile storage of 500 stateltrace combinations with 200 line 
spectra 
General 

Power: Internal battery power 
Recharger: 1001 120 Vac +5%, -lo%, 48-66 Hz 2201240 Vac 
+ST. -lo%, 48-66 Hz. 
Weighk approximately 3.2 kg (7 Ibs) 
Size: 300H x 210W x 95mmD (1 1.75" x 8.25" x 3.75") 
Interface: EIA-232D 

Environmental Operating Non-operating 
Temperature 0 to +40°C -20 to +50°C 
Relative HumMlty 15% to 95% 
Altitude 4600 m (1 5,000 ft) 15.000 m (50.000 ft) 

Accessories 
Microphones 

H P  35220A Free field, standard sens., 5 Hz to 40 kHz, 
35 - 160 dB 
HP 35221 A Free field, high sens., 5 Hz to 20 kHz. 
20 - 145 dB 
HP 35222A Pressure. standard sens.. 5 Hz to 20 kHz. 35 - 160 dB 
HP 35223A Pressure, high sens., 5 Hz to I0 kHz, 
20 - 145 dB 
HP 35224A Pre-amplifier. 2 Hz to 200 kHz. a 0.5 dB 
HP 35228A Microphone power supply (battery) 
HP  35229A 94 dB1104 dB. 1 kHz calibrator 

Accelerometers 
HP 35200A general vibration; 10 mV/g, 1 Hz to 9 kHz 
HP 35201A machinery vibration; 50 mV/g, 1 Hz to 3 kHz 

Ordering Information 
H P  3560A Portable dynamic signal analyzer 

Opt IBH General export license version 

Price 
Contact 
Hewlett 
Packard 



SIGNAL ANALYZERS 
Single-channel, Dynamic Slgnal Analyzer 0.000125 Hz to 100 kHz 

HP 3581 A 

Spectrum analysis, l/3 and '/I octave analysis High accuracy, *.I5 dB 
Time capture (40 k sample) 80 dB dynamic range, to 640 pH2 resolution bandwidth 
High speed (7.5 kHz real time rate) Non-volatile memory option stores 127 measurements 

Providing High-Performance Signal Analysis 
If vour test and measurement ao~lications reauire the ~erformance 

of a lab instrument with ir'ansportable' convenience, the 
H P  3561A is ready to go to work for you. It provides 80 dB dynamic 
range with *.I5 dB amplitude accuracy, giving you the precision 
needed to isolate small components in a signal. 

The H P  3561A's set of measurement functions lets you approach 
problems from several different angles. Spectra can be displayed in a 
variety of formats and units, including a three-dimensional spectral 
map. This map displays up to 60 successive spectra and is extremely 
useful for analyzing transients and monitoring dynamic signals in 
both electronic and mechanical systems. 

In addition to spectrum measurements, the H P  3561A displays 
time waveforms, and you can observe a signal in both the time and 
frequency domains simultaneously. A 40 ksample time buffer cap- 
tures transients for later measurements and analysis. And this instru- 
ment is an excellent choice for acoustics measurements, with its y3 

and '/I octave measurements, together with the built-in analog 
A-weighted filter. 

I N  Y I P  W R A f f i  S d 3 ~  STATUS PAVSEO SIWLE 
so/m A,W 

Spectral maps greatly reduce the time required to analyze 
changes in up to 6 0  successlve measurements. 

Solutions in Spectrum Analysis 
The HP 3561A gives you the tools for fast, efficient spectrum anal- 

ysis. In addition to standard marker features, such as marker-to-peak 
and peak tracking, it provides harmonic analysis with automatic com- 
putation of THD in either percent or dB. Band markers quickly com- 
pute rms band level or average band power. Sideband markers make 
it easy to identify the frequency spacing of modulation sidebands and 
automatically compute the power. 

Solutions in Vibration and Acoustics 
When used with an accelerometer or other motion transducer, the 

HP  3561A is an excellent diagnostic tool for vibration analysis. By 
using the display marker capabilities, you can quickly deduce the 
cause of many machine vibration problems. For acoustics measure- 
ments, the octave displays update quickly to indicate short-term 
changes in noise level. And calibrated sound pressure level measure- 
ments are possible with the simple engineering units feature. 

Specifications 
Frequency 

Ranae: 0.000125 Hz to 100 kHz. 
~ c c i r s c ~ :  * 0.003% of display center frequency. 
Resolution: 0.25% of frequency span. 
Window: flat top, Hann, uniform, and exponential 
Real-time bandwidth: (typical) single display, 3 kHz. Fast average 
display, 7.5 kH7. 

Amplitude 
Measurement rang.: +27 to -120 dBV noise floor (22.4 Vrms to 
1 PV noise floor). 
Dynamic range: 80 dB 
Accuracy at the p8ssbmd center 
;to. 15 dB t.01575 of input range +27 to -40 dBV input ranges 
*0.25 dB +.025% of input range -41 to -51 dBV input ranges 

Input 
Impedance: 1X106 R 5% shunted by 95 pF maximum 
Isolation: input low may be connected to chassis ground or floated 
up to 30 volts rms (42 volts peak) above ground 
Coupling: signal may be ac or dc coupled. Low frequency 3-dB 
point < 1 Hz in ac mode. 
ICP current: nominal 4 mA current source provided 

Output 
Source: pseudo-random, random, or impulse 

Display 
General: magnitude, phase, time and math traces can be selected. 
t i n~ t s  available are: 

Horizontal: Hz, seconds, RPM, orders; linear, or log spacing 
Vertical: dBV, dBm (selectable Z), volts, volts squared, and user- 
defined units 

Math: Arithmetic operations can be performed on new or recalled 
frequency spectra. Add, subtract, multiply, divide, integrate, differ- 
entiate and user-defined constants are provided. I/BW is provided for 
Power Spectral Density (PSD) computations. 
Internal Memory 

Non-volatile Volatile 

Strndrrd 2 traces. 6 states 40 time records 
Optional traces t states t 

(l+2x time records) = 127 40 time records 
Qemral 
Weight: net, lSkg (331b); shipping. 21.6kg (47.51b) 
Size: 197H x 335W x 595mmD (7.8" x 13.2" x 23.4") 

Ordering Information Price 
H P  3561A Dynamic Signal Analyzer 3 1 2,400 

Opt 001 Extended Non-volatile Memory +S1,595 
Opt W30 Extended Repair Service, see pg 723. +3215 



SIGNAL ANALYZERS 
Dual-channel, Dynamic Signal Analyzer 244 pHz to 102 kHz 
HP 35660A 

Network and spectrum analysis 
102.4 kHz single-channel measurements 
51.2 kHz dual-channel measurements 
401-line resolution 
70 dB dynamic range 
=t 0.5 dB amplitude accuracy 
* 0.4 dB and * 1.0 degree channel match 

HP 35660A Dual-channel Dynamic Signal Analyzer 
The HP 35660A dynamic signal analyzer is an FFT-based instru- 

ment that provides spectrum and network measurements in electron- 
ics, mechanical test. acoustics, and other low-frequency application 
areas. The analyzer also offers built-in test and automation features, 
traditionally available only with a computer. These features include 
an internal programming language (HP Instrument BASIC), a built- 
in disk drive, limit testing, and data tables. With automation built-in, 
the HP 35660A can save you both time and money. 

Electrical Measurements 
The HP 35660A is typically 10 to 100 times faster than swept- 

spectrum analyzers for equivalent measurements, and it provides 
higher resolution (244 pHz throughout the 102.4 kHz frequency 
range). This speed and resolution contribute to the quality of 
HP  35660A tests for distortion, spur level, frequency drift, in- 
termodulation, and other signal parameters. With two input channels 
and a built-in source, the HP  35660A can quickly measure the re- 
sponse of low-frequency filters and networks. 

The HP 35660A is also a good choice for low-frequency transmis- 
sion measurements in telecommunications and other areas. To ensure 
highly accurate magnitude and phase measurements, the HP  35660A 
offers *0.4 dB gain and + 1.0 degree input channel phase match. For 
custom analysis of these measurements, the HP 35660A provides a 
wide range of waveform math features. 

Mechanical Measunments 
The HP 35660A is well-suited to applications that require vibra- 

tion monitoring at full load. With the built-in limit tables, users can 
implement vibration and health monitoring programs on engines, ma- 
chine tools, and other equipment, without an external computer and 
without programming. The analyzer's internal disk drive makes it 
easy to record, store, and recall limits for production or maintenance 
testing. 

The H P  35660A uses force and exponential windows to perform 
frequency response testing of mechanical devices and structures. Us- 
ing HP Instrument BASIC, the analyzer can simplify data collection 
for your modal surveys. For complete modal analysis, you can choose 
from several third-party modal packages. 

Another application area for the HP 35660A is acoustics and noise 
measurements. This includes testing for room and device responses, 
noise identification and level, and underwater acoustic tests such as 
sono-buoy and sonar transducer testing. Acoustic intensity measure- 
ments are available with third-party software. 

Data tables for fast. consistent results 

Enter up to 400 X-axis locations in a data table; the HP  35660A fills 
in the table with a Y-axis value for each X entry. You can display, 
print, or store a completed table. For repeated measurements, you can 
create a unique table for each test and quickly recall each table from 
disk. 

In addition to data tables and limit testing, the analyzer includes 
extensive markers to highlight harmonics and sidebands and to search 
for minimum, maximum, and target values. 

HP lnstrument BASIC (HP 3568OA) 
To simplify automation and test analysis, the H P  35660A can util- 

ize HP Instrument BASIC, which is a subset of H P  Series 200/300 
BASIC running inside the analyzer. HP  lnstrument BASIC adds de- 
cision-making, branching, 110, including control of other instru- 
ments, and custom user-interfaces. HP lnstrument BASlC is fully 
syntax-compatible with HP  BASIC, so current HP workstation own- 
ers can easily merge the HP 35660A and HP lnstrument BASIC into 
their test systems. 

HP 35860A Specification Summary 
Frequency 

Measurement range: 488 pHz to 102.4 kHz (I-channel mode) 
244 pHz to 51.2 kHz (2-channel mode) 

Spans: 195.3 mHz to 102.4 kHz (I-channel mode) 
97.6 mHz to 51.2 kHz (2-channel mode) 

Resolution: span/400 (minimum 488 pHz I -channel mode; 
244 pHz 2-channel mode) 

Windows: Hann, Flat Top. Uniform, Force. Exponential 
Typical real-time bandwidth: (random noise source off) 

Single Channel Dual Channel 
Averaging off 800 Hz 400 Hz 
Fast Averaging 3.28 kHz 1.6 kHz 

Amplitude 
Range: 3.99 mVpk to 31.7 Vpk, Manual or Auto 
Accuracy: t 0.5 dB + 0.03% of input range 
Dynamic range: 70 dB 
Noise: c - 130 dBV/SQRT(Hz) 160 Hz to 1.28 kHz 

< - 140 dBV/SQRT(Hz) 1.28 kHz to 102.4 kHz 
Single chan phase + 4.0 degrees relative to ext trig 

Frequency Response Channel Match 
Amplitude: * 0.4 dB 
Phase: i I degree (488 pHz to 10.24 kHz); 1.8 degree 
( 10.24 kHz to 102.4 kHz) 
Input impedance: 1 MR + 10% shunted by < I00 pF 
Coupling: ac, dc 

Source 
Types: Fixed sine, random, chirp 
Display results: Frequency response, power spectrum, linear spec- 
trurn, coherence, cross spectrum, power spectral density, time 
Trace types: log magnitude, linear magnitude, phase, real, imagi- 
nary. group delay 
Trace formats: Single, upper/lower, frontlback, setup, grid on/off, 
display blanking 

HP-IB 
Implementation of IEEE 488.1 and 488.2 
SHI ,  AHl. T6, TEO. L4. LEO, SRI ,  RLI, PW, DC1, DTI, C1. C2, 
C3. C12, E2 

~ i s k  drive& ~P SS/90 protocol disk drives (these include the 
Yl22C.D.S; 9133D. H.L; and HP 9153A.C 
Plotters: Hewlett-Packard Graphics Language (HP-GL) digital 
plotters 
Printers: HP-IB printers, alpha and raster dumps 

Ordering Information Price 
HP 35660A dynamic signal analyzer 3 12.900 

Opt 001 Add 2 Mbyte RAM + $1,515 
Opt 002 Delete disk drive - $100 
Opt 908 Rackmount Kit + $75 
Opt 910 Extra Operating Manual Set and HP-IB + $75 
Programming Reference 
Opt 915 Service Manual and Kit + 3645 
O D ~  W30 Extended revair service - see vase 723 + $ 260 . - 

Data tables are a keifeature of the HP  35660A. A data table elim- H P  3 5 6 8 0 ~  HP ~nst rukent  BASlC 
inates the need to move markers along a trace to read multiple values. HP 35681A Analysis Pack 



SIGNAL ANALYZERS 
Dual-channel Dynamlc Slgnal Analyzer 244 pHz to 102.4 kHz rn 

Network, spectrum, waveform, transient analysis High-speed processing: 8 traces/second, 12.8 kHz 
Flexible option structure - buy only what you need real-time fast average 
Up to 6.4 Mbytes deep transient capture (optional) Computed order tracking for more stable measure- 
HP Instrument BASIC (optional) ments (optional) 
1.44 Mbyte internal LiF/MS-DOSm dlsk drive 32 kHz real-time octave measurements (optional) 
Fast update rate for interactive measurements Fast swept-sine measurements (optional) 

HP 35665A Dynamic Signal Analyzer 
The HP 35665A is a flexible FFT-based analyzer that provides 

time, spectrum, network and amplitude domain measurements with a 
broad range of measurement options applicable in electronics, sewo- 
mechanical and electronic control systems. machinery vibration. and 
general noise and vibration troubl&hooting applica60ns. The mea- 
surement options include: 

Computed order tracking measurements 
* Real-time octave measurements (complies with ANSI S1.l I)  

Swept-sine measurements 
Curve fit/synthesis 

* Arbitrary waveform source 
Measurement options expand the electronics test capability of the 

standard HP 35665A into other application areas. With the addition 
of H P  Instrument BASIC programs, even the most complex applica- 
tions can be reduced to a single keystroke. The multi-faceted mea- 
surement modes of the HP  35665A have the measurement 
functionality of a spectrum analyzer, network analyzer, acoustic 
sound-level meter, acoustic intensity analyzer, vibration analyzer, au- 
dio oscilloscope and amplitude domain analyzer in a single package. 

Add more options as your needs evolve 
Your analysis requirements can change as test needs expand and 

change. The HP 35665A allows you toconfigure your own solution to 
meet both your test requirements and your budget. As your needs 
evolve, expanding the capability of your analyzer is as easy as order- 
ing the firmware upgrade kit that you can install yourself. Any combi- 
nation of measurement options is available, with no sacrifice in 
measurement speed. 

Computed order tracking eases machinery analysis 
The HP 35665A computed order tracking option (Option ID@ 

adds HP's order tracking capability to the HP  35665A. This al- 
gorithm digitally resamples the incoming signal resulting in extreme- 
ly stable and repeatable order measurements that were not possible 
using analog ratio synthesis and filtering. In situations involving 
quickly varying and fast run up tests, this option provides unprece- 
dented stability. It is only available on Hewlett-Packard measure- 
ment hardward. 

The internal tachometer input provides a powerful and flexible 
triggering facility that virtually eliminates the need for external 
signal-shaping circuitry. 

FREQUENCY 
[ORDER]  M l N  RPn ' ., " 5110 - . . . m m 

.., ~ O ~ n R . p r ~ p  

D E L T R  
.. - % ... O P D E P  

T R R C K  

Real-time octave for compliance testing 
Real-time octave measurements (Option 1D1) provide continuous 

I l l ,  113 and 1/12 octave measurements per the ANSI S1.11 (1986, 
order 3, type I-D, extended and optional range) specification. This 
capability is necessary for compliance to published acoustic noise 
specifications such as I S 0  507 Airport Noise standards. These speci- 
fications require the ability to measure impulsive signals which re- 
quired separate instrumentation in the past. Now, impulsive 
measurements are possible as just one of many modes of this powerful 
instrument. 
MS-DOS. is a U.S. registaed tndanatl~ ol Mlcmofl Cap. 

wvvw. hparchive.com 



Dual-Channel Dynamlc Signal Analyzer 244 pHz to 102.4 kHz 
HP 35665A 
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Fast swept-sine and broadband control systems 
measurements 

Swept-sine measurements typically offer higher signal-to-noise ra- 
tios, noise rejection and measurement accuracies than broadband 
techniques. The optional swept-sine measurements (Option I D2) add 
this traditional measurement technique to the HP  3566SA. but in an 
implementation that offers faster measurement results than before. 
Fast input auto-ranging during the measurement process increases 
dynamic range to a maximum of 120 dB. 

Fast test time in production settings is even more critical with 
swept-sine tests since the instrument measurement time is usually the 
limiting factor in device throughput. 
Advanced modeling and analysis cut design time 

The addition of curve fit and synthesis (Option I D3) allows design 
engineers to measure real-life devices, compare the actual response to 
the design goals, model compensation circuits, and predict the end 
effect of the compensation circuits on the newly modified model. 
Curve fit and synthesis capability enhances design productivity by re- 
ducing the need to build prototypes and by simplifying the design op- 
timization task. 
HP Instrument BASIC for powerful automation 

HP Instrument BASIC (Option IC2), a subset of HP  BASIC, pro- 
vides the test automation power of an external computer inside the 
H P  3566SA. In production applications. HP  Instrument BASIC. 
along with other production oriented features, such as limit lines, en- 
ables the HP  35665A to control external HP-IB test equipment, like 
voltmeters and counters, address external peripherals, like disk 
drives, printers and plotters, and fully automate a production test pro- 
cedure with custom graphics and interactive operator prompts. 

HP  Instrument BASIC is also useful in R&D and field applica- 
tions. Complex test sequences can be recorded and simplified to a sin- 
gle key press. Tests can be repeated easily by operators not familiar 
with the measurement problem. 

Measurements like electronic filter characterization (Q, 3 dB 
bandwidth, shape factor), acoustic intensity, Cepstrum displays, Hil- 
bert Transforms and multi-plane balancing can also be derived using 
H P  Instrument BASIC. 

Specification Summary 
Frequency 

Measurement range: 488 mHz to 102.4 kHz (I-channel mode); 
244 mHz to 51.2 kHz (2-channel mode) 
Spans: 195.3 mHz to 102.4 kHz (I-channel mode) 97.6 mHz to 
5 1.2 kHz (2-channel mode) 
Resolution: Span/400 (minimum 488 fiHz I-channel mode 
244  pH^ 2-channel mode) 
Windows: Hann, flat top, uniform, force, exponential 

Amplitude 
Range: 3.99 mVpk to 3 1.7 Vpk, manual or auto 
Accuracy: + 6% (0.5 dB) + 0.03% of input range 
Dynamic range: 72 dB (FFT MODE, octave mode); 

120 dB (swept-sine measurement mode) 

Noise: <-I30 d B ~ / a  160 Hz to 1.28 kHz 
<-140 d B V / a  1.28 kHz to 102.4 kHz 

Single channel p h m :  + 4.0 degrees relative to external trigger 
Frequency response channel match 
Amplitude: * 0.04 d B  at full scale 
Phase: + 0.5 deg at full scale 
Input Impedance 1 MR + 10% shunted by < 100 pF 
Coupling: ac, dc, ICP current source engineering units A-weight fil- 
ter. integration and differentiation via math functions. 
Source 
Source 1yp.r: Fixed sine, random, chirp, burst random, pink noise, 
burst chirp, swept-sine (Opt 1 D2), arbitrary waveform (Opt 1 D4) 
Display mults: Frequency response, power spectrum, linear spec- 
trum, coherence, cross spectrum, power spectral density, time, auto- 
correlation, cross-correlation, orbit (lissajous), histogram. PDF, CDF 
Trace types: log magnitude, linear magnitude, dB magnitude, phase, 
real. imaginary, Nyquist. Bode, unwrapped phase. 
Trace formats: single, upper/lower, frontlback, setup, waterfall, 
grid on/off, display blanking 
Udate-rate: 8 traces per second 
~iansient captum cdntinuous (real time) data recording to RAM 
Maximum rate: 262.144 samples/s for I-channel mode 
Maximum capture length: 200 ksamples (standard), 1.2 Msamples 
(Opt I B3). 3.2 Msamples (opt IBS) 
Saved data and measurement memory: 400 kbytes (standard), 
2.4Mbytes (Opt 1B3). 6.4 Mbytes (Opt lB5) 
Option ID# computed order tracking 
Computed ratio synthesis, computed tracking filters 

Displays: spectral map, order map, order track or orbit 
Trigger: time or RPM, external or free run. 
Tachometer input: 1 to 2048 pulses per revolution 
Trigger level: + 20 Volts maximum, user-selectable level 
Slope: positive or negative 

User-selectable triaaer holdoff 
Option 1D1 real-jike octave measurements (All frequencies in 
nominal band center frequencies) 

Measurements: 1 / 1 Octave (Full), 1 /3  Octave, 1 / 12 Octave 
Real-time frequency range 

1 / 1 octave measurements: 0.1 Hz to 16 kHz bands 
1 /3  octave measurements: 0.1 Hz to 32 kHz bands 
1 / 12 octave measurements: 0.1 Hz to 1 1.3 kHz live measure- 
ments. 0. l Hz to 45.25 kHz for post-processed time capture 

Span: 11 octaves for all modes 
Option lD2 Swept-sine measurements 

Sweep types: up, down, linear, log, manual 
input ranging: fixed range, or auto-range during measurement 
Resolution: selectable frequency resolution during measurement 
Source level control: auto-level feature adjusts source level to 
maintain constant signal level at  selected input channel. 

Option 103 cuwe fit/synthesls 
20 pole, 20 zero multiple degree of freedom curve fit, auto-order se- 
lection, user-selected pole/zero location with fit: table format: poly- 
nomial, pole/zero, partial fraction expansion 

Ordering Information 
H P  35665A Dynamic Signal Analyzer 

Opt ID9 computed order tracking measurements 
Opt ID1 real-time octave measurements 
Opt ID2 swept-sine measurement 
Opt ID3 curve fit/synthesis 
Opt ID4 arbitrary waveform source 
Opt 1C2 HP Instrument BASIC 
Opt 193 4 Mbyte total memory 
Opt 195 8 Mbyte total memory 
Opt 1CL external PC-style 101 key keyboard 
Opt 1 BH general export license version 

Price 
Call HP 
Call HP  
Call HP  
Call H P  
Call HP  
Call H P  
Call H P  
Call H P  
Call HP  
Call HP  
Call HP  



SIGNAL ANALYZERS n 
Dual-channel, Control Systems Analyzer 64 pHz to 100 kHz 

HP 3563A 

M e a s u r e  analog and digital s igna l s  M e a s u r e  spectra, wavefo rms ,  and t r a n s i e n t s  
Apply  analog and digital  s t imu lus  Ex t rac t  models with s- and z-domain c u r v e  fitting 
M a k e  swept sine a n d  FFT f r e q u e n c y  response mea- Mode l  s y s t e m s  using f r e q u e n c y  response s y n t h e s l s  
s u r e m e n t s  

efm SYSTEMS 

Direct Measurement of Dynamic Analog and 
Digital Signals 

The HP 3563A control systems analyzer is the development tool 
that provides test and analysis of analog, digital, and mixed ana- 
log/digital systems. In the world of electronics and control systems, 
designs are shifting from analog to digital. Products ranging from 
disk drives to robots to spacecraft use closed-loop control systems con- 
taining digital filters and microprocessors rather than analog 
circuitry. 

Hewlett-Packard helps you analyze next-generation systems with 
the HP  3563A control systems analyzer. A compatible superset of the 
popular HP 3562A dynamicsignal analyzer, this FFT-based analyzer 
offers the versatility required to make the most difficult spectrum, 
network and waveform measurements in both the time and frequency 
domain. For analog measurements, the analyzer has two differential 
input channels, a 64 pHz-to-100 kHz frequency range, 150 dB mea- 
surement range. 80 dB dynamic range. flexible triggering, and a ver- 
satile signal source. The digital inputs accept TTL-level parallel data 
up to 16-bits wide with data rates as high as 256 kHz and clock rates 
up to 10 MHz. 

Protect Your HP 3562A Investment 
If you develop, design, or test control systems, chances are you own 

an HP 3562A dynamic signal analyzer. If your designs now call for 
digital measurements, you can protect your investment in the 
H P  3562A by converting it to the functionality of the HP  3563A. 
Because the control systems analyzer is compatible with auto- 
sequence and computer programs written for the HP  3562A, your 
programming investment is also protected. For more infor- 

mation regarding H P  3562A, Option 063, please contact your local 
H P  sales representative. 

Test the Performance of Control Systems 
Whether a control system is analog, digital, or mixed, you still need 

to characterize its stability and performance. Characterization of sys- 
tem stability begins with an accurate frequency response measure- 
ment. Measure frequency response magnitude and phase quickly 
using the linear or logarithmic resolution FFT modes. Get a detailed 
look at the response with the swept sine mode. Linear or logarithmic 
swept sine frequency response measurements can be made with up to 
140 dB dynamic range. With FFT or swept sine tests, frequency re- 
sponse measurements are as accurate as *0.1 dB and +O.SO (see 
specifications for details). 

Display measurement results in familiar formats such as Bode, Ny- 
quist, and Nichols. Use waveform math to compute the open-loop re- 
sponse from a closed-loop measurement. Activate the special marker 
function to calculate and display the gain and phase margins. 

Key measures of time domain performance such as rise time, over- 
shoot, steady state deviation, and settling time are derived from the 
system step response. By providing a step stimulus, pre- and post-trig- 
ger delay, trace scaling, and separate x- and y-axis markers, the 
H P  3563A simplifies the measurement of time domain parameters. 

The built-in signal source produces the stimuli commonly needed to 
fully characterize closed-loop control systems. In analog or 16-bit 
parallel format, the source will output swept sine, fixed sine, sine 
chirp, step, pulse, ramp, random noise, and arbitrary signals. Data 
editing combined with waveform math simplifies the creation of arbi- 
trary waveforms such as sine chirps with shaped amplitude. 
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Turning Data into Information 
Plots of the frequency response or step response might not be 

enough to describe a control system. To quickly develop a proper 
compensation scheme, you need to know the location of system poles 
and zeros. If a compensator is being added to the system, its pole/zero 
model should be added to the system simulation to predict its effect. 
The HP 3563A addresses these problems with two powerful features: 
curve fitting and frequency response synthesis. 

Identify system poles and zeros by applying the HP  3563A curve 
fitter to a measured frequency response. Separate s- and z-domain 
curve fitters are included to handle analog and digital systems. The 
frequency domain multiple degree of freedom (MDOF) algorithm 
used in the curve fitters accounts for the interaction of adjacent poles 
more accurately than single degree of freedom (SDOF) methods. The 
HP 3563A can fit up to 40 poles and 40 zeros simultaneously. Results 
are displayed in a table showing the real and imaginary parts of sys- 
tem poles and zeros. If needed, a polelzero table can be converted to 
polynomial or pole/residue formats. 

Use frequency response synthesis to model s- or z-domain control 
elements, actuators, and compensators. To create more accurate 
models, enter a time delay to simulate computational delays. Include 
a zero-order hold in a z-domain synthesis table to model the effect of a 
digital-to-analog converter in the control system. Synthesis plus 
waveform math lets you try a compensator design before it is built. 
Use waveform math to combine a synthesized response with a mea- 
sured frequency response and predict the compensator's effect on sys- 
tem stability. If the predicted stability margins do not meet thedesign 
criteria, revise the model as many times as needed before building the 
compensation network. 

To handle systems with a mixture of analog and digital subsystems, 
curve fit and synthesis tables can be transformed between the s- and z- 
domains. A choice of impulse invariant, step invariant, and bilinear 
transformations lets you use the method that matches the characteris- 
tics of your system. 

S P U - - 1 1 . 7  F c - ~ S . O P I C H Z  A m D - 1 2 5 . 4  H Z  
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Characterize Electronic Networks and Signals 
Whether you develop digital signal processing ICs and data conver- 

sion devices or analyze the processed signals, the HP  3563A can sim- 
plify the task. Two inputs that accept analog and digital signals make 

the HP  3563A a powerful spectrum and waveform analyzer. Measure 
frequency spectra with 801 lines of resolution, +0.15 dB accuracy, 
and 80 dB dynamic range. Special trace markers simplify analysis of 
distortion, sidebands, and band power. The built-in demodulation ca- 
pability helps you analyze complex modulated signals in the time and 
frequency domains. 

Perform waveform analysis by capturing signals in the internal 
2OK-sample capture buffer, or use time throughput to save longer 
events in an external HP-I9 disk drive. Data scrolling and trace ex- 
pansion help you locate and analyze the important parts of captured 
waveforms. 

With a built-in signal source that generates analog and digital 
stimulus signals, the HP  3563A is also a versatile network analyzer. 
Measure the response of analog filters and devices. Test the frequency 
response of digital filters with a digital-inldigital-out measurement. 
Test the performance of digital-to-analog converters by applying dig- 
ital stimulus and measuring the analog output. 

Troubleshoot Noise and Vibration Problems 
Mechanical resonance problems often appear in electromechanical 

control system designs.  he HP 3563.4 provides the measurements 
you need to identify structural resonances, analyze motor vibration, 
and locate noise sources. Improve the quality of frequency response 
impact testing with functions such as data previewing and automatic 
overload rejection. Simplify interpretation of vibration measurements 
by selecting RPM or orders as the frequency axis and by using engi- 
neering units scaling to display amplitude in appropriate units such as 
displacement or velocity. 

Test accessories, such as impact hammers, accelerometers, and mi- 
crophones, are available through the HP  test & measurement acces- 
sories catalog, and from third-party vendors. For detailed noise and 
vibration analysis, software solutions are available from third-party 
software suppliers. 

Automation Makes it Easy 
Increase your productivity when automating testing or docu- 

menting results with versatile automation capabilities, such as auto 
sequence programming and direct control of HP-IB disk drives and 
plotters. Auto-sequence programming (ASP) lets you reduce a series 
of front-panel operations to a single keystroke. in addition to auto- 
mating analyzer functions, an ASP can send commands over the 
HP-IB to control external devices, such as programmable switches 
and loads. With ASP and a sheet-fed plotter, such as the HP  7550A 
plotter, the HP  3563A can perform batch plotting of files saved on 
disk. 

For computer-aided testing. the H P  3563A is also HP-IB program- 
mable. If you use a personal computer, the PC file conversion option 
(Option 921) is useful. This set of utilities runs on a PC and converts 
HP  3563A and 3562A files to MS-DOSm format. Conversion utilities 
are also included to make analyzer files compatible with MATRIXx 
from Integrated Systems, and PC-Matlab from The Mathworks. 

Note: Sen pago 183 la qmdllcdtiona. A data shsa wlth complete specfRcatlms ta available from 
ywr HP salss reprewntallve. 
MS-DOS IS a U.S. registered tndaMllc ol Miaomft Corporation. 



SIGNAL ANALYZERS 
Dual-channel, Dynamlc Signal Analyzer 64pHz to 100 kHz 

HP 3562A 

Network, spectrum, waveform, transient analysis 
Linear, logarithmic, swept sine modes 

80 dB dynamic range with full alias protection 
High accuracy (+0.15 dB) 
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HP 3562A Dynamic Signal Analyzer 
The HP 3562A dynamic signal analyzer is well suited for design, 

test and analysis of electronics, mechanical systems, and elec- 
tromechanical control systems. Two input channels, 64 pHz-to- 
100 kHz frequency range, 150 dB measurement range, and 80 dB 
dynamic range in this FFT-based analyzer, offer versatility and per- 
formance for even the most difficult spectrum, and waveform mea- 
surements, in both time and frequency domains. 

The two high-performance input channels and a built-in signal 
source (noise and sine signals) address network analysis needs on the 
bench or in a test system. Vector averaging. waveform math, 40- 
pole/40-zero curve fitter, and frequency response synthesis enhance 
network measurements with a full range of analysis and modeling ca- 
pabilities. Zoom analysis, with frequency resolution to 25.6 pHz, plus 
a powerful AM, FM, and PM demodulation function, make the 
HP  3562A a versatile spectrum analyzer. For transient or waveform 
analysis, signals can be sampled, digitized, then stored in internal 
memory, or sent via HP-IB to an external disk drive (without a com- 
puter). Stored waveforms can be recalled and analyzed in the time, 
frequency and amplitude domains (baseband and zoom analysis). 

Frequency Response Measurements 
You can make accurate, high-resolution frequency response mea- 

surements of electronic and mechanical systems with linear resolution 
FFT, logarithmic resolution and swept sine analysis. A built-in signal 
source provides a variety of random noise and sine wave signals to 
meet the requirements of the system under test. 

Linear resolution is the measurement technique common to all dy- 
namic signal analyzers. In the HP  3562A. 2048-point time records 
are Fourier-transformed into 801 -line frequency spectra. For network 
analysis, frequency response magnitude and phase, as well as input 
and output power spectra, can be measured with 801 lines of resolu- 
tion. Accuracy for the frequency response magnitude and phase is 
+0.1 dB and * O S O .  

The swept-sine mode configures the H P  3562A as a powerful 
swept-sine frequency response analyzer. The source can generate lin- 
ear or logarithmic sweeps with increasing or decreasing frequency; 
user-selectable sweep rate and resolution are also standard source 
functions. Input channel functions include user-selectable averaging 
and integration time; automatic input ranging can be activated to 
provide over 140 dB of dynamic range for measurements of high per- 
formance systems. 

Spectrrrm Analysis 
On-line analysis of distortion, drift, modulation, and phase noise 

can benefit from the speed and accuracy of the HP  3562A. High- 
resolution measurements are typically 100 times faster than tuned 
spectrum analyzers. Because the HP  3562A is an FFT-based analyz- 
er, you can see transient events a tuned analyzer would probably miss. 

The HP 3562A is essentially a dual-channel spectrum analyzer 
that provides resolution to 25.6 pHz anywhere within the 64 pHz-to- 

100 kHz measurement range. Amplitude accuracy is a0.15 dB with 
80 dB of dynamic range. Modulation analysis can be performed on 
either or both channels with harmonic and sideband markers as well 
as with the built-in demodulation capability: zoom measurement can 
be AM. FM, or PM demodulated with carrier frequencies up to 
99.9 kHz. 

Hr**. 

Waveform and Transient Analysis 
Perform complete analysis of waveforms and transients in the time 

and frequency domains. Store sampled and digitized waveforms in 
internal memory (single-channel time capture) or on disk in an exter- 
nal disk drive (single-or dual-channel time throughput). Recall data 
for time domain analysis as single time records or as a compressed 
display of up to 10 time records (time capture mode). Data can also 
be recalled for baseband and zoom analysis in the frequency domain 
with vector averaging, if needed. 

The array of triggering capabilities enhances both waveform re- 
cording modes. Pre- and post-trigger delays can be specified to cap- 
ture the rising edge of a transient or to compensate for delays in the 
system under test. 

Hardcopy and Mass Storage 
When access to prototypes is limited, make your test time more 

efficient with the time throughput capability; through direct control 
of external disk drives, the HP  3562A stores time data directly to disk 
without a computer. 

HP-IB is a standard feature to speed and simplify documentation 
of results with direct control of plotters and disk drives. Anything 
displayed on the analyzer screen can be plotted or saved on disk in- 
cluding measurement results, setup state table, synthesis tables, curve 
fit tables, and auto sequence or auto math program listing. 

Automation for Improved Praductivity 
As a stand-alone solution, the analyzer can "learn" a series of key- 

strokes and then perform them on command (auto-sequence pro- 
gramming). Up to five auto-sequence programs can be stored 
internally, with additional programs stored on an external disk drive. 
For networked HP-IB systems, the HP  3562A provides complete 
HP-IB programmability. Custom display graphics messages can be 
created with direct programming of the display, and user-defined 
softkey menus can be created to simplify interactive testing. 

Specifications (HP 3502A, 3503A) 
Contact your local HP  sales office for more information, including 

a data sheet with complete specifications. 
Frequency 

Measurement range: 64 pHz to 100 kHz. Both channels, single- or 
dual-channel operation. 
Resolution: span/800. Both channels, single- or dual-channel oper- 
ation. linear resolution mode. 

Spm Bmbmd zm 
# of spans 66 64 
rnin span 10.24 rnHz 20.48 rnHz 
rnax span 100 kHz 100 kHz 
time record (sec) 8OOIs~an 800Is~an 

Window functions: flat top. Hann, uniform, force, exponential, 
user-defined 
Typical real-time bandwidths: 
Single-channel, fast averaging 10 kHz 
Throughput to CS/80 disk 

Single-channel 12.5 kHz 
Dual-channel 6.25 kHz 

Amplitude 
Accuracy: defined as full-scale accuracy at  any of the calculated 
frequency points. Overall accuracy for the linear or logarithmic res- 
olution modes is the sum of the absolute accuracy, window flatness 
and noise level. Overall accuracy for swept-sine mode is the sum of 
absolute accuracy and noise level. 



SIGNAL ANALYZERS 
Dual-channel, Control Systems Analyzers 64pHz to 100 kHz (Cont9d) 
HP 3563A, 3562A 

Absolute accuracy: single channel (channel 1 or 2) 
&0. I5 dB &0.015% of input range (+27 dBV to -40 dBV) 
~t0 .25 dB +0.025% of input range (-41 dBV to -51 dBV) 
Window flatness: 
Flat top +0, -0.01 dB 
Hann +O. -1.5 dB 
Noise floor: with flat top window, 50R source impedance and input 
set to -51 dBV range 
20 Hz to I kHz (I  kHz span) < - 126 dBV (-1 34 d ~ ~ f l )  
1 kHz to 100 kHz (100 kHz span) < -1 15 dBV (-144 ~BVV'~) 
Frequency mponse channel match: 

Analog/analog: input signals at  full scale on any pair of ranges, 
accuracy is *0.1 dB, +0.5 degree (HP 3562A and HP 3563A). 
Digibl/digital: for simultaneous sampling on channels 1 and 2, 
accuracy is +0.1 dB, +0.5 degree. (HP  3563A only). 
Mixed analogfdigital: With full-scale inputs on both channels, 
computational delay between channels corrected for, 1:l sampling 
ratio, 16 averages and 256 kHz sample clock, nominal accuracy is 
+O.2 dB, 1.0 degrees from 64 pHz to 20 kHz and *0.2 dB, +4.0 
degrees from 20 kHz to 100 kHz (HP 3563A only). 
Dynamic range: All distortion (intermodulation and harmonic), 
spurious, and alias products are 1 80 dB below full scale input 
range ( 1  6 averages). 

Output level: between +10 and -10 Vpeak (ac + dc) into a 
10 kR. < I000 pF load. Maximum current is 20 mA. 

.t level: *5 Vpeak (2 IOkQ, < I000 pF load) 
dc onset: +I0  Vpeak in 100 mV steps. Residual offset at  OV offset 
5 10 m V  
Dirtortian: including subharmonics 
25.6 pH2 to 10 kHz -55 dB 
10 kHz to 100 kHz -40dB 
Pulse: nominally 1 sample wide and bandlimited (HP 3563A) 
Digital source (HP 356344) 
All analog signal types can be output from the digital source con- 
nector. Data format is 16-bit parallel in either two's complement or 
offset binary. Output level is TTL compatible. 

Maximum load: 8 LSTTL 
Maximum output rate: 256 kHz 

General 
Specifications apply when AUTO CAL is enabled or within 5OC 
and 2 hours of last internal calibration 

Ambient temperature: 0 to 55C 
Relative humidity: I 95% at 40C 
Altitude: 5 4570 m (15,000 ft) 
Storage: 

Temperaturn -40 to +75C 

Analog lnput (HP 3563A and 3562A) 
~ltituda: 5 15240 m (50,000 ft) 

Power: 86-1 27 VAC, 48 to 66 Hz 
lnput impedance: 1 MR +5% shunted by < 100 pF 196-253 VAC, 48 to 66 Hz 
lnput coupling: inputs can be ac or dc coupled - ac rolloff is 450 VA maximum 
< 3  dB at I Hz Weight: net, 27kg (581b); shipping, 36kg (791b) 
Crosstalk: - 140 dB (50R source, 50R input termination, input con- Size: 222H x 426W x 578mmD (8.75" x 16.75" x 22.75") 
nectors shielded) 
Common mode rejection: 
0 Hz to 66 Hz 80 dB 
66 Hz to 500 Hz 65 dB 
External sampling input: TTL compatible input for signals 
5 256 kHz (nominal maximum sampling rate) 

Digital lnput (HP 3563A) 
Measurement data signals can be up to 16 bits wide and must be par- 
allel data in two's complement or offset-binary format. (User selects 
truncation of unused upper bits or rounding of the three lowest bits 
for data more than 13 bits wide.) The data qualifier input accepts 8 
qualifier lines, a trigger, and 1 clock signal. 

Trigger 
Trigger modes: free run, input channel 1, input channel 2, source 
and external trigger. Free run applies to all measurement modes. 
lnput channel 1 ,  input channel 2, source and external trigger apply 
to the linear resolution, time capture, and time throughput mea- 
surement modes. 
Trigger delay: pre- and post-trigger delay resolution is 1 sample 
(1 12048 of a time record). 
Pn-trigger: a measurement can be based on data that starts from I 
to 4096 samples (112048 to 2 time records) before trigger condi- 
tions are met. 
Post-trigger: a measurement is initiated from 1 to 65,536 samples 
(1/2048 to 32 time records) after the trigger conditions are met. 

Analog Source (HP 3563A and 3562A) 
Random noise, burst random, sine chirp, burst chirp, fixed sine, and 
swept sine are available from the front panel source of the 
HP  3562A and H P  3563A. The HP 3563A also provides step, pulse, 
ramp and arbitrary signals from the same front panel source output. 
Users can select dc offset. 

Output impedance: 5(H2 (nominal) 

Acmsories Included 
H P  3563A: HP  01 650-6 1607 16-bit probe cable: 3 each 

HP 03563-61605 16-bit probe pod: 3 each 
HP 03563-61604 8-bit probe cable: 3 each 
H P  10347A pattern generator probe lead set: 3 each 
HP 5959-0288 grabber (package of 20): 80 each (4 pack- 
ages) 
Pouch for cables and probes 

H P  3563A/HP 3562A: getting started guide, operating manual, pro- 
gramming reference 

Accessories Available 
H P  3563A: HP  10346A $-Channel TTL tristate buffer pod 

HP 10348A $-Channel CMOS tristate buffer pod 
H P  01650-63203 termination adapter 

H P  3563A/HP 3562A: transit case for one HP  3563A: 
HP p/n 92 1 1-2663 

Ordering Information 
H P  3563A Control Systems Analyzer 

Opt 907 Front Handle kit 
Opt 908 Rack Mount kit 
Opt 909 Rack Mount and Front Handle kit 
Opt 910 extra Getting Started, Operating, 
Programming manuals 
Option 915 add Service manual and kit 
Opt 921 PC File Utilities 
Opt 922 delete cables, pods, and pouch 
Opt W30 Extended Repair Service. See page 723. 

HP 3562A Dynamic Signal Analyzer 
Opt 907 Front Handle kit 
Opt 908 Rack Mount kit 
Opt 909 Rack Mount add Front Handle kit 
Opt 910 Extra Operating manuals 
Opt 914 Delete Service manuals 
Opt W30 Extended Repair Service. See page 723. 

Price 
$24,900 

+$77 
+$41 

+$ 102 
+$I79 

+$ 100 
+$I50 

-51,400 
+5625 

5 19,900 
+$77 
+$41 

+$lo2 
+$225 
-5 100 
+$So0 



SIGNAL ANALYZERS l l  
Multichannel Measurement System, 64 pHz to 102.4 kHz 

HP 35658 

HP 35854A signal pracesslng module 
The HP 35654 signal processing module is a higher-performance 

version of the HP 35651B and is used for computation-intensive a p  
plications such as high-speed waterfall displays. In general, the added 

HP 3565s Multichannel Measurement System 
The HP 3565s multichannel measurement system is a computer- 

based system for signal acquisition and analysis. The measurement 
hardware is modular and consists of a mainframe and plug-in mod- 
ules. The mainframe can hold 8 modules, and a total of 8 mainframes 
can be chained together to permit a maximum of 64 modules in a 
single system. 

There are three types of modules: a signal processing module, an 
input module and a source module. A system (one or more main- 
frames chained together) must have one, and only one, signal process- 
ing module. This module acts as the interface to the host computer as 
well as the controller of all the other modules in the system. The sig- 
nal processing module is also used to perform digital signal processing 
operations on time data acquired by the input modules. 

Application Software 
System performance varies depending on which application 

software is used to access the hardware. Software packages available 
for the H P  3565s include H P  VISTA (for H P  9000 Series 300 work- 
stations) and the H P  3566A and 3567A (for IBM AT compatible 
PCs). (See page 206 for details on H P  35658 application software.) 
Additional software solutions can be created with the  
H P  Programmers Toolkit (HP  35635R) or purchased from various 
independent third-party software vendors. For more information on 
the H P  35635R or third-party solutions, contact your HP  sales repre- 
sentative. 

HP 35650A mainframe 
The HP 35650A mainframe provides power and cooling for up to 8 

modules. A special cable is used to connect mainframes together to 
create larger systems. 

Signal Processing Modules 
The signal processing module performs the following functions: 
Controls all system operations, including commands to other mod- 
ules and flow of data between modules 
Transfers measurement data to the host computer via HP-IB 
Controls direct throughput to disk 
Generates time records to send to the H P  35656A source 
Processes time data from the input modules 

HP 358518 signal processing module 
This signal processing module uses an MC 68020 main processor 

and an MC 56001 DSP processor for computing spectrums. The mod- 
ule includes 1 megabyte of RAM for data and program space (addi- 
tional RAM is available as an option). Most application software 
available for the HP  3565s uses this module. 

capability of this module is only accessible throughcustom program- 
ming (as taught in the HP  35635R Programmers Toolkit course). 

lnput Modules 
All three input modules use analog-to-digital converters to digitize 

a signal. In each channel, the AID converter is preceded by an analog 
anti-alias filter and followed by a digital filter (with zoom capability) 
and an 8K FlFO buffer. Time data from the FlFO buffers is sent to 
the signal processing module to be converted into spectrums. 

HP 35852A input module 
The HP 35652A is a single-channel input module with dc to 51.2 

kHz bandwidth and 80 dB of dynamic range. Preamplifiers for piezo- 
electric and ICP transducers are built-in to each module. The ICP 
mode provides 4 mA of constant current. The HP 35652A module 
also has an option for a buffered analog output. Option 001 provides a 
2 volts peak (full scale) analog output. 

HP 358528 Input modules 
The HP 35652B input module is similar to the H P  35652A except 

with increased measurement bandwidth to 102.4 kHz. The 
H P  356528 has 80 dB of dynamic range a t  frequencies below 
50 kHz. From SO kHz to 100 kHz, dynamic range is 75 dB. 

HP 35855A input moduk 
The HP 35655A input module is an 8-channel input module with 

dc to 12.8 kHz bandwidth for each of the 8 channels and a dynamic 
range of 72 dB. All eight channels have their own filtering and trigger 
detection. Also, all eight channels sample and hold simultaneously to 
maintain phase match across the channels. Each channel includes a 
buffered analog output. 

HP 35853A source moduk 
The HP 35653A source module provides the following excitation 

signals for frequency response measurements: 

Continuous sine wave 
Band-limited random noise 
Burst random noise of variable duration 

This module also includes a reference signal for system calibration 
of input modules. 

HP 35658A programmabk DAC 
The HP 35656A module uses a programmable digital-to-analog 

converter with 16 bits of resolution to generate arbitrary stimulus sig- 
nals up to a 100 kHz bandwidth. The data buffer size is selectable 
from 1 to 32768 words. 

Ordering Information 
H P  35605A system rack (for 2 mainframes) 
H P  35606A system rack (for 4 mainframes) 
H P  35650A mainframe 
H P  356518 signal processing module 
H P  35652A 51.2 kHz input module 
H P  35652B 102.4 kHz input module 
H P  35653A source module 
H P  35654A signal processing module 
HP 35655A 8-channel input module 
H P  35656A programmable DAC 

Price 
5 1,800 
$2,300 
$4,500 
$6.000 
$2.600 
52,900 
$ 1,950 

5 14,000 
S9.500 
$4.500 



SIGNAL ANALYZERS 
188 HP VISTA and Value-Added Business Solutions 0 HP 3565S, 3566A, 3567A, 3562A, 3563A, 35660A 

HP VISTA - HP 356308 
HP VISTA controls up to 256 channels of the H P  35658 mul- 

tichannel measurement hardware to make broadband PSD and fre- 
uenc response measurements. Time data from the input modules in 

8 e  H$ 3565s system is transformed into spectral data by using the 
signal processing module in the system. The results are available in 
resolut~ons ranglng from 400 lines, for fast measurements, to 3200 
lines for demanding a lications, and can be either baseband or zoom 
in all channels. HP features include the following: 

Engineering units for calibrated vibration and acoustic 
measurements 
Advanced display marker features that include THD and band 

wer computation 
Gindowed user-interface that makes it easy to organize and view 
large sets of data 
Direct digital throughput to disk capability for high-speed data ac- 
quisition for transient events 
MIMO (multiple-input multiple-out ut) frequency response mea- 
surements for multi-shaker testing oflarge. complex structures for 
modal analysis 

Structural Measurement Systems (SMS) 
SMS offers a comprehensive set of corn uter-aided testing (CAT) 

software for ~ r f ~ r m i n g  ex erimental m J a l  analysis, structural dy- 
namics modi catlon. forcefresponse simulation, and acoustic inten- 
sit analysis. SMS software operates on the HP  9000 Series 300, and 
H$ Vectra, PS 2, and compatible personal computers. 

The Modal 3!O SE Structural Analysis System is a full-capability 
desktop modal analysis package. It analyzes fre uency-response mea- 
surements to estimate the modal parameters o'F a structure and dis- 
plays the resultant mode shapes in animation. Modal 3.0 SE o rates 
on the HP 9000 Series 300 workstations in both RMB and &-ux 
operating systems and supports measurements from a variety of HP  
instruments. 

The STAR System is a series of software products for use in testin 
and analyzing the d namics of mechanical structures. The S T A ~  
System runs on HP ~ E C T R A ,  IBM PC-AT. PSI2 and compatible 
computers which support the Microsoft" Windows Operating Envi- 
ronment. STAR conslsts of three structural analysis modules and one 
module for acoustic analysis. Each is designed t o o  rate alone or in 
conjunction with an or all of the others. Since t E  STAR system 
operates in ~ i c r o s o 8  Windows, re rt generation and data transfer 
to other a plications is very easy. S%R is an excellent match for the 
HP 35661 and HP 3567A. 

STARModal o erates on a set of measured Frequency Response 
Functions ( F R F S ~  to identify the modal roperties of a structure. 
FRF measurements are taken from l-f~ instrumentation and 
processed within STARModal to estimate the modal arameters of 
the structure, displa its mode shapes in animation angperform fur- 
ther anal sis. ~ q ~ ~ ~ t r u c t  is a owerful combination of 
S T A R M ~ I .  Structural D namics ~ d i f i c a t i o n  (SDM) and Forced 
Res nse Simulation (FRSS. 

~FARAcoustics is an acoustic intensity analysis system for sound 
power determination and noise source identification. Crosspower 
measurements are taken from HP instrumentation and processed by 
STARAcoustics. Major features include sound power calculations. 
noise source ranking, surface contour plots, intensity vector display, 
octave analysis, m~crophone calibration capabilit~es, and A,B,C 
weighting curves. Links to Microsoft Windows-based applications 
provide superior graphics displays and quality report generation ca- 
pabilities. 

Entek Scientific Corporation 
Entek offers a complete modular product line for structural analy- 

sis, machinery monitoring, rotating machinery analysis, and acoustics 
analvcic -..-. "nu. 

S& structural analysis modules run within the Entek EASY o r- 
atin system. These are EMESH, EMODAL, EMDOF. E S M ~ D  
E F ~ R C E ,  AND MODENT. EMODAL is the heart of the structurai 
analysis famil and provides complete modal anal sis data acquisi- 
tion and S D ~ F  curve fitting. EMESH, EMDO? EFORCE, ES- 
MOD provide geometry generation, multiple degree of freedom curve 
fitting, forced response analysis, and structural modification capabili- 
ties respectively. All of these support the full selection of HP Instru- 
ments. 

MODENT is a parameter estimation package. The Entek Struc- 
tural Analysis Packa e contains all of the packa es necessar for ba- 
sic modal analysis: &MESH, EMODAL, E M ~ o F ,  ESM&D. and 
FFORCF - . - . . - - . 

EMAP is designed for rotating machinery diagnostic applications. 
EMAP features control the acquisition of large quantities of spectral 
data and the reduction of that data. 

Alsopart of EASY, ESIM and EMESH provide acoustic analysis. 
ESIM IS a stand-alone acoustics program which includes geometry 
entry, data acquisition, intensity calculation, three dimensional loi 
ting, sound power calculation, sound source rankin , and compre\en: 
sive plotting and re orting features. EMES~! is a geometry 
generation utility whicRreduces the setup time required for an acous- 
tics test. 

Predictive Maintenance PM) is based on the routine, orderly col- 
lection of machine data to c 6 aracterize the current running condition 
of plant equipment. Entek offers a complete, integrated line of redic- 
tive maintenance software roducts includin M I N I M O N ~ T ~ R .  
EMONITOR, AND EXAMPNE. MINIMON~TOR is the basic lev- 
el PM software package that includes database setuD. route construc- 
tion. data acquisition.?eport eneratlon, trend and s' ctrum lotting 
and database management. ~!VONITOR offers a c g h  leveyof ma: 
chinery surveillanci achieved throu h the use of f d l  narrowband 
alarm generation and comparison. E X A M I N E  allows the user to 
enter a description of the monitored e ui ment which may include 
gears, bearings, shaft! or impellers. MB?ORMONITOR identifies 
motor problems associated wlth rotor damage or stator/rotor eccen- 
tricity conditions. An H P  Instrument BASIC version of 
MOTORMONITOR is available for use with the HP  35660A. 

Leuven Measurement Systems (LMS) 
LMTS in the U.S. 

The LMS CADA-X System provides a comprehensive and grow- 
ing set of tools to meet all the requirements of a modem test laborato- 
ry. The system is organized around four main modules, each focused 
on a specific application area in Computer-Aided Dynamic Analysis 
(CADA). 

CADA Test is optimized for multi-channel data acquisition and 
advanced si nal processing. Dedicated modules are provlded for mul- 
ti le input/?multlple output testing (MIMO), acoustics, closed loop 
vitration control and rotating machinery analysis. A user- rogram 
ming environment allows seamless integration ofcustomize8app~ica: 
tions including s cialized processing algorithms, embedding HP- 
Toolkit c o m m a n g  and incorporating Fortran and C sub-pro rams 
into the system. Control and data- rting from a variety of F ~ P  In- 
struments are available, including t E  HP 3566A. 

CADA Anal sis includes the special-purpose analysis and 3D visu- 
alization moduis necessary to analyze structural behavior under ac- 
tual operating conditions. Results are processed to get a better 
understanding of a structure's operating deflection shapes, acoustic 
radiation patterns, and fatigue behavior. 

CADA Modal is a comprehensive package for MIMO modal anal- 
ysis. Emphasis is on global curve-fitting techniques in both the time 
and frequency domalns. CADA Modal is completed by sensitivity 
analysis to show where optimal structural changes can be made and 
by modification simulation to show its effect. 

CADA Link ex ses discrepancies between modes of vibration, as 
derived by finite erment analysis, and the actual modes measured on 
the prototype. Design recommendation and model u ating packages 
then help to correct for assumptions made during t f e FE process by 
updating the FE model to match the experimental results. This pro- 
vldes a more reliable basis for continued analysis and provides critical 
feedback into the design process itself. 

Structural Dynamics Research Corporation 
(SDRC) 

SDRC s I-DEAS is a complete mechanical computer-aided engi- 
neering s stem for the engineerin department which rovides full 
function &CAE design, analysis, b f t l n g ,  testing and FPC program- 
min I-DEAS is comprised of a series of inte rated modules based on 
solifgeometry, with a common database a n t  user-interface. 

I-DEAS test data analysis software is the testing and general data- 
analysis module within I-DEAS. It rovides for the management and 
analysis of test data. Test data can k in ut in a variety of ways that 
include data acquisition through S D ~ C ' S  new data acquisition 
software that supports the HP 3565s hardware. Data can be in the 
form of time histories or functions. Test results generated within 
I-DEAS can be easily accessed by designers or analysts and dis layed 
utilizing the so histicated gra h~cs  features inherent in the I-LEAS 
package. Key Zatures of I - D ~ A S  test data analysis include general 
data management, general data analysis. modal analysis, and fatigue 
anal sis 

I-LEAS Systan is an interactive. graphics-oriented program for 
evaluating the structural dynamic performance of mechanical sys- 
tems. It IS used for analytically predicting vibration and dynamic 
stress behavior. I-DEAS Systan supports multiple excitation func- 
tions such as force or unforced motion that can be defined in either the 
fre uency or time domains. Resulting system responses and internal 
loa%s can then be computed and displayed. Analyt~cal response calcu- 
lations can be transferred to I-DEAS Test Data Analysis for direct 
measurement comparison. 



SIGNAL ANALYZERS n 
Multichannel, SpectrumINetwork Analyzers 64 pHz to 102.4 kHz 

HP 3566A, 3567A 

Powerful Time and Frequency 
Measurements Using a PC Analyzer 

The 12.8 kHz HP 3566A and 102.4 kHz HP 3567A are PC-based 
spectrum/network analyzers that link high-performance measure- 
ment hardware (see page 165) to an HP Vectra PC (or other 
IBM-AT compatible) to provide flexible turnkey solutions in mechan- 
ical test, signal characterization, control systems and production test. 

The HP 3566A and 3567A have the same measurement feature 
set, but differ in maximum fr uency span and hardware configura- 
tion (see table below). Both angyzers can expand to include 16 chan- 
nels that acquire data simultaneously. Each analyzer includes a 
source for stimulating circuits or systems. An optional programmable 
DAC module adds arbitrary waveform and chirp capability. For fast 
measurement processing, a powerful hardware s~gnal processor mod- 
ule converts time data to frequency data using the latest FFT (Fast 
Fourier Transform) technology. The measurement hardware is linked 
to an H P  Vectra PC (or IBM PC-AT compatible) running 
MS-DOSm, Microsoftm Windows, and HP's measurement software. 
Optional software packages give additional measurement capabili- 
ties. 

UP 3566A UP 3%7A 
Channel count 8 or 16 2 to 16 
Cross channel accuracy tO 1 dB + 1 dB 
Phase +O 5O 5" 
Dynam~: range 72 dB 80 dB 
Maxlmum frequency span 

spectrum measurements 12 8 kHz 102 4 kHz 
network measurements 12 8 kHz 51 2 kHz ' 

Realttme bandwidth ' 
d~splay off 12 8 kHz 26 5 kHz 
display on 3 2 kHz 3 2 kHz 

Transtent capture rates 
max sampleslsec per channel 32.768 262.144 
max samples/sec to RAM 1 5 mtllton 1 5 m~ll~on 
max t~me samples ~n RAM ' 7 5 mtll~on 7 5 m~ll~on 

Waterfall display update ' 5 per sec 5 per sec 
Signal condit~oning ICP - 2mA Charge amp. ICP .4mA 

102.4 kHz uslng an external source 
Om, channel for 3567.2 chands for 3588 
With opt 116 
Rate appllcm lo elght t r n c a ,  updated simultaneausly 

HP 3566A and 3567A Measurement Capability 
Transient capture to RAM Nyquist 
Time record Histogram. PDF, CDF 
RPM spectral map Order tracking 
1 / 3  and 1 / 1 octave Order ratio map 
Auto-correlation Orbit diagram 
Cross-correlation Coherence 
Frequency response, gain phase Swept-sine 
Power spectrum Record/playback 
Cross spectrum 

Expandable Analyzers for Mechanical Testing 
The t lP  3566A and 3567A offer features for all types of mechani- 

cal testing, including rotating machinery analysis, vibration test, 
structural analysis, and acoustic noise testing. With an expandable 
channel count, these analyzers are a solution for applications requir- 
ing from 2 to 16 channels. Display up to eight traces of time or fre- 
quency data to quickly view accelerometer conditions or input 
channel ranges. Spectral maps and order ratio maps provide a picture 
of machinery behavior during run-up or coast down operation. From 
these maps, you can easily identify the important orders of vibration. 

Analyzer applications also include sound pressure testing, spatial 
characterization of radiated noise and noise source identification. 
Both the HP  3566A and 3567A provide 1/3 and l / l  octave displays. 
Built-in source signals, such as impulse, random, and burst random. 
are available for stimulating systems. 

Multichannel Characterization of Changing Signals 
Use the HP 3566A or HP 3567A to accurately measure fast- 

changing signals. Applications like monitoring. underwater acoustic 
testing, or surveillance require multichannel analyzers to process data 
in real time. Real-time measurement features ensure that transient 
events are captured and processed quickly. Eight high-speed displays 
allow ou to monitor changes in the time or frequency domain, with 
waterills and spectrograms showing how signals change with time. 
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New Order-tracking Algorithm (optional) 
Quickly distinguish between order-related and nonorder-related 

rotating machinery signals. This optional software adds order ratio 
map and order track measurements to the HP 3566A and 3567A ca- 
pabilities. With it you can measure an accurate order spectrum inde- 
pendent of changing RPM. Using new HP technology, order ratio 
ma sand order tracks are computed digitally, eliminating the errors 
anradded expense of ratio synthesizers, tracking filters. and RPM 
counters requ~red by other FFT analyzers. 

Full-Featured Swept-Sine (optional) 
Swept-sine techniques provide transfer functions with 132 dB dy- 

namic range by changing source levels and input ranges for each fre- 
quency point measured. R&D users can dramatically reduce 
measurement setup times by using auto-range, auto-level and auto- 
resolution. Auto-resolution decreases measurement execution times 
by optimizing the frequency spacing between measurement points. 
Gain and phase margins are calculated just by pushing a button, sim- 
plifying control system analysis. 

Production test users can further increase measurement speed by 
specifying all measurement parameters by frequency band. Up to ten 
separate bands allow performance optimization. 

Programmable DAC Provides Arbitrary Waveforms 
(optional) 

A programmable 16 bit DAC allows custom waveforms to be creat- 
ed and used as stimulus. A DAC editor and waveform calculator sim- 
plify their creation using built-in waveform types (sine, square, 
triangle, exponential, random and impulse). Mathematical opera- 
tions like integration, differentiation and filtering can be performed 
on the waveforms before they are output. In production test, chirp 
waveforms can be used to measure transfer functions extremely fast. 



Multichannel, Spectrum/Network Analyzers 64 pHz to 102.4 kHz (Cont'd) 

High-speed, Multithannel Transient Capture Create Custom Measurements Easily 
A special transient capture mode allows you to capture transients A full-function waveform calculator lets you create your own cus- 

to RAM at composite sample rates up to 1.5 million samples per sec- tom measurements and integrate them into the standard user inter- 
ond. All channels are simultaneously sampled. With option 116, 7.5 face. Mathematical functions can be performed on any measurement 
million samples can be collected (option 104 gives 1.5 million Sam- result, and the result of the operations can be displayed using the full 
ples). Captured signals can be viewed, and portions can be selected display functionality. Results of math operations can also be output 
for analysis using H P  3566A/3567A measurements (except order through the programmable DAC. 
track, order ratio map, and swept sine). Captured transients can be 
played back through the DAC module to recreate real-world signals. 

Documentation ol Results 
A special Hardcopy Mode lets you document measurement results 

with up to six displays per page. Each display can have numerous 
individual annotations and pages can be labelled. Important measure- 
ment parameters and a time stamp can be automatically added to 
each display. Built-in pushbutton computations, like total harmonic 
distortion and band power, can be printed on each display. To com- 
pare many measured results easily, overlay displays can print many 
results on a single graticule. 

Prints and plots can be made to any MicrosoftQ Windows sup- 
ported graphics printer or HP-GL plotter (Centronics or RS-232 in- 
terface only). In addition, you can write reports using word processors 
and include HP 3566A and 3567A displays either by using MS Win- 
dows "cut and paste" or by importing HP-GL plot files. 

Ordering Information 
HP 3566A spectrum/network analyzer 

includes 1 HP  35650A mainframe, 1 H P  35655A 
eight-channel 12.8 kHz input module, 1 
H P  35653A source module, 1 H P  35651B signal 
processor module with 1 Mbyte RAM, 1 HP-IB 
cable, 90-day onsite hardware warranty, H P  
time/frequency domain measurement software with 
15 months BasicLine and 3 months ResponseLine 
software support. 
Opt 010 add 1 H P  36655A eight-channel 12.8 kHz 
input module (2 eight-channel modules is maximum 
configuration) 
Opt 104 convert H P  35651B RAM to 4 Mbyte 
Opt 116 convert H P  35651B RAM to 16 Mbyte 
o p t  056 add H P  35656A programmable DAC 
module (required for chirp stimulus, arbitrary 
waveform and record/playback) 
Opt A16 H P  Vectra QS16 with software installed 

HP 3567A spectrum/network analyzer 
includes 1 HP  35650A mainframe. 1 H P  35652B 
single channel 102.4 kHz input module, 1 H P  
35653A source module. 1 H P  35651 B signal 
processor module with 1 Mbyte RAM, 1 HP-IB 
cable, 90-day onsite hardware warranty, H P  
timelfrequency domain measurement software with 
15 months BasicLine and 3 months ResponseLine 
software support. 
Opt 005 add 1 mainframe (3 mainframes is 
maximum configuration) 
Opt 010 add 1 102.4 kHz input module (16 input 
modules is maximum configuration) 
Opt 104 convert HP  35651 B RAM to 4 Mbyte 
Opt 116 convert H P  35651 B RAM to 16 Mbyte 
Opt 056 add H P  35656A programmable DAC 
module (required for chirp stimulus, arbitrary 
waveform and record/playback) 
Opt A16 H P  Vectra QS16 PC with software 
installed 

HP 35636A order tracking (optional software) for 
HP 3566A and H P  3567A (requires opt 104 or 116) 

HP 35637A swept-sine (optional software) for 
HP 3566A and H P  3567A (requires opt 104 or 116) 

HP 35634A Software ONLY for HP  3566A and 
HP 3567A (if you already have hardware) 
MS-DOS* 13 a U.S. -lared tradanuk of M k r m  Corp. 
Mlcrwoft* Is a U.S. replatered trademark of Mlcroso* Corp. 

Price 
$22,000 



a New sweep gating option 
a 80-100 dB dynamic range 
a +0.25 d B  typical level accuracy 

SIGNAL ANALYZERS 
Spectrum Analyzer 20 Hz to 40 MHz 

HP 35858 

a 50'75, 1 M R inputs 
a 3 Hz resolution bandwidth 

Automatic limit testing 

Uncompromising Baseband Signal Analysis 
The HP 3585B spectrum analyzer delivers high performance 

where it counts - a t  baseband frequencies. With very high 
accuracy, resolution, and dynamic range, the H P  35858 is the best 
solution for signal analysis at  the critical frequencies comprising 
voice, picture, or digital information. 

In today's high-speed, high-density information processing sys- 
tems, maintaining the integrity of data signals requires more mea- 
surement performance than ever before. The H P  3585B provides 
80-100 dB of spurious-free dynamic range. a sharp 3 Hz resolution 
bandwidth, and a 20 Hz-40.1 MHz frequency range to easily cover 
most information bandwidths. Fully synthesized tuning (including 
sweeps) and typical amplitude accuracy to +0.25 dB ensure complete 
measurement confidence. 

Cartfully Chosen Featum tor Better Measurements 
Measurements are faster and easier with the optimized feature set. 

The automatic limit test function checks all 1000 measurement points 
against user-defined upper and lower limits in a fraction of a s k n d .  
Pass/fail results are shown in the display and are available over 
HP-IB for improved productivity in automated applications. 

The automatic peak search and signal track functions speed signal 
identification and analysis and make examination of drifting signals 
more convenient. In addition to locating the strongest signal in a dis- 
play, the peak search function can also find successively smaller sig- 
nals, or search to the right or left for peaks above a user-defined 
threshold. 

Fast, Flexible Frequency Sweeps 
Well-designed bandwidth filters and a phase-continuous, synthe- 

sized local oscillator team up with exceptional dynamic range to give 
the HP  3585B very fast measurement speeds. A 40 MHz sweep using 
the 30 kHz resolution bandwidth takes only 200 milliseconds, fast 
enough for high-resolution spectrum surveillance. A 1 MHz sweep 
using a 1 kHz bandwidth takes only 2 seconds, yet yields an average 
noise floor of -85 dBc. 

Powertul Marker Functions 
The tunable marker readout of frequency and amplitude can be 

expressed as an absolute or relative (offset) value. With a single key- 
stroke, the marker value can be entered as the center frequency, refer- 
ence level, frequency span, or center frequency step size. This 
improves accuracy and efficiency in manual testing and reduces setup 
errors. 

The built-in frequency counter provides additional accuracy when 
measuring the frequency of a signal in the display. Results are provid- 
ed in 0.3 seconds to 0.1 Hz resolution. Because the counter function is 
combined with the selectivity of the analyzer, it is possible to accu- 
rately measure small signals in the vicinity of much larger ones. 

For noise measurements, the noise level marker function displays 
averaged rms noise density a t  the marker position, normalized to a 
standard 1 Hz bandwidth and corrected for the analyzer's character- 
istics. This function can be combined with the relative measurement 
mode for fast. easy signal-to-noise ratio measurements. 
Measurement Hard Copy 

Copying a complete display to a printer or plotter is as easy as 
pressing a button. The H P  3585B directly controls HP-GL compati- 
ble HP-IB plotters and graphics printers such as the H P  ThinkJet. 
Tracking Generator 

The standard 50 R tracking generator covers the full 40 MHz fre- 
quency range of the HP  358SB to provide easy scalar (amplitude- 
only) network analysis. The signal is fully synthesized in C W  
measurements and sweep and level is adjustable from 0 dBm to 
-1 1 dBm on the front panel. 
Flexible Inputs with Autonnging 

50, 75, and 1 MR input impedances are all standard and are elec- 
tronically selectable to match your system. For sensitive circuits, the 
50 R and 1 MR inputs and provided probe power, offer maximum 
compatibility with a variety of passive and active probes. With input 
autoranging, the H P  3585B automatically chooses the optimum input 
range for maximum dynamic range and lowest distortion. This elimi- 
nates the need to manually adjust attenuation and IF  gain. 
Burst Signal Analysis 

Spectrum analysis results from traditional swept measurements on 
burst signals include not only the signal of interest, but also the signal 
from the burst repetition period. The noise floor is higher in burst 
measurements. which masks the signal of interest. Accurate signal- 
to-noise and carrier-to-noise measurements are impossible. The new 
sweep gating option 001 reveals the signals you have missed. 
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Specifications 
Specifications describe the warranted performance of the 

HP  35858 over the temperature range O°C to S ° C ,  except where 
noted. Supplemental characteristics describe typical but non-war- 
ranted performance; they are described as "typical" or "approxi- 
mate" and apply over the temperature range 25 +5"C. 
Frequency 

Measurement range: specifications apply 20 Hz-40.1 MHz 
Start/stop, center, manual frequency range: 0 Hz-40.1 MHz 
Accuracy: (same as frequency ref. accuracy) 
Frequency span: 0 Hz-40.1 MHz 
Frequency reference accuracy: * 1 x 10-'/mo. of frequency 
Marker frequency: 

Readout accuracy: +O.2% of frequency span resolution 
bandwidth. 
Resolution: 0. I Hz 

Resolution bandwidth: 
Bandwidth: 3 Hz-30 kHz (3 dB bandwidth) in 1.3, 10 sequence. 
Selectivity: 60 dB / 3 dB < 1 l:l 

Video bandwidth: 1 Hz-30 kHz in 1, 3. 10 sequence 
Amplitude 

Display scale: 10 vertical division graticule with reference level 
(OdB) at top graticule line 
Calibration: I, 2. 5, 10 dB/division 
Measurement range: 

5017512 input: -1  37 dBm to +30 dBm or equivalent level in dBV 
or volts 
1MR input: 31 n Vrms to 7.08 Vrms 

Input range settings: autoranging. -25 dBm to +30 dBm in 5dB 
steps 

Amplitude accuracy 
Accuracy note: measurement accuracy is determined by the sum of 

reference level accuracy. amplitude linearity (if the signal is not at  the 
reference level) and frequency response across the measurement span 
(if the signal is not at  the center or manual frequency). In measure- 
ments where the signal is at  the reference level and/or at the center or 
manual frequency, the amplitude linearity and/or frequency response 
uncertainties will not apply. 
Reference level 

Range: -100 dB to + I0  dB (relative to input range) 
Accuracy: 50/75 R input (using I or 2 dB/div., measured at  manu- 
al frequency or with sweep rate reduced by a factor of 4): 

Typical accuracy, + I 0  dB to -50 dB: +0.25 dB. For 5 or 
I0 dB/div. add 0.1 dB to the figures above 
For 1MQ input: Add to above specification +0.7 dB for 20 Hz- 
10 MHz; +1.5 dB for 10 MHz-40.1 MHz 

Amplitude linearity 
50/75fl input (relative to reference level): 

Typical linearity 0 dB to -20 dB: +0.2 dB 
Frequency response 

50175 R input (relative to center frequency): 4 5  dB 
(+0.3 dB typ.) 
For 1MR input: add to above specification +0.7 dB for 
20 H7-I0 MHz, f l . 5  dB for 10 MHz-40.1 MHz 

Marker amplitude accuracy: 
Center or manual frequency at  the reference level: Use reference 
level accuracy from 30 dBm to -1 15 dBm; add amplitude linearity 
below -1  15 dBm. 
Anywhere on screen: Add amplitude linearity and frequency 
response (same as display accuracy) 

Dynamic range 
Spurious responses: (image, out-of-band, and harmonic distor- 
t ~ o n )  

50175Q input: <-80 dB relative to a single signal at or below the 
input range setting. 
Typical performance: -84 dB - (1 dB/dB below input range set- 
ting) 
Example: For a -8 dBm signal on the 0 dBm input range, the 
spurious responses would be -92 dB. 
1 MR input: <-80 dB, except 2nd harmonic distortion <-70 dB 

Intermodulation distortion 
50/75 R input: 5 -80 dB relative to the larger of two signals, each 
2 6  dB below input range setting except 2nd order IM from 
10 MHzto40  MHz <-70dB 
1 MR input: <-70 dB for 2nd order, <-80 dB for 3rd order 
Residual responses (no signal at input): < - 120 dBm using 
-25 dBm range, or 95 dB below input range setting 
Residual phase noise (typical at 40 MHz, -10 dBm input): 
5 kH7. offset: - 1  12 dBc/Hz 
I00 kHz offset: -120 dBc/Hz 
Maximum dynamic range (typical): 92 dB spurious, harmonic 
and 3rd order IM; 115 dB signal to noise. 

Average noise level 
50175R inpul: 

1 MR input: below 500 kHz add 12 dB to above 
Tracking generator 

Level: 0 dBm to -1 1 dBm, manual control from front panel 
Frequency accuracy: +I Hz relative to analyzer tuning 
Frequency response: *0.7 dB; typically: +0.5 dB 
Impedance: 50 R. > 14 dB return loss 

Signal input 
501751): ,26 dB return loss, BNC connectors 
1 Mil: *3% shunted by <30 pF, BNC connector 
Maximum input level 

50175R: 13V peak ac plus dc, relay protected for overloads to 42V 
peak. 
1 MR: 42V peak ac plus dc (derated by factor of two for each 
octave above 5 MHz) 

External triggcr: negative-going TTL level or contact closure initi- 
ates sweep 
External tmqumcy rdtrtnce: 10 MHz or subharmonic to 
I M H7.0 dRm minimum level 

General 
Environmental 

Temperature, operating: 0' C to 55' C 
Humidity: <959 RH 
Warm-up time: 20 min. at  ambient room temperature 

Power 
l l V (1 1% -25%). 48-440 HZ 
230V (1 1% -1 8%). 48-66 HZ 
180 W, 3A max. 
Weight: 36.7kg (81 Ib) 
Size: 229H x 426W x 635mmD cm (9" x 16.75" x 25") 

Ordering Information Price 
HP 3585B Spectrum Analyzer f 25,200 

Opt W30 Extended Repair Service. See page 723. +$605 
Opt 001 Sweep Gating +f 1,500 
Opt 002 Field Installable Sweep Gating Kit +$2,000 



SIGNAL ANALYZERS l l  
Spectrum Analyzer 10 Hz to 150 MHz 

HP 3588A 

*0.2 dB typical level accuracy 
Narrowband measurements hundreds of times faster 
80/ 112 dB dynamic range 

Internal HP Instrument BASIC and controller option 
Built-in 3.5-inch flexible disk drive 
Scalar network analysis; built-in tracking generator 

can use the analyzer's built-in disk drive or non-volatile memory to 
store and retrieve traces, instrument states, or programs. Other fea- 
tures include autoranging input, limit lines with go/no-go indication. 
direct plotter or printer output, and HP-IB operation-all of which 
allow faster setup and documentation of results. 

Noise and Modulation Analysis Applications 
With the HP 3588A. a broad range of communication equipment 

can be quickly characterized to meet demanding standards. Direct 
noise and discrete sideband measurements of signals below 150 MHz 
are possible with the narrow resolution and low internal phase noise. 
Narrowband-zoom mode provides power line frequency, voice chan- 
nel, and audio band modulation sideband analysis at  speeds not avail- 
able in conventional swept-tuned spectrum analyzers. - - Specifications Summary 

Refer to the techn~cal data sheet for full specifications. The follow- 
ing specifications are valid from 0 to 55C. 

HP 3588A Amplitude 

High-Pertormance Signal Characterization 
The HP 3588A spectrum analyzer provides high-performance 

spectrum analysis from 10 Hz to 150 MHz, with outstanding fre- 
quency and amplitude accuracy. A wide range of frequency spans 
and resolution bandwidths accommodates many types of measure- 
ments. A built-in tracking generator with programmable amplitude 
allows easy scalar network measurements for passive and active net- 
works. 

The H P  3588A offers two measurement modes - swept spectrum 
and narrowband zoom. Both modes provide excellent speed and 
greater resolution than conventional analyzers. Swept-spectrum 
mode provides the performance and features of traditional swept- 
tuned analyzers but adds very sharp digital IF filters for improved 
frequency resolution (-3 dB bandwidths as narrow as 1.1 Hz). Nar- 
rowband zoom uses an implementation of the Fast Fourier Transform 
to provide faster measurements with even greater resolving power. 

Built-in autocalibration provides typical amplitude accuracy better 
than +0.2 dB. This amplitude accuracy, combined with the frequency 
stability and accuracy of a synthesized receiver, provides the high 
performance needed for the most demanding measurement situa- 
tions. Maximum signal-to-noise dynamic range is 11 2 dB. Low- 
distortion mode measurements are optimized to provide 80 dB of dis- 
tortion-free dynamic range. 

Unprecedented Speed and Resolution 
Narrow resolution measurements with conventional swept-tuned 

analyzers typically require long measurement times, which can in- 
crease development time and test costs. In contrast, the HP  3588A 
sets new standards in speed with no loss of resolution. 

Faster measurements are possible in swept-spectrum mode because 
the analyzer's digital IF  filters have twice the selectivity of analog 
filters and offer faster measurements while still resolving low-level 
carrier sidebands. The predictability of digital filters also permits the 
analyzer to sweep even faster, using a built-in correction algorithm. 
This improves measurement speed up to four times compared to con- 
ventional swept-tuned analyzers, with no additional amplitude error 
or resolution loss. 

Narrowband-zoom mode provides the fastest spectrum measure- 
ments (40-400 times faster than swept-tuned analyzers for compara- 
ble measurements), with resolution unequalled by traditional 
technologies. Narrowband zoom can be used for spans of 1 Hz to 
40 kHz ANYWHERE in the 150 MHz range of the HP  3588A. 

Extensive Featum Offer a Complete Solution 
It is easy to design custom measurements with the HP  3588A be- 

cause it supports the HP  Instrument BASIC programming language. 
which also lets you control other instruments through HP-IB. You 

Measurement range 
Maxlmum safe input level 50/75R I MQ 

Average continuous power 
(10 Hz to 150 MHz) 26 dBm - 

Combined ac/dc &4 Vpk +25 Vpk 
AID overload level >2 dB (relative to selected range) 
Dynamic range 
Noise level 50 R input (dBm/Hz using the marker noise function): 
- 134 dBm. 30 kHz to 150 MHz. For more information see the 
H P  3588A technical data sheet. 
Note: Typlcal nolaa flow for ra mowband-loom meam-ts cw be m low m 
-150 dBm. See the HP 3588A technkal data sheet. 

Spurious mponses 
General 

Unless specifically mentioned in other spurious specifications, 
spurious responses are <-70 dBc for signal levels less than range. 
( < -80 dBc typical) 

Harmonic distortion 
Low-distortion mode, 50 and 75 R inputs: Intermodulation dis- 
tortion products are <-80 dBc (<-90 dBc typical) with respect to 
2 tones 6 dB below range. Degrade specification by 10 dB when 
low-distortion mode is off. 
1M Cl input: <-65 dBc (<-IS dBc typical.) 

Residual responses 
Residual responses are less than -1 I0 dBm on the -20 dBm range. 

Degrade specification by 10 dB when low-distortion mode is on. De- 
grade 10 dB for 40 kHz spans in narrowband zoom mode. 

Image, multiple and outat-band mponses: 
<-70 dRc (c-80 dBc typical) where applied carrier level is less 
than range. 

Spectral purity 

-lM 
I o roo L ak ma 
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Q SIGNAL ANALYZERS 
Spectrum Analyzer 10 Hz to 150 MHz (cont'd) 

Amplitude accuracy 
Note: Measurement accuracy is determined by the sum of full scale 
accuracy and scale fidelity (linearity). For measurements made at  
full scale (signal level=range), only reference level accuracy must be 
considered. Recalibration due tochange in center or manual frequen- 
cy is not required for the accuracy shown below. 

Full scale absolute accuracy (applies over the complete 0 to 55°C 
temperature range) 

10 Hz 100 Hz 30 kHz 300 kHz 40 MHz 1% MHz 

M R Input 

75 R ln~ut  

SO Ohm Full Scalc Accuracy 

1 MR Input 

Resolution bandwidth 
Swept spectrum mode filter RBW 1.1 Hz to 17 kHz 10% 
Narrowband zoom mode: 

High-accuracy mode 0.90% of span (1 1 mHz-360 Hz) 
High-resolution mode 0.37% of span (4.5 mHz-148 Hz) 

HP 3588A digital RBW fllter shape  (solld line) compared with a 
standard (Gaussian) analog RBW filter of equivalent 3 dB 
bandwidth. Shape  factor of the  analog filter is approximately 
11:l 

I I 

+0.5 dB 1 +0.4 dB I +O.5 db  
(0.2 dB typ.) 

t O 8 d B  

i2.5 dB 
(I dB typ) 
a2 5 dB 

I 

Measurement speed ( c h 8 r a c ~ r t i c  only) 
Sweep rate, oversweep off: RBW2 t 2 Hz/s 
Sweep Rate, oversweep on: 4x(RBW2 + 2) Hz/s 

4.0 dB 
(0.5 dB typ) 

+I 0 dB 

Note: Analog Gauglm RBW Rltm am uwatly swept .st RBW'i2 Hzls (or #M) ,  to llmlt ampll- 
tudeerrors lo  ~ 0 . 1  dB. The ovarsw8apmodeolthe HP 3588A pravldss 4 tlmes faster smnw times 

i0.6 dB 2 5  dB 

without increased error 

tl 0 dB 

The calibration procedures produce the  greatest  accuracy a t  Narrowband-zoom mode: >7 measurements/s (for spans > = 10 kHz) 
300 kHz. Full scale absolute accuracy a t  300 kHz is *0.3 dB  HP-IB binary trace output: approx. 120 ms/trace 
(0. l dB  typical) when input level = range. Accuracy is specified Narrowband zoom (FFT): 400+span (Hz) seconds (time record 
for manual frequency or for sweeps  where sweep time is in- lenQth) 
creased by 4. Add +0.1 dB  for autocoupled sweep times. Vih"e0bandwidth: Coupled to RBW from (1.54 X RBW) to (0.012 x 
Narrowband zoom note: Measurement da ta  is 'windowed' in the  RBW) in steps, and OFF 
FFT operation of the narrowband zoom mode to  optimize ampli- 
tude  accuracy or frequency resolution. This adds  the following 
frequency response errors to  the full scale absolute accuracy 
specifications above. Amplitude range: +10 dBm to -59.9 dBm and OFF 

Amolitude resolution: 0.1 dBm 
High-accuracy mode (Flat-Top window): t0.005 dB ~ b i o l u t e  amplitude accuracy: +I dB (at 300 kHz and + I 0  dBm 
High-resolution mode (Hanning window): +0, -1.5 dB output level) 

Dynamic accuracy: Add 0.02 dB/dB below 10 dBm output level to 
S c a l e  Fidelity the absolute accuracy 

LOWI Wifkd Typlal Frequency response: t 1 dB (Variation relative to level at  300 kHz) 
0 to -30 dB ~0.05 dB 001 dB Frequency range: 10 Hz to 1 50 MHz 

-30 to -40 dB t0.1 dB 0.02 dB 
0.02 dB 
0.10 dB 

G e n e r a l  Spec i f i ca t ions  

0.10 dB Environmental 
0.25 d~ Operating temp, standard inst: 5 to 50°C 
0.25 dB Operating temp, delete disk opt: 0 to 55°C 

Example: Typical cumulative accuracy for a signal of -45 dBm at requimmsnt. 
100 MHz is calculated by summing full scale absolute accuracy and l:i ::: z~~~:~~!~~ ~ ~ ~ ! ~ ~ ~ { ~ ~ s ~ ~ ~ ~ ~  zt scale fidelity. i.e. (0.2 dB + 0.01 dB) = 0.21 dB Maximum power dissipation: 450 VA 
lnout Port Return Loss >20 dB 

Physical 
F r e q u e n c y  Spec i f i ca t ions  Weight: net, 28kg (61 lb); shipping, 38kg (81 lb) 
Frequency Accuracy Size: 222H x 425.5W x 630 mmD (8.75" x 16.75" x 24.8") 

Freauencv accuracv is the sum of initial accuracv. aaina and fre- 
quenc!: couiter resojution. Accuracy is measured- wiih Trequency Memory 
counter function. Standard internal memory: 1 Mbyte RAM, fully partitionable 
Initial Accuracy Without opt. 001 With opt. 001 Memory Option 003: Additional available 2 Mbyte RAM 

20 to 30°C +0.5 ppm *0.01 ppm 
0 to SS°C +3.0 ppm t0.07 ppm 

Aging t0.25ppm/mo +0.125 ppm/mo 

Frequency counter resolution: 0.1 Hz 

Frequency span  range (characteristic only) 
Swept spans: 

Range: I0 Hz to 150 MHz, and zero span 
Resolution: 0.1 Hz 
Startlstop frequency: 0 Hz to 150 MHz 

Narrowband-zoom spans: 
Range: 1.23 Hz to 40 kHz in X2 steps 

Orde r ing  information: 
HP 3588A soectrum analvzer 

Opt 001 fiecision freq&ncy reference 
Opt 003 additional 2 Mbyte RAM 
Opt 004 delete disk drive 
Opt 1C2 HP Instrument BASIC 
Opt 908 rack mount kit 
Opt 915 service kit 
Opt 916 extra operating manual 
Opt 920 extra HP-IB manual 
Opt W30 extended repair service. See page 723. 

P r i c e  
f 18.900 



SIGNAL ANALYZERS 
Spectrum Analyzerr, Portable 

HP 8590 Series 

Easy-to-use, portable spectrum analyzers 
Full range of price and performance options 

Expanded memory and trace-storage capability 
Custom measurement personalities 

@#$ 
SYSTEMS 

HP 8590 w r i e s  

HP 8590 Series Spectrum Analyzers 
This family offers a wide range of performance, features, and prices 

designed to fit your budget. Choose from two low-cost, basic perform- 
ance analyzers or from four higher-performance models with synthe- 
sizer accuracy. Whatever your choice, you will find H P  8590 series 
spectrum analyzers easy to use and reliable. Their expandable feature 
sets allow them to be easily configured to meet your growing measure- 
ment needs. 

Many options available for these portable spectrum analyzers can 
be added at  the time of instrument purchase or any time after. You 
can also add a variety of printers, plotters, and accessories to help 
make your job easier. 

Measurement Personalities 
The HP 859 I A. 8593A. 8594A. and 8595A portable spectrum ana- 

lyzers include a built-in memory card reader and expanded program 
memory for storing measurements. The H P  8590B and 85928 in- 
clude the expanded program memory and can be configured with the 
card reader as an option. 

The memory card reader can be used to load application-specific 
measurement personalities into the analyzer. H P  offers several mea- 
surement personality cards to customize your instrument for cable 
television, electromagnetic interference, and digital radio testing. 

HP 85711A C A N  Menuremmt Personality 
This card customizes your HP  8590-series spectrum analyzer for 

headend testing, proof-of-performance measurements, trunk mainte- 
nance, and (with a microwave analyzer) CARS-band testing. Single- 
key functions include channel selection by number and beats identifi- 
cation, carrier level, carrier-to-noise ratio, power-line hum, cross 
modulation, composite triple beat, video-modulation depth, and non- 
intrusive frequency response. With H P  8591A or 8593A option 301, 
you can listen to AM and FM signals and measure modulation depth 
on individual TV lines selected by number. HP  8590 series options 
H80 and H81 let you view TV pictures on the CRT of the spectrum 
analyzer. 

HP 857128 EMC Wasuromont Personality 
This card adds capabilities to an H P  8590-series spectrum analyzer 

for custom electromagnetic compatibility (EMC) diagnostic and pre- 
compliance measurements. EMC applications include field-strength 
testing in close fields, peak response measurements weighted for 
broadband emissions, and identification of narrowband and impulse 
(broadband) signals. Accessories such as a preamplifier and set of two 
close-field probes complement the EMC measurement capabilities 
added to the analyzer by this personality. (See page 200 for more 
information on EMC test products.) 

HP 85713A Digital Radio Mowuroments Pwsonallty 
This measurement card for your microwave portable analyzers in- 

cludes five major agency masks for testing to US, UK, and FRG digi- 
tal radio specifications. Automatic compare-to-mask and mean- 
power-level measurements are made on the modulated signal. Mea- 
surement functions include transient-analysis monitoring and fre- 
quency-response measurement. You can create and store your own 
masks and recall them for later use. Additional digital radio tests, 
including multipath fading margin, power measurements, and flat- 
ness, are available using the H P  11758T digital radio test system. 

Ordering Intormation Price 
H P  85700A blank 32-Kbyte memory card $100 
H P  8571 1A CATV measurements personality $600 
H P  857129 EMC measurements personality $860 
H P  85713A digital radio measurements personality $770 
Selected accessories 
H P  85901A portable ac power source 51.120'g 
HP 11758T digital radio test set S58.000 
H P  11945A Opt E51 close-field probe set $3,640= 
H P  11946A quasi-peak adapter/AM-FM demodulator $1.910 

upgrade kit 
HP 8447D broadband preamplifier (1 00 kHz- 1.3 GHz) $1,54Ojf 
H P  41800A active probe (5 Hz to 500 MHz) 51.700= 
H P  85024A high frequency probe (300 kHz to 3 GHz) $1,900* 
H P  2225A/B ThinkJet printer 5495 * 
H P  7440A ColorPro plotter 51.295= 

For samaday shipment, call HP DIRECT at 800-538-8787 



SIGNAL ANALYZERS 
Spectrum Analyzers, Low-cost Portable 
HP 8590B, 8592B 

Low price 
Easy to use 

Sturdy and lightweight 
Measurement personalities 

HP 85908 and 85928 Spectrum Analyzers 
These models offer basic R F  and microwave measurement per- 

formance at  a low cost. The HP 85908 has a frequency range of 9 
kHz to 1.8 GHz, a 50- or optional 75-ohm input, and a weight of only 
13.6 kg (30 pounds). Amplitude range is a wide - 1 15 to +30 dBm. 
The H P  8592B has a frequency range of 9 kHz to 22 GHz (or 25 GHz 
with option H25). an internal preselector, and a weight of (35 
pounds) 15.9 kg. Amplitude range extends from -1 14 to +30 dBm. 
(For special applications or general export, the H P  8592B option 
1BH does not tune above 18 GHz nor span greater than 2.3 GHz.) If 
ac power is not available, both spectrum analyzers can be operated 
using the H P  85901A portable ac power source. 

O m  Spectrum Analyzer for Many Applications 
You can change the test capabilities of these spectrum analyzers to 

fit specific measurement needs. An optional memory card reader en- 
ables you to load specific measurement personalities for cable televi- 
sion, electromagnetic compatibility, or digital radio applications. 
Complex measurement routines and test limits are available at a key- 
stroke. An optional built-in tracking generator provides the H P  
8590B R F  analyzer with a synchronously swept signal source for 
stimulus-response measurements. Operating these analyzers requires 
only minimal training. 

Easy-to-Use Featum 
Numerous features make it easier to control your measurements 

and to analyze the results. Both portable spectrum analyzers have 
built-in, automatic calibration to ensure measurement consistency. 
Frequency panning lets you quickly reposition signals without repeat- 
ed sweeps. The internal memory allows 50 traces to be stored, and 24 
more can be stored on a RAM card with addition of the optional 
memory-card reader. Time-and-date stamping come standard. Direct 
output to printer or plotter are available with either the HP-IB or 
RS-232 interface option. 

HP 85908 Specifications 

General 
Temperature range 

Operating: 0' to +55" C 
Storage: -40° to +7S0 C 

EM1 compatibilitr: CISPR Pub. 1 l and FRZ 526/527/79 
Audible noise: <37.5 dBA pressure and <5.0 Bels power 
(ISODP7779) 
Power requirements: 86 to 127 or 195 to 250 Vrms, 47 to 66 Hz. 103 
to 126 Vrms, 400 Hz +lo% 

Frequency 
Range: 9 kHz to 1.8 GHz; 1 MHz to 1.8 GHz option 001 
Readout accuracy: +(5 MHz + 1% of frequency span) 
Span 

Range: 0 Hz (zero span), 50 kHz to 1.8 GHz 
Accuracy: *3% of indicated span 

Sweep time 
Range: 20 ms to 100 s 
Accuracy: *3% of indicated sweep time 
Sweep trigger: free run, single, line, video, external 

Stability 
Drift: <75 kHz15 minutes after 2-hour warmup and 5 minutes after 
setting center frequency 
Noise sidebands: <-95 dBc/Hz at  >30 kHz offset from CW sig- 
nal 
System related sidebands: <-65 dBc at  >30 kHz offset from 
C W signal 



HP 85908 Specifications (continued) 
Amplitude 
Amplitude r m  -1 15 to +30 dBm (50 ohm); -63 to +75 dBmV 
(75 ohm, option 001) 
Maximum safe input kvek SO ohm 75 ohm (optkn 001) 

Awrags cont power t30 dBm (1 watt) t75 dBmV (0.4 watts) 
Peak pulw power t30 dBm (1 watt) t75 dBmV (0.4 watts) 
DC 25 Vdc 100 Vdc 

Gain compression > 10 MHz: 50.5 dB (total power at input mixer = 
-10dBm 
Displayed average nohe M I :  <-I15 dBm to <-I13 dBm 
Spurious responses 

Second harmonic distortion > 5 MHz: <-70 dBc for -45 dBm 
tone at input mixer 

Third-order intermodulatlon 
Distortion > S  MHz: <-70 dBc for two -30 dBm tones at input 
mixer and >50 kHz separation 
Other input-relate <-65 dBc for 230 kHz offset from CW sig- 
nal 

Residual responses (input termltuted 8nd 0 dB attonuation) 
SO ohm 75 ohm (option 001) 

15OkLMtolNHt <-90 dBm NI A 
1 MHz to 1.8 CHI <-90 dBm < -38 dBmV 

Display range 
Log scale: 0 to -70 dB from reference level is calibrated; 
1 to 20 dB/division in 1 dB steps; 8 divisions displayed 
Linear scaie: 8 divisions 
Scale units: dBm, dBmV, dBmicroV, volts, watts 
Marker readout resolution: 0.05 dB for log scale; 0.05% of refer- 
ence level for linear 

Reference level 
Range: - I15 to +30 dBm (50 ohm); -63 to +75 dBmV (75 ohm) 
Resolution: 0.01 dB for log scale; 0.1 2% of ref level for linear 

Accuracy (referred to -20 dBm reference level) 
0 to -59.9 dBm: +(0.5 dB+ input attenuator accuracy a t  
50 MHz) 
-60 to -115 dBm: +(1.25 dB + input attenuator accuracy at 
50 MHz) 

Frequency mmponse, 1 0  dB lnput attenuaHon 
Absolute =t 1.5 dB. referred to 300 MHz CAL OUT 
Relative flatness: + 1.0 dB, referred to midpoint between highest 
and lowest frequency response deviations 

Calibrator output 
Frequency: 300 MHz +30 kHz 
Amplitude -20 dBm *0.4 dB (50 ohm); +28.75 dBmV a0.4 dB 
(75 ohm, option 001) 
lnput attenuator 
Range: 0 to 60 dB, 10 dB steps 
Accuracy: +0.5 dB at 50 MHz, ref 10 dB attenuation, 0 to 50 dB; 
k0.75 dB at 50 MHz, ref 10 dB attenuation, 60 dB 
Resolution bandwidth: 1 kHz to 3 MHz, -3 dB nominal 
Switching uncertainty, rehrmd to 3 kHz RBW: +0.4 dB for 3 kHz 
to 3 MHz RBW; *0.5 dB for 1 kHz 
Video bandwidth range: 30 Hz to 1 MHz 
Log to linear switching: *0.25 at reference level 
Display scale fidelity 

Log incremental accuracy: +0.2 dB12 dB, 0 to -70 dB from ref 
lev 

Log maximum cumulath +0.75 dB, 0 to -60 from ref level; 
+ 1.0 dB, 0 to -70 dB from ref level 

Linear accuracy: *3% of reference level 

HP 85928 Specifications 
Frequency 
Range: 9 kHz to 22 GHz; 9 kHz to 25 GHz (option H25) 
Readout accuracy: t [ ( 5  xN) MHz + 0.01% of center frequency + 
2% of frequency span] 
Span 

Range: 0 Hz (zero span). (50 x N) kHz to 19.25 GHz 
Accuracy: +2% of span, span >10 MHz; +S% of span, span <10 
MHz 

sweep time 
Range: 20 ms to 100 s 

Accuncy: 13% of indicated sweep time 
Sweep trigger: f r a  run, single, line, video, external 

Stability 
Noise side- 4 - 9 5  + 20 log N) dBc/Hz >30 kHz offset 
from CW 
System-related sld.bofid.: c-65 dBc + 20 log N at  >30 kHz 
offset from CW signal 

Comb generator tnquoncy ace- 100 MHz fundamental freq 
+0.007% 

Amplitude 
Range: -1 14 to +30 dBm 
Maximum safe Input: +30 dBm (1 watt, 7.1 Vrms), 0 Vdc 
Gain compression: 10.5 dB (total power a t  input mixer = -10 dBm 
Displayed average noise level: <-I 14 to 5-92 dBm 
Spurious responses 

Second harmonic d h t h  
10 MHz to 2.9 GHz: <-70 dBc for -40 dBm tone at i n ~ u t  mixer 
>2.75 GHz: <-100dBc for -10dBm toneat input mixer (or below 
displayed average noise level) 

Third-order intermodulation 
Distortion > 10 MHz: <-65 dBc for two -30 dBm at  input mixer 
and > 50 kHz separation 
Other input re la te  <-70 dBc for applied freq < I 8  GHz; <-60 
dBc for applied freq 1 2 2  GHz 

Display range 
Log scale: 0 to -70 dB from reference level is calibrated; 1 to 20 
dB/division in 1 dB steps; 8 divisions displayed 
Linear scale: 8 divisions 
Scale units: dBm, dBmV, dBpV, volts, watts 

Reference level 
Range: - I14 to +30 dBm 
Resolution: 0.01 dB for log scale; 0.12% of ref lev for linear 

Accuracy referred to -20 dBm Mwenco WeI 
0 to -59.9 dBm: +(0.5 dB + input atten acc @ 50 MHz) 
-60 to -1 14 dBm: +(1.25 dB + input atten acc @ 50 MHz) 

Frequency response, referred to 300 MHz CAL OUT, 
preselector peaked 

Absolute: 12.0 to +3.0 dB 
Reiative flatness: a1.5 to +2.0 dB 

Calibrator output 
Frequency: 300 MHz a 3 0  kHz 
Amplitude: -20 dBm +0.4 dB 

lnput attenuator 
Range: 0 to 70 dB in 10 dB steps 
Accuracy 

0 to 60 dB: 0.5 dB at  50 MHz, ref to 10 dB atten 
70 dB: 1.2 dB at  50 MHz, ref to 10 dB atten 

Resolution bandwidth (-3 dB nomln8l): 1 kHz to 3 MHz 
Switching uncertainty: +0.4 dB, 3 kHz to 3 MHz RBW; *0.5 dB, 
1 kHz 
Video bandwidth rang.: 30 Hz to 1 MHz 
Log to linear switching: a0.25 dB at reference level 
Display scaie fidelity: +0.2 dB/2 dB. 0 to -70 dB from ref lev, incre- 
mental; k0.75 dB. 0 to -60 dB from ref lev +1.0 dB; 0 to -70 dB 
from ref lev, maximum cumulative 
Linear accuracy: *3% of reference level 

Ordering Informath 
HP 8590B spectrum analyzer (9 kHz to 1.8 GHz) 
H P  8592B spectrum analyzer (9 kHz to 22 GHz) 

Opt 001 75 R input impedance (HP 8590B only) 
Opt 003 card reader 
Opt 010 tracking generator 50R 
(HP 8590B only) 
Opt 011 tracking generator 753 
(HP 8590B only) 
Opt 021 HP-IB interface 
Opt 023 RS-232 interface 
Opt H25 frequency extension to 
25 GHz (HP 8592B only) 
Opt IBH general export version 



SIGNAL ANALYZERS 
Spectrum Analyzers, Performance Portable 
HP 8591A, 8593A, 8594A. 8595A 

HP 8594A and 8595A Spectrum Analyzers 
These new models offer expanded frequency ranges with the same 

frequency accuracy and variety of options associated with the 
H P  8591A. The H P  8594A has a frequency range of 9 kHz to 2.9 
GHz and an amplitude range of -1 12 to +30 dBm. The H P  8595A 
has a frequency range of 9 kHz to 6.5 GHz with an amplitude range 
of -1 14 to +30 dBm. (For general export, both analyzers offer option 
1 BH, which does not display spans wider than 2.3 GHz.) Both instru- 
ments have an optional 2.9 GHz built-in tracking generator. In addi- 
tion, each comes standard with a memory-card reader that enables 
you to load HP's custom measurement personalities, your own pro- 
grams, or measurement data into the spectrum analyzer using 32- 
Kbyte memory cards. 

HP 8591A and 8593A Spectrum Analyzers 
These portable spectrum analyzers offer frequency accuracy and a 

wide range of options for applications that demand higher perform- 
ance. The HP 8591A has a frequency range of 9 kHz to 1.8 GHz and 
amplitude range of -1 15 to +30 dBm. The H P  8593A has a frequen- 
cy range of 9 kHz to 22 GHz or 26.5 GHz with option 026. an internal 
preselector, and an amplitude range of -1 14 to +30 dBm. (For gener- 
al export, the H P  8593A option l BH does not tune above 18 GHz nor 
span greater than 2.3 GHz.) Both instruments have standard 7.5 ppm 
frequency accuracy that can be improved with an optional precision 
frequency reference to marker count accuracy of a230 Hz at  1 GHz 
or +2.3 kHz at  18 GHz. 

Standard Featum 
These performance analyzers share the same ease-of-use features 

found in the lower-cost H P  8590B and 8592B. (See page 174.) In 
addition, each performance portable comes with a built-in memory 
card reader that enables you to load HP's custom measurement per- 
sonalities (see page 173) and measurement data into the spectrum 
analyzer using 32-Kbyte memory cards. A catalog function allows 
you to determine the exact content of information stored on your 
memory cards or within internal memory. 

OpHon Flexibility 
For easy installation of a growing variety of options, a cardcage for 

circuit cards has been designed in each performance portable spec- 
trum analyzer. All card options are retrofittable, so the options you 
need are always available. Circuit-card options include: 

AM/FM demodulator speaker to let you view and hear the signal. 
TV sync trigger to let you select any line of the TV field for mea- 
surement. 
Fast time-domain sweep to allow zero-span sweep rates to 20 w. 
Quasi-peak detector for EMC measurements. 

HP 8591A Specifications 
General 
Temperatun: 0' to +55O C operating; -40' to +75O C storage 
EM1 compatibilm CISPR Pub. 11 and FTZ 5261527179 
Audible noise: <37.5 dBA pressure and <5.0 Bels power 
(ISODP7779) 
Power m q u i ~ t s :  86 to 127 or 195 to 250 Vrms, 47 to 66 Hz. 103 
to 126 Vrms, 400 Hz a10% 
Power consumption: <300 VA; < 100 watts 
Frequency 

Range: 9 kHz to 1.8 GHz (50 R); 1 MHz to 1.8 GHz (75 R, opt. 
001) 
Retemnc@ 

Aging: a 2  x 10d /year 
SettaMlltr: a0.5 x loa 

Precision troqwncy domnce (optlon 004) 
Aging: +I x 10" /year 
Settabllitr: a l x 10.' 
Temperature stabilitr: a 1  x 1 b8 

Frequency 
Frequency Mdoln accuracy (start. stop, contor. tm(wncy) 

Span 510 MHz: a(freq readout x freq ref error + 3% of span + 
20'7, of RBW + 100 Hz) 
Span 210 MHz: a(freq readout x freq ref error + 3% of span + 
20% of RBW) 

Marker wunt accuracy (signal to noise ratio 225 dB, RBW/span 
20.01) 

Frequency span <lo  MHz +(marker freq x freq ref error + 
counter res + 100 Hz) 
Frequency span >lO MHz *(marker freq x freq ref error + 
counter res + 1 kHz) 
Counter resolution: selectable from 10 Hz to 100 kHz 

Frequency span 
Range: 0 Hz (zero span). 10 kHz to 1.8 GHz 
Accuracy: +2% of span, span 5 10 MHz: a3% of span, span 
> 10 MHz 

Sweep time 
Range: 20 ms to 100 s, span = 0 Hz or > 10 kHz; 20 ps to 100 s, 
span = 0 Hz (option 101) 
Accuracy: a3%, 20 ms to 100 s; a 2 1  20 ps to <20 ms (opt 101) 
Sweep trlggec free run, single, line, video, external 

Stability 
Noise skkbandc 1 9 0  dBc/Hz a t  > 10 kHz offset from CW signal 
(1 kHz RBW, 30 HzVBW,sampledetector); <l00dBc/Hzat >30 
kH7 offset from CW signal (1 kHz RBW, 30 Hz VBW, sample 
detector) 
Residual FM: <250 Hz p p  in 100 ms (1 kHz RBW, 1 kHz VBW) 
System-related sidebands: <-65 dBc at  >30 kHz offset from 
CW 



Q 
HP 8591A Specifications (continued) F n q w m l  m d o ~  .ccur#~: *(frequency readout x frequency ref- 

erence error + 3% of span + 20% of RBW + 100 Hz sweep time) for 
Amplitude spans 5 10 MHz; a(freq readout x freq ref error + 3% of span + 20% 
Amplitude r m  -1 15 to +30 dBm (50 ohm); -63 to +75 dBmV of RBW) for spans > 10 MHz 
(75 ohm. opt 001) Marker cwnt accuracy (signal-bnok ntlo 225 dl), RBW/+ 
Maximum uk input 50 ohm 75 ohm 20.01: *(marker freq x freq ref error + counter res + 100 Hz) spans 

Arraga cont p a r  t30 d8m ( I  watt) +75 d8mV (0.4 watts) <10 MHz; +(marker freq x freq ref error + counter res + I kHz), 
Perk pulse p r  t30  dBm (1 watt) +75 d8mV (0.4 warn) Qpans > 10 M H ~  
dc 25 Vdc 100 Vdc Counter resolution: Selectable from 10 Hz to 100 kHz Qain compressbn, >1O MHz: 50.5 dB, total power at input mixer = Fnquency span -10 dBm 

Displayedavorogendmlard: 1115 to 1113 dBm Range: zero span. (10 x N) kHz to 19.25 GHz. (10 x N) kHz to 

Noise level 23.75 GHz (opt 026) 

Spurious mspomm Accuracy: a2% of span, span <10 MHz; t 3% of span. span > 10 
MHz Second harmonic distortion: 5 MHz to 1.8 GHz, <-70 d k  for sweep tlm -45 dBm tone at input mixer 

Third-order intermodulation distortion: 5 MHz to 1.8 GHz, Range: 20 ms to 100 s, span = 0 Hz or > 10 kHz; 2 0 p  to 100 s, span 
= 0 Hz (opt 101) <-70 dBc for two -30 dBm tones at input mixer and >50 kHz sep Accuracy: a34%, 20 ms to 100 s; a296, 20 to 20 ms Other input-related spurious: <-65 dBc for 130 kHz offset from sweep free tun, single, line, video, external CW signal 

Residual responses (input termlnatod and 0 dB attenuation) Stability 

150 kHz to 1 MHz: <-90 dBm. 50 ohm Noise sidebands: 1-95 dBc/Hz + 20 log N at >30 kHz offset 

1 MHz to 1.8 GHz: <-90 dBm, 50 ohm; <-38 dBmV, 75 ohm from CW signal 

Display range Residual FM: ~ ( 4 0 0  x N) Hz peak-peak in 100 ms (1 kHz RBW, 

Log scale: 0 to -70 dB from ref lev is cal'd; 1 to 20 dB/div in 1 dB I kHz VBW) 

steps; 8 divisions displayed System-re1at.d sld.bandr: <-65 + 20 log N at >30 kHz offset 

Linear scale 8 divisions from CW signal 

Scale units: dBm, dBmV, dBmicroV, volts, watts Comb generator: 100 MHz fundamental f r q ;  a0.00796 f r q  accu- 

Marker readout resolution: 0.05 dB, log scale; 0.07% of ref level, racy 
linear scale Amplitude 
Fast sweep time8 for zero sp.n (opt 101): 20 p to 20 ms, 0.7% of Amp1itude I 4  +30 dBm 
ref level for linear scale Maximum uk input Wok +30 dBm (1 watt, 7.1 Vrms), 0 Vdc 
Reference level Gain compression: 10.5 dB (total power at input mixer = -10 

Range: -1 15 to +30 dBm (50 ohm), -63 to +75 dBmV (75 ohm) dBm) 
Resolution: 0.01 dB for log scale; 0.1 2 %of ref level for linear scale DiSplaYd aver- - -1: 1 114 to <-92 dBm 
Accuracy, referred to -20 dBm ref level: 0 dBm to -59.9 dBm, -pan- 
+(0.5 dB + input atten acc @ 50 MHz); -60 dBm to -1 15 dBm. Second harmonic dhtortion: <-70 dBc for -40 dBm tone at in- 
+(I .25 dB + input atten acc @ 50 MHz) put mixer, 10 MHz to 2.9 GHz; <-I00 dBc for -10 dBm tone 

Frequency response power at input mixer or below displayed av noise lev), >2.75 GHz 
Absolute: +I .5 dB, referred to 300 MHz CAL OUT Thirdorder intermodulation distortion >lO MHz: <-70 dBc for 
Relative flat-s: 11.0 dB, referred to midpoint between highest two -30 dBm tones at input mixer and >50 k ~ z  separation 
and lowest response deviations 0 t h ~  Input-related spurious: <-70 dBc for applied frcq 1 18 GHz; 

Calibrator output <-60 dBc for applied freq 522 GHz 
Frequency: 300 MHz 4 3 0 0  MHz x f r q  ref error) Display range 
Amplitude: -20 dBm a0.4 dB (50 R); +28.75 dBmV 10.4 dB Log scale: 0 to -70 dB from ref lev is calibrated; 1 to 20 dB/div in 
(75 (2, opt 001) 1 dB steps; 8 divisions displayed 

Input attenuator Linear wa le  8 divisions 
Range: 0 to 60 dB in 10 dB steps Scale units: dBm, dBmB, dBmicroV, volts, watts 
Accuracy at 50 MHz, 10 dB attan: a0.5 dB, 0 to 50 dB; t0.75 dB, Reference level 
60 dB Range: - I14 to +30 dBm 

Resolution Bandwidth: 1 kHz to 3 MHz. *20% Resolution: 0.01 dB for log scale; 0.12% of ref lev for linear 
Switching uncertainty, ref to 3 kHz bandwidth: 3 kHz to 3 MHz Accuracy (ref to -20 dBm ref M): a(0.05 dB + input atten acc 
RBW, *0.4 dB; 1 kHz, t0.5 dB g 50 MHz), 0 dBm to -59.9 dBm; a(1.25 dB + input atten acc @ 

Video bandwidth range: 30 Hz to 1 MHz 50 MHz), -60 to -1 14 dBm 
Log to linear switching: +0.25 dB at reference level Frequency response (ref to 300 MHz CAL OUT, p r o ~ ~ k t o r  
Display scale fidelity pcakd) 

Log incremental accuracy: a0.2 dB12 dB, 0 to -70 dB from ref Absolute a2.0 to a3.0 dB 
lev Relative flatness: a 1.5 to t2.0 dB 
Log maximum cumulatim a0.75 dB, 0 to -60 dB from ref level; Output 
+I .O dB, 0 to -70 dB from ref level Frequency: 300 MHz a30 kHz 

Linear accur-. +3% of reference level Amplitude: -20 dBm a0.4 dB 
lnput attenuator 

HP 8593A Specifications Range: 0 to 70 dB in 10 dB steps 
Accuracy at 50 MHz, ref to 10 dB attm +0.5 dB, 0 to 60 dB; +1.2 

Frequency dB, 70 dB 
Frequency range: 9 kHz to 22 GHz; 9 kHz to 26.5 GHz (option 026) Resolution bandrrldth: 1 kHz to 3 MHz, a2096 
Frequency reference Switching uncertainty: t0 .4 dB. 3 kHz to 3 MHz RBW; a0.5 dB. 

Aging: +2 x 10'"year 1 kHz 
Settability: *5 x I@' Video bandrrldth 30 Hz to 1 MHz 
Temperature stabilitr: a 5  x 10d Log to linear switching: +0.25 dB at reference level 

Precision frequency refefmce (Opt 004) Display scale fidelity: *0.2 dB12 dB, 0 to -70 from ref lev, incre- 
Aging: * l x 1 0 "  /year mental; +0.75 dB. 0 to -60 dB from ref lev and a1.0 dB, 0 to -70 dB 
Settability: + 1 x 10" from ref lev. maximum cumulative 
Temperature stability: a 1  x 10d Linear accuracy: +3% of reference level 

wvvw. hparchive.com 



SIGNAL ANALYZERS 
Spectrum Analyzers, Performance Portable and Accessory 
HP 8591 A, 8593A, 85901A 

HP 8590 series RF spectrum analyzers have built-in tracking 
generator option 

HP 8591A. 8593A Specifications 
Option 010 and 011 built-in tracking generators 
Specifications apply to both HP 8590B and 8591A. 
Frequency range: 50 ohm 75 ohm 

100 kHz to 1.8 GHz 1 MHz to 1.8 GHz 
Tracking drift (10 kHz RBW, 30-minute warmup): 1.5 kHz15 min. 
nominal 
Output power level 

Range: 50 ohm 75 ohm 
HP 85911 0 to -70 dBm t42.8 to -27.2 dBmV 
HP 85900 0 to -15 dBm t42.8 to t27.8 dBmV 
Reolution 0.1 dB 0.1 dB 
Absolute muracy: &1.0 dB, H P  8591A; *1.5 dB, H P  8590B 

Output vernier 
Range: HP 8591A. 10 dB; H P  8590B. 15 dB 
Accuracy: HP 8591A. a0.75 dB; H P  8590B. +1.0 dB 

Output flatness: *1.75 dB, H P  8591A ref to 300 MHz and 10 dB 
attenuation; * 1.75 dB 8590B 
Output attenuator (HP 8591A only) 

Range: 0 to 60 dB 
Switching accuracy: *0.8 dB or 2.5% of atten setting, whichever 
greater for max of 1.5 dB (ref to 10 dB atten setting) 
Repeatability: *0.2 dB, nominal 

Dynamic range (difference k t  max power out and t.g. feed- 
through: > 106 dB, nominal. 50 ohm; > 100 dB, nominal, 75 ohm 
Tracking generator feedthrough: <-I06 dBm, 50 ohm; 
<-52.2  dBm, 75 ohm 
Output VSWR 

0 dB attenuation: 2.91 
10 dB attenuation (HP 859lA only): 1.6:1 

Ordering Information 
H P  8591A soectrurn analvzer (9 kHz to 1.8 GHz) 
H P  8593A sbectrum analizer (9 kHz to 22 G ~ z j  
H P  8594A spectrum analyzer (9 kHz to 2.9 GHz) 
H P  H5Y5A spectrum analyzer (9 kHz to 6.5 GHz) 

Opt 001 75-ohm input (HP 8591A only) 
Opt 004 precision frequency reference 
Opt 010 50-ohm built-in tracking generator 
(HP X591A only) 
Opt 01 1 75-ohm built-in tracking generator 
(IIP 8591A only) 
Opt 021 HP-IB interface 
Opt 023 RS-232 interface 
Opt 026 26.5 GHz frequency range extension 
(11P 8593A only) 
Opt 101 fast time-domain sweeps 
Opt 1 BH general export version 
(HP 8593A. 8594A. 8595A) 
Opt 102 AM/FM demodulator and TV sync trigger 
Opt 103 quasi-peak detector/AM-FM demodulator 

Pricc 
$12.625 
$24,805 

TBD 
TBD 

$0 
+$2.050 
+$4,500 

+$4,500 

+$600 
+f600 

+$3,000 

+Sl,ooO 
$0 

+$1,500 
$ 1,910 

HP 85901A Portable ac Power Source 
This small, easy-to-carry power source gives you ac power where 

and when you need it. Use it as a standalone battery or connect it to 
an external 12 Vdc source for even longer operation. As a standalone 
battery, the ac power source gives you over an hour of operation at 
100 Watts continuous load. When the charge gets low, the power 
source shuts off automatically. It can be recharged in six hours or less. 
Over-voltage, short-circuit, and overload protection on the inverter 
output are built in. Also included are over-voltage protection on the 
inverter input and over-charge and over-discharge protection for the 
internal battery. 

specifkatiam 
Input inverter voltage: 10.8 to 14.5 Vdc 
Charger voltage: 90 to 250 Vac auto selected 
Frequency: 47 to 66 Hz 
Power consumption: 122 VA maximum 
Output 

Voltage: 135 or 270 Vpeak + 5% rectangular waveform with 25% 
dead 7one ( I  15 or 230 Vrms 4 % )  
Frequency: 60 Hz a0.1%, crystal reference 
Max power: 200 watts continuous 
Connectors: two CEE22-V type; female 

Temperature: 0' to 55" C. operating; -20" to 40" C storage with 
batter!; -40" to 70" C storage without battery 
EMI: conducted and radiated VDE 0871 level B 
Battery 

Type: sealed acid lead 
Voltage: 12 Vdc, nominal 
Capaciw 17 AMP-HR, nominal 

Mechanical (nominal) 
Size: 125 H x 337 W x 461 mm D 
Weight: net, with battery, 14.2 kg (31.3 Ib); without battery, 8.0 kg 
( 17.7 Ib); shipping, 16.3 kg (36.0 Ib) 

Ordering information Price 
H P  85901A portable ac power source $ 1 , 1 2 0 ~  
Extra power cord adapter for HP instruments 
H P  81 20-5220 $17 
General-purpose power cord adapters 
H P  8120-5210 European $55 
H P  8120-5211 USA $55 
H P  8120-5212 UK $55 

For same-day shipment, call HP DIRECT at 800-538-8787. 



SIGNAL ANALYZERS 
Spectrum Analyzers, High-performance Portable 

HP 8560 Series 

Synthesized tuning MIL-T-28800C rugged 
Frequency counter Optional precision frequency reference, tracking 
Digital bandwidths generator, mass memory, more 
AMIFM demodulator One-year calibration cycle 

HP 8560 Series Spectrum Analyzers 
These portable spectrum analyzers are HP's highest performing 

portables. They combine MIL-rugged packaging, synthesized tuning, 
and HP's traditional ease of use as standard features. 

The HP 8560At has a frequency range of 50 Hz to 2.9 GHz. A 
built-in tracking generator is optional. The H P  8561 B* extends from 
50 Hz to 6.5 GHz. For higher, preselected frequency coverage, the 
HP  8562A and 8563A* operate from 9 kHz to 22 GHz or to 26.5 
GHz with option 026. Using HP 11974A series millimeter mixers, 
preselected coverage reaches 75 GHz, and with other mixers, un- 
preselected coverage can be extended to 325 GHz. (See page 187 for 
information on HP millimeter mixers.) 

Rugged For Field Service 
The HP 8560 series meets all MIL-T-28800C requirements, in- 

cluding those for temperature, pulse shock, and transit drop. These 
analyzers are warmed up and running in only five minutes. They fully 
meet specifications in temperatures from - I0 degrees to +55 degrees 
C. They can withstand 30 g's of shock. 

to 20 times faster than do conventional analog bandwidths. Digital 
bandwidths also provide the spectrum analyzer CRT with a cali- 
brated measurement range of I00 dB. 

Improved Frequency Accuracy 
An optional precision frequency reference improves frequency ac- 

curacy to 150 Hz at I GHz after a 15 minute warmup (I  year aging). 

Specified Pulse Response 
These portable analyzers easily capture and accurately display 

short-duration radar pulses. Specified pulse-digitization uncertainty 
is 1.25 dB and typical repeatability is 0.2 dB. 

Accessories 
A number of accessories increase the power and performance of 

the HP  8560 series spectrum analyzers. 
The HP 85640A portable tracking generator and the built-in 

tracking generator for the HP  8560A add component-test capability 
to 2.9 GHz. 

Narrow Digital Resolution Bandwidths The HP 85620A mass memory module adds extra memory and 
For fast, accurate measurements of closely spaced signals. the H P  contr011er capability. 

8560A. 8561 B, and 8563A feature digital lo-, 30-, and 100-HZ reso- The HP 85710A digital radio measurement personality custom- 
lution bandwidths. These bandwidths allow the analyzers to sweep up izes the spectrum analyzer for digital radio measurements. 
'Contact your HP sam representative for information about opt~ons tor gcmsral export. For details on these options, see page 183. 



SIGNAL ANALYZERS 
Spectrum Analyzers, High-performance Portable 
HP 8560A, 8561B, 8562A. 8563A 

HP 8560A and 8561B RF Spectrum Analyzers 
The HP 8560A and 8561 B offer excellent performance for R F  de- 

sign and service applications. The H P  8560A has a frequency range 
of 50 Hz to 2.9 GHz and the H P  8561B extends this range up to 6.5 
GHz. Both have synthesized tuning for drift-free, accurate measure- 
ments. They also have sensitivity of -130 dBm and digital 
bandwidths of 10, 30, and 100 Hz. Both analyzers meet MIL-T- 
28800C specifications for ruggedness. 

Manual control is simple with an easy-to-use combination of 
hardkeys and softkeys that minimizes the number of keystrokes re- 
quired to make measurements. Other measurement features include 
advanced marker capability and built-in AM and FM demodulators. 
Hardcopies of results are easily obtained using the analyzers' direct 
print and plot functions or by using a computer. 

HP 8562A and 8563A Microwave 
Spectrum Analyzers 

The H P  8562A and 8563A extend the features and capabilities of 
the R F  members of the HP  8560 series into the microwave frequency 
range. In addition. both the H P  8562A and the new HP 8563A have 
standard, preselected frequency ranges of 9 kHz to 22 GHz that can 
be extended to 26.5 GHz with option 026. Their internal preselector 
requires no adjustment after 30 minutes at  room temperature. This 
means faster measurements, which can be especially important in au- 
tomated testing. For millimeter-wave measurements, preselection can 
be extended to 75 GHz using the H P  11974 series millimeter mixers. 
Unpreselected frequency range can be extended to 1 10 GHz using the 
H P  11970A series mixers and to 325 GHz using mixers from other 
manufacturers. (See page 187 for more information on HP millime- 

Scalar measurement capability is available by adding an optional ter mixers.) 
built-in tracking generator to the H P  8560A or by using the The HP 8562A has sensitivity of -1 10 dBm. The HP 8563A has 

HP 85640A portable tracking generator with ,.ither analyzer. F~~ sensitivity of -120 dBm and digital resolution bandwidths of 10, 30, 
millimeter applications that don't require full microwave coverage. and 100 Hz. The 8563A also features 128 K b ~ t e s  of battery- 
the ~p 8560A and 8561B brovide lower cost solutions, Both are corn- backed RAM that stores up to 100 traces and states; limit-line capa- 
patible with H P  11970 sehes harmonic mixers and H p  11974 series bility for defining test criteria; and a built-in clock/calendar for 
preselected millimeter mixers. For very precise measurements, con- stamping traces and other output data. (These features can be added 
sider an optional precision frequency reference. It gives frequency ac- to the HP  8562A with the mass memory module accessory.) Enhance 
curacy of 150 Hz at  1 GHz. See page 183 for more information on the capabilities of both the H P  8562A and the 8563A with any of the 
options and accessories. accessories described on page 183. 



Specifications 

Frequency 
Frequency range 

HP 8560A: 50 Hz to 2.9 GHz (dc-cou~led): 100 kHz to 2.9 GHz 
(ac-coupled) 
HP 85818: 50 Hz to 6.5 GHz (dc-coupled); 100 kHz to 6.5 GHz 
(ac-coupled) 
HP 8582A: 9 kHz to 22 GHz; 9 kHz to 26.5 GHz (option 026) 
HP 8583A: 9 kHz to 22 GHz; 9 kHz to 26.5 GHz (option 026) 

Frequency redoul accuracy (start, stop, center, or m e w ) :  
+(freq readout x freq ref acc'y + 5% x span + 15% x RBW + 10 Hz) 
Counter resolution: 10 Hz - 1 MHz (HP8562A, selectable); 1Hz - 
l MHz (HP 8560A. 8561B. 8563A selectable) 
Marker counter accuracy (SIN 2 25 dB): *(marker freq x freq ref 
acc'y + 50 Hz x n + I LSD) 
Delta counter accuracy (SIN 2 25 dB): +(delta freq x freq ref acc'y 
+ 100Hzx n + 2  LSD) 
Frequency reference accuracy (after 5-min warmup) 

HP 8580A, 81B, 82A Standard: < 4 x I04/yr (includes aging, 
temp drift, settability) 
Option 003 precision frequency rebmnw (rtmd.rd on HP 
8583A): < 0.1 3 x 1 0-6/yr (includes aging, tempdrift, settability, 15- 
min warmup) 

Residual FM (zero spm) 
HP 8580A and 85818: < 10 Hz p p  in 20 ms (<2 Hz p p  w/opt 

H t m k  mode (n) 
1 
1 

2 
3 
4 

4 

003) 
HP 8582A: < 50 Hz x n p p  in 100 ms (<2 Hz x N p p  w/opt 003) 
HP 8583A: <2 Hz x N p p  

Spectral purity 
Noise sidebands: <(-I00 + 20 log n) dBc/Hz at 30 kHz offset 

Frequency span 
Range 

HP 8560A: 0 Hz, 100 Hz to 2.9 GHz 
HP 85818: 0 Hz, 100 Hz to 6.5 GHz 
HP 8582A: 0 Hz. 2.5 kHz x N to 19.25123.75 GHz (opt 026) 
HP 8583A: 0 Hz, 100 Hz x N to 19.25123.75 GHz (opt 026) 

Accuracy: <&5% 
Resolution bandwidth (-3 dB) 

Range 
HP 8560A. 85818 and 8563A: 10 Hz - I MHz in a 1,3,10 
sequence, and 2 MHz 
HP 8582A: 100 Hz - 1 MHz in a 1,3,10 sequence, and 2 MHz 

Accuracy 
HP ~ S ~ O A ,  assm and 0 5 8 3 ~ :  *lo% (10 HZ to 300 ~ H Z ) ;  *25% 
(1 MHz, 2 MHz) 
HP 8582A: * 30% (100 Hz); +lo% (300 Hz to 300 kHz); a25% 
(1 MHz, 2 MHz) 

Selectivity (-80 dB/-3 dB) 
HP 8580A. 85618 and 8563A: < 5:l (RBW 5 100 Hz); < 15:l 
(RBW > 100 Hz) 
HP 8562A: < 15: 1 

Video bandwidth 
Range: I Hz - 3 MHz in a 1,3.10 sequence 

htnpaml  
9 kHz - 2.9 GHz 
2.75 GHz - 6.46 GHz 
5.86 GHz - 13 0 GHz 
12.4 GHz - 19.7 GHz 
19.1 GHz - 22 GHz 
19 GHz - 26.5 GHz (opt 026) 

Amplitude Range 
Amplitude range: +30 dBm to displayed average noise level 
Maximum safe input 

Average continuous power: +30 dBm (1 W) with input atten > 
10 dB 
Peak pulse power: +50 dBm (100 W) with input atten 2 30dB for 
< I0 rsec pulse width and < 1 % duty cycle 
dc: 0 Volts 

Display range 
Display: I0 x I0 division graticule 
Calibration: log = 10.5.2, and 1 dB per division; linear = 10% of 
reference level/division 

Reference level range log = -120 to +30 dBm in 0.1 dB steps; 
linear = 2.2 pVolts to 7.07 Volts in 1% steps 
lnput attenuation range: 0 to 70 dB in 10 dB steps 

Dynamic Range 
Maximum dynamk range 

compression to noiK 
HP 8580A: 125 dB 
HP 85818 and 8563A: 128 dB 
HP 8582A: 1 18 dB 

Signal to distortion, harmonk 
HP 8560A: 81 dB 
HP 85818 and 8583A: 81 dB (< 2.9 GHz), 110 dB (2 2.9 GHz) 
HP 8582A: 76 dB (< 2.9 GHz), 105.5 dB ( 2  2.9 GHz) 

Signal to distortion, intermodulation 
HP 8580A: 90 dB 
HP 85818 and 8563A: 90 dB (< 2.9 GHz), 92 dB ( 2  2.9 GHz) 
HP 8582A: 83 dB (< 2.9 GHz), 86 dB (2 2.9 GHz) 

Displayed average noire kve l  (minimum RBW, 0 dB Input 
attenuation, 1 Hz video BW, no signal at lnput) 

1 dB gain cornpression: -5 dBm at input mixer (10 MHz - 2.9 
GHz); -3 dBm at input mixer (> 2.75 GHz) 
Spurious responses (signals generated by an8lym due to input 
signals): for mixer level < -40 dBm, > 60 dB below input signal for 
frequencies < 6.46 GHz 

Second harrnonk distortian 

Third-order Intermodulation (two -SO dBm signals at mixer): 
-64 dBc, 50 Hz - 10 MHz (HP 8560A and 8561B); -70 dBc. 10 
MHz - 2.9 GHz; -75 dBc. > 2.75 GHz (HP 8561B. 8562A. 
8563A) 
Image, multiple, and out-of-band mpanm: < -70 dBc, 10 
MHz - 22 GHz; < -60 dBc, 10 MHz - 22 GHz 
Residual mpoMes (no signal at input. 0 dB input atten): < -90 
dBm. > 200 kHz 

F req W 
50 Hz. 10 MHz 

10 MHz - 2.9 GHz 
> 2.75 GHz 

Amplitude Accuracy 
Frequency response (relative) 

HP 8580A: + 1.0 dB (dc-coupled) 
HP 85818: +I .0 dB (dc-coupled. 50 Hz - 2.9 GHz); +1.5 dB (dc- 
coupled, 2.75 - 6.5 GHz) 
HP 8562AI8563A 

Mlxn L d  
-40 dBm 

-40 dBm 

-10 dBm 

FWumCr 
9 kHz - 2 9 GHz 
2.75 - 6.46 GHz 
5.86 - 13 0 GHz 
124-197GHz 

19.1 . 22.0 GHz 
19.1 - 26.5 GHz (Opt 026) 

HPE56011 

-60 dBc 

-72 dBc 

HP 8%U/8%3& 
i1.0 dB 

+l.5 dB 

+2.0 dB 

4 . 0  dB 

t3.0 dB 
4 . 0  dB 

HP85818 
-60 dBc 

-72 dBc 

-100 dBc 

HPM62A/M3A 

-72 dBc 

-lM) dBc 



SIGNAL ANALYZERS 
Spectrum Analyzers, High-performance Portable (cont9d) 
HP 8560A, 8561B,8562A, 8563A 

Calibrator accuracy: +0.3 dB 
IF gain uncertainty: 1 dB for 0 dBm to -80 dBm reference level 
Scale fidelity: +0.4 dB14 dB to a maximum of * 1.5 dB over 0 - 90 
dB range; linear. +3% of reference level 
Input attenuator switching accuracy (with 20 - 70 dB settings 
referenced to 10 dB): < 2.9 GHz +0.6 dB/ 10 dB step, * 1.8 dB max 
Resolution bandwidth switching uncertainty: a0.5 dB referenced 
to 300 kHl  BW 
Pulse digitization uncertainty (pulse-response mode, PRF > 
720/sweeptime) 

Log (peak to peak): 1.25 dB (RBW 5 1 MHz), 3 dB (RBW = 2 
MI47) 
Linear (peak to peak): 4% of ref level (RBW 5 1 MHz); 128, of 
ref level. (RBW = 2 MHz) nominal standard deviation 0.2 dB 

Sweep 
Sweep time 

Range: 50 ps to 60 s (zero span); 50 ms to 100 s (span>O) 
Sweep trigger: free run, line, single, video, external 

Demodulation 
Modulation tym: AM and FM 
Audio output'speaker and phone jack with volume control 

Inputs and Outputs (All values are nominal) 
Front-panel connectors 

RF input: Precision type-N female, impedance 50 ohms 
VSWR: < 1.5:l for < 2.9 GHz and 2 10 dB input atten; < 2.3:1 
for > 2.9 GHz and 1 10 dB input atten 
LO emission level (average): with 10 dB input atten, < -80 
d Bm 

Second IF input: SMA female, frequency 310.7 MHz; N F  7 dB, 
First LO output: SMA female, impedance 50 ohms; freq range 
3.0000 - 6.8107 GHz; amplitude +16.5 dBm a 2  dB (20' - 30" C); 
+ 14.5 dBm + 2 dB (HP  8560A opt 002) 
Calibrator output: BNC female, impedance 50 ohms 

Rear-panel connectors 
10 MHz reference (input/output): BNC female, impedance 50 
ohms: input range -2 to + 10 dBm 
Video output: BYC female, impedance 50 ohms (dc-coupled) 
LO sweep/0.5 V per GHz output: shared BNC female, impedance 
2,000 ohms (dc-coupled); LO sweep output 0 to + I 0  V (no load) 
External trigger input: BNC female, impedance > 10,000 ohms; 
trigger level. rising edge of TTL level 
HP-IB 

Interface (unctionr: SHI .  AHI. T6. TEO. L4. LEO. SRI .  RLI. . . 

PPI, PCI, DTI, CI ,C28  
Direct blotter outwts: H P  7440A. 7470A. 7475A. 7550A 
printeis: HP 3630k PaintJet, H P  2 2 2 5 ~  ~ h i n k ~ e t ;  other printers 
with IEEE 488 interface may work 

General Specifications 
Environmental 

Military specifications: meets MIL-T-28800C. Type Ill. Class 3. 
Style C 
Calibration interval: 1 year 
Warmup: 5 minutes from ambient conditions 
Temperature: -10' to +55O C, operating; -62' to +85" C, not 
operating 
Humidity: 95% at 40" C for 5 days 
Altitude: 15,000 ft, operating; 50,000 ft. not operating 
Rain resistance drip-proof at  16 liters/hour/square foot 
Vibration: 0.059 inch p-p excursion (5 - 15 Hz); 0.039 inch p-p ex- 
cursion ( 1  5 - 25 Hz); 0.020 inch p-p excursion (25 - 55 Hz) 
Pulse shock: half sine, 30 g's for 11 ms duration 
Transit drop: 8-inch drop on 6 faces and 8 corners 
Electromagnetic compatibility: conducted and radiated interfer- 
ence in compliance with ClSPR publication l l (1985) and FTZ 
526/527/79. Meets MIL-STD 461 B. Part 4, with exceptions noted 
below 

Conducted emissions: CEO1 (narrowband), 1 - 15 kHz only: 
CEO3 (narrowband). full limits: CEO3 (broadband). 20 dB relax- 
ation from 15 - 1 0 0 ' k ~ z  
Conducted susceptibility: CSOI. full limits; CS02, full limits; 
CS06, full limits 
Radiated emissions: REOI, 15 db relaxation to 28 kHz and ex- 
ceptioned from 28 - 50 kHz; REO2, full limits < 1 GHz 

Radiated susceptibility: RSOI, full limits; RSO2, exceptioned; 
RS03. limited to I V/meter from 14 kHz - I GHz with 20 dB 
relaxation at IF frequencies 

Power requirements 
115 Vac operation: voltage 90 - 140 V rms; current 3.2 A rms Max; 
frequency. 47 - 440 Hz 
230 Vac operation: voltage 180 - 250 V rms; current 1.8 A rms 
Max; frequency 47 - 66 Hz 

Maximum power dissipation: 180 Watts 
Nominal audible noise: 5.0 Bels power at room temp ( I S 0  DP7779) 
Nominal weight 

HP 8560A: 18.2kg (401b) 
HP 85618,8562A and 8563A: 20 kg (44 Ib) 

Size: lh3H x 325W x 427mmD (nominal, without handle, feet, or 
cover) 

Option 002 Built-in Tracking Generator (HP 8560A only) 
Frequency 

Frequency range: 300 kHz - 2.9 GHz 
Tracking dritt: useable in 1 kHz RBW after 5-minute warmup; 
useablc ~n 300 Hz RBW after 30-minute warmup 
Minimum useable RBW: 300 Hz 

Amplitude 
Output level: -10 to + I  dBm 
Resolution: 0.1 dB 
Accuracy 

Vernier: +0.20 dB/dB, +0.5 dB max (25' C + 10" C)  
Absolute: a0.75 dB 
Level flatness: +2.0 dB 
Return loss: 10 dB 

Dynamic range: 96 dB at  300 kHz - 1 MHz; 116 dB at  I MHz - 
2.7 GI-lz; l 1 1  dB at 2.7 - 2.9 GHz 

Power sweep: I0 dB range, 0.1 dB resolution 
Input/output 

RF output (front panel): type-N, 50-ohm nominal 
Ext ALC input (rear panel): BNC female; use with negative detec- 
tor 

Ordering Information 
H P  8560A RF spectrum analyzer 
H P  8561B RF spectrum analyzer 
H P  8562A microwave spectrum analyzer 
H P  8563A microwave spectrum analyzer 
Options 

Opt 001 second IF  output 
Opt 002 built-in tracking generator (HP  8560A only) 
Opt 003 precision frequency reference 
Opt 026 extended frequency coverage to 26.5 GHz 
( H P  X62A and 8563A) 
Opt TO1 TEMPEST compliant ( H P  8562A only) 
Opt 908 rackmount kit without handles 
Opt 909 rackmount kit with handles 
Opt 915 support documentation package 
Opt 916 extra quick reference guide ( H P  8560A. 
8561 B and 8563A) or extra pocket operating guide 
( H P  8562A) 
Opt W30 extended repair service. See page 723. 

for HP 8560A 
for HP 8561 B 
for HP 8562A 
for HP 8563A 

Opt W32 calibration service. See page 723. 
for HP 8560A 
for H P  8561B 
for H P 8562A 
for HP 8563A 

H P  85620A mass memory module 
Opt TO1 TEMPEST compliant 

H P  85629B test and adjustment module 
H P  85640A tracking generator 
I1P 85700A 32 Kbyte R A M  memory card 
H P  85710A digital radio measurement personality 
H P  85901A portable ac power source 

For same-day service, call HP DIRECT at 800-538-8787.. 

Price 
f 24,695 
$29,795 
$37,200 
$43,500 

+$850 
+f6.140 
+$2.050 
+$3,280 



SIGNAL ANALYZERS 
Spectrum Analyzers, High-performance Portable 

Accessories 

HP 85640A Portable Tracking Generator 
Similar in capability to the built-in tracking generator for the 

H P  8560A, this portable model provides the HP  8560 series spectrum 
analyzers with scalar measurement capability from 300 kHz to 
2.9 GHz. This instrument is ideal for testing and adjusting transceiv- 
er components in the field. The combined spectrum analyzer and 
tracking generator system has dynamic range greater than 100 dB. 

HP 85620A Mass Memory Module 
This plug-in module adds extra memory and computer capability 

to the HP 8560 series analyzers. It allows you to create complex mea- 
surement routines that can be saved as single-key measurements us- 
ing downloadable programming. Your DLPs can be stored on 
32-Kbyte memory cards or in the 128 Kbytes of battery-backed 
RAM in the mass memory module. You can also store traces with 
state information and create and store limit lines. A clock/calendar 
and automatic save and execute functions allow you to set the analyz- 
er for unattended, automatic measurements when specified criteria 
are met. 

HP 856298 Test and Adjustment Module 
This accessory creates a new approach to servicing your spectrum 

analyzer. The module plugs into the rear panel of an HP  8560 series 
analyzer and automates high-level diagnostics, self-tests, and adjust- 
ment procedures. It performs more than 1,000 troubleshooting mea- 
surements. Readjustments are fast and accurate because the module 
controls internal analyzer settings as well as external test equipment. 

HP 85710A Digital Radio Measurement Personality 
This program, stored on a memory card, customizes the HP  8562A 

and 8563A microwave spectrum analyzers for digital-radio measure- 
ments. It contains five agency masks for testing to US FCC. UK, and 
FRG specifications. A compare-to-mask function allows you to char- 
acterize spectral emissions. Other functions include mean-power- 
level, transient-analysis-monitoring, and frequency-response mea- 
surements. You can also create and store your own custom masks. 

HP 85901A Portable AC Power Source 
If ac power is not available, operate the HP  8560 series spectrum 

analyzers using this portable power supply. It operates as a 
standalone battery, or it can be connected to an external Vdc source 
for longer use. The power source recharges in less than six hours. See 
page 178 for more information. 

Ordering Information Price 
HP 85620A mass memory module 52,055 
HP 856298 test and adjustment module 52,055 
HP 85640A portable tracking generator 5 7 , 6 7 5 m  
HP 85700A 32 Kbyte RAM memory card 3100 
HP 85710A digital radio measurements personality 3770 
HP 85901A portable ac power source $ 1 . 1 2 0 ~  

For sameday shipment. call HP DIRECT at 800-538-8787. 



SIGNAL ANALYZERS 
Spectrum Analyzers, Bench, 100 Hz to 325 GHz 
HP 8566B, 8567A, 8568B 

100 Hz to 325 GHz coverage with synthesizer accuracy 2 to 22 GHz preselected range 
10 kHz to 1.5 GHz coverage at a lower price Trace markers with amplitude and frequency readout 
100 Hz to 1.5 GHz coverage with counter accuracy 16 Kbytes of user RAM for trace data or custom rou- 

tines 

HP 8566B,8567A, 85688 Spectrum Analyzers 
The HP 85668. HP 8567A. and HP 8568B are high-performance 

spectrum analyzers for bench and ATE system use. The HP 85668 is 
the highest performance analyzer of the three, with a frequency range 
from 100 Hz to 22 GHz that can be extended to 325 GHz using exter- 
nal mixers. The H P  8567A and the H P  8568B are R F  spectrum ana- 
lyzers with frequency coverage to 1500 MHz. See pages 185 and 186 
for specification summaries on all three analyzers. 

Each analyzer is designed around its own internal bus and con- 
trolled by its own microcomputer to yield significant improvements in 
operational and data processing features. as well as flexibility under 
computer control. Each analyzer has 16K bytes of user RAM for 
storing trace data, instrument states, or custom downloadable pro- 
grams (DLPs). 

Pcrtonnance 
The exceptional frequency stability of both the H P  8566B and the 

H P  85688 makes it possible to measure with 10 Hz resolution 
bandwidths. This narrow resolution bandwidth yields sensitivities to 
-135 dBm in both instruments. Excellent frequency stability, sensi- 
tivity, and frequency-reference accuracy combine to allow very accu- 
rate measurement of small signals in the presence of large ones. 

For applications that don't require the high performance of the H P  
8568B. the HP  8567A offers the same speed, versatility, and auto- 
matic operation capability at  a lower price. Resolution bandwidths as 
narrow as 1 kHz yield sensitivities as low as -1 15 dBm. 

Flexibility 
These spectrum analyzers fit into many applications, such as EMC 

testing (see page 196). broadband signal surveillance, and component 
stimulus-response testing. The H P  8444A option 059 tracking gener- 
ator adds stimulus-response capabilities to the R F  models for a mini- 
mal cost. 

Usability 
The instrument control settings are conveniently notated on the 

CRT for easy reference. Functions are activated by pressing a front- 
panel key, then selecting the function value using the knob, step keys, 

or numeric keyboard. To maintain a calibrated display, certain func- 
tions are automatically coupled in the analyzer. For example, resolu- 
tion bandwidth, video bandwidth. and sweeptime are automatically 
adjusted by the instrument when the frequency span is reduced. 

Up to four tunable display markers are available to aid in measur- 
ing and analyzing signals. Two markers can be used to make relative 
measurements by displaying their amplitude and frequency differ- 
ence. Marker information allows you to step between evenly spaced 
portions of a spectral display (such as signal harmonics) or "zoom-in" 
on a selected portion of the spectrum. 

Analyzer control settings can also be saved in the non-volatile 
memory of the analyzer. Different operators can recall these settings 
to make consistent, repeatable measurements. 

Versatile CRT Display and Plotting Capabilities 
All displayed information resides in the analyzer's digital memory, 

which refreshes the CRT at a flicker-free rate. Multiple traces can be 
displayed to measure residual FM or drift, or to conduct real-time 
surveillance over a wide frequency range. 

By adding an HP-IB plotter, hard copy of all information on the 
display of the analyzer can be made for analysis, documentation, or 
presentation. Plots can be produced directly or with the aid of a con- 
troller. 

Custom Softkey Programming 
Custom measurement routines can be created to meet vour smi f i c  . . 

requirements. These programs can be created on an external control- 
ler or from the front-panel controls of the instrument and then stored 
in the non-volatile memory of the analyzer. Custom programming al- 
lows you to create complex measurement routines that can be stored 
and executed using a single softkey. This capability makes the analyz- 
er a custom instrument that is more efficient for your specific tasks. 

System Software 
BASIC system software for the H P  8566B. 8567A. and 8568B 

spectrum analyzers provides high-level routines to aid in developing 
custom programs for specific measurement applications. Capabilities 
include automatic computation and setting of analyzer functions to 
insure optimum measurement performance. 



SIGNAL ANALYZERS 
Spectrum Analyzers, Bench, 100 Hz to 1500 MHz 

HP 8568B, 8567A 

Specification Summary 

General Specifications (Apply to both 8588B and 8567A Ordering Information 
unless noted) H P  8568B suectrum analyzer - - -  

Environmental 
Temperature: Operation, 8568B, 0 to 55' C; 8567A. 5' to 55' C 
Storage, -40' to +75' C 
EMI: Conducted and radiated interference is within the require- 
ments of MIL-STD-461 8. CE031part 2 and REO2/part 7, and the 
requirements of CISPR pub. 11 and FTZ 52611979 

Power Requirements: 100, 120,220, or 240 VAC (+ 5%. - 10%). 
5&60 Hz or 400 Hz with Option 400 
Warm-up Time 

Operation: 30 minutes from cold start 
Frequency Reference 

85688: frequency within 1 X lo-' of final stab freq within 30 min- 
utes 
8567A: frequency within 5 X of final stab freq within 30 min- 
utes 

Size (w/out handles): 292.2 H x 425.5 W x 558.8 mm D (1 1' x 
16.75" x 22") 
Weighk net, 45 kg (100 Ib) 

H P M A  
I&Hz - 1500MH~ 

100Hz to 1500MHz + zero 

<5 x lo4/yca 
< 1 x lo-' (5-55.C) 
1kHz - 3MHz ~n 1.3,10 xquena 
1Hz - 3MHz in 1.3.10 sequence 
t100Hz (res BW 1kHz) 

<100Hz (hq qxw~ s1OMtHz) 
-10MBc 

-115 to tj0dBm 

1.2.5. or lMBld'iv for 
10.20,50 or 90dB display 
tO.ldB/dB; W B  

FREQUENCY 
Frqumcy Range 

Frequency Span 
Frequency Reference Accuracy 

Agng Rate 
Temperature Stability 

Resolutton Bandw~dth (-3dB) 
V~deo Bandwidth 
Res~dual FM (pk to pk, clOMtHz span) 
Drift (per mlnute of sweeptime. 

after one hour warm-up) 
Phase Nose (30kHz oftset. 1Hz R a  BW) 
AMPLITUDE 
Amplitude Range 
Log D~splay Range 

Scale Fidelity . inntmcntal 

Inputs 
RF in (Type N), RF in (BNC, 8568B only), Ext Freq Ref in, Ext 
Sweep Trig in 
Quasi-Peak: Video in. IF in 

llPM6B 
100H2 - 1500MHz - DC coupled 
1WtiHz - 1500MHz - AC coupled 
lWHz to 1500MHz + zero span 

t2.5 X 10-'/year 
t 7  x lo-' (CL55OC) 
10Hz - 3MHz ~n 1.3.10 sequence 
1Hz - 3MHz ~n 1.3.10 sequence 
t3Hz (res BW j30Hz) 

t l W z  (hrq span 5100kHz) 
-107dBc 

-135 to t30dEm 
1.2.5, or l0dB/d '~  for 
10.20.50 or 90dB display 
tO.ldB/dB: CL90dB 

Outputs 
Cal out, Display X, Y, & Z out, Horiz Sweep out, Video out, Penlift 
out, 21.4 MHz IF, 1st LO, Freq Ref, Probe Power out (8568B only) 
Quasi-Peak: Video out. IF out 

cumulattve (&3O0C) 

Calibrator Uncertainty 
Freqwncy Response (input atten 210dB) 
Spurlous Responses (c-40dBm at mlxer) 

Second Harmonic Distortion 
(-30dBm at mixer) 

Third Order Intercept (TOI) 
Residual Responses (at 1MHz) 

(WE attn, no tnput signal) 
Ga~n Compress~on (<lOdBm at mixer) 
Dtsplayed Average Nose Level 

(OdB attn. 1Hz V~deo BW) 
Sweept~me - Zero Span 

Swept 

H P  8567A spectrum anaiyzer 
Opt 001 75 ohm (BNC) RF input 
Opt 016 installed EM1 receiver functions 
Opt 044 add HP 8444A Opt 059 Tracking Generator 

(8567A only) 
Opt W30 extended repair service. See page 723 

85688 
8567A 

Opt W32 calibration service. See page 723 
85688 
8567A 

Opt 400 400 Hz power line frequency operation 
85688 

j+I.WB: 04OdB 
<+l.SdB: 0-90dB 
i0.348 
+1.5dB. 100H~  - 15dOMH.VtldE 100 kHz-1500 MHz 
c-7OdBc ( c lWHz  Input sig) 
<-75dBc (>loMHz input slg) 
c-70dBc (sig tlOMHz) 
<-MMBc (wg tlOMHz) 
t1OdBm (slg > IOMHz) 
c-105dBrn 

tO.MB 
c-112dEm. 500Hz-1MHz (10Hz r a  BW) 
c-135dBm. >lMHz (10Hz r a  BW) 
l j & t o 1 5 0 0 s  
X)msto 1500s 

8567A 
Opt 010 rack mount slide kit 
Opt 908 rack flange kit (instrument w/out handles) 

85688 
8567A 

Opt 913 rack flange kit (instrument wlhandles) 
8568B 
8567A 

Opt 910 extra operating and test and adjustment 
manuals 
Opt 915 troubleshooting and repair manual 

85688 
8567A 

Opt 462 impulse bandwidths for EM1 measurements 
(8568B only) 

Opt 080 8568B information card in Japanese 
Opt 081 85688 information card in French 

<al.OdB; W B  
_<+1.5dB: CL90dB 
t0.3dB 
aldB. 1&Hz - 1500MHz 
c-70dBc 

c-70dBc (sig 2 1OMHz) 
<-MMBc (s~g < 10MHz) 
t1OdBm (srg ,IOMHz) 
<-100dBm 

< 1 .MB 
<-92dBm. %Hz-1MHz (1kHz r a  BW) 
<-115dBm. >1MHz (1kHz r a  BW) 
l j & t o l ~ s  
20msto 1500s 

Price 
S37,195 
$29.035 

+5204 
+f 255 

+S5,200 



SIGNAL ANALYZERS 
Spectrum Analyzer, Bench, 100 Hz to 325 GHz 
HP 85668 

HP 85668 Specification Summary 
Frequency 
Frequency Range 100 Hz to 22 GHz with internal mixer; extend- 
able to l I0 GHz with H P  11970 external mixers, to 75 GHz with 
HP 11974 series preselected mixers, and to 325 GHz with mixers 
from other suppliers 
Frequency Span: 0 Hz, 100 Hz to 22 GHz, variable in approximate- 
ly I % increments 
Frequency Reference Accuracy: Aging rate; < 1 X 10-9/day, < 2.5 
X 10-'/year 
Temperature Stability: < 7 X 0 to 55" C 
Resolution Bandwidth: 3 dB bandwidths of 10 Hz to 3 MHz in a 1. 
3. I0 sequence 
Bandwidth Selectivity, 60  dB/ 3 dB ratio: < 1 1 : 1, 30 Hz to 3 kHz; 
< 13:1, lOkHz& 30kHz;< 15:l. 100kHzto3  MHz 
Bandwidth Shape: synchronously tuned, 4- or 5-pole filters, approxi- 
mately Gaussian shape 
Video Bandwidth: 1 Hz to 3 MHz in a 1,3, 10 sequence 
Residual FM (typical peak to peak, fundamental mixing mode): 
< 0.2 Hz, frequency span < 5 kHz; < 5 Hz, frequency span < 100 
kHz; < 200 Hz, frequency span < 5MHz 
Drift (typical, after o m  hour warm-up at stabilized temperature): 
< 10 Hzlrninute of sweeptime, frequency span 5 100 kHz; < 500 
Hzlminute of sweep time. frequency span 100 kHz to 5 MHz. < 5 
kHz/minute of sweeptime, frequency span 1 5 MHz 
Spectral Purity 
Noise sidebands (center frequency 100 Hz to 5.8 GHz): 320 Hz 
offset, < -80 dBc/Hz; 1 kHz offset, < -85 dBc/Hz; I0 kHz offset. 
< -90 dBc/Hz; 100 kHz offset, < -105 dBc/Hz 
Amplitude 
Amplitude Range (dBm): -134 to +30, 1 MHz-2.5 GHz; -132 to 
+30.2-5.8 GHz; -125 to +30,5.8-12.5 GHz; -1 19 to +30. 12.5-18.6 
GHz; - 1 14 to +30, 18.6-22 GHz 
Log Display Range: 1,2,5, or 10 dbldivision for 10,20,50, & 90 dB 
displays, respectively 
Scale Fidelity: +0.1 dB/dB over 0 to 80 dB display (20"-30°C); 
< + 1.0 dB max over 0 to 80 dB display; < *1.5 dB max over 0 to 90 
dB display 
Calibrator Uncertain* *0.3 dB 
Frequency Response (10 dB input atten): 100 Hz to 2.5 GHz, 
+0.6 dB; 2 to 12.5 GHz, * 1.7 dB; 12.5 to 20 GHz, +2.2 dB; 20 to 22 
GHz, +3.0 dB 
Dynamic Range 

Spurious Responses: < -70 dBc for mixer levels I -40 dBm 
Second Harmonic Distortion 

Unpreselected, mixer levels 5 -40 dBm: < -70 dBc, 100 Hz to 
2.5 GHz; < 8 0  dBc, 50 to 700 MHz. 
Pmelected, mixer levels 5 -10 dBm: < -100 dBc, 2 to 22 
GHz 

Third Order Intercept (TOI): > +5 dBm. 100 Hz to 5 MHz; > +7 
dBm, 5 MHz to 5.8 GHz; > +5 dBm, 5.8 to 18.6 GHz 
Image Responses: < -70 dBc, 100 Hz to 18.6 GHz; < -60 dBc, 
18.6 to 22 GHz 
Multiple Responses: < -70 dBc, 100 Hz to 22 GHz 
Out-Of-Band Responses: < -60 dBc. 2 to 22 GHz 
Residual Responses (0 dB input atten, no input signal): < - 100 
dBm, 100 Hz to 5.8 GHz; < -95 dBm, 5.8 to 12.5 GHz; < -85 
dBm. 12.5 to 18.6 GHz; < -80 dBm, 18.6 to 22 GHz 
Gain Compmsion (5 -5 dBm at mixer): < 1.0 dB, 100 Hz to 22 
GHz 
Displayed Average Noise Level (0 dB input atten, 1 0  Hz Res 
BW) 

Unpreselectcd: < -95 dBm, 100 Hz to 50 kHz; < - 1 12 dBm. 50 
kHz to 1 MHz; < -134 dBm, 1 MHz to 2.5 GHz 
Preselected: < -132 dBm. 2 to 5.8 GHz; < -125. 5.8 to 12.5 
GHz; < - 1 19 dBm, 12.5 to 18.6 GHz; < -1 14 dBm. 18.6 to 22 
GHz 

Swnp Time 
Zero Span: 1 psec to 1500 seconds 
Swept: 20 msec to 1500 seconds 
Accuracy: +lo% 5 200 second sweeptimes; +30% > 200 second 
sweeptimes 
Trigger: Free run, line, video. external, continuous, and single 

General Specifications 
Environmental 

Temperature: Operation; 0 to 55" C Storage; -40 to +75O C 
Humidity: Operating < 95% RH, 0 to 40" C 
EMI: Conducted and radiated interference is within the require- 
ments of MIL- STD-461C. Part 7. RE02 and CEO3 (Air Force), 
and the requirements of CISPR pub. 11, and Messempfaenger- 
postferfuegun 5261527179 

Power Requiremenb: 100,120,220, or 240 VAC (+5%, - 10%). 50 
to 60 Hz or 400 Hz with Option 400 
Warm-up Time Operation: 30 minutes from cold start (0 to 55" C) 

Frequency Reference: frequency within 1 x lo-' of final stab fre- 
quency within 30 minutes 

Size (w/out handles): 279.2 H x 425.5 W x 598.5 mm D (1 I" x 
16.75" x 23.56" 
Weight: net, 50 kg ( I  12 Ib) 

Inputs 
RF in (Type N), Ext Freq Ref in, Ext Sweep Trig in 
Quasi-Peak: Video in, IF  in 

Outputs 
Cal out, 1st LO out, I F  out. Sweep + Tune out, Display X, Y, Z out. 
Horiz Sweep out, Video out, Penlift out, 21.4 MHz IF out, Freq Ref, 
10 MHz 
Quasi-Peak: Video out, I F  out 

Ordering Information 
HP 8566B spectrum analyzer 

Opt 016 installed EM1 receiver functions 
Opt 400 400 Hz power-line frequency operation 
Opt W30 extended repair service. See page 723 
Opt W32 calibration service. See page 723 
Opt 462 impulse bandwidths for EM1 measurements 
Opt 010 rack mount slide kit 
Opt 908 rack flange kit (instrument w/out handles) 
Opt 913 rack flange kit (instrument wlhandles) 
Opt 910 extra operating and test and adjustment 
manuals 
Opt 915 troubleshooting and repair manual 
Opt 031 German operating manual 
Opt 080 information card in Japanese 
Opt 081 information card in French 
Opt E69 internal MATE test module adapter 

Price 
$61,500 

+$255 
+S4 10 

+$1,150 
+S3,900 
+$2,040 

+S460 
+566 
+$7 1 

+$355 

+S204 
SO 
SO 
SO 

$4,500 



SIGNAL ANALYZERS 
Millimeter Mixers 

HP 11970 Series and 11974 Series 

Preselected mixers to eliminate signal identification Low conversion loss 
State-of-the-art technology Individually amplitude-calibrated 
Easier automated measurements No bias or tuning adjustments 

High 100 mW safe input level 

HP 11970, 11974 series mixers 

HP 11974 Series Preselected Millimeter Mixers 
Eliminate the need for signal identification at millimeter frequen- 

cies. The HP 11974 series mixers are preselected from 26.5 to 75 
GHz for faster, easier testing of millimeter devices and systems. 
Preselection reduces mixer overload from broadband signals and 
reduces radiation of local oscillator harmonics back to the device 
under test. Equipment operators can quickly locate true signals, and 
software development for automated measurements is greatly simpli- 
fied. 

HP 1 1974 series preselected mixers are available in four bands: 

p~ - 

H P  11974U 1 40-60 1 -109 1 ti26 1 -50 1 to 
UP 11974V I 50-75 1 -100 I (t4.5 1 -50 1 t 3  

Specif~cat~ons apply when connected to the HP 85MB or 70000 wrbs spectrum analyzers. 

These mixers feature advanced barium-ferrite technology and 
come with a stand-alone mwer suo~ lv .  Thev are mrticularlv useful 
for broadband millimeter signal an&& miljimeter electromagnetic- 
interference (EMU measurements. and unattended monitoring of 
millimeter signals. 

Compatibility 
Upgrade kits are available to assure compatibility of H P  8560A. 

HP  8561A/B. HP 8562A/B, HP  8566AIB spectrum analyzers and 
the HP  70907A external mixer interface module. Consult your HP  
sales representative to determine requirements. All versions of HP  
8563A spectrum analyzers and HP 70907B external mixer interface 
modules are fully compatible with the HP 11974 series. 

50-75 GHz sweep without 50-75 GHz sweep using 
preselection new HP 11974 series mixer 

HP 11970 Series Harmonic Mixers 
The HP 11970 series waveguide mixers are general-purpose har- 

monic mixers. They employ a dual-diode design to achieve flat fre- 
quency response and low conversion loss. These are achieved without 
external dc bias or tuning stubs. Manual operation and computer- 
controlled hardware operation is simplified because mixer bias and 
tuning adjustment are not required. 

HP  1 1970 series harmonic mixers are available in six bands: 

'Frequency of the mixers Is reduced by 1 dB for LO r a w  of 14 to 18 dBm. 

Compatibility 
The HP 1 1970 series mixers extend the frequency range of the H P  

8561B. X562A. and 8563A portable spectrum analyzers; of the H P  
8566B spectrum analyzer (used with the HP  11975A amplifier); and 
of the HP  70000 modular measurement system (used with the HP  
70907AJB external mixer interface module). 

HP 11970 and 11974 Series Specifications 
IF range: dc to 1.3 GHz 
LO amplitude range: + 14 to + 18 dB; + 1 8 optimum 
Calibration accuracy: +2.0 dB for HP 11970 series with optimum 
LO amplitude 
Typical RF input SWR: <2.2:1, <3.0:1 for H P  11974 series 
Bias requirements: none 
Typical odd-order harmonic suppression: >20 dB (does not apply 
to HP 1 1974 ser~es) 
Maximum CW RF input level: +20 dBm (100 mW), +25 dBm for 
HP 1 1974 serles 
Maximum peak pulse pow* 24 dBm (250 mW) with < 1 psec 
pulse (avg. power = +20 dBm) 
Bandwidth: I00 MHz minimum (HP 11974 series only) 
Environmental: meets MIL-T-28800C. Type 111, Class 3, Style C 
IF/LO connectors: SMA female 
TUNE IN Connector: BNC 
LO range: 3.0 to 6. I GHz 

Ordering Information 
H P  11974A 26.5 TO 40 GHz preselected mixer 
H P  11974Q 33 to 50 GHz preselected mixer 
H P  11974U 40 to 60 GHz preselected mixer 
H P  11974V 50 to 75 GHz  res selected mixer 

Opt 003 delete power supply (HP 1 1974 series only) 
H P  11970K 18 to 26.5 GHz mixer 
H P  11970A 26.5 to 40 GHz mixer 
H P  119704 33 to 50 GHz mixer 
H P  11970T 18 to 40 GHz mixers and case 

Opt 001 add 40 to 60 GHz mixers (HP 11970 series 
only) 
Opt 002 add 33 to 50 GHz mixers (HP 1 1970 series 
only) 

H P  11970U 40 to 60 GHz mixers 
H P  11970V 50 to 75 GHz mixers 
H P  11970W 75 to 110 GHz mixers 
H P  11970 

Opt 009 mixer connection set adds three I-meter low- 
loss SMA cables, wrench, allen driver for any HP 
1 1970 series mixer. Carrying case with storage space 
for cables and tools included. 

H P  11969A carrying case for one to five HP I 1970-se- 
ries mixers, SMA cables, and tools 
H P  11975A 2 to 8 GHz amplifier 
HP 281A/B coaxial to waveguide adapters 

R281A 26.5-40 GHz, 2.4 mm (f) 
RZXlB 26.5-40 GHz, 2.4 mm (m) 
Q28lA 33-50 GHz. 2.4 mm (f) 
Q281B 33-50 GHz, 2.4 mm (m) 

Price 
5 1 4,000 
$14.500 
5 15.000 
$16,000 

-5500 
51,790 
$1,850 
$2,000 
f 3,600 

+f 2,200 

+5 1,950 

52,260 
$2,720 
$3,070 

+5475 

5620 

54.8 10 

5850 
$800 
SR50 
SROO 



SIGNAL ANALYZERS 
Spectrum Analyzers u Accessories 

2 to 8 GHz wideband frequency coverage 
40 milliwatt (+l6  dBm) output power 
Adjustable, calibrated power 

HP 11975A Microwave Amplititr 
This general-purpose, leveled microwave amplifier has a frequency 

range of 2 to 8 GHz and an adjustable output of +6 to +16 dBm. In 
addition, the amplifier has an adjustable bias current output port that 
supplies a maximum of +I 1 milliamps at  +3 volts. This bias current 
is needed by some external harmonic mixen. The amplifier has auto- 
matic leveling control (ALC) that can be switched on and off. An 
'unleveled' light indicates that ALC is off. 

Use the HP  1 1975A as an LO driver for the H P  11970 and 1 1974 
series harmonic mixers to achieve maximum performance. 

Sp6cifications 
Frequency 

Range: 2 to 8 GHz 
Flatness: +I .O dB, +0.5 dB typical 

Input and output 
Minimum small-slgnal gain: F - ~ Y  Gain 

2.0 to 4.5 GHz 15 dB 
4.5 to 6.1 GHz 11 dB 
6.1 to 8.0 GHz 9 dB 

Noise tigum 1 3 dB typical 
Output pow= +6 to + 16 dBm adjustable 
Input: SMA connector (f) 
Output: SMA connector (f) 
Maximum output: +30 dBm. +35 Vdc 
VSWR: 1.7:l (ALC on) 
Reverse isolation: >40 dB 
Spectral purity: TO1 = +25 dBm typical 

General specifications 
Power requirements: 100, 120,220, or 240 Vac, 48 to 440 Hz, 
36 VA 
Environmental: MIL-T-28800C. Type 111, Class 5. Style E 
EMI: CEO3 and RE02 of MIL-STD 461A and CISPR Pub 11 
( 1  975) 
Weight: net, 3.904 kg (6.8 Ib); shipping, 5.45 kg (12.2 Ib) 
Size: 1 0 2 H x 2 1 3  W x 2 9 7 m m D ( 4 . 0 " ~ 8 . 4 " ~  11.7") 

Ordering Information Price 
HP 11975A amplifier f4.R 10 

Opt 001 type N connectors 5 I02 
Opt W30 extended repair service. See page 724. 51 15 
Opt W32 calibration service. See page 724. f 165 

HP PIN 5061-0072 rackmount kit for HP  11975A S53= 

HP 85640A Portable Tracking Generator 
This portable. MIL-rugged tracking generator adds scalar-analysis 

capability from 300 kHz to 2.9 GHz to an H P  8560 series portable 
spectrum analyzer. It allows measurement of nain. freuuencv re- - .  . , 
sbnse ,  wmpr&sion, flatness, and return loss on components and sub- 
systems. A built-in attenuator gives an output power range of -80 to 
0 dBm. See page 183. 

HP 8444A Option 059 Tracking Qenerator 
Used with the HP  8568B R F  spectrum analyzer, this model adds 

stimulus-response measurement capability for a minimal wst. I t  al- 
lows swept-frequency testing of components and subsystems. Fre- 
quency range is 500 Hz to 1.5 GHz. 

HP 85901A Portable AC Power Source 
This is HP's first portable power source for test instruments. I t  pro- 

vides 200 watts of continuous power using an internal battery, exter- 
nal battery, or other 1 2 Vdc source. See page 1 83. 

HP 11867A and 11693A Limiters 
Protect the input circuits of spectrum analyzers, counters, amplifi- 

ers, and other instruments from high power levels with minimal effect 
on measurement performance. The H P  11 867A R F  limiter (dc to 1.8 
GHz) reflects signals up to 10 watts average power and 100 watts 
peak power. Insertion loss is less than 0.75 dB. The HP 11693A mi- 
crowave limiter (100 MHz to 12.4 GHz, usable to 18 GHz) guards 
against input signals over 1 milliwatt up to 1 watt average power and 
10 watts peak power. 

HP 11694A 75-ohm Matching Transtormer 
From 3 to 500 MHz, this transformer allows measurements in 75- 

ohm systems while retaining amplitude calibration with a 50-ohm 
spectrum analyzer input. VSWRs are less than 1.2; insertion loss is 
less than 0.75 dB. See pages 174 and 176 for 75-ohm versions of the 
HP  8590B and 8591A spectrum analyzers. 

HP 8721A Directional Bridge 
Frequency range is 100 kHz to 100 MHz. This bridge is used in 

return-loss measurement made with a swept source such as a tracking 
generator and spectrum analyzer. It has 6 dB insertion loss and is 6 
dB coupled to the auxiliary arm. Frequency response is +0.5 dB (0.1 
to 110 MHz); directivity is greater than 40 dB (1 to 110 MHz); load- 
port match is greater than 30 dB; maximum input power is +20 dBm. 
Standard model is 50-ohm with a 75-ohm option. 

HP 85024A High Frequency Probe 
In-circuit measurements are easy with this probe. Input capaci- 

tance of only 0.7 pF shunted by 1 MQ resistance permits high- 
frequency probing without adverse loading of the circuit under test. 
Excellent frequency response and unity gain guarantee highly accu- 
rate swept measurements. High sensitivity and low distortion levels 
allow measurements taking advantage of full analyzer dynamic 
range. This probe is directly compatible with many HP RF  spectrum 
and network analyzers. 

Ordering Intarmation 
HP 85640A portable tracking generator 

Opt 908 rackmount kit 
Opt 909 rackmount kit with handles 
Opt 910 extra operation/service manual 
Opt W30 extended repair service. See page 723. 
Opt W32 calibration service. See page 723. 

HP 8444A opt 059 tracking generator 
HP 85901A portable ac power source 
HP 11867A RF limiter 
HP 11693A microwave limiter 
HP 11694A 75-ohm matching transformer 
HP 8721A directional bridge 
HP 85024A high frequency probe 

For same-day shipment, call HP DIRECT at 800-536-8787. 

Price 
f7.675 

5400 
5450 

550 
$195 
5360 

$6.145 
~ 1 , 1 2 0 T  

$490 
$620 
$205 
5 400 

51,900jE 



Automated, reconfigurable measurement systems 
Highest performance from RF through lightwave 

HP 70000 Modular Measurement System 
This growing family of high-performance instruments includes 

spectrum analyzers, power meters, bit-error-rate testers, lightwave 
signal analyzers, digitizers, signal generators, and more. Every HP  
70000 modular measurement svstem is fullv automatic and can be 
configured to meet your changing test needs. The powerful system 
architecture has been optimized for measurement applications from 
RF through lightwave. You can combine the rugged mainframes and 
display/control units with the many modules available from HP, or 
you can design your own system modules. Hewlett-Packard has re- 
leased to the public domain all patent rights to the modular measure- 
ment system, including those to the modular system interface bus 
(MSIB). To aid those designing modules, H P  has MSIB module in- 
terface software. The source code provides a common communication 
interface to MSIB for MMS modules. 

The H P  70000 series is part of Hewlett-Packard's Measurement 
Systems Architecture (MSA), which consists of test instrumentation, 
software, and computers-all based on open industry standards. (See 
page 602.) The modular measurement system is HP's higher frequen- 
cy companion to the modular VXIbus system, which emphasizes low- 
er frequency analog and digital measurements. Alone or in 
combination with VXIbus or traditional IEEE-488 rack instruments. 
the HP  70000 series is ideal for use in automated test systems. 
System Expansion and Control 

O n e  HP 70000 series system can include many instruments and up 
to 255 modules. Mainframes supply power, cooling, electromagnetic 
compatibility, and communications to the modules. A powerful sys- 
tem interface bus, the MSIB, manages protocol among these modules 
for efficient internal communication. Control of individual instru- 
ments in the system is handled over the HP-IB if nodisplay is present. 
Adding a display, however, gives you manual control. Up to four in- 
struments can be viewed simultaneously as all of the instruments are 
making measurements. Also, for remote control, a standalone display 
may be separated from the mainframe by up to 1.2 km. The flexibility 
of this control system is unsurpassed in the microwave industry. 

Modular Measurement System 
HP 70000 Series 

Part of the HP Measurement Systems Architecture 

New Modular Measurement System Catalog 
Complete descriptions of systems, modules, and components for 

the HP  70000 modular measurement system can be found in the new 
MMS catalog. For a free copy, contact your local H P  Sales Office 
listed on page 737. 

HP 70000 Series Spectrum A~lyZer8 
Three standard spectrum analyzer systems combine high- 

performance capabilities with ease-of-use features. The HP 71 100C 
R F  spectrum analyzer has a frequency range of 100 Hz to 2.9 GHz*. 
The HP 71200C microwave system extends from 100 Hz to 22 GHz 
with options for preselection and 26.5 GHz frequency. The HP 
7 1210C microwave spectrum analyzer offers the highest performance 
from I00 Hz to 22 GHz*. For millimeter frequency coverage, the H P  
70907B external interface module provides measurement capability 
to 325 GHz. 

All three spectrum analyzers are synthesized and have an oven- 
controlled reference oscillator for 0.1 ppm frequency accuracy over 
both temperature and time. Amplitude measurements can be made 
accurately anywhere within the 90-dB calibrated display range. The 
local oscillator module adds greater processing speed and improved 
phase noise of -108 dBc/Hz (10 kHz offset). Both the H P  71 100C 
and 71210C have -133 dBm sensitivity. The H P  71210C, used with 
the microwave preamplifier module, has a receiver-quality noise floor 
and - 154 dBm sensitivity. 

These analyzers also feature a color display with a color editor and 
special color palettes. The mainframe houses a custom hardkey panel 
for your most commonly used functions, downloadable programming 
capability, and a memory card reader. You can copy data directly to a 
printer, plotter, or external disk or store it internally. 

Add-on Capabilities 
A wide range of capabilities can be added to the basic H P  spectrum 

analyzers, including scalar analysis, CW phase, and power meter 
measurements. HP  offers modular RF and microwave preamplifiers 
and tracking generators, and a modular power meter, digitizer, and 
vector voltmeter. See page 192 for application information and page 
193 for a complete list of modules and accessories. 

! 
! 

DSP 

Along with standard analyzer systems, you can configure mod- 
ules for your own application, such as this direction-finding re- 
ceiver. 
'For Oenarl exporI, r modl(ird vr*on ol mk cprchm mrlynr. @Ion lBH, d m  not hns 
beyond 18 QHz nor wan greater than 2.3 QHz. 



SIGNAL ANALYZERS 
Modular Measurement System 
HP 70000 Series 

HP 70000 Series Spectrum Analyzers, Common 
Specifications, Characteristics 

Frequency 
Frequency readout accuracy 

Span 5 10 MHz x N*: +[(freq readout x freq ref accuracy) + 1 .O% 
of span + 10 Hz] 
S ~ a n  > 10 MHz x N*: +I(freu readout x freu ref accuracv) + 1.5% . , 
of span + 10 Hz], sweep -5 20'ms 

Frequency span 
Range: 1 Hz to maximum frequency in 0.5% increments and 0 Hz 
Accuracy 

Span 5 1 0  MHz: *[I% of span + (span x freq ref accuracy)] 
Span > 1 0  MHzxN: a1.5% of span, sweep 2 50 ms; +2.5% of 
span, sweep > 20 rns; +4.0% of span. sweep 2 10 ms 

Spectral Purity 
Noise Sidebands: 100 Hz (or 50 kHz) to 2.9 GHz at IOkHz offset, 
-IORdBc/Hz: 2.7 GHz to 22126.5 GHz at 30 kHz offset. -108 
dBc/Hz +20 log N* 

Fr~uency  reference w/HP 70310A w/o HP 70310A 
~ccurac-y 
Aging < l x l 0 " / y e a r  <3x104/year 
Temperature drlft < 7 x 10.' < 1 x 

Resolution bandwidth 
Range: ( 1,3,10 sequence and 10% increments except 3 to 10 kHz) 
10 Hz - 300 kHz (HP 70902A); 100 kHz - 3 MHz (HP 70903A) 
Accuracy: *20% 
Selectivity (-60 dB/-3 dB): < 12: 1, 10 Hz to 3 kHz; < 16: 1, 10 
kHz to 3 MHz 

Video bandwidth 
Range (1,3,10 sequence): 3 Hz to 300 kHz, HP 70902A; 300 Hz 
to 3 MHz, HP 70903A 
Accuracy (nominal): +20% 

Residual FM 
Span > 10  MHz x I * :  < 25 kHz p p  in 0.1 s (measurement 
BW=100 kHz) 
Span 5 10  MHz x NC: determined from phase-noise sidebands 

Amplitude 
Maximum safe input power 

ac average continuous: +30 dBm (2 10 dB attn) 
Pulse power: I00 watts, 10 ps pulse ( 2  40 dB attn) 
dc: 0 volts 

Amplitude temperature drHt (nominal): +0.05 dB/OC, accumulat- 
ed error is eliminated by running internal correction routine. 
Resolution bandwidth: +O.ldB in a I, 3, 10 sequence 
IF gain accuracy Gain 20 to 30" C 0 to 50' C 

IOdB *O.I dB *0.1 dB 
20dB aO.l dB *0.2 dB 
30dB aO.2dB *0.3 dB 
40 dB a0.2 dB *0.5 dB 
50dB +0.3dB a0.6 dB 

(HP 71210C only) 60 dB *0.4 dB +0.8 dB 
Input attenuator switching repeatability: +0.2 dB 
Scale fidelity Bandwidth Fidelity 

LOg 230 Hz. 5 100 kHz +0.5 dB 
corrected (0 to 8 5  dB) < 30 Hz +0.7 dB 

> 100 kHz +0.7 dB 
5 1 MHz +0.5 dB 
> I MHz +0.7 dB 

Incremental tidallty 0.1 dB/dB (uncorrected) 
Marker resolution: *0.03 dB 
Display range (10 divisions) 

Calibration: 0.01 - 20 dB/div in 0.5% increments, log 
0 to 10% of reference level per div, linear 

Reference level range: +30 to -140 dBm, log 
7.07 V to 22 nV, linear 

Sweep time 
Range (continuous): 10 rns to 1000 s 
Accuracy: +2% 
With HP 70700k 15 ms to 335 s with 800 pt traces. swept range: 80 
ps to 335 s with 800 pt traces, zero span 

Trigger: free run, video, external 
'N harmonic mlxlng band conslant or h a m k  mutllplier number. M. HP 71100C. N-1. 
HP 71200C. 5OkHz to 6.2 GHz. N=l; 6.0 to 12.7 GHz. N-2: 12.5 to 19.9 GHz. N-3: 19.7 to 22126.5 
GHz. N=4. HP 71210C. 100 Hz to 6.2 GHz. M=1; 6.0 lo 12.8 GHz. M-2; 12.6 lo 22 OHz. M=4. 

HP 71 100C Specifications 
Frequency 
Frequency range: 100 Hz to 2.9 GHz (dc coupled); 100 kHz to 2.9 
GHz (ac coupled); tunable in 1 Hz increments 

Amplitude 
Frequency response Band Variation 
(peak variation, 100 Hz to 2.5 GHz a l .O dB 
10 dB attn) 100 Hz to 2.9 GHz *1.5 dB 
Displayed average noise level 
(0 dB attn) Band D ANL 

10  Hz res BW 10 MHz to 2.0 GHz < -134dBm 
2.0 GHz to 2.9 GHz < -131 dBm 

HP 70903A only 
100 kHz res BW for frea > 1 MHz. DANL is 40 dB hieher 

thanth'eabove ' 

.2 

w/HP 70621A 10 MHz to 2.9 GHz -1 55 dBm 
Gain compression level: < 0.5 dB for signal levels 5 - 10 dBm, 0 dB 
input attn 
Spurious responses 

Spurious responses, mixer kvel 5 -40 dBm, 1 0  dB attn: 
100 Hz to 10 MHz, < -60 dBc; 10 MHz to 2.9 GHz, < -70 dBc 
Second harmonic distortion, mixer level 5 -40 dBm, 1 0  dB 
attn: 
200 Hz to 20 MHz. < -60 dBc; 10 MHz to 2.9 GHz. < -70 dBc 
Third order intermodulation distortion, two signals each 
i -30 dBm at input. 10  dB attn: 
100 Hz to 10 MHz. < -66 dBc; I0 MHz to 2.9 GHz. < -70dBc 

Image responses, 1 0  dB attn: 5 -90 dBc 
Residual responses, 0 dB input attn, input terminatad: 
< -100dBr-n 

HP 71200C Specifications (unpnselected) 
Specifications include option 001 (50 kHz to 26.5 GHz freq range. 

HP 70906A R F  section). 

Frequency 
Frequency range: 50 kHz to 22 GHz (std/opt 002); 50 kHz to 26.5 
GH7 (opt 001 1003); tunable in 1 Hz increments 

Amplitude 
Frequency response Band Variation 
(peak variation, 50 kHz to 2.9 GHz +2.3 dB 
10  dB attn) 400 kHz to 2.9 GHz + 1.0 dB 

2.7 to 6.2 GHz *l.OdB 
6.0 to 12.7 GHz +1.5 dB 
12.5 to 19.9 GHz 72.0 dB 
19.7 to 22126.5 GHz +2.5 dB 

Displayed average noise kvel 
(0 dB attn) Band D ANL 
10  Hz res BW 10MHzto2.9GHz <-129dBm 

2.7 to 2.9 GHz < -132 dBm 
6.0 to 12.7 GHz < -125 dBm 
12.5 to 19.9 GHz < -120dBm 
19.7 to 22 GHz < -116dBm 
22 to 26.5 GHz < -115dBm 

Gain compression level: < 0.5 dB for signal levels 5 -10 dBrn. 0 dB 
input attn 
Spurious responses 

Spurious responses, mixer level 5 -40 dBm, 1 0  dB attn: 
50 kHz to 10 MHz, < -60 dBc; 10 MHz to 22126.5 GHz, < -70 
d Bc 
Second harmonk distortion, mixer level 5 -40 dBm, 1 0  dB 
attn: 
100 kHz to 20 MHz, < -60 dBc; 20 MHz to 2.9 GHz, < -70 dBc; 
2.7 to 6.2 GHz, < -70 dBc; 6.0 to 12.7 GHz, < -60 dBc; 12.5 to 
19.9 GHz, < -55 dBc; 19.7 to 22126.5 GHz; < -50 dBc 
Third order intermodulation distortion, two signals each 
5 -30 dBm at input, 10  dB attn: 

Center Freq Intermod products 
I00 Hz to I0 MHz < -66 dBc 
10 MHz to 6.2 GHz < -74 dBc 
6.0 to 22/26.5 GHz < -76 dRc 

Image responses, 10  dB attn: < -85 dBc 
Residual responses, 0 dB input attn, input terminated 
I0 MHz to 6.2 GHz, < -100 dBm; 6.0 to 12.7 GHz. < -92 dBm; 
12.5 to 19.9 GHz. < -88 dBm; 19.7 to 22126.6 GHz. < -83 dBm 



SIGNAL ANALYZERS 
Modular Measurement System 

HP 70000 Series 

HP 71200C Specifications (preselected) 
Includes option 002, with HP 709058 RF section and HP 70600A 

preselector (50 kHz to 22 GHz), and option 003, with HP 70906B RF 
section and HP 70601A preselector (50 kHz to 26.5 GHz) 

Fnq==y 
Frequency specifications are the same as for the unpreselected sys- 

tem. 
Frequency span: range, 0 to 19.3123.8 GHz in 0.5% increments 

Amplitude 
Frequency response: peak variation, 10 dB attn 

Band Bypassltil?ered 
50 kHz to 2.9 GHz +2.6/+2.8 dB 
400 kHz to 2.9 GHz +1.3/*1.5 dB 
2.7 to 6.2 GHz *1.3/*1.8 dB 
6.0 to 12.7 GHz *2.0/+2.3 dB 
12.5 to 19.9 GHz +3.2/*3.3 dB 
19.7 to 22126.5 GHz +3.6/+3.7 dB 

Displayed average noise level, 0 dB ann 
10 Hz n s  BW 
Band Bypass Fibred WIHP 70620Bl001 
l0MHzto2.9GHz~-127dBm<-119dBm -140dBm 
2.7 to 6.2 GHz < -130 dBm < -1 18 dBm -141 dBm 
6.0 to 12.7 GHz < -121 dBm < -109 dBm -134 dBm 
12.5 to 19.9 GHz < -1 15 dBm < -101 dBm -125 dBm 
19.7 to 22 GHz < -1 11 dBm < -96 dBm -1 19 dBm 
22 to 26.5 GHz < -109 dBm < -95 dB -1 15 dBm 
Gain compmsion bvek 5 -5 dBm (50 kHz to 2.9 GHz), 0 dB 
input attn; 5 0 dBm (2.7 to 22126.5 GHz, 0 dB input attn 
Spurious mponns  

Second harmonic di.torHan: _< -30 dBm at R F  input in bypass 
and low bands. _< 0 dBm in high bands, 10 dB attn, filtered 
I00 kHz to 10 MHz. < -66 dBc; 10 MHz to 2.9 GHz, < -76 dBc; 
2.7 to6.2 GHz, < -100dBc; 6.0 to 12.7 GHz, < -100dBc; 12.5 to 
19.9 GHz, < -90 dBc; 19.7 to 22126.5 GHz, < -85 dBc 
Third order intermodulation dhtortion: two signals each < 0 
dBm filtered, 10 dB attn, filtered 
100 Hz to 10 MHz. < -58 dBc; 10 MHz to 2.9 GHz. < -66 dBc; 
2.7 to 6.2 GHz, < -74 dBc; 6.0 to 22126.5 GHz, < -76 dBc 

Residual mponses, 0 dB input attn, input terminated 
Range Bypasslfiltend 
10 MHz to 2.9 GHz < -991-91 dRm 
2.7 to 6.2 GHz < -991-86 dBm 
6.0 to 12.7 GHz < -901-76 d Bm 
12.5 to 19.9 GHz < -851-70 dBm 
19.7 to 22126.5 GHz < -801-63 dBm 

MuRlph? and out-at-band respomn: < -60 dBc. RF input level 
< 0 dBm filtered, 2 10 dB attn - 

HP 71 21 OC Specifications 

FreqMCY 
Frequency range: 100 Hz to 22 GHz, tunable in 1 Hz increments 

Amplitude 
Frequency responm peak variation, 10 dB attn 

Band 20" to SO0 C O0 to SO0 C 
100Hzto2.9GHz +1.5dB *2.0 dB 
2.7 to 22 GHz *2.0 dB +2.5 dB 

Reterenced to 300 MHz, -10 dBm callbratar; 10 dB attm 
100 Hz to 2.9 GHz *2.3 dB 
2.7 to 22 GHz t3 .3  dB 

Disdaycd average nohe level: 0 dB attn. 10 Hz res BW, ref level 
1-85 i ~ m  

- 
Band DANL Witk HP 708208/001 
10 MHz to 2.9 GHz - 139 dBm -155 
2.7 to 12.8 GHz -136 dBm -153 
12.6 to 22 GHz -133 dBm -150 

Spurious mponses 
Second harmonic distortion: mixer input 5 -40 dBm, 10 dB attn 
100 Hz to 20 MHz. i -60 dBc; 20 MHz to 3.5 GHz, < -70 dBc; 
3.5 to 22 GHz, < -100 dBc 
Third order intermodulation distortion, two signals each 5 30 
dBm at input mixer, 10 dB attn: 
100 Hz to 10 MHz, < -66 dBc; 10 MHz to 22 GHz, < -80 dBc 

Residual responses: < -100 dBm, 10 MHz to 22 GHz 
Multiple n s p o n m  < -60 dBc 

Module input/output characteristics, summary 
HP 709008 LO Section 
300 MHz calibrator output BNC, 50 ohm, tront plcnl: -10 dBm 
+0.3 dB 
Ext freq ref input: SMB, rear panel, 50 ohm (nominal), 100 MHz 
HP-IB functions: SHI,  AHI, T6, L4, SRI. RLI, DCI. PW. DTI, 
E2, C1 

HP 70902A IF Section 
Auxiliary video output: BNC, 0 to 1 V, 1 k-ohm (nominal), front 
panel 
3 MHz IF output (linear): BNC. 50 ohm. 1.91 VSWR (nominal). 
front panel 

HP 70903A IF Section 
Auxiliary video output: BNC, 0 to 1 V, 100 ohm (nominal), front 
panel 

HP 70904A RF !Section 
RF input (100 Hz to 2.9 GHz): type N, 50 ohm (nominal), front panel 
LO emissions (10 dB attn) 
VSWR ( 2  10 dB attn): <1.3:1 (nominal): 
VSWR (0 dB attn): < 2.9:l (nominal) 
Probe power output: +I 5 V, - 12 V and ground, 150 mA max, front 
panel 

HP 70905A/B, 70906UB RF Sections 
RF input: type N/APC-3.5, 50 ohm (nominal), front panel 
VSWR ( 2  10 dB attn) (nominal): 

0 to 12.7 GHz, < 1.7:l; 12.5 to 18.0GHz. < 2.0:l; 18.0 to22126.5 
GHz, < 2.51 

HP 70600U70601A preselector 
RF input: type NIAPC-3.5, 50 ohm (nominal) 
VSWR ( 2  10 dB ann) (nominal): 

0 to 12.7 GHz, < 1.9:l; 12.5 to 22126.5 GHz, < 2.2:l 
RF output: SMA, 50 ohm (nominal), front panel 

HP 70908A RF Kction 
RF input: type N, 50 ohm (nominal), front panel 
VSWR (2 10 dB attn) (nominal): 

0 to 12.7 GHz. < 1.9:l; 12.8 to 18.0 GHz. < 2.3:l; 18.0 to 22.0 
GHz, < 2.5:l 

HP 70004A Display 
R, G, B color outputs (horiz sync on gmn): RCA phono, 75 ohm 
(nominal), rear panel, 1 V peak-peak +lo% 
Horizontal sweep rate 25.5 kHz 
Refresh rate: 60 Hz, 25 MHz bandwidth 
HP-HIL interface front panel 
HP-IB functions: SH 1, AH 1, T5. L3, SRI. RLI, PW, DC, DTO, El,  
C27 

General Specifications 
Environmental 
Temperature: 0° to 55' C operational, -40° to +75O C storage 
EMC: conducted and radiated interference is in compliance with 
CISPR Pub 11, FTZ 52611979. and MIL-STD 461B. REO21part 7 

Power requirements 
HP 70001A mainframe 
ac main: 100, 120.220, and 240 Vac (+I%) 

Frequency: 47 to 66 Hz (400 Hz with opt 400,401-100 and 120 
Vac only) 
Max pow= 200 watts 

HP 70004A display 
ac main: 100, 120,220, and 240 Vac (+lo%) 

Frequency: 47 to 66 Hz and 400 Hz 
Max power: 260 watts 

Modules: all power requirements supplied by mainframe. H P  
7000 1 A or 70004A 

Size 
HP 70001A mainframe: 177.0 H x 425.4 W x 526.0 mm D (6.97" x 
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Communications Measurements 
The HP 70000 series spectrum analyzers have 117 Hz/GHz fre- 

quency accuracy, which allows you to measure closely spaced com- 
munication channels. Low ~ h a s e  noise of -108 dBc/Hz (10 kHz 
offset) allows close-in testingof low-level spurious signals in tiansmit- 
ters. You can convert from an RF  to a microwave system by simply 
replacing the RF  front-end module. And to extend to millimeter fre- 
quencies, add the HP  70907B external mixer interface module and 
HP 1 1970 series harmonic or HP  11974 series preselected millimeter 
mixers. (See page 187 for more details.) 
Digitd Cellular Radio-GSM 
The capabilities and features of the modular spectrum analyzers en- 
able them to excel in such applications as the testing and monitoring 
of satellites and the design of analog and digital radios. The 
H P  71 150C RF and 71250C microwave GSM transmitter test sys- 
tems, based on the HP  70000 series analyzers, are designed to meet 
the exacting specifications of the new Pan European Digital Cellular 
Radio System (GSM). Both systems include the new HP II836B 
GSM personality. 
Radar Measurements 

A digital persistence feature of the HP 70000 spectrum analyzer 
display simulates the characteristics of an analog display. This allows 
you to view, measure, and record multiple signal patterns, such as 
double-pulse output from a radar transmitter, In zero span, the ana- 
lyzer becomes a fixed tuned receiver so that you can demodulate the 
signal and view the pulses. Add an H P  70700A digitizer module to 
decrease minimum sweeptime to 80 us in the time domain (zero 
span). You can then view fast rise time pulses and retain the benefits 
of a digital display. The digitizer provides fast sampling of pulses and, 
for infrequent or erratic pluses, a Random Event Capture feature al- 
lows you to measure the time between randomly occurring pulses 
while it gives you detailed information abut the pulse shape. Detec- 
tion modes ensure that the amplitudes and times of occurrence of nar- 
row radar pulses over long periods of observation are not missed. 

Component Test 
For scalar-analysis measurements, the HP 70300A tracking gener- 

ator covers 20 Hz to 2.9 GHz with a 124-dB dynamic range. The 
HP 70301A covers 2.7 GHz to 18 GHz with 130-dB dynamic range. 
Together the tracking generators provide fast, continuous sweeps 
from 10 MHz to 18 GHz. Even the most demanding, filter-rejection 
measurements are now possible. A downloadable program for scalar- 
network-analysis measurements gives the spectrum analyzer a user 
interface for making transmission or reflection measurements using 
open-short and through normalization. You can enter limit lines for 
upper and lower boundaries, and a pass/fail indicator lets you know 
the results of you tests. 

Measure filter rejection with 130 d B  dynamic range a t  18 GHz 

Tracking Generator Specifications 
HP 70300A HP 70301A 

(w/HP71100C) (w/HP71210C) 
Tracking generator range I00 kHz to 10 MHz to 

2.9 GHz 18 GHz 
Dynamic range @ 1 QHz > 124dB 

@ 2.7 GHr > 121 dB > 130dB 
@I 18 GHz > 130dB 

Displayed average noise level 
@ f GHz - 134 dBm 
@ 2 GHz -138 dBm 
@ 18 GHZ -133 dBm 

Output level: -10 to -91 dBm (0.01 dB resolution) with 70300A; 
OdBm (20-30°C) to -66 dBm (0.01 dB resolution) 
with 70301A 

Power sweep: 0 to - 10 dBm 
Dynamic accur8cy (normalized) 

90 dB range: k0.5 dB, +0.1 dB/dB, incremental 
Highest spectrum analyzer performance 

When your measurement situation demands top performance, 
HF' modular spectrum analyzers provide the solutions. You can select 
front-end modules for RF, microwave, millimeter, and lightwave ca- 
pabilities. For the highest performance, the HP  71210C spectrum an- 
alyzer has a dynamically tracking preselector that keeps the system 
peaked under all environmental conditions. Fundamental mixing pro- 
vides sensitivity of -1 39 dBm at 1 GHz and -133 dBm at 22 GHz for 
fast, accurate measurement of spurious response. Even better sensi- 
tiv~ty can be obtained by adding the HP  70620A preamplifier. Sensi- 
tivity at  22 GHz reaches -154 dBm, so you can measure extremely 
low-level signals. Flatness remains superb throughout the frequency 
range. 
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Ordering information 
H P  71100C RF spectrum analyzer, 100 Hz to 2.9 GHz 

System components 
HP 70001 A mainframe 
HP 70004A color display 
HP 70900B local oscillator 
H P  703 10A precision frequency reference 
HP 70902A IF section 
H P  70904A RF section 

H P  71200C microwave spectrum analyzer. 100 Hz to 
22 or 26.6 GHz 

System components 
HP 70001A mainframe 
HP 70004A color display 
HP 70900B local oscillator 
HP 703 10A precision frequency reference 
HP 70902A IF section 

Standard 
HP 70905A RF section 

Opt 001 HP 70906A RF section 
Opt 002 HP 709058 RF section, H P  70600A 
preselector 
Opt 003 HP 709068 RF section 

HP 7060 1 A preselector 
H P  71210C microwave spectrum analyzer, 100 Hz to 
22 GHz, fundamentally mixed 

System components 
HP 70001 A power meter 
HP 70004A color display 
HP 70900A local oscillator 
H P 703 10A precision frequency reference 
HP 70902A IF section 
HP 70903A IF section 
HP 70908A RF section 

Options for the HP 71100C, 71200C. 71210C 
Opt 006 delete HP 70902A narrowband IF section 
Opt 110 delete HP 70301A precision frequency refer- 
ence 
Opt 121 add distribution amplifier to the HP 70310A 
Opt 122 delete ovenized oscillator in HP 70310A, 
maintain external reference capability 
Opt 201 delete HP 70001A mainframe 
Opt 205 substitute the HP 70205A for the 
H P 70004A 
Opt 206 substitute the H P  70206A for the 
H P 70004A 
Opt 400 add 400 Hz power line frequency operation 
to HP 70001A 
Opt 401 add 400 Hz power line frequency operation 
to HP 70001A and 70206A 

Option for the H P  71100C. 71210C 
Opt 1BH general export version 

H P  71150C GSM transmitter test system. 
100 Hz to 2.9 GHZ 

Systems componenets 
HP 70001A mainframe 
HP 70004A color display 
HP 703 10A option 002 option HZ5 precision frequenc 
H P  70700A digitizer (2 each) 
H P  709008 option 512 LO 
H P  70902A IF section 
HP 70903A IF section 
HP 70904A option H25 RF section 
H P  709 1 2B downconverter 
H P  11 8368 GSM personality 
HP 8657A option 001 signal generator 

Price 
$46.450 

7 reference 

H P  712SOC GSM transmitter test system, 
100 kHz to 22 GHz $1 23,960 

Contains the same system componenets as the HP 71 150C with the 
substitution of the H P  70908A option H25 section for the 
HP 70904A option H25. 
Options for the HP 71150C md 71250C QSM tnmmitt.r t n t  
systems 

Opt 012 70100A power meter and 8482A sensor $3,610 
Opt 013 70621A otion HSO preamp/switch $7.250 
Opt 015 HP 11836A upgrade -520,560 
Opt 020 add HP 70320A option 001; 
delete HP 8657A option 001 $9,000 
Opt 057 delete HP 8657A option 001 -59,500 

Basic Components 
HP 70001A mainframe, 8 module $6,750 
HP 70004A color display/mainframe. 4 module slots $9.975 
HP 70205A graphics display 5 5.730 
H P  70206A system graphics display 58,325 
H P  70310A precision frequency reference $5.090 
H P  70900B local oscillator $19.180 
HP 70902A IF section, RBW 10 Hz to 300 kHz 54,990 
HP 70903A IF section. RBW 100 kHz to 3 MHz 5 3.895 
H P  70904A RF section, 100 Hz to 2.9 GHz $9,000 
HP 70905A RF section, 50 kHz to 22 GHz 51 1.150 
H P  709058 RF section, 50 kHz to 22 GHz, no f 10.160 
attenuator, use only with preselector 
H P  70906A RF section. 50 kHz to 26.6 GHz $1 3,040 
H P  70906B RF section, 50 kHz to 26.5 GHz, no $1 2.020 
attenuator, use only with preselector 
HP 70907B external mixer interface $9,500 
HP 70908A RF section, 100 Hz to 22 GHz, 537.440 
fundamentally mixed 
Other modules and 
HP 70100A power meter, 100 kHz to 50 GHz $2,960 
HP 70138A vector voltmeter, 100 kHz to 1 GHz 55,930 

Opt 050 300 kHz to 2 GHz. 50 ohm input module re- SO 
places high impcdence input module 

HP 70300A RF tracking generator. 20 Hz to 2.9 GHz $1 2.225 
HP 70301A microwave tracking generator, 10 MHz to $25,575 
18 GHz 
H P  70320A synthesized signal generator, 252 GHz $17.200 
to 1030 MHz (2060 MHz with opt 002) 
HP 70322A synthesized signal generator, 100 kHz $36,000 
to 4.2 GHz 
H P  70325A agile signal generator, 252 kHz to 1030 $32.900 
MHz (2060 MHz with opt 002) 
HP 70591A 118 width module part kit $780 
HP 70592A 218 width module part kit 5830 
HP 70593A 318 width module part kit $ 1,460 
HP 70594A 418 width module part kit $2,550 
HP 705956 module development design guides $610 
HP 70596A module communication design guides 5610 
HP 70597A MSIB module interface software $0 

Opt 100 source code and documentation +$950 
Opt 200 design consulting support +$8,000 
Opt 001 prototype CPU board +52,000 
Opt 002 MSIB extender module +5700 
Opt 910 extra manuals +$I00 

HP 70600A preselector, 2.7 GHz to 22 GHz f 10,790 
HP 70601A preselector, 2.7 GHz to 26.5 GHz $13,140 
HP 706208 preamplifier, 1-26.5 GHz 68.000 

Opt 001 100 kHz to 26.5 GHz $4.500 
H P  70621A preamplifier. 100 kHz to 2.9 GHz $ 4,900 
HP 70700A digitizer $7,980 
Option 098 controller board kit and option 099 firmware upgrade kit 
are available free on many accessory modules to spectrum analyzer 
systems. Consult with your sales representative at the time of order to 
see if needed. 
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HP 7061 1A Attenuator/Switch Driver 
HP now offers designers of modular measurement system products 

a switch controller in the MMS format. The HP 7061 1A attenu- 
atoriswitch driver is ideally suited to drive test-station interface mod- 
ules that have been designed to include H P  84940A driver cards. 

When mated with HP 84940A driver cards, the H P  7061 1A can 
control up to 248 (total) R F  and microwave devices through either 
the modular system interface bus (MSIB) or the HP-IB (see Figure 
I). One HP 84940A driver card. which has the capacity to drive up to 
31 electromagnetic switches or attenuator switch sections, may be in- 
corporated directly within the H P  7061 1 A. Or, up toeight of the driv- 
er cards may be located remotely at  the end user's test station. 

In addition to providing ATE designers with an expandable and con- 
venient remote interface to their test stations, the HP  7061 1A attenu- 
ator/switch driver features a manual interface that can be 
customized by the user. This manual interface, which is realized 
through any MMS display, allows the end user to select pulse widths, 
to enable or disable switch settings, to create custom menus with la- 
bels, and to automatically select pre-defined switch states. 

Accessories 
HP offers a full line of switches and attenuators for use with the 
HP  7061 1A attenuator/switch driver. Custom switching solutions 
are also available that incorporate driver controller and microwave 
hardware into custom rack mounted boxes or MMS modules. For 
more information, contact your local H P  sales office listed on page 
737. 

r , Specifications 

iu-Lm 
HPIB ~nterfacei 

MSlB Interlace 

I Size: '/"-width MMS module 
I 

I 

I 
I 

Switching speed: Dependent on switch pulse selected (P) and 
whether sensing delay (D) is enabled. For N switches switched, maxi- 

CPU: - DRIVER: 
mum switching time is [INT(N/4) + 11 [P+D]. 
Drive capacity: 248 devices via interconnection with eight 

* I  
a b  HP 84940A driver cards. Each HP 84940A is capable of driving 31 

-+. .I 

HPl8  to TTL  : 'IL lo Low devices. H P  7061 1A option 001 includes a single integrated HP  
:I IMPEDANCE PULSE : 84940A and can drive 3 1 devices directly. 
I . 

b 
EMI: within limits specified by MIL-STD 461B 

I - b Environmental performance: Meets requirements of MMS hard- 
9 ware. See Product Note 70000-1, HP 70000 System Design System 
I 

; OPT 001 Overview, for details. 

Ordering Information Price 
HP 70611A attenuator/switch driver $3.600 

Opt 001 integrates HP 84940A driver card f 4,600 
Figure 1. HP 84940A driver card 5 1.000 



HP 70612 and 70613 Series Switch Matrixes 
This new family of standard interface modules gives the designer of 

modular measurement system (MMS) products an off-the-shelf solu- 
tion to problems of interconnection. The HP 7061 2 and 706 13 are 1 x6 
and 2x5 common highway switch matrixes (see Figure 1) available in 
different frequency bands covering DC to 26.5 GHz. These matrixes 
come in $-width MMS modules. 

z;  

I -- -. 
Figure 1 

In addition to routing signals between sources and devices under 
test, the HP 70612 and 70613 feature attenuator options for adjust- 
ing signal strengths from 0 to 110 dB in 1 dB steps. Input ports termi- 
nated in 50 ohms are standard. Front-panel indicators, which alert 
the user to current switch status, and front-panel 3.5 mm connectors 
also are standard. Rear-panel inputs are available. 

These switch matrixes can be controlled remotely via the modular 
system interface bus (MSIB) or the HP-IB. A manual interface that 
allows users to specify alphanumeric labels for multiple switch states 
and to recall these pre-defined states using the labels is created using 

SIGNAL ANALYZERS 
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HP 70612A, 70612C, 70613A, 70613C 

any MMS display. Up to 217 additional devices can be controlled 
remotely by an HP  70612 or 70613 using HP 84940A driver cards 
installed in other interface modules at  remote locations. Option 01 1 
for the HP 70612 and 70613 deletes the MSIB/HP-IB interface card 
(CPU). The resulting module contains only microwave hardware and 
an HP 84940A driver card. The option 01 1 module is designed to be 
controlled by an HP 706 1 1 A. 

Along with the standard interface boxes, H P  offers the ATE test- 
set designer custom rack-mount and MMS-compatible interface 
modules containing hardware such as switches, attenuators, detec- 
tors, couplers, indicators, and amplifiers. For more information on 
HP's custom matrix capabilities and for complete specifications on 
the HP  70612 and 70613 series, contact your local HP  sales office 
listed on page 737. 

Ordering information 
HP 70612A 1x6 matrix, DC to 6.5 GHz 
HP 70612C 1x6 matrix, DC to 26.5 GHz 
HP 70613A 2x5 matrix, DC to 6.5 GHz 
HP 70613C 2x5 matrix, DC to 26.5 GHz 

Opt 002 delete switch terminations 
Opt 003 add 1 dB, 6.5 GHz step attenuation 
(A models) 
Opt 003 add 1 dB, 26.5 GHz step attenuation 
(C models) 
Opt 004 add 10 dB, 6.5 GHz step attenuation 
(A models) 
Opt 004 add 10 dB, 26.5 GHz step attenuation 
(C models) 
Opt 005 add rear panel inputs 
Opt 01 1 delete CPU card 

Price 
$8,400 
$9,400 
58,400 
$9,400 

-5 1,000 
+$a25 

+$1,800 

+$825 

+$1,300 

+$250 
-5 1.200 
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HP 841 10A EMC Pre-production Evaluation System 

HP 84000 Series EMC Measurement Systems 
The best way to eliminate problems of electromagnetic compatibil- 

ity is to attack them at all stages of product development. For this you 
need the right test equipment. HP  now offers a full line of EMC mea- 
surement systems to help you with all aspects of this task--from test- 
ing of initial designs through formal compliance measurements. 
Whether you need simple EMC design tools or a fully automated 
EM1 compliance test system, you will find a solution to improve your 
productivity. All HP  84000 series EMC measurement systems reflect 
HP's extensive knowledge and experience of EMC testing and are 
backed by our proven quality and worldwide support. 

HP 84100A EMC Design Development System 
The sooner you consider the EMC performance of a new product 

design, the fewer EMC problems you will encounter later in the prod- 
uct-development cycle. The HP 84100A system gives you the right 
tools for quickly locating EMC problems at  the breadboard and pro- 
totype levels. The heart of the system is a portable spectrum analyzer 
with a 9-kHz to 1.8-GHz frequency range. The analyzer has a built- 
in tracking generator for making quick immunity and shielding- 
effectiveness measurements. An EMC measurement 'personality' in- 
stalled in the system makes EMC measurements easy for beginners 
and supplies advanced capabilities for experienced troubleshooters. 
Two calibrated magnetic-field probes are included for locating emis- 
sion hot spots on printed circuit boards, cables, and power supplies. 
And the system has an HP-IB interface for one-button output to 
printers and plotters. 

To further enhance your design-development skills. H P  offers a 
two-day course on 'Designing for EMC.' See page 200 for details. 

HP 841 10A EMC Preproduction Evaluation System 
If you send your products to consultants or independent test facili- 

ties for final compliance measurements, pre-compliance testing can 
save you time and money a t  final compliance test time. The 
HP 841 IOA takes the mystery out of finding the right equipment for 
this job. The system includes an easy-to-use portable spectrum ana- 
lyzer with built-in quasi-peak detection to measure device emissions. 
The analyzer is enhanced with EMC diagnostic capabilities as well as 
capabilities for making conducted and radiated measurements. Ac- 
cessories include a line impedance stabilization network (LISN), a 
transient limiter, two calibrated magnetic-field probes, two antennas, 
and a tripod. An HP-IB interface allows one-button output to printers 
and plotters. 

While not intended for formal compliance testing, the H P  841 10A 
offers impressive pre-test capabilities for a fraction of the price of a 
full EMC compliance test system. 

HP 84120A EM1 Pre-compliance Measurement System 
This pre-compliance measurement system has all the capabilities 

of the HP  841 10A plus two more. First, the HP  84120A adds auto- 
mation software that runs on a variety of computers available for the 

system. This allows you to collect data, correct for antenna factors 
and cable losses, analyze data and store it on disk. and output data 
and reports to printers and plotters--all automatically. 

Second, the pre-compliance measurement system can be upgraded 
to a complete final compliance test system. The HP 8412OA comes 
with a 10-kHz to 1.5-GHz spectrum analyzer and a quasi-peak 
adapter. These can be combined with our RF  preselector to make an 
EM1 test system that meets all CISPR Publication 16' EM1 receiver 
requirements. 

In addition to measurement hardware and software, the 
HP  841 20A system includes antennas for commercial radiated EM1 
measurements and a LISN for conducted EM1 measurements. A low 
noise preamplifier (9 kHz to 1.3 GHz) vrovides additional sensitivitv. . . 
and a-portable antZnna tower and tu i i ab le  are also included. 

HP 84130A EM1 Commercial Compliance Measurement 
System 

This test system has the accuracy and capabilities you need to be 
confident of your EM1 compliance measurement results. Built around 
the HP  8574B EM1 receiver, it meets the requirements of CISPR 
Publication 16'. This high performance system offers outstanding ca- 
pabilities not available in conventional EM1 receivers. 

Frequency range of the HP  841 30A is 9 kHz to 1.5 GHz. The EM1 
receiver has full RF preselection; peak, quasi-peak, and average de- 
tection; and specialized bandwidths that meet or exceed CISPR spec- 
ifications. Two powerful software programs automate the system for 
conducted-emission and radiated-emission measurements made in- 
side shielded enclosures and radiated-emission measurements made 
at  open-area test sites. The automated system tests to specifications of 
the FCC, VDE. FTZ, VCCI, DOC, and other international regulato- 
ry agencies. 

Accessories include antennas, automatic antenna-positioning mast, 
automatic turntable. LISN, transient limiter, coaxial cables and 
adapters, HP-IB cables, and power cords. An optional site-attenua- 
tion package gives you the hardware needed to characterize an out- 
door range or semi-anechoic chamber. 

Ordering Information 
HP 84100A EMC design development system 

Opt 103 quasi-peak detection and AM/FM 
demodulation 

HP 841 10A EMC pre-production evaluation system 
Opt 010 tracking generator 

HP 84120A commercial EM1 pre-compliance measure- 
ment system 
HP 84130A commercial EM1 compliance 
measurement system 

Opt 657 site-attenuation kit 

Price 
$22,325 
+51,700 

$26,945 
+53,600 
$58,175 

51 19,500 

+f 16,180 

'CISPR Publlcatian 16 Is Me Comne I-I Special dm Fmurbatlars Radloebctrlqw 
qmciflcatlon lor radb Intaterena, meclsurlng apparatus and tneawranent methods. 



SIGNAL ANALYZERS 
EM1 Receivers, 9 kHz to 1.5 GHz 

HP 85738,85748 

Built to ClSPR Publication 16' recommendations 
Automatic or manual FCC, FTZ, VCCI. CSA compliance testing 
Diagnostic EM1 measurements 

HP 85738 and 85748 EM1 Receivers 
These receivers have everything you need to make fast, accurate 

EM1 compliance measurements in accordance with FCC. FTZ, VC- 
CI, and CSA regulations. Each includes an HP 85860A quasi-peak 
adapter, an HP 85865A RF preselector, and an HP 8567A or 8568B 
spectrum analyzer. For easy startup, each receiver is completely con- 
figured and verified at  the factory, and it is shipped to you in a system 
cabinet. 

In addition to final compliance measurements, the HP 8573B and 
8574B EM1 receivers are excellent for diagnostics. You can quickly 
identify problem areas using the swept frequency features of the spec- 
trum analyzer in the system. 

Autmated EYI Measurements 
Optional HP 85869A EM1 measurement software turns your re- 

ceiver into a fast, easy-to-operate, automatic test system. The 
software automates conducted-emission and radiated-emission mea- 
surements made inside chambers. Test setups for common compli- 
ance measurements, typical antenna factors, and many test limits are 
included. You can easily modify any of these parameters to customize 
tests for specific applications. 

The HP 85879A radiated emissions measurement software simplifies 
radiated emission measurements made in the presence of ambient sig- 
nals. Results are accurate, repeatable, and fully documented. 

Accessories and Optional Configurations 
Complete your EM1 receiver system by choosing from a full line of 

accessories for conducted and radiated measurements: line impe- 
dance stabilization networks (LISN), antennas, positioning equip- 
ment, and transducers. See page 201. Or, order the HP 841 30A EM1 
measurement system for commercial compliance. It offers a complete 
measurement setup that includes all accessories and transducers re- 
quired for commercial EM1 compliance tests. See page 196. 

Ordering Information Price 
HP 8573B EM1 receiver (with HP 8567A spectrum $60,495 
analyzer) 
HP 85749 EM1 receiver (with HP 85688 spectrum $68,652 
analyzer) 

Opt 630 HP 85869A EM1 measurement software +S7,000 
3.5-inch disk 

HP 85879A radiated emissions measurement software 58,000 
HP 85874A combined EM1 software $1 1,000 
HP 858749 combined EM1 software S 15,000 
'CISPR Pub~~catlon 16 Is the Comne lntanatlonal !?pedal des Patubrtloca Radlodectrlgw 
speclhcatlon lor radlo ~ n t w  -ring appsntw and mesar-t mahods 



SIGNAL ANALYZERS 
RF Preselector, 20 Hz to 2 GHz/Quasl-Peak Adapter 
HP 85685A, 85650A 

Automatic filter tracking 
Input overload protection 
Low system noise 

Quasi-peak detection 
CISPR-specified bandwidths 
Bypass for regular spectrum analyzer operation 

HP 85685A RF P m a k ~ t ~ r  A bypass switch enables the spectrum analyzer to bypass the quasi- 
This instrument turns an HP  8566B. 8567A. or 85688 Spectrum peak adapter, and a normal mode allows use of the three CISPR 

Analyzer into a test receiver for specialized applications. The R F  bandwidths whether or not the quasi-peak detector is being used. The 
preselector has tracking filters and preamplifiers covering the 20 Hz HP 85650A is fully programmable over the HP-IB for automated 
to 2 GHz range. This improves spectrum analyzer measurement sen- measurements, and it has both an internal speaker and an audio out- 
sitivity while providing overload protection from out-of-band signals. put jack (for external headphones) for monitoring signals. 
The resulting test receiver system, operated in the presence of high- 
level interference, has a measurement range 30 dB greater than that - 
of a spectrum analyzer alone. 

Together the preselector and spectrum analyzer measure signals 
within the filter passband of the preselector and reject out-of-band 
interference by 40 dB. This enables low-level signals to be monitored 
in the presence of high-level ambients. The preselector decreases in- 
put overload from out-of-band signals, thereby increasing the range 
for measuring low-level signals. Fast, wideband measurements mean 
a reduction in measurement time. 

Combining the H P  85685A RF preselector with an H P  8566B. 
8567A. or 8568B spectrum Analyzer and the HP  85650A quasi-peak 
adapter gives you an EM1 receiver that meets the recommendations 
of CISPR Publication 16'. 

The RF  preselector adds the measurement sensitivity and overload 
protection needed for FCC, VDE, and VCCI radiated emission test- 
ing. For commercial and MIL-STD conducted EM1 tests, the low- 
frequency input withstands large impulses and line impedance stabili- 
zation network (LISN) transients. A built-in calibrator ensures +2.0 
dB absolute-amplitude accuracy as required by the regulatory agen- 
cies and a convenient linearity check tests for system overload. 

Operating the test receiveris easy. Use only the spectrum analyzer 
controls-the RF  preselector automatically adjusts input-filter track- 
ing, and the spectrum analyzer reports preselector operating condi- 
tions on the CRT. The receiver system is fully HP-IB programmable, 
and the HP  85685A comes equipped with the hardware needed to 
connect it to any compatible spectrum analyzer. 

HP 85650A Quasi-peak Adapter 
The HP 85650A quasi-peak adapter works with the HP 8566B. 

8567A. and 8568B spectrum analyzers and with the 85685A RF 
preselector to complete an EM1 test receiver system. The quasi-peak 
adapter adds the special bandwidth filters and quasi-peak detection 
capability specified in CISPR Publication 16*. These bandwidth fil- 
ters (200 Hz, 9 kHz, and 120 kHz) have 6 dB resolution and may be 
selected using either peak or quasi-peak detection. 

HP 85867A EM1 Receiver Functions 
This set of softkey programs simplifies commercial EM1 measure- 

ments performed manually using H P EM1 receivers (see page 197). 
An external computer is not needed after the softkeys are downloaded 
into spectrum analyzer non-volatile RAM. You can select a CISPR* 
band, make automatic quasi-peak measurements at  up to six discrete 
frequencies, and directly print or plot measurement data using front- 
panel softkeys. 

Features of the EM1 Receiver Functions include a quasi-peak 
softkey that automatically chooses resolution bandwidths, video 
bandwidths, CISPR bandwidths, and sweeptimes for fast, accurate 
quasi-peak measurements. Up to six quasi-peak markers and numeric 
values can be displayed at the same time. This lets you simultaneously 
view a wide frequency span and the quasi-peak values of up to six 
signals. A numeric keypad overlay for the spectrum analyzer is in- 
cluded to help you select the right softkey, and a help function gives 
the purpose of each softkey. Options are available for factory installa- 
tion of this product. 

Ordering Information 
H P  85685A RF preselector 

Option 010, rackmount slide kit 
Option 908. rack flange kit without handles 
Option 910, extra manual 
Option 913, rack flange kit with handles 

H P  85650A quasi-peak adapter 
Option 908, rack flange kit without handles 
Option 910, extra manual 
Option 913, rack flange kit with handles 

H P  85867A EM1 receiver functions 
Option 630 3 '12-inch media 
Option 655 5 yz-inch media 

Price 
522.255 
+ 5395 
+ $33 
+ $51 
+ 536 

55.585 
+$26 
+ $10 
+ $31 

5300 
5300 

'CISPR Publlcatlon 18 la the GnnHe Intematlonal Specfal dss Paurbalbns Radloslectrlqw 
specification for radio ~nlerference measuring apparatus and meglumment methods. 



SIGNAL ANALYZERS 
EMC Automation Products 

HP 857128,85869A. 85879A 

EMC design evaluation tools 
Automated EM1 compliance testing 

HP 857128 EMC Measunment Personality Card 
This memory card customizes the HP  85908, 8591A, 8592B, and 

8593A portable spectrum analyzers for electromagnetic wmpatibili- 
ty testing. Evaluation capabilities include limit lines, antenna-factor 
correction, quasi-peak measurements*, average measurements, nar- 
rowband and broadband discrimination, EMC diagnostic keys, and 
EMC pre-compliance measurement keys. The EMC-measurement- 
enhanced analyzer works with the HP  119454 set of close-field 
probes to quickly locate EM1 hot spots in your product, allowing you 
to read magnetic-field strength in dBpA/m a t  the probe tip. (For 
more information on the H P  8590 series portable spectrum analyzers. 
see page 173.) 

HP 85869A EM1 Measurement Software 
The EM1 measurement software is a general-purpose program for 

making radiated and conducted emission measurements automati- 
callyacwrding to commercial and military regulations. The program 
is designed for use with the HP  8573B and 85748 EM1 receivers. A 
friendly menu structure leads you through an EM1 measurement 
from initial setup to the final plotting of the test results. The 
HP 85869A has an easy setup procedure, so you are ready to run even 
if you have never programmed before. 

Automate MIL-STD and Commercial EM1 Measurements 
The HP 85869A EM1 measurement software automates military 

and commercial EM1 measurements made in shielded enclosures. 
The program takes advantage of the ability of the spectrum analyzer 
to quickly measure wide frequency spans and locate hot spots using 
peak detection. For commercial measurements, quasi-peak data need 
be taken only at  these hot spots. Save time and effort in your MIL- 
STD measurements by letting the software automatically discrimi- 
nate between narrowband and broadband signals. 

Design Your Own Tests 
Design your own tests or choose from the examples given in the 

software. These examples reside in the test library and include MIL- 
STD, FCC, VDE, and FTZ emission tests. Transducer factors, test 
limits, and receiver parameters are easily changed and stored. Once 
you have designed a test, it is stored away and can be executed repeat- 
edly at  the push of a key. 

HP 85879A Radiated Emissions Measunment 
Software 

Automate your commercial EM1 compliance testing with the radi- 
ated emissions measurement software. This program, designed for 
use with the HP  8573B and 8574B EM1 receivers, simplifies radiated 
emission measurements made in the presence of ambient signals. Re- 
sults are accurate, repeatable, and fully documented. 

Separate Ambient Signals From EUT Emissions 
The software generates a list of signal frequencies and amplitudes 

(along with antenna positions). This enables you to quickly identify 
and catalog ambient signals in the test environment. A Pre-compli- 
ance Scan feature helps you locate EUT emissions by scanning a se- 
lected frequency band and identifying potential emissions. 
Positioning equipment such as the antenna tower and EUT turntable 
are adjusted automatically by the software to maximize the signals. 
The software then creates a list of the suspect signals that require 
testing for final EM1 compliance. 

Test libraries for major regulatory agencies 
Complete, customized test reports 

Test to Regulatory-agency Specifications 
The radiated emissions measurement software includes a library of 

test limits for all major regulatory agencies-FCC. FTZ, and VCCI. 
This eliminates the need to create a set of limits before final compli- 
ance testing. Also, you can verify test results manually while the 
software is running and then return to program control by just press- 
ing a key. 

Customize Tests and Measurement Reporb 
You can reconfigure tests easily by defining measurement routines 

that will automatically execute commands in the order you establish. 
The software also allows you to test to your own limits and to set 
receiver parameters to meet specific needs. An automated report gen- 
erator records test results in graphic and tabular formats. Text can be 
integrated to produce concise, professional-looking reports. Storage 
libraries allow you to save, update, and reprint your reports. 

U s e  Selected PC8 
The radiated emissions measurement software runs on H P  personal 

computers with HP  BASIC language processors and 3 Mbytes of 
RAM. It also operates with selected IBM-compatible PCs using 
HP BASIC language processors and 3 Mbytes of RAM. 

Compatibility 
The HP 85869A and 85769A are compatible with the following 

equipment. Compatible firmware datecodes vary. 
Spectrum analyzers**: H P  8566B. 8567A. 85688 
RF  preselector: HP 85685A 
Quasi-peak adapter: HP  85650A 
EM1 receivers: HP  8573B. 85748 
Antenna towers: HP 11968A (HP-IB), 11968B 
Turntables: HP  119681) (HP-IB), 119688 
Transducers: HP  1 1966 Series 
Com~uters**: HP  9000 Series 200 Models 236.236C: H P  9000 Se- 
ries ~ O O  Models 310, 319, 320. 330. 332. 340; 350, 360, 370; and 
other personal computers. See data sheet for more information. 
Memory requirementse* 3 Mbytes 
Mass Storage*' HP 9122C. 9153C 
Plotters HP  7440A. 7475A, 7550A 
Printers HP  2225A ThinkJet, H P  2227B QuietJet Plus, H P  2276A 
DeskJet, HP  33440A LaserJet Series I1 
'Quasl-peak messurmts  mllable by rddlng option 103 to HP 8591A or 8593A spectrum ma- 
lyrers. 
"Mlnlmum equipment requlred 

Ordering Information 
HP 857128 EMC measurement personality card 
HP 11946A quasi-peak detector/ AM-FM demodu- 
lator upgrade kit 
HP 85869A EM1 measurement software 

Opt 630 3 S1-inch disks 
Opt 655 5 SI-inch disks 
Opt 830 upgrade kit for HP  85864A/B/C software. 
3'12-inch disks 
Opt 855 upgrade kit for H P  85864A/B/C software, 
574-inch disks 

HP 85879A radiated emissions measurement software 
Opt 630 31/2-inch disks 
Opt 655 5114-inch disks 
Opt 830 upgrade kit for H P  85870A software. 3'/2- 
inch disks 
Opt 855 upgrade kit for H P  85870A software. 5'/.- 
inch disks 

Price 
$860 

$1,910 

SO 
$7,000 
$7.000 

$500 

SSOO 

SO 
$8,000 
$8.000 

$850 

S850 



SIGNAL ANALYZERS 
EMC Development Products 
Design Course, Accessories 

"HP can show you how t o  design for electromagnetic 
compatlblllty" 

HP 11949A EMC Design Course 
"Designing for EMC" is a two-day course for engineers who face 

issues of electromagnetic compatibility. Emphasis is placed on evalu- 
ating and solving EMC problems early in the design phase of a prod- 
uct, rather than during final EMC compliance testing. Expert 
instruction and many demonstrations provide EMC fundamentals, 
methods of measuring EMC, and principles of incorporating proven 
EMC design into products. 

Topics covered in the course are the following: overview of EMC 
design, non-conducted coupling, common impedance coupling, radia- 
tion from digital circuits, cables, advanced cables, conducted emis- 
sions, susceptibility, electrostatic discharge, shielding, and 
diagnostics. The 1 I-chapter handbook used in class becomes a perma- 
nent reference. To register, call 1 -800-HP CLASS in the U.S. or con- 
tact your nearest HP  Education Center listed on page 726. 

HP 8566B/68B Option 462 Impulse Bandwidths 
Option 462 for the HP 85668 and 8568B spectrum analyzers pro- 

vides impulse bandwidths for making MIL-STD and DEF STAN 
EM1 measurements. Standard H P  8566B and 8568B models have 12 
resolution bandwidth filters ( I0  Hz to 3 MHz in a I .  3, 10 sequence) 
specified in terms of their 3-dB bandwidth. Option 462 modifies the 

I-kHz to 3-MHz resolution bandwidth filters to correspond to their 
impulse bandwidth instead. 

in addition to enhancing instrument capability for MIL-STD 
461A/B/C and 462 EM1 measurements. s~ect rum analvzers with 
option 462 can still make all commercial 'EMI and g e n e & ~ - ~ u r ~ o s e  
measurements. Option 462 spectrum analyzers are compatible with 
the HP  85650A quasi-peak adapter, HP  85685A R F  preselector, 
HP  85869A EM1 measurement software, HP  85879A radiated emis- 
sions measurement software, and HP 85867A EM1 receiver functions 
program. Existing HP 85668 and 85688 spectrum analyzers can be 
modified to include this option. For more information, contact your 
local sales office listed on page 737. 

EMC Accessories Catalog 
More complete descriptions and specifications of H P  growing line 

of accessories and transducers can be found in the EMC Accessories 
Catalog. HP  literature number 5952-1 791. This free catalog is avail- 
able from your local sales office listed on page 737. 

HP 11940A and 11941A Close-field Proks 
These handheld probes are designed to measure magnetic-field ra- 

diation from surface currents, slots, cables, and ICs for EMC diag- 
nostic and troubleshooting measurements. Their unique design 
results in a high level of electric-field rejection. This significantly 
reduces errors, thus allowing calibrated and repeatable measure- 
ments. 

The HP 11941A operates from 9 kHz to 30 MHz; the H P  11940A. 
from 30 MHz to 1 GHz. Five antenna factors appear on each probe 
for calculating absolute magnetic-field strength (dBpA/m) from the 
dBpV reading of a spectrum analyzer. Each probe is calibrated and 
comes with a two-meter, RG-223 coaxial cable, and SMA (0-10- type 
N (m) adapter, and an SMA (f)-to-BNC (m) adapter. 

HP 11945A Close-Field Probe Set 
The close-field probe set includes both the H P  11940A and 11941A 

probes for full coverage from 9 kHz to 1 GHz. Option E51 adds the 
H P  8447F option H64 dual preamplifier, a 36-inch (914 mm) type N 
cable, and a carrying bag for storage and protection of the entire set. 

HP 11947A Transient Limiter 
This limiter protects a spectrum analyzer input from damage 

caused by high-level transients from line impedance stabilization net- 
works (LISNs) during EM1 testing for conducted emissions. Fre- 
quency range is 9 kHz to 200 MHz and insertion loss is 10 dB. The 
transient limiter can withstand inputs as high as 10 kW for 10 us, or 
2.5 W of average power. The built-in high-pass filter helps reduce 
60-Hz line feedthrough that could impede conducted- emission mea- 
surements. This limiter is not required for H P  8573B and 8574B EM1 
receivers or other systems employing the H P  85685A RF preselector. 



SIGNAL ANALYZERS 
EMC Accessories 

Various Models 

"HP has  a large selection of accessories for your radiated measurements" 

HP 11965R Current Probe Kit HP 8447F Option H64 Dual Preamplifier 
Designed for MIL-STD 4611462 CE-03 measurements of con- Improve receiver and spectrum analyzer sensitivity for more accu- 

ducted emissions on power and interconnecting leads, this probe has a rate radiated emission measurements. This dual preamplifier is ideal 
constant transfer impedance of 0.5 ohms (+2 dB) from 50 kHz to 50 for use with the HP  11940A and 11941A close-field probes to detect 
MHz. The kit includes two 10-NF capacitors and a 6-foot type N low-level signals from a device under test. Frequency range is 9 kHz 
cable. to 1.3 GHz. See page 425. 

HP 11966 Series Antennas 
These antennas are individually calibrated and shipped with a cali- 

bration certificate showing actual performance data. The series in- 
cludes the following products: 
HP Model Frequency Range 
HP 1 1966A active loop H-field antenna 10 kHz to 30 MHz 
H P  1 19668 active rod E-field antenna 30 Hz to 50 MHz 
H P  1 1966C biconical antenna 30 MHz to 300 MHz 
H P  11966D log periodic antenna 200 MHz to 1 GHz 
H P  I l966E double ridged waveguide horn 
antenna 1 GHz to 18 GHz 
H P  1 1966F conical log spiral antenna 200 MHz to 1 GHz 
HP 11966G conical log spiral antenna 1 GHz to 10 GHz 
H P  119668 dipole antenna set 28 MHz to 1 GHz 
HP 11966K magnetic field pickup coil 20 Hz to 50 kHz 

HP 11967C Line Impedance Stabilization Network 
Used for commercial, CISPR-based conducted emission measure- 

ments, this single-phase unit meets requirements of the FCC and 
VDE for conducted emission testing. Includes color-coded pin plugs 
for constructing a power cord to connect with the LISN. 

HP 11968 Series Antenna Masts 
Antenna-positioning masts include the motorized, HP-IB 

programmable HP 11968A and the manually operated H P  11968B. 

HP 11968C Antenna Tripad 
Non-metallic, this antenna tripod minimizes unwanted reflections 

in the test environment. 

HP 11968 Series Turntables 
Equipment-testing turntables include the motorized. HP-IB 

programmable HP  11968D and the manually operated H P  I l968E. 

11 729-60014 Low Noise Preamplifier 
This amplifier provides the sensitivity needed for MIL-STD 461C 

CE-06 receiverltransmitter key-up testing. Frequency range is 10 Hz 
to 25 MHz. 

HP 84498 Microwave Preamplifier 
This high-gain, low-noise preamplifier adds sensitivity for MIL- 

STD radiated measurements. Frequency range is 1 GHz to 26.5 
GHz. See page 427. 

Ordering Information 
H P  11949A "Designing for EMC" course 
H P  8566B18568B option 462 impulse bandwidths 
H P  11940A close-field probe. 30 MHz to 1 GHz 
H P  11941A close-field probe, 9 kHz to 30 MHz 
H P  11945A close-field probe set. 9 kHz to 1 GHz 

Opt 001 rotary joint (requires 2 each) 
Opt 003 delete cables and adapters (2 sets) 
Opt E51 H P  8447F option H64 preamplifier, carry- 
ing bag, 36-inch type N cable 

H P  11947A transient limiter, 9 kHz to 200 MHz 
H P  11965A current probe kit, 15 kHz to 50 MHz 
H P  11966A active loop H-field antenna. 10 kHz to 30 
MHz 
H P  119668 active rod E-field antenna. 30 MHz to 50 
MHz 
H P  31966C biconical antenna, 30 MHz to 300 MHz 
H P  11966D log periodic antenna, 200 MHz to 1 GHz 
H P  11966E double ridged waveguide horn antenna, 1 
to 18 GH7 
H P  11966F conical log spiral antenna, 200 MHz to 1 
G Hz 
H P  11966G conical log spiral antenna, 1 to 10 GHz 
H P  11966H dipole antenna set, 28 MHz to 1 GHz 
H P  11966K magnetic field pickup coil. 20 Hz to 50 kHz 
H P  11967C line impedance stabilization network 
H P  11968A motorized antenna positioning mast 
H P  11968B manual antenna positioning mast 
H P  11968C antenna tripod 
H P  11968D motorized equipment testing turntable 
H P  1 l968E manual equipment testing turntable 
11729-60014 low noise preamplifier, 10 Hz to 25 MHz 
H P  8447F opt H64 dual preamplifier, 9 kHz to 1.3 
G Hz 
H P  8449B microwave preamplifier, 1 to 26.5 GHz 

For same-day service, call HP DIRECT at 800-538-8787. 

Price 
$750 

$2,040 
$665 
5 6 6 5 w  

$ 1 , 1 4 0 ~  
+$385 
-5200 

+$2.500 



SIGNAL ANALYZERS 
202 Low-frequency Spectrum and Wave Analyzers, 0.02 to 32.5 MHz 0 HP 3581A/C, 3586C 

HP 3581C 

HP 3581A Wave Analyzer, 
HP 3581C Selective Voltmeter 

The IIP 358 1A wave analyzer and HP 3581C selective voltmeter 
cover the 15 H7 to 50 kHz frequency range and are optimized for 
general-purpose and telecommunications measurements. respec- 
tively. Both provide measurements of the amplitude and frequency of 
spectral components in a portable. easy-to-use package. 

The 30 nanovolt sensitivity of the analyzer allows measurement of 
even the smallest signals or transducer inputs. Drifting signals are 
accurately measured after locking on to them with the built-in AFC 
circuit. A digital readout provides indication of tuned frequency with 
1 Hz resolution. 

Other features include linear and logarithmic amplitude scales, 
X-Y recorder output, and optional internal rechargeable battery pow- 
er. The HP 3581C also offers balanced/bridged and 600/900 R bal- 
anced/ terminated inputs to test service circuits in both inside and 
outside plant maintenance. 
HP 3581A/C Specifications (abbreviated) 
Frequency characteristics: 

Range: 15 Hz to 150 kH7 
Display: 5 digit LED readout. 
Resolution: I Hz 
Accuracy: +3 Hz, 0 to 55 C 
Typical stability: *I0 Hz/hour after 1 hour and *5 Hz/"C 
Automatic frequency control (AFC) hold-in range: A 0 0  Hz. 

Amplitude characteristics 
Instrument range 

1- near. 30 V to I00 nV full scale. 
Log: *30 dBm or dBV to -150 dBm or dBV. 

Amplitude accuracy LOg Linear 
Frequency Response 
15 H z -  50 kHz +0.4 dB *4% 

Dynamic range: >80 dB 
Spurious respon- >80 dB below input reference level 

Ordering Information Price 
HP 3581A Wave analyzer $7,330 
HP 3581C Selective voltmeter 168.230 

Opt 001 Battery pack, dust cover + 5720 
Opt 003 Rack mount + S345 
Opt W30 Extended repair service. See page 723 $190 

n n n r  

HP 3586C Selective Level Meter 
The I t P  35XhC selective level meter is designed for general- 

purpose wave analysis applications in the design, manufacture. and 
maintenance of electronic systems. The HP 3586C is fully HP-IB 
programmable and covers the frequency range of 50 Hz to 32.5 MHz, 
allowing measurement of audio, sonar, and other low-frequency sys- 
tems, as well as high-frequency communications subsystems. Input 
impedances of 50.75, and 600 R are provided with I0 kR bridging for 
maximum measurement flexibility in a wide variety of applications. 
Signal levels are measured with up to * 0.2 dB accuracy down to 
-80 dB, with 0.01 dB resolution and bandwidth choices of 20.400, or 
3 100 Hz. The built-in counter and narrow-resolution bandwidths al- 
low harmonic and intermodulation measurements to be made with 
ease. Frequency can be set or measured with 0.1 Hz resolution and 
+ 10 ppm stability (* 0.2 ppm optional). 

For frequency response measurement of high-Q filters and other 
selective networks, the companion HP 3336C synthesizer/level gen- 
erator functions as a full-featured, HP-IB programmable tracking 
generator. Frequency range for the HP  3336C is 10 Hz to 21 MHz, 
with precise output levels from -70 to +8 dBm. 
HP 3586C Specifications (abbreviated) 
Frequency 

Range: 50170 R unbalanced input, 50 Hz to 32.5 MHz; 600 R bal- 
anced input, 50 Hz to 108 kHz 
Resolution: 0.1 Hz 
Center frequency accuracy: * I  x 10 -Slyear (* 2 x 10-71year 
with option 004). 

Selectivity 
3dB bandwidth: 10%: 20 Hz, 400 Hz. 3 100 Hz 
Pass band flatness: +0.3 dB 

Level accuracy (+20 to -80 dB): 
;. 0.30 dRm.  20 kHz - 18 MH7 

0.25 dBm, 18 MHz - 32.5 MHz 
Ordering Information Price 
HP 3586C' Selective Level Meter $1 1.850 
Opt 004 High-Stability Frequency Reference + $775 
Opt 907 Front Panel Handles + 1668 
Opt 908 Rack Flange Kit + $37 
Opt 909 Rack Flange & Handle Combination Kit $95 
Opt W30 Extended repair service. See page 723 5275 



SIGNAL ANALYZERS 
Distortion Measurement Set 

HP 339A, 334A 

HP 339A Distortion Measurement Set 
The t i p  339A Distortion Measurement Set is an ultralow distor- 

tion measuring system complete with total harmonic distortion 
(THD) analyzer, true rms voltmeter, and sinewave oscillator. This 
lightweight bench instrument allows you to make THD measure- 
ments over the 10 Hz to 1 10 kHz frequency band, including harmon- 
ics to 330 kHz. 

With the built-in tracking oscillator in the H P  339A, you only need 
to tune one instrument instead of two. lnput filters are included to 
speed test time. The 30 kHz low pass filter provides the band limiting 
required by FCC proof-of-performance broadcast testing. An 80 kHz 
low pass filter and 400 Hz high pass filter reduce high frequency noise 
and line frequency hum. 

Distortion Measunments 
The fundamental frequency range is 10 Hz to 110 kHz with contin- 

uous frequency coverage with 2 digit resolution. The distortion ana- 
lyzer and oscillator are  tuned simultaneously. Distortion 
measurement range is 100% to 0.0 1 %, (0 dB to -80 dB). 

Specifications 
Distortion measurement accuracy 
20 Hz to 20 kHz: +I  dB 
I0 Hz to 50 kHz: +I ,  -2 dB 
50 kHz to 1 I0 kHz: + I S ,  -4dB 

Distortion introduced by instrument (input > 1V rms) 
10 Hz to 10 kHz <-95 dB (0.001 8%) THD 
10 kHz to 20 kHz <-92 dB (0.0035%) THD 
20 kHz to 30 kHz <-90 dB (0.0056%) THD 
30 kHz to 50 kHz <-85 dB (0.01%) THD 
50 kHz to 110 kHz <-70 dB (0.032%) THD 

Oscillator 
Freauencv ranee is 10 Hz to I00 kHz with 2 digit resolution. Out- 

put ledel is ;ariaie from 4V rms to 1 mV rms. 
- 

Oscillator distortion (9300 ohm load, <3 Vms) 
10 H7 to 20 kHz <-93 dB (0.0022%) THD 
20 kHz to 30 kHz <-85 dB (0.0056%) THD 
30 kHz to 50 kHz <-80 dB (0.01%) THD 
50 kHz to 80 kHz <-70 dB (0.032%) THD 
80 kHz to 1 10 kHz <-65 dB (0.056%) THD 

Voltmeter 
Range is 1 mV rms full scale to 300 V rms full scale (-60 dB to 

+50 dB with the meter calibrated in dBV to 600 ohms). Option 001 
provides increased sensitivity to 0.1 mV rms (-80 dBV). 

Voltmeter accuracy 
1 rnV to 300 V Ranges 

20 Hz to 20 kHz: *2% 
10 Hz to  I10 kHz: +4% 

.I mV and .3 mV ranges 
20 Hz to 20 kHz: *2% 
10 Hz to 30 kHz: *4% 
30 kHz to 80 kHz: + 10% to -30% 

General 
Power: 1001 120/220/240 V +5%, - 10%. 48 Hz to 66 Hz line o p  
eration, 200 mA maximum. 
Size: 146H x 426W x 375mmD (5.75" x 16.75" x 14.75") 
Weight: net, 8.2kg (181b); shipping, 11.3kg (251b) 

Ordering Information Price 
H P  339A Distortion Measurement Set $4500 

Opt 001 Increased Sensitivity $290 
Opt W30 Extended Repair Service. See page 723. $105 

HP 334A Distortion Analyzer 
The HP 334A Distortion Analyzer measures total distortion down 

to 0.1 % full scale at any fundamental frequency between 5 Hz and 
600 kHz; harmonics are indicated up to 3 MHz. Noise levels as low as 
25 microvolts can be measured. The HP 334A includes automatic 
fundamental nulling and amplitude modulation detector. A meter 
with VU ballistic characteristics and a 30 kHz low pass filter are 
optional. 

Specifications 
Input level for distortion measurements: 0.3 V rms for 100% set 

level or 0.245 V for 0 dB set level (up to 300 V may be attenuated to 
set level reference). 

Harmonic memuremt  accuracy (full scale) 
Fundamental input less than 30 V 

100960.3Cb 10 HZ-1 MHz 10 HZ-3 MHz 
0.18 30 H~-300 kHz 20 Hz-500 kHz 10 Hz600 kHz 

Fundamental rejection: >80 dB 
Residual distortion: >-70 dB (0.03%) from 5 Hz to 200 kHz; 
>-64 dB (0.06%) from 200 kHz to 600 kHz. Meter indication is 
proportional to average value of a sine wave. 
Frequency calibration accuracy: Better than *5% from 5 Hz to 
300 kHz. Better than +lo% from 300 to 600 kHz. 
Input impedance: Distortion mode: 1 MR +5% shunted by <70 pF 
DC isolation: Signal ground may be +400 V dc from external 
chassis 
Voltmeter range: 300 p V to 300 V rms full scale (1 3 ranges) 10 dB 
per range. Average responding calibrated in rms. 
Noise measurements: Voltmeter residual noise on the 300 p V 
range: <25 p V rms, when terminated in  600 (shielded) ohms. 
Output: 0.1 *0.01 V rrns open circuit 
Output impedance: 2kR 
Automatic nulling mode: Set level: a t  least 0.2 V rm 
Frequency ranges: XI, manual null tuned to less than 3% set level: 
total frequency hold-in *0.5% about true manual null. XI0 through 
XlOk. manual null tuned to less than 10% of set level; total fre- 
quency hold-in 1 1  % about true manual null. 
Automatic null accuracy: 5 Hz to 100 Hz: meter reading within 0 
to +3 dB of manual null. 100 Hz to600 kHz: meter reading within 0 
to + 1.5 dB of manual null. 
High pass filter: 3 dB point at 400 Hz with 18 dB per octave roll off. 
AM detector: 550 kHz to 65 MHz; 40 V p p  max input. 
Distortion introduced by detector: Carrier frequency: 550 kHz- 
1.6 MHz: <50 dB (0.3%) for 3-8 V rms carriers modulated 30%. 

General 
Power: 100V/120V/240V -10% +5%, 48-66 Hz 
Size: 426W x 126H x 337mmD (16.75" x 5" x 13.25") 
Weight: net, 7.89kg (17.751b); shipping. 10.35kg (231b) 

Ordering Information Price 
H P  334A Distortion Analyzer $4200 

Opt 001 V U  Characteristics +$26 
Opt 002 30 kHz Low Pass Filter +f 134 
Opt 003 (combined 001 and 002) +$I55 
Opt W30 Extended Repair Service See page 723. +$95 



SIGNAL ANALYZERS 
Automated Spectrum Analysis 
HP 3048A 

Calibrated, Automated Phase Noise Measurements with erated from the 640 MHz rear panel auxiliary output of the 

Specified amplitude accuracy of +2 dB H P  8662A (or H P  8663A). Using this reference, a step recovery 

Offset frequency range of 0.01 Hz to 40 MHz diode (internal to the HP  11 729C) generates a series of harmonics up 
to approximately 18 GHz that are used to downconvert the micro- 

Carrier frequency range from 5 MHz to beyond 18 wave signal. The HP 11 729C downconverts microwave signal sources 
GHz to an intermediate frequency between 5 and 1280 MHz, a range 
S ~ u r s  se~arated from noise s~ectra where tunable. low noise references are available. A bandoass filter is 

HP 3048A Phase Noise Measurement System controlled by an 
HP 98580C Desktop Computer. 

HP 3048A Phase Noise Measurement System 
The H P  3048A phase noise measurement system uses the power of 

a flexible software program to automate phase noise carrier measure- 
ments. The basic HP  3048A system includes the HP  11848A phase 
noise interface containing the phase detectors and phase-lock loop 
circuitry, the H P  3561A dynamic signal analyzer, measurement 
software, and a comprehensive operator training course. Using the 
H P  98580C desktop computer (or PC-compatible, with option 301), 
the basic system measures carrier frequencies from 5 MHz to 1.6 
GHz (to 18 GHz with option 201) and characterizes the demodulated 
phase noise over an offset range of 0.01 Hz to 100 kHz. Adding an RF  
spectrum analyzer such as the H P  3585AIB provides automated 
measurements to offsets of 40 MHz. A variety of signal generators 
such as the HP  8662A, HP  8663A. or H P  8642AIB can also be added 
to the system to provide a low-noise reference signal up to a frequency 
of 2.56 GHz. 
Measurements above 1.6 GHz 

Adding an HP 1 1729C carrier noise test set in combination with an 
HP  8662A or HP  8663A provides a low-noise reference signal for 
measuring carrier signals up to 18 GHz. The local oscillator is gen- 

HP 3048A Phase Noise Measurement System extended to 
18 GHz 

D.U.T. 

4 

used to apply the correct harmonic to the mixer for down-conversion 
of the microwave input signal. With the down-converted microwave 
signal and a reference oscillator, a fully calibrated phase noise mea- 
surement of the microwave signal can be made. 

To extend the frequency range of the H P  3048A to millimeter wave 
frequencies (up to 1 10 GHz), there are special options available for 
both the HP  3048A and the HP 11729C. For complete information 
regarding millimeter-wave extensions to the HP  3048A, consult Ap- 
plication Note 385, Millimeter Measurements Using the HP 3048A 
Phase Noise Measurement System (PIN 5951-6749) or contact your 
local Hewlett-Packard sales office. 

HP 3048A 

1 

HP 3048A extended to 110 GHz 

C 

D.U.T. 

h 4 

HP 11729C HP 3048A 
Opt. H33 

* 
A 

> 4 

In both the microwave and millimeter down-conversion setups, the 
random phase noise contribution of the H P  11729C/HP 8662A com- 
bination is dominated by the multiplied absolute noise of the 
HP  8662A auxiliary 640 MHz rear-panel output. 

HP 8662A 
Opt. 003 

HP 11729C 

A 

Phase Noise Measurement Software 
The HP 3048A system software uses the HP 11848A interface to 

demodulate the phase noise of a carrier in the frequency range of 
5 MHz to 18 GHz (and beyond with external, user-supplied mixers) 
and measures the resulting baseband signal with the analyzers. Mea- 
surement menus allow the operator to specify the measurement pro- 
cess, including the calibration of the system. Several output formats 
are available to the user, including plots of the single sideband phase 
noise power of a signal, integrated noise power, or the calculated 
Allen variance. A real-time measurement mode is available to moni- 
tor the level of phase noise and discrete spurs as changes are made to 
the device under test. The phase noise measurement software is avail- 
able in both RMB workstation or MS-DOSm PC-compatible formats. 

As measured by the H P  3048A, the term phase-noise includes all 
forms of a signal's frequency and phase instabilities. Randomly oc- 
curring frequency and phase modulation, as well as discrete side- 
bands resulting from power-line phase modulation and phase jitter, 
are detected and accurately measured. Coherent signals are displayed 
at  the power level that was detected while random phase signals are 
normalized for a 1 Hz bandwidth. The recommended phase noise 
measurement technique is the phase detector method which requires 
a reference oscillator with adequate noise performance and tuning 
capability. 
MS-DOS Is a U.S. reglrtaed hademark Of M k l O S d l  COrp 

Reference 
Source 

- 
f 

HP 8662A 



Down-converts 1.28 to 18 GHz s igna l s  
Low noise floor 

Specifications Summary 
Sensitivity 

The following graph indicates the sensitivity of the HP 3048A sys- 
tem as limited by its own internally-generated noise for a signal under 
test at + 15 dBm. Also plotted is the phase noise that would limit the 
measurement sensitivity for a 1 GHz signal using the phase detector 
measurement method and the HP 8662A or HP 8663A as a reference 
source. 

Internal mixer: 5 MHZ to 1.6 GHz, optional to 18 Ghz 
External ( u s ~ ~ - s u D D ~ ~ ~ ~  ~ I X W  The frwuencv range of the carri- 
er is limited only by'the f;equency range df theexternal mixer. 
Offset trequency range: 0.01 Hz to 100 kHz. extended to 40 MHz 
with an optional spectrum analyzer such as the HP 3585B. 
Amplitude accuracy: +2 dB to 1 MHz offsets; +4 dB for offsets 
greater than 1 MHz. This accuracy is verified by the system at the 
time of the measurement. If there are any accuracy degradations, 
the system will advise the user during the measurement. 

Ordering Information Price 
HP 3048A phase noise measurement system $36,100 
Includes the HP 11848A Phase Noise Interface, H P  
3561A Dynamic Signal Analyzer, RMB workstation 
based measurement software and operator training. 
Reference oscillator optlons 

Opt 001 Adds HP 8662A Opt 003 synthesized signal +$39,085 
generator (0.01 to 1280 MHz) 
Opt 002 Adds HP 8663A Opt 003 synthesized signal +$53,775 
generator (0.1 to 2560 MHz) 
Ovt 003 Adds HP 11 729C carrier noise test set (1.28 +$25.450 
t d  18 GHz) 
Opt 004 Adds HP 11729C Opt 130 carrier noise test +S27,255 
set. 
Opt 006 Adds HP 8642B Opt 001 synthesized signal +$40,550 
generator (0.1 to 21 14 MHz) 

Soflware option 
Opt 301 Replaces standard RMB workstation phase SO 
noise software with MS-DOS PC-compatible phase 
noise software. A graphics dump utility is included 
with this option. 

System computers 
HP 3048A Standard: H P  9858OC Opt 104 and HP-HIL Knob (HP 

46083A). 
H P  3048A Opt 301: IBM PC/AT/XT and true compatibles with 

640 Kbytes RAM; MS-DOS 2.0 or later; EGA or compatible video 
card with 128 Kbytes video RAM; EGA or compatible color display; 
HP-IB card (recommend HP 82335A HP-IB card'). 

For full details on available system options and ordering informa- 
tion, see the HP 3048A phase noise measurement system technical 
data (5953-8462). 
l~lso operates wlth Natlonal I n a l f u ~  PGll awl P C l l A  OP-IB cd8. 

HP 11729C Carrier Noise Test Set 
The HP 11729C is a fully programmable microwave downcon- 

verter used primarily as an accessory to the HP 3048A phase noise 
measurement system. The input frequency range of the HP 1 1729C is 
1.28 to 18 GHz and IF bandwidth is 5 to 1280 MHz. With option 
130, the HP 1 1  729C can be used as an AM noise demodulator for 
carriers from 10 MHz to 18 GHz. The baseband demodulated signal 
is input to the HP 3048A for calibrated AM noise measurements. 

Specifications Summary 
Downconverter 

Frequency rang.: 1.28 to 18 GHz in 8 bands 
Amplitude: +7 dBm minimum 

+ 18 dBm maximum 
IF output 
Bandwidth: 5 to 1280 MHz 
Level: +7 dBm minimum 

AM noise detection (Option 130) 
Frequency range: 10 MHz to 18 GHz 
lnput level: 0 dBm minimum 

+ 18 dBm maximum 
AM notso floor (at + 10 dBm Input Wd, dDc/Hz): 

General 
Operating temperature range: 0" to +5S°C 
Power: 100, 120, 220, 240 V, +5%, -10%: 48 to 66 Hz:<75 VA 
max. 
Welghf net, 10.4 kg (23 lb); shipping, 13.6 (30 Ib) 
Size: 99 H x 425 W x 551 mm D (16.8" x 21.7" x 3.9"). 
l MW x 3' H x 20 D System I1 module 

Ordering Information Price 
H P  11729C carrier noise test set (10 MHz to 18 GHz)' $25.450 
Note: Each of options 003 through 027 (only one may 
be ordered) also includes 0.005 to 1.28 GHz coverage 
which is not used for downconversion. 

Opt 003 (1.28 to 3.2 GHz) -58,500 
Opt 007 (3.2 to 5.76 GHz) -58,500 
Opt 011 (5.76 to 8.32 GHz) -f 8,500 
Opt 015 (8.32 to 10.88 GHz) -$8,500 
Opt 019 (10.88 to 13.44 GHz) -S8.500 
Opt 023 (13.44 to 16.0 GHz) -58,500 
Opt 027 (16.0 to 18.0 GHz) -$8,500 
Opt 130 AM noise detection +$1,805 
Opt 140 Rear panel connectors +$5 15 
Opt 907 Front handle kit (5061-9688) +$57* 
Opt 908 Rack flange kit (5061-9674) +36* 
Opt 909 Rack flange kit with front handles +$82= 
(5061-9675) 
Opt 910 A total of two sets of operation and service +336* 
manuals (1 1729-9001 7) 
Opt W30 Extended repair service, see page 723 +$I40 

Extend8 lo 10 MHz tor AM d m d l o n  only. 
For same day shipment, call HP DIRECT at 800-538-8787 



SIGNAL ANALYZERS 
Vector Modulation Analysis, dc-350MHz, 50-200MHz 
HP 8980A, 8981A 

HP 8980A. HP 8981A HP 8981A adds built-in I/Q demodulator with: 
Analyzes coherent phase and amplitude modulation 50 - 200 MHz modulated IF input frequency range 
350 MHz Q vs. i bandwidth 100 MHz baseband bandwidth with external I /Q filters 
Markers for  measuring phase, amplitude, and t ime and 35  MHz with internal filters 
12 bi t  digitizing for HP-I8 measurements. Automatic internal/external demodulator calibration 

+i&s AGC 

The HP 8980A Vector Analyzer and the HP 8780A Vector Signal 
Generator can be used to adjust and troubleshoot an I /Q  demodu- 
lator directly. The I /Q outputs of the demodulator are connected di- 
rectly to the HP 8980A. The HP 8980A Vector Analyzer can display 
the constellations of high-rate modulation schemes such as QPSK, 
16QAM. 49PRS, 64QAM, and 56QAM. I t  also makes statistical 
measures of system quality like closure, lock angle error and quadra- 
ture error. 

UMOP (Unintentional-Modu- Display of vector demodu- 
lation-on Pulse) is identified lated SAW chirp signals. The 
by quantitatively measuring spiraling phase response indi- 
the phase transients on a ra- cates the changing chirp f r e  
dar pulse with the delta-phase quency and amplitude. 
measurement marker. 

Analyzer 
L J  

HP 8980/81A Vector Modulation Analyzer 
The HP 8981A Vector Analyzer is a superset of the HP 8980A. I t  

also analyzes the analog I and Q signals, but because it contains a 
calibrated demodulator it can be connected to the IF of the modula- 
tor. This gives the user the flexibility to examine the changes in modu- 
lation down through the receiver chain and isolate faults quickly. 

Specifications 
HP 8980A, 8981A 
I and Q channels 

Bandwidth (-3dB): 350 MHz dc coupled; approximately 1 KHz 
to 1 0  I.1 Hz, ac coupled 
dc vector accuracy using internal ADC: + I %  of full scale (or 
2mV i f  greater) * 1 % of ofset 
Input termination: 50 ohms or 75 ohms 
Input coupling: each channel independently: ac,dc, or ground (in- 
put disconnected) 

Power Requirements 
Voltage: 100, 120, 220,240V ac, -10% to 10%: 48-66Hz 
Power: 245 Watts, 320 VA maximum 

Dimensions: Package is 5'14 inch rack height, one module width 
23D 111' System 11 cabinet 
Weight: net, approximately 2Okg (451b); shipping, approximately 
24kg (531b) 

Demodulator Correction (HP 8981A only) 
A powerful routine in the HP 8981A measures and corrects 

demodulator errors. This routine measures the internal demodu- 
lator or external demodulator quadrature error. I /Q  gain imbal- 
ance, and DC offsets. The display and digitized outputs can then be 
automatically adjusted to correct for these errors. 

HP 8981A Demod Mode Specifications 
Modulated IF input frequency range: 50 MHz to 200 MHz. 

I & Q display: each Constellation dis- 3D display: useful ~ u ~ d r a t u r e  Error: Corrected: < +0.5" Uncorrected: < + 1 ". 
I and Q channel is play: displays Q vs. for visual, or intui- IIQ gain imbalance (dc to 10 kHz): Corrected: <+0.1 dB. Uncor- 
displayed vs. time I at the time instant tive, analysis of Q rected: <*0.2.5 dB. 
on a separate grid, defined by the time vs.  I vs. t i m e  
one above the 0th- marker. waveforms. Signal 
er. can be ro ta ted Ordering Information Price 

about any of three HP 898OA Vector Analyzer $27,000 
axes for optimal HP 898IA Vector Modulation Analyzer $30,300 
viewing. HP 1 1748A Active probe system 53,600 



Audlo Analyzer, 20 Hz to 100 kHz; Distortion Analyzer, 20 Hz to 100 kHz 
HP 8903B, 8903E 

Measures distortion, SINAD, signal-to-noise Measures distortion, SlNAD 
Measures true-RMS ac volts, dc volts, frequency Measures true-RMS ac volts, dc volts, frequency 
Low-distortion programmable source RMS, average and quasi-peak detection 
RMS, average and quasi-peak detection 

DElllOWLD MI 

Hp8903B @@ SYSTEMS 

HP 89038 Audio Analyzer and 
HP 8903E Distortion Analyzer 

The HP R903B Audio Analyzer and HP 89038 Distortion Analyz- 
er provide unparalleled versatility and performance for audio mea- 
surements from 20 Hz to 100 kHz. The HP 89038 combines the 
functionality of a low-distortion audio source, high-performance dis- 
tortion analyzer, frequency counter, ac voltmeter, dc voltmeter and 
SlNAD meter into one compact package. With microprocessor con- 
trol of source and analyzer, the HP  8903B can perform stimulus- 
response measurements, such as signal-to-noise ratio and swept dis- 
tortion. automatically with no additional equipment. The H P  8903E 
Distortion Analyzer is the analyzer portion of the HP  8903B Audio 
Analyzer. (The HP 89038 has no source.) 

For ease of use, most measurements on the H P  8903B and H P  
8903E are made with only one or two keystrokes. Both instruments 
automatically tune and autorange for maximum accuracy and resolu- 
tion. For quick identification of input signals, the analyzer counts and 
displays the input frequency in all ac measurement modes. 

Hp 8903E SYSTEMS 

HP 89038 and HP 8903E Specifications 

System Specifications 
(HP  8903B only, source and analyzer combined) 

Distortion 
Residual distortion and noise (the higher of): 

80 kHz BW: -80 dB (0.01 %) or 17 pV, 20 Hz to 20 kHz. 
500 kHz BW: -70 dB (0.032%) or 50 pV, 20 Hz to 50 kHz. 
- -65 dB (0.056%) or 50 pV, 50 kHz to 100 kHz. 

Low Frequency Applications 
The HP 8903B/E have many features which make difficult audio 

measurements easy. These include flexible data display formats, a se- 
lectable balanced or unbalanced input, plug-in filters, and automatic 
notch filter tuning. With the ratio key, you can establish a reference in 
% or dB and directly make frequency response and 3 dB bandwidth 
measurements without computation. A fully balanced analyzer input 
allows testing of bridged power amplifiers found in many radios and 
car stereos as well as professional balanced audio equipment. 

With two internal plug-in filter slots and six optional filters to 
choose from, we simplify your audio measurements by providing the 
filter networks required by international standards. (See the next 
page for a complete list of filters.) The H P  8903B and HP 89038 both 
use true-RMS detection (for all signals with crest factor 3) for accu- 
rate measurement of complex waveforms and noise. Average and 
quasi-peak detectors are also available. (Quasi-peak is selectable only 
via HP-IB on the HP8903E.) Accuratedistortion measurements typ- 
ically can be made down to less than -90 dB (0.003%) from 20 Hz to 
20 kHz. 

For receiver testing, both instruments have a tunable SlNAD 
notch filter. On the HP  89038, the filter is automatically tuned to the 
source frequency. With the HP  89038, a front-panel key allows the 
operator to lock the notch filter at any given input frequency. 

Y 
- - 

20 Hz 50 Hz 200Hz 500Hz 2 kHz 5 kHz 20 kHz 

FREQUENCY 

Typical residual THD + noise of source and analyzer combined 
(source voltage se t  t o  1.5V. 80 kHz BW). Dashed line represents 
typical residual THD + noise for the  analyzer only. 

Signal-to-Noise 
Frequency range: 50 Hz to 100 kHz. 
Display range: 0 to 99.99 dB. 
Accuracy: I l dB. 
Input voltage range: 50 mV to 300V. 
Residual noise (the higher of): -85 dB or 17 pV, 80 kHz BW; -70 
dB or 5 0  G V ,  500 kHz RW. 

Source Specifications (HP 89038 only) 
Frequency 
Range: 20 Hz to I00 kHz. 
Resolution: 0.3%. 
Accuracy: 0.3% of setting. 

Output Level 
Range: 0.6 rnV to 6V open circuit. 
Resolution: 0.3% or better. 
Accuracy (open circuit): 2% of setting 60 mV to 6V, 20 Hz to 50 
kH7; 3'; of setting 6 mV to 6V, 20 Hz to 100 kHz; 5% of setting 0.6 
rnV to 6 mV, 20 Hz to I00 kHz. 



208 Audio Analyzer, 20 Hz to 100 kHz; Distortio u HP 8903B, 8903E 

~n Analyzer, 20 Hz to 100 kHz (cont9d) 

Flatness (1 kHz reference): a0.7% (a0.06 dB). 20 Hz to 20 kHz; 
+2.5% (*0.22 dB), 20 Hz to 100 kHz. 
Distortion and noise (the hlgher of): 
80 kHz BW: -80 dB (0.01%) or 15 pV, 20 Hz to 20 kHz. 

500 kHz BW: -70 dB (0.032%) or 38 pV, 20 Hz to 50 kHz. 
-65 dB (0.056%) or 38 pV, 50 kHz to 100 kHz. 

Impedance: 600R a 1% or 50R a2%, Front panel selectable. (HP-IB 
programmable.) 
Sweep mode: log sweep with up to 500 points per decade or 255 
points total between entered start and stop frequencies. 

HP 89038 and HP 8903E 
Analyzer Specifications 

Distortion 
Fundamental frequency r a m  20 Hz to 100 kHz. 
Display range: 0.001% to 100% (-99.99 to 0 dB). 
Accuracy: i l dB, 20 Hz to 20 kHz; a 2  dB, 20 kHz to 100 kHz. 
lnput voltage range: 50 mV to 300V. 
Residual distortion and noise (the higher of): 

80 kHz BW: -80 dB (0.01 %) or 15 pV, 20 Hz to 20 kHz. 
500 kHz BW: -70 dB (0.032%) or 45 pV, 20 Hz to 50 kHz. 

-65 dB (0.056%) or 45 pV. 50 kHz to 100 kHz. 
Supplemental Characteristics 

3 dB measurement bandwidth: 10 Hz to 500 kHz. 
Detection: true rms or rms calibrated average. 

SlNAD 
Fundamental frequency range 20 Hz to 100 kHz. 
Display range: 0 to 99.99 dB. 
Residual distortion and noim same as listed under Distortion. 
Accuracy: i l dB, 20 Hz to 20 kHz; *2 dB, 20 kHz to 100 kHz. 
lnput voltage range: 50 mV to 300V. 
Supplemental Char~teristics 

Detection: true rms or rms-calibrated average. 
Tuning: HP 89038: notch filter is tuned to the internal source fre- 
quency. HP 8903E: notch filter is tuned to the counted input fre- 
quency. Notch filter hold function available on front panel. 

AC Level 
Full range display: 300.OV, 30.00V. 3.000V. .3000V, 30.00 mV, 
3.000 mV. 0.3000 mV. 
Overrange: 33%. except on 300V range. 
Accuracy: ~ 2 % .  50 mV to 300V, 20 Hz to 20 kHz; a4%, 0.3 mV to 
50 mV, 20 Hz to 100 kHz; a4%. 50 mV to 300V. 20 kHz to 100 kHz. 
Supplemental Characteristics 

AC converter: true-rms responding for signals with crest factor up 
to 3, rms-calibrated average detection and quasi-peak. 
3 dB measurement bandwidth: >500 kHz. 

DC Level 
Full range display: 300.OV. 48.00V, 16.00V, 4.000V. 
Overrange: 33%, except on 300V range. 
Accuracy: a 1 .O% of reading, 600 mV to 300V. 

a 6  mV, Vin <600 mV. 

Frequency Measurement 
Measurement range: 20 Hz to 150 kHz. (20 Hz to 100 kHz in dis- 
tortion and SlNAD modes.) 
Resolution: 5 digits (0.01 Hz for input frequencies <I00 Hz). 
Accuracy: a(0.004% + 1 digit). 
Sensitivity: 50 mV in distortion and SINAD modes, 5.0 mV in ac 
level and signal-to-noise (HP 8903B only) modes. 

Standard Audio Filters 
30 kHz Low-Pass Filter 

3 dB cutoff frequency: 30 kHz a 2  kHz. 
Rolloff: third-order Butterworth; 18 dB/octave or 60 dB/decade. 

80 kHz Low-Pass Filter 
3 dB cutoff frequency: 80 kHz a 4  kHz. 
Rolloff: third-order Butterworth; 18 dB/octave or 60 dB/decade. 

Internal Plug-in Filter Options 
Both the HP 8903B and HP 8903E have TWO internal plug-in 

filter slots, each of which will accept one of six optional filters. The 
standard HP 8903B and HP 89038 come with 30 kHz and 80 kHz 
low-pass filters, but with NO PLUG-IN FILTERS. The appropriate 
filter options must be ORDERED for the analyzers to have any of the 
filters listed below. Each filter option has TWO option numbers: the 
010 series for the left filter slot and the 050 series for the right filter 
slot. Each filter option ordered (maximum of two) adds additional 
cost to the instrument. 

Optlon Numbers 
FlLn Filter Posltlon 

La Slot 
400 Hz High-Pass 010 

RieM 
050 

C C l l l  Weighting Filter 01 1 051 
CClR Weighting Filter 012 052 
C-MESSAGE Weighting Filter 013 053 
CCIRIARM Weighting Filter 014 054 
" A  We~ghting Filter 015 055 

Analyzer lnput 
lnput type Balanced (full differential). 
lnput impedanw 100 M *l% shunted by <300 pF, each side to 
ground. (In dc-level mode the input resistance is 101 M +I%). 
Max input (maximum peak input voltage, any combinatlon d 
ac/dc): 
HP 89038: 425 volts peak, applied differentially or between either 
input to ground. 
HP 89031: 42 volts peak, Low side to ground. 

425 volts peak, differentially or High side to ground. 
CMRR: >60 dB, 20 Hz to 1 kHz. Vin <2V; >45 dB. 20 Hz to 1 kHz; 
>30 dB, 20 Hz to 20 kHz. 

General 
Temperature operating, O°C to 55OC; storage, -55OC to 75OC. 
Power: 100, 120,220, or 240V (+5, -10%); 48-66 Hz. 100 or 120V 
+5, - 10%); 48-440 Hz. 100 VA maximum. 
Weight: HP 89038: net 12.3 kg (27 Ib.); shipping 16.4 kg (36 Ib.) HP 
8903E: net 11.8 kg (26 Ib.); shipping 15.9 kg (35 Ib.) 
Dimensions: 146 mm H x 425 mm W x 462 mm D. (5.75 x 16.8 x 
18.2 in.) 

Ordering Information Price 

Analyzer Malnfr.mn 
HP 8903B Audio Analyzer' $6,320 

Opt 001 InputJoutput connectors on rear panel only + $105 
Opt 910 2 sets of operation/calibration (08903- + S 2 8 5 a  
90079) and service manuals (08903-90062) 
Opt 915 service manual (08903-90062) + 5 1 2 0 s  
Opt W30 Extended repair service. See page 723. + $150 
Opt W32 Calibration service. See page 723. + $885 

HP 8903E Distortion Analyzer' $4,320 
Opt 001 Input/output connectors on rear panel only + 5210 
Opt 910 Provides an additional operation and + 5 2 9 5 s  
calibration manual (08903-90053) and two service 
manuals (08903-90065) 
Opt 915 Add service manual (08903-90065) + 5 1 3 2 s  
Opt W30 Extended repair service. See page 723. + $95 
Opt W32 Calibration service. See page 723. + $510 

Options for both HP 8903B and HP 8903E 
Opt 010 or 050 400 Hz High-Pass filter 
Opt 011 or 051 CCITT Weighting filter 
Opt 012 or 052 CCIR Weighting filter 
Opt 013 or 053 C-Message Weighting filter 
Opt 014 or 054 CCIRIARM Weighting filter 
Opt 015 or 055 "A" Weighting filter 
Opt 907 Front handle kit (5061-9689) 
Opt 908 Rack flange kit (5061-9677) + 
Opt 909 Rack flange kit (5061-9683) with front 
handles 

'HP-I0 cablw not Included. For derdption and prlcr, ree 579. 

For same-day shipment, call HP DIRECT at 800-538-8787 



Measures AM and FM to 1% accuracy 
Measures RF frequency 
Measures RF power 

SIGNAL ANALYZERS 
Modulation Analyzer, 150 kHz to 1300 MHz 

HP 8901A, 89016 

Low internal noise 
Completely automatic 

. . - -  

HP 8901A and HP 89018 Modulation Analyzers 
The HP 8901A and HP 8901 B modulation analyzers combine the 

capabilities of several R F  instruments to give complete, accurate 
characterization of modulated signals in the 150 kHz to 1300 MHz 
frequency range. Both instruments very accurately measure modula- 
tion and recover the modulation signal. They determine RF frequen- 
cy and measure RF power. The major additional capabilities of the 
H P  8901B are its improved power meter accuracy, its ability to use 
external power sensors, to make adjacent channel power measure- 
ments or carrier noise measurements (with options 030-037) and its 
ability to count audio frequencies and measure distortion on 400 Hz 
and 1 kHz signals. Both instruments are fully automatic and make all 
major measurements with the push of a key or under HP-IB control. 

Transmitter Testing 
The HP 8901A/B has the features required to perform standard 

transmitter measurements. It measures transmitter power. counts 
frequency, and measures the signal modulation very accurately. The 
HP 8901 B also characterizes the demodulated audio signal's frequen- 
cy, level, and distortion. With Option 030 the HP 8901B can quickly 
and accurately make adjacent channel power measurements to CEPT 
standards. 

RF Signs: Characterization 
The HP 8901A/B is an excellent lab & production tool for accu- 

rately characterizing RF signals. 
Use the HP 8901A/B to make accurate AMIPM and FM/AM 

conversion measurements of phase and amplitude sensitive devices 
such as bandpass filters and multiple channel receivers. Excellent iso- 
lation between AM and FM make it simple to separate the AM and 
$?M of AM stereo, incidental AM of FM transmitters and the AM, 
FM, and $?M components of complex signals. 

Automatic Test Systems 
The HP 8901A/B is an important component of automatic RF test 

systems. All functions are fully automatic and easily programmed. 
With these measurements combined into one instrument, interfacing 
requirements, hardware costs, and software development time are re- 
duced. 

HP 8901A and HP 89018 Speclflcations 

RF lnput 
Froquency rang.: 1 50 kHz to 1300 MHz 
Operating level: 12 mVrms to 7 Vrms. 
lnput impedane 5OQ nominal. 
Tuning: manual frequency entry, automatic, or track. 
Acquisition time (automatic opontion): -1.5 seconds. 
~aximum sate input level (typical): 35 Vrms (25W for source 
S W R  <4), ac; 40V. dc. 

Frequency Modulation 
Rates: 20 Hz to 200 kHz. 
Deviations: to 400 kHz. 

. . - .  

Accuracv: 
*2% of rdading a 1 digit, 20 Hz to 10 kHz rates, 250 kHz to 10 MHz. 
a l %  of reading a 1  digit, 50 Hz to 100 kHz rates, 10 MHz to 1300 
MHz. 

Domodulated outpul dhtortlon: ~ 0 . 1 %  THD. 
AM rejection (for 50% AM at 400 Hz and 1 kHz rates): <20 Hz 
peak deviation measured in a 50 Hz to 3 kHz BW. 
Residual FM (50 Hz to 3 kHz BW): <8 Hz rms @ 1300 MHz, de- 
creasing linearly with frequency to <1 Hz rms for 100 MHz and be- 
low. 

Maximum dwlation mdution: 1 Hz. 
Stereo separation (50 Hz to 15 kHz): >47 dB typical. 

Phase Modulation 
Carrier trequency: 10 MHz to 1300 MHz. 
Rates: 200 Hz to 20 kHz; typically usable from 20 Hz to 100 kHz 
with degraded performance. 
Deviation: to 400 radians. 
Maximum deviation resoluHon: 0.001 radian. 
Accuracy: +3% of reading + 1 digit. 
Demodulated output distortion: <0.1% THD. 
AM rejection (for SO% AM at 1 kHz rate): <0.03 radian peak devia- 
tion (50 Hz to 3 kHz BW). 

Amplitude Modulation 
Rates: 20 Hz to I00 kHz. 
Depth: to 99%. 
Accuracy: 
1 2 %  of reading i 1  digit, 50 Hz to 10 kHz rates, 150 kHz to 10 MHz. 
t 1% of reading a 1  digit, 50 Hz to 50 kHz rates, 10 MHz to 1300 
MHz. 
FIatrmr (vadatlon in Indhtod AM dopth for m t a n t  dopth on 
input signal): +0.3% of reading i 1 digit. 
Demodulated output distortion: <0.3% THD. 
FM rejection (at 400 Hz and 1 kHz rates, 50 Hz to 3 kHz OW): 
<0.2% A M .  
Residual AM (50 Hz to 3 kHz BW): <0.01% rms. 
Maximum depth resolution: 0.01%. 

Frequency Counter 
Range: 150 kHz to 1300 MHz. 
Accuracy: a 3  counts of least significant digit a reference accuracy. 
Internal reference: 
Frequency: 10 MHz. 
Aging rate: < lx 10-6/month (optional: I~lO-~/day) .  
Maximum resolution: 
HP 8901 A: 10 Hz for frequencies < 1 GHz; 100 Hz for frequencies 
21 GHz. 
HP 89018: 1 Hz. 

HP 8901A RF Level (Peak Voltage Responding, RMS Sine 
Wave Power Calibrated) 
Range: 1 mW to 1 W. 
instrumentation = c u m  t 3  dB; 1.5 dB typical. 
SWR: 5 1.3, 150 kHz to 650 MHz; S 1.5.650 MHz to 1300 MHz. 
Maximum resolution: 0.001 mW for levels <0.01 W. 



n SIGNAL ANALYZERS 
210 Modulation Analyzer, 150 kHz to 1300 MHz AMIFM Test Source (cont9d) u HP 8901A, 8901B, 11715A 

HP 8901B RF Level (True RMS) Opt 910 2 sets of operation/calibration (08901- + $ 3 7 0 T  
Frequency range with HP 11722A: I00 kHz to 2.6 GHz. 90 1 1 3) and service manuals (08901 -901 14) 
Power range: -20 dHm to +30 dBm. Opt 915 Service manual (08901 -901 14) + $ I S S T  
RF range-to-range change error: Opt W30 Extended repair service. See page 723 +S335 
-0.02 dB/RF range change from reference range. Opt W32 Calibration service. See page 723 + 700 
Input SWR: < 1.15. using HP 1 1722A Sensor Module. - ~ 

Zero set (digital settability at zero): ; r~ 311t,a,.~,y~m U""CI 

*0.5% * I  digit of full scale on lowest range. 

I 
. , . w  .,., .-..- ... , 

Decrease by a factor of 10 for each high range. .,.. . I *  .- I* 

RF power resolution: 
0.1% of full scale in watts or volts mode. 4 
0.001 in dBm or dB relative mode. 

0 
HP 89018 Selective Power Mernunments (Options 
030-037) 
~ r e ~ u e n 4  range 10 MHz to 1.3 GHz. 
Carrier power range +30 dBm to -20 dBm, 12.5, 25 and 30 kHz 
filters; +?O dBm to -10 dBm, Carrier Noise Filter. 
Dynamic range: l I5 dB. 
Carrier rejection (temp. 535' C): >90 dB, for offsets 2 1 channel 
spacing or 5 kHz, whichever is larger. 
Relative accuracy: +0.5 dB, levels 1-95 dBc or levels 2-129 
dBc/Hz. 

Power Reference 
Power output: l .OO mW. Factory set to *0.7%, traceable to the U.S. 
National Bureau of Standards. 
Accuracy: *1.2% worst case (a0.9% rss) for one year (0°C to 
5S°C). 

Audio Filters 
High pass (3 dB cutolt frequency): 50 Hz and 300 Hz 
Low pass (3 dB cutoff frequency except >20 kHz filter): 3 kHz. 15 
ktlz, >20 kH7. 
De-emphasis filterr: 25 p, 50 ps, 75 p, and 750 ps. 

Calibrators (Standard HP 8901B, Option 010 
HP 8901A) 
AM calibrator depth and accuracy: 33.33% depth. nominal; inter- 
nally calibrated to an accuracy of +O.l%. 
FM calibrator deviation and accuracy: 34 kHz peak deviation. 
nominal; ~nternally calibrated to an accuracy of +O.1%. 

General Characteristics 
Operating temperature range: 0" to 55°C. 
Power requirements: 100, 1 20, 220, or 240V (+5%, - 10%); 
4 8 6 6  H7; 200 VA max. 
Weight: HP 8901A-net 20 kg (44 Ib), shipping 25 kg (55 Ib); 
HP 8901B-net 23 kg (52 Ib), shipping 31 kg (69 Ib). 
Size: HP 8901A, 190 mm H x 425 mm W x 468 mm D (7.5 in. x 16.8 
in. x 18.4 in.); HP 89018, 190 mm H x 425 mm W x 551 mm D (7.5 
in. x 16.8 in. x 2 1.7 in.) 
Orderina Information Price 
HP 8901A Modulation Analyzer' $ 10,400 

Opt 001 RF connectors on rear panel only +S240 
Opt 002 I x l O-'/day internal reference +$825 
Opt 003 Connections for external local oscillator +$450 
Opt 004 Operation from 48 to 440 Hz power +S310 
(Temp. <40°C) 
Opt 010 AM and FM calibrators +$685 
Oot 910 A total of 2 sets of owratinn (08901-90135) +$255* 
a id  service manuals (08901-901 36)- ' 

Opt 915 Service manual (08901-901 36) 
Opt W30 Extended repair service. See page 723. 
Opt W32 Calibration service. See page 723. 

HP 89018 Modulation Analyzer' 
Opt 001 RF connectors on rear panel only 
Opt 002 I ~ l O - ~ / d a y  internal reference 
Opt 003 Connections for external local oscillator 
Opt 004 Operation from 48 to 440 Hz power 
(Temp. <40°C) 
Oot 021 Add HP 11722A Sensor Module +S2,260 
0bt  030 High selectivity (select only 2 filter options) +$ 2.680 
(Options 032-037 require Option 030; Option 030 includes 
Option 003 connections for external local oscillators.) 
Opt 032 12.5 kHz filter $0 
Opt 033 20.0/25.0 kHz filter $0 
Opt 035 Cellular Radio Filter $0 
Opt 037 Carrier Noise Filter SO 

'HP-I6 cables not included. For descrlplion and prlce3, ssa page 579 

HP 11715A AM/FM Test Source 
The HP 11715A AM/FM Test Source provides very flat, wide- 

bandwidth, and low distortion amplitude or frequency modulated RF 
signals. Designed primarily for performance tests and adjustments of 
the HP 8901A/B Modulation Analyzer and HP 8902A Measuring 
Receiver, it will also serve as a high quality modulated test oscillator 
where its frequency ranges apply. 

The major components of the HP 11715A are a low-noise voltage 
controlled oscillator (VCO), two digital dividers, and a double-bal- 
anced mixer. The VCO is the primary signal source, with a typical 
frequency range of 330 to 470 MHz at the FM OUTPUT. FM is 
produced by directly coupling the external modulation source to the 
VCO's tune input, providing very wide bandwidth modulation with 
low phase shift. This design also ensures very little incidental AM. 

The HP 11715A can also be used in conjunction with an 
H P  8901A/B and an HP 8902A as a calibrated signal source for spe- 
cial aeelications. In particular. the U.S. commercial FM broadcast 
band bi 88 to 108 MHZ is covered by the FM + 4 OUTPUT of the 
HP 11715A. 

HP 1171 5A Specifications 
FM Outputs 
Frequency range 
I I to 12.5 MHz. AM FM + 32 output. 
88 to 108 MHz, FM + 4 output. 
352 to 432 MHz, FM output. 
Peak deviation: 
> 12.5 kHz. I I to 13.1 5 MHz carrier. 
> I00 kHz, 88 to 108 MHz carrier. 
>400 kHz, 352 to 432 MHz carrier. 
Distortion: 
<0.025'A THD (<-72 dB) for 

Flatness: 
+O 1%. dc to 100 kHz rates. 
+0.25%, dc to 200 kHz rates. 
Stereo separation (88 to 108 MHz carrier, 75 kHz peak deviation, 
1 kHz rate): > 60 dB typical. 
A M  Output 
Frequency range (AM FM 32 output): l I to 13.5 MHz. 
Depth: ro 997. 
Distortion: 

0 Oi'; THD (<-66 dB), 50% AM, 20 Hz to 100 kHz rates. 
< O  17 THD (<-60 dB), 95% AM, 20 Hz to 100 kHz rates. 
Flatness: *0.1%, 50 Hz to 50 kHz rates; 
*O 2.570, 20 Hz to 100 kHz rates. 
Linearity: +0.1%, ~ 9 5 %  AM; +0.2%, <99%. 

Ordering Information Prlce 
HP 11715A AM/FM Test Source 52,730 

Opt 910 A total of 2 sets of operating and service +$25 1 
manuals (I I7 15-90004) 

For s a d a y  shipment, call HP DIRECT at 800-538-8787 

Carrler freql~ny 

12.5 MHz 

100 MHz 

4CQ MHz 

M dalltion 
12.5 kHz 

100 kHz 

400 kHz 

Modullllon nta 
<I0 kHz 

tl00 kHz 

<I00 kHz 



SIGNAL ANALYZERS 
Measuring Receiver, 150 kHz to 1300 MHz 

HP 8902A 

Q 
RF power: digital power meter accuracy AM and FM, 1% accuracy; 0M, 3% accuracy 
Tuned RF level: 0 dBm to -127 dBm dynamic range RF frequency: 1 Hz resolution 
Carrier Noise: AM and phase noise measurements to Audio: frequency, level and distortion 
-140 dBc/Hz 

7 - 
:I 3 L' o i l ,  
333D3 1- 
3. 3 

n ri- t$ 

HP 8902A 
SYSTEMS 

HP 8902A Measuring Receiver 
The HP 8902A Measuring Receiver combines six precise measure- 

ment functions into one fully automatic, HP-IB programmable in- 
strument. It accurately measures RF power, tuned RF  level, carrier 
noiseladjacent channel power, modulation and RF  frequency, and 
characterizes audio signals. For precise signal analysis, the HP  
8902A Measuring Receiver provides the performance you need. 

Metrology and Calibfatlon 
The HP 8902A Measuring Receiver makes signal generator and 

attenuator calibration easier than ever before. As the main compo- 
nent in the HP  8902AT Attenuator Calibration System and the HP  
8902SG Signal Generator Test System, the HP  8902A provides ex- 
ceptional accuracy, wide dynamic range and a broad range of mea- 
surements. 

The HP 8902A quickly and accurately measures your signal gener- 
ator's RF  frequency, RF  level flatness, output level accuracy to -1 27 
dBm. AM and FM with 1% accuracy, incidental and residual AM, 
FM and phase modulation, carrier noise down to -140 dBc/Hz and 
characterizes the demodulated audio signals. 

For attenuator calibration and other relative measurements, the 
H P  8902A gives you the accuracy and dynamic range you need. Op- 
tion 050 gives a(0.015 dB + 0.005 dB/ 10 dB) relative power accura- 
cy to test attenuators to the most stringent specifications. 

RF Signal Characterization 
The t ip  8902A Measuring Receiver is an excellent lab and produc- 

tion tool for accurately characterizing RF  signals from 150 kHz to 
1300 MHz. 

Level measurements down to -127 dBm with superb accuracy 
make the HP 8902A ideal for testing devices such as antennas, mul- 
tiplexers, log/linear amplifiers, filters and mixers. Unlike diode detec- 
tors, the HP  8902A's power meter accurately measures signals with 
harmonics and spurious. 

The HP 8902A makes accurate AM to $3M and FM to AM conver- 
sion measurements of phase and amplitude sensitive devices such as 
bandpass filters and multiple channel receivers. Excellent isolation 
between AM and FM makes it simple to separate the AM and 9M of 
AM stereo, incidental AM of FM transmitters and the AM, FM and 
9M components of complex signals. 

Automatic Test Systems 
The HP R902A is an important component of automatic RF  test 

systems. All functions - power, level, frequency count, carrier noise. 
modulation, audio analysis - are fully automatic and easily 
programmed. With these measurements combined into one instru- 
ment, interfacing requirements, hardware costs, and software devel- 
opment time are reduced. 

HP 8902A Specifications 

RF Power (with HP 11722A Sensor Module) 
Range: +30 dBm ( 1  W) to -20 dBm ( I0  pW) .  
Frequency range: 0. l MHz to 2.6 GHz. 
Linearity: +0.02 dB (within range) +0.02 dB per range change from 
reference range a I count LSD. 
Input SWR: < 1 .I 5. 

Tuned RF Level 
Range: 0 dBm to -1 27 dBm. 
Frequency range: 2.5 MHz to 1300 MHz. 
Relative accuracy: a0.02 dB 1 0.02 dB per IF  range change 10.04 
dB per RF range change 1 1 digit. 
Worst case cumulative relative power accuracy (with Opt 
050) ' . * :  

+0.005 dB110 dB step (0 to -100 dBm). 
a0.050 dB110 dB step (-100 to -120 dBm). 
+0.015 dB a 1  digit. 

Stlcctive Power Measurements (Carrier Noise, Options 
030-037) 
Frequency range: 10 MHz to 1300 MHz. 
Carrier power range: 

+30 dBrn to -20-d~m; 12.5 kHz, 25 kHz and 30 kHz filters. 
+30 dBrn to -1 0 dBm; Carrier Noise filter. 

Relative measurement accuracy: 
a0.5 dB; levels > -95 dBc; 12.5 kHz, 25 kHz and 30 kHz filters. 
a0.5 dB; levels > -129 dBc/Hz; Carrier Noise filter. 

Filter bandwidths: 2.5 kHz, Carrier Noise filter; 8.0 kHz, 12.5 kHz 
filter; 16.0 kHz. 25 kHz filter; 30.0 kHz, Cellular Radio filter. 

RF Frequency 
Range: 150 kHz to 1300 MHz. 
Maximum resolution: 1 Hz. 

Amplitude Modulation 
Rates: 20 Hz to 100 kHz. 
Depths: to 99%. 
Accuracy: a 1 % of reading *I digit, for rates 50 Hz to 50 kHz and 
depths 25%. 

Frequency Modulation 
Rates: 20 Hz to 200 kHz. 
Deviations: to 400 kHz. 
Accuracy: a 1 Q of reading a 1 digit, for rates 50 Hz to 100 kHz. 

Phase Modulation 
Rates: 200 Hz to 20 kHz. 
Deviations: to 400 radians. 
Accuracy: 13% of reading a 1  digit. 

Audio Level, Frequency and Distortion Capability 
Audio Level 

Accuracy: +4% of reading, I00 mV to 3V. 
Audio Frequency 

Display resolution: 6 digits, to 250 kHz. 
Audio Distortion 

Accuracy: * I dB, 400 Hz and 1 kHz. 

'SpeclRcatlomr am warranted \rhar uslng a Hawbtt-Packard aynWabd soume with k a  Mar 
1W Hz peak resldual FM measured in a 3 kM post daection bandwidth over a 30-second Mc4. 
'Accuracy speclf~catlons do not include mismatch uncertainty. 



SIGNAL ANALYZERS 
Measuring Receiver, Sensor Module, Verlflcatlon Kit 
HP 8902A, 11722A, 11812A 

Ordering Information Price 
HP 8 9 0 2 i ~ e a s u r i n ~  Receiver1 

Opt 001 Rear panel instead of front panel connections 
for input. modulation output, and calibrators 
Opt 002 l x l ~ - ~ / d a ~  internal reference oscillator 
Opt 003 R F  connectors on rear panel only 
Opt 004 Operation from 48 Hz to 400 Hz power line 
(temp. <40°C) 
Opt 021 Add H P  I l722A Sensor Module 
Opt OM High selectivity (select only two filter 
options) 

(Options 032-037 require Option 030. Option 030 
includes @tion 003 connections for external local 
oscillator.)' 

Opt 032 12.5 kHz Filter SO 
Opt 033 25.0 kHz Filter $C 
Opt 035 Cellular Radio Filter $0 
Opt 037 Carrier Noise Filter $0 
Opt 050 Increased power measurement accuracy + $3,785 
Opt 907 Front handle kit (5061-9690) + $67* 
Opt 908 Rack flange kit (5061-9678) + $36= 
Opt 909 Rack flange kit (5061-9684) with front + $93= 
handles 
Opt 910 Provides an additional operation and + $370= 
calibration manual (08902-90029) and two service 
manuals (08902-9003 1 ) 
Opt 915 Add service manual (08902-90031) + $l55= 
Opt W30 Extended repair service, sce page 723 $380 
Opt W32 Calibration service $735 

For same-day shipments, call HP DIRECT at 800-538-8787 

HP 11812A Verification Kit 
The HP 1 1812A Verification Kit is available to verify the perform- 

ance of the H P  8902A Option 050 tuned R F  level function to a(0.015 
dB + 0.010 dB110 dB step). The kit consists of a step attenuator, two 
10 dB pads semi-permanently attached, a cable, and a case. 

HP 11812A Specifictbtiont 
Frequency: 30 MHz. 
HP 11812A 8ccuruy: a(0.003 dB + 0.003 dB110 dB step). 
Option 050 worst case cumulative tuned RF level 8ccur.cy W- 
tied with the HP 11812A: 
+0.010 dB110 dB step (0 to -100 dBm) 
+0.050 dB110 dB step (-100 to -120 dBm) 
+0.015 dB +I digit. 

Ordering Information Price 
HP 11812A Verification Kit $2.1 10 
'HP-IB cab& not I~uluded. For desdpMn rd prlcq so8 p.p. 579 

HP 11722A Sensor Module 
The HP 1 1722A Sensor Module was designed for use with the H P  

8901B Modulation Analyzer and H P  8902A Measuring Receiver. 
The H P  11722A contains a silicon monolithic thermocouple as a pow- 
er sensing element. 

With the H P  11722A Sensor Module, you get all the performance 
of the H P  8901B or H P  8902A, plus superb power measurement ac- 
curacy, a t  a single connector. You can characterize a signal without 
switching back and forth between the power sensor and the analyzer's 
R F  input. 

Each H P  11722A Sensor Module is individually calibrated, trace- 
able to the U.S. National Bureau of Standards. The calibration fac- 
tors are printed on the sensor module for easy reference. Enter these 
factors into the H P  8901 B or HP 8902A's non-volatile memory and 
the instrument automatically compensates for the power sensor's effi- 
ciency and mismatch loss at  each frequency. 

HP 11722A Speciticstions 
Frequency rmgc: 100 kHz to 2.6 GHz. 
Power range: +30 dBm (1 watt) to -20 dBm (10 rW). 
Input SWR (connected to an HP 89018 or 8902A): < 1.15, for R F  
power measurements. 
Power sensor linearitr: +2%, -4%; +30 dBm to +20 dBm. Negligi- 
ble deviation, levels < +20 dBm. 
Calibration futon: Each H P  11722A Sensor Module is individually 
calibrated. The calibration factors are printed on the H P  11722A 
Sensor Module for easy reference. 

Cal Factor UncmtalnW 

0.1 MHz 
0.3 MHz 
1.0 MHz 
3.0 MHz 
10.0 MHz 
30.0 MHz 
50.0 MHz 
100.0 MHz 
300.0 MHz 
1000.0 MHz 
W . 0  MHz 

Ordering Information Price 
HP 11722A Sensor Module $2,260 

Opt 910 Additional operating and service manual + $lo= = For same-day shipments, call HP DIRECT at 800-538-8787 

RSS Umrrbl* 

0.7% 
0.7% 
0.8% 
0.8% 
0.9% 
0.9% 

0.0% (rtf.) 
1.1% 
1.1% 
1.1% 
1.B 

wvvw. hparchive.com 
o p t  UJ7 Carr~er  Nose Filter manuals ( I  I 1 I 3 - Y W U ~  ) - r-- ---- A_.. ,kt ---- - -a# un nnncnr ,a a- ena ava- 

rrontcr*Umrrbl* 

1.6% 
1.6% 
1.7% 
1.7% 
2.0% 
2.0% 

0.0% (ref.) 
2.2% 
2.28 
2.2% 
2.3% 



SIGNAL ANALYZERS 
Attenuator Calibration System 

HP 8902AT, 11806B, 11823A/B/C 

Exceptional accuracy: +0.015 dB &0.005 dB/10 dB Tests fixed, manual, and programmable attenuators 
100 dB dynamic range 10 MHz to 26.5 GHz 

HP 8902AT Attenuator Calibration System 
The HP 8902AT offers the total solution for attenuator calibration. 

It is configured for optimal performance from 10 MHz to 18 GHz. 
Option 026 extends the superb performance to 26.5 GHz. The H P  
8902AT combines the exceptional accuracy of the H P  8902A Option 
050 with the HP  11806B Attenuator Test Software to give you pre- 
cise results with the speed of automation. 

The HP 8902AT minimizes measurement uncertainty by specify- 
ing 0.005 dB110 dB attenuation accuracy, monitoring the output 
power of the attenuator source, and automatically adjusting for any 
amplitude instabilities. This provides you with state-of-the-art accu- 
racy, simply and repeatably. 

The H P  8902AT includes the H P  11806B Attenuator Test 
Software, HP  8902A Option 050 Measuring Receiver, H P  11793A 
Microwave Converter, local oscillator, attenuator source, power split- 
ter, power sensor, attenuator accessory kit, and SWR accessory kit. 
For a detailed list of equipment see the H P  89028 Ordering Guide. 

Accessory Kits 
The H P  8902AT Attenuator Calibration System includes an at- 

tenuator accessory kit and an SWR accessory kit. The H P  11823A/B 
Attenuator Accessory Kit includes 10 dB matching attenuators and 
adapters to test attenuators with Type-N, APC-3.5, and APC-7 con- 
nectors. The H P  3 1823C SWR Accessory Kit includes precision 
SWR bridges, opens, shorts, and terminations. 

HP 11806B Attenuator Test Software 

HP 8902AT Specifications 

Frequency Range: 
10 MHz to 18 GHz, 
10 MHz to 26.5 GHz, Option 026. 

Dynamic Range: 
+I0  dBm to -1 17 dBm, 10 MHz to 1300 MHz, 
0 dBm to -100 dBm, 1300 MHz to 18 GHz, 
0 dBm to -95 dBm, 18 GHz to 26.5 GHz. 

Attenuation Accuracy:' 

- I - 10 MHZ to 1300 MHZ iattenuator source level 
11 dBrn and two 10 dB rnatchtng atlenuators) 

I 1  I 1  
10 20 30 40 50 60 70 80 90 100 110 

Attenuat~on (dB) 

For opt~rnal dynam~c range the attenuator source level can be 
(ncreased to . 11 dBm and smaller rnatch~ng attenuators can be used 
This results In an addltlonal 0 1 dB uncerta~nty for frequenc~es 
1300 MHz to 26 5 GHz 

Ordering Information Price 
H P  8902AT Attenuator Calibration System $127,850 

Opt 026 26.5 GHz coverage +$47,555 

The HP 11806B provides the efficiency and repeatability of auto- 
mation for attenuator calibration. BY entering a table of freouencies. HP 11806B AttenuatOr Test Software 
levels and specification limits, you can test any R F  or microLave at: 
tenuator - fixed, manual or programmable - quickly and accurately. HP 11823A Attenuator Accessory Kit 

The H P  11806B offers flexibility and ease of use with user-select- H P  11823B Attenuator Accessory Kit 
able averaging, various output formats, and flexible hardware con- HP 11823c SWR Accessory Kit 
figurations. With additional features such as statistical analysis, 
multiple test frequencies, and supporting multiple attenuator sources 
the H P  11806B is the ideal software pac for all your attenuator cali- 
bration needs. 'Acarracy s p d k a h w  do not IncMa mlanatch mmmnty. 



SIGNAL ANALYZERS 
Signal Generator Test System 
HP 8902SG, 11808A 

Frequency coverage to 26.5 GHz Fully automated system: more thorough testing in less 
Powerful software offers simple test modifications time 

Fast, accurate, and repeatable measurements 

Amplitude Modulation 
Rates: 20 Hz to 100 kHz. 

HP 890256 Signal Generator Test System 
The HP 8902% Signal Generator Test System provides a versatile 

and powerful solution for testing RF and microwave signal genera- 
tors. System hardware provides accurate measurements and complete 
automation; the dedicated software adds flexibility, speed, and ease- 
of-use. 

The standard system includes an H P  8902A Measuring Receiver, 
HP 8903B Audio Analyzer, HP 85628 Spectrum Analyzer, and 
HP 3488A Switch Control Unit to provide complete automation. The 
HP 1 1808A Signal Generator Performance Test Software is includ- 
ed, as are all cables and adapters required to complete the system. 
Options 018 and 026 add the HP 1 1 7 9 3 ~  ~ ic rowave  ~onverte;  and a 
svnthesized local oscillator to extend measurement canabilities to mi- 
crowave frequencies. 

Many common signal generator performance tests can be run with 
the HP 8902SG. Tests such as Output Level Accuracy, Output Flat- 
ness, AM and FM Accuracy are but a few of those available. The 
system can be expanded to offer additional tests such as Pulse 
Rise/Fall time and third order intermodulation distortion. The sys- 
tem software is easily updated to reflect changes in the test equipment 
used. 

HP 8902SG Specifications 
RF Frequency 
Range: I50 kHz to 1300 MHz, standard system. 

150 kHz to 18 GHz, Opt 01 8. 
150 kHz to 26.5 GHz, Opt 026. 

RF Power 
Range: +30 dBm to -20 dBm, standard system. 

+30 dBm to -20 dBm, Options 018 and 026. 
Frequency range: I00 kHz to 2600 MHz, standard system, 

50 MHz to 18 GHz. Option 01 8. 
50 MHz to 26.5 GHz. Option 026. 

~- -~ 

Depths: to 99%. 
Accuracy: +I% of reading a1 digit, for rates 50 Hz to 50 kHz and 
depths 25%. 

Frequency Modulation 
Rates: 20 Hz to 200 kHz. 
Deviations: to 400 kHz. 
Accuracy: *I% of reading +1 digit, rates 50 Hz to 100 kHz. 

Phase Modulation 
Rates: 200 Hz to 20 kHz. 
Deviations: to 400 radians. 
Accuracy: 53% of reading +I digit. 

Audio Source 
Frequency range 20 Hz to 100 kHz. 
Frequency accuracy: 0.3% of setting. 

Audio Analyzer 
Distortion frequency range: 20 Hz to 100 kHz fundamentals. 
Distortion accuracy: a l dB, 20 Hz to 20 kHz. 

General 
Temperatun: Operating, 0°C to 5S°C; Storage. -25°C to 7S°C. 
Power: 100, 120,220, or 240V (+5%,- 10%); 48-66 Hz. 

HP 11808A Signal Generator Performance Test 
Software 

The H P 1 1808A software provides 29 common performance tests 
for RF and microwave signal generators. The software is structured 
so tests are defined by data files; data files for HP signal generators 
are included with the software - others can be created easily through 
simple screen entries. 

The software supports the equipment in the HP 8902SG configura- 
tions, as well as other types such as digital scopes, digital voltmeters, 
and function generators. Instruments in the system can be indicated 
quickly in the program through the useof soft-keys and theconfigura- 
tion can be stored for later use. 

Tuned RF Level 
Frequency range: 2.5 MHz to 1300 MHz. standard system. 

2.5 MHz to I8 GHz. Ootion 01 8. 
2.5 MHz to 26.5 GHZ, option 026. 

Range +I0  dBm to -1 7 dBm, 2.5 MHz to 1300 MHz, Ordering Information Price 
0 dBm to - 100 dBm. 1300 MHz to 18 GHz (Options 01 8 & HP 8902SG Signal Generator Test 'ystem 583.000 

026). 
Opt 018 Extension to 18 GHz operation +f39.800 

0 dBm to -95 dBm. 18 GHz to 26.5 GHz. (O~t ion  026). Opt 026 Extension to 26.5 GHz operation +f64,200 

Relative accuracy: a0.02 d~ +0.02 dB per IF range'change *0.04 HP 11808A Signal Generator Performance Test f 5,700 
dB per RF range change * I  digit. Software 



SIGNAL ANALYZERS 
150 kHz to 26.5 GHz 

HP 8902S, 1 1792A. 11 793A, 1 1794A 

RF power: digital power meter accuracy Carrier Noise (AM and phase noise measurements): 
Tuned RF level: 0 dBm to -100 dBm dynamic range &0.5 dB accuracy 
AM and FM: 1% accuracy, cPM: 3% accuracy RF frequency: 10 Hz resolution 

Audio: frequency, level and distortion 
SYSTEMS 

HP 89028 Measurement System 
The HP 8902s Measurement System extends the superb measure- 

ment performance of the HP 8902A Measuring Receiver to micro- 
wave frequencies. The frequency is extended by adding an 
HP 11793A Microwave Converter and a local oscillator. With the 
HP 1 l792A Sensor Module the system delivers the accuracy and res- 
olution of a high performance power meter to 26.5 GHz from +30 
dBm to -100 dBm. It accurately measures AM. FM, and f3M (in- 
cluding residuals and incidentals) with a single keystroke. Adding o p  
tions 030-037 to the HP 8902A extends the system's capability to 
include carrier noise measurements. The HP 89023 counts signals to 
26.5 GHz with 10 Hz resolution and excellent long-term frequency 
stability. 

The HP 89028 provides flexibility in specifying a solution that 
meets vour exact needs. It can be configured for attenuator calibra- - 
tion, signal generator performance testing, and general signal charac- 
terization. For dedicated, preconfigured systems the HP 8902AT 
Attenuator Calibration System and the HP 8902SG Signal Genera- 
tor Test System are available. 

System Sottwan 
Under the control of the H P  11794A Software Pac, the HP 89028 

Measurement System functions as a single instrument. You select the 
frequency and measurement from the front panel of the HP 8902A. 
The software then calculates and sets the local oscillator frequency, 
then releases the HP 8902A to make the measurement and display 
the results. 

For a fully automated system the HP 89028 is supported by the HP 
11806B Attenuator Test Software and HP 1 1808A Signal Generator 
Performance Test Software. 

HP 11793A Microwave Converter 
The HP 11793A Microwave Converter down converts microwave 

signals to the frequency range of the HP 8902A Measuring Receiver. 
For signals above 1.3 GHz. the HP 11 793A routes the signal through 
its internal mixer. Below 1.3 GHz, signals are routed directly to the 
input of the HP 8902A. 

The HP 11793A requires +8 dBm leveled output from the local 
oscillator. For LOs with insufficient power above 18 GHz, the HP 
1 1793A offers an optional 18 to 26.5 GHz amplifier. 

HP 11792A Sensor Module (50 MHz to 26.5 GHz) 
The HP 11792A Sensor Module gives you all the performance of 

the HP 8902s system, plus superb power measurement accuracy, at  a 
single connector. You can characterize a signal without manually 
switching between the power sensor and the receiver input. 

Each HP 11792A Sensor Module is individually calibrated, tracea- 
ble to the U.S. National Bureau of Standards. The calibration factors 
are printed on the sensor module for easy reference. Enter these fac- 
tors into the HP 8902A's non-volatile memory and the instrument 
automatically compensates for the power sensor's efficiency and mis- 
match loss at each frequency. 

HP 89025 Specifications 

RF Power (with HP 11792A Sensor Module) 
Range: +30 dBm (I W) to -20 dBm (10 pW). 
Frequency range: 50 MHz to 26.5 GHz. 
Linearity: +0.02 dB (within range) +0.02 dB per range change from 
reference range + l digit. 
Input SWR: < 1.10, f, 52.0 GHz. 

<1.28, 2.0 GHz <f, 1 1 8  GHz. 
< 1.40. 18.0 GHz <f, 126.5 GHz. 

Tuned RF Level1 
Frequency range2: 2.5 MHz to 26.5 GHz. 
Dynamic range: 

+lOdBm to -117dBm.2.5 M H z s f -  <1300MHz. 
0 dBm to - I00 dBm, 1300 MHz <f,>i8.0 GHz. 
0 dBm to -95 dBm. 18.0 GHz <f, 126.5 GHz. 

Relative aceurecy: +0.02 dB +0.02 dB per IF range change +0.04 
dB per RF range change +1 digit. 

RF Frequency 
Range2: 150 kHz to 26.5 GHz. 
Maximum resolution: 10 Hz. 
Time base aging rate: < 5 ~ 1 0 - ' ~ / d a y ,  for H P  8672A, H P  
8673B/D/E; < I ~ l o - ~ / d a y ,  for HP 8340B, HP 8341B. 

Amplitude Modulation 
Frequency range2: 150 kHz to 26.5 GHz. 
Rates: 20 Hz to 100 kHz. 
Depths: to 99%. 
Accuracy: +I% of reading +1 digit, for rates 50 Hz to 50 kHz and 
depths 25%. 

Frequency Modulation 
Frequency range2: 150 kHz to 26.5 GHz. 
Rates: 20 Hz to 200 kHz. 
Deviations: to 400 kHz. 
Accuracy: +I% of reading +1 digit, for rates 50 Hz to 100 kHz. 

Phase Modulation 
Frequency range': 150 kHz to 26.5 GHz. 
Rates: 200 Hz to 20 kHz. 
Deviations: to 400 radians. 
Accuracy: &3'% of reading +I digit. 

General 
Temperature: Operating, 15' C to 35' C; storage, -25' C to 60' C. 
Power: 100. 120. 220. or 240V (+5%. - 10%); 48-66 Hz; 1300 VA 
maximum (worst case). 
Weight: Net 122.3 kg (270 Ib); shipping, 153.3 kg (338.3 Ib) worst 
case. 

Ordering information 
HP 89028 Measurement System 

For complete ordering information, see the "HP 89028 Measure- 
ment System Ordering Information" guide. or call your HP sales of- 
fice. 
HP 11794A Software Pac 5255 

' A n H P l t 7 2 2 A S a p a M o 6 u ( e m a y b e u r d * m h ~ H P ~ t o M k R F l e v s l -  
msnls horn 2.5 MHz to 1360 MHz at levsls from 0 dBm to - 127 dBm. 
'Frequemy range may be llmlted by the heqwncy range ol the LO 



NETWORK ANALYZERS 
Complete Characterization of Linear Networks 

Why Network Analysis? 
Characterizing the behavior of linear net- 

works that will be stimulated by arbitrary 
signals and interfaced with a variety of other 
networks is a fundamental problem in both 
synthesis and test processes. For example, 
the engineer designing a multi-component 
network must predict with somecertainty the 
final network performances from knowledge 
of the individual components. Similarly, a 
production manager must know allowable 
tolerances on the products manufactured and 
whether the final products meet the specified 
tolerances. Network analysis offers a solution 
to these problems through complete descrip- 
tion of linear network behavior in the fre- 
quency domain. Additionally, some network 
analyzers offer the capability to transform 
measurement data, taken in the frequency 
domain, to the time domain providing fur- 
ther insight into the behavior of linear net- 
works. 

Network analysis accomplishes the 
description of both active and passive net- 
works by creating a data model of such com- 
ponent parameters as impedances and 
transfer functions. However, these parame- 
ters not only vary as a function of frequency 
but are also complex variables in that they 
have both magnitude and phase. Swept net- 
work analyzers now measure magnitude and 
phase (the total complex quantity) as a func- 
tion of frequency with less difficulty than 
conventional CW measurements. Impedance 
and transfer functions can then be conve- 
niently displayed on a swept CRT, as in Fig- 
ure 1, X-Y recorder, or peripherals such as a 
printer and/or a plotter. 

Thus, network analysis satisfies the engi- 
neering need to characterize the behavior of 
linear networks quickly, accurately, and 
completely over broad frequency ranges. 
Hewlett-Packard manufactures a full line of 
scalar network analyzers (magnitude only) 
and vector network analyzers (both magni- 
tude and phase). 

.... ,.- .. D.=,..e"IP ..*, - 7.'. I 'e*.e.ee, U. 
.I. :I P.P/I/./."..? I., , .m. i l  r * P r l . P I C I  OW, 

Figure 1. 45 MHz t o  18 GHz measure- 
ment of magnitude and phase  in a single 
sweep. 

What Is Network Analysis? 
Network analysis is the process of creating 

a data model of the transfer and/or impe- 
dance characteristics of a linear network 
through stimulus-response testing over the 
frequency range of interest. All network ana- 
lyzers in the HP product line operate accord- 
ing to this definition. 

At frequencies above 1 MHz lumped ele- 
ments actually become "circuits" consisting 
of the basic elements plus parasitics like stray 
capacitance, lead inductance, and unknown 
absorptive losses. Since parasitics depend on 
the individual device and its construction 
they are almost impossible to predict. Above 
1 GHz component geometries are compara- 
ble to a signal wavelength, intensifying the 
variance in circuit behavior due to device 
construction. 

Network analysis is generally limited to 
the definition of linear networks. Since lin- 
earity constrains networks stimulated by a 
sine wave to produce a sine wave output, sine 
wave testing is an ideal method for charac- 
terizing magnitude and phase response as a 
function of frequency. For non-linear mea- 
surements, refer to the sections on spectrum 
analyzers, wave analyzers (signal analyzers) 
and vector modulation products in this cata- 
log. 

Network Analyzers 
Hewlett-Packard network analyzers are 

instruments that measure transfer and/or 
impedance functions of linear networks 
through sine wave testing. A network analyz- 
er system accomplishes these measurements 
by configuring its various components 
around the device under test. The first re- 
quirement of the measurement system is a 
sine wave signal source to stimulate the de- 
vice under test. Since transfer and impedance 
functions are ratios of various voltages and 
currents, a means of separating the appropri- 
ate signals from the measurement ports of 
the device under test is required. Finally, the 
network analyzer itself must detect the sepa- 
rated signals, form the desired signal ratios, 
and display the results. 

Figure 2. input impedance of microcircuit 
am~l l f ler  is read directly with Smith Chart 
overlay for Polar ~ i s ~ l a ~ .  

Signal Sources and Signal 
Separation 

In the general case, any sine wave source 
meeting the network analyzer's specifications 
can be used to stimulate the device under test. 
If  the analyzer is capable of swept measure- 



ments, great economies in time can be .SF s2 , ... .. ., M.O ,,, z -- I . "-.,. fine the ratios of reflected and transmitted 
achieved by stimulating the device under test + .,':;:,#:; A L 1e Zen 311  . urn...l 0 ., a,, fl traveling waves measured at  the network 
with a sweep oscillator or synthesized sweep- ports. A two-port device is modeled with S- 
er. This allows quick and easy characteriza- . HDRREFI 1 

2 . 8 1 6 5 5  sY2 parameters in Figure 5. S, ,  is the complex re- 
tion of devices over broad frequency ranges. .. 

At high frequencies the problem of signal 
separation usually involves traveling waves ,-. .>:-\ on transmission lines and becomes corre- -= - -  ... 
spondingly more difficult. Hewlett-Packard ,* ' &-'., 

manufactures test sets applicable for sepa- 
rating the appropriate traveling waves in a -. . 

variety of high frequency measurements. cs*.l. 2 .I,...... m.. CLN'L" I.,.,..,... m.. 
SF.* e z2a.aaeee U. 9.N e.a,neeaae* U. 

Flgure 3. Simultaneous measurement of \ i 

transmission response and passband re- 
Broadband and Narrowband flection coefficient. \ I' 

REFLECTI& 

Detection 
After the desired signals have been ob- Figure 5. S-parameter model for a two- 

tained from the test set they must be detected port linear network. 
by the network analyzer; HP  network ana- All network analyzer phase measurements 
lyzers can use one of two detection methods. are relative measurements with the reference flection coefficient at  port I and is the ratio of 
Broadband detection accepts the full fre- channel signal considered to have zero phase. bl/al ,  if a, = 0 (port 2 terminated in its char- 

acteristic impedance). s,, is the complex quency IWtrum the signal whjle The analyzer then measures the phase differ- transmiaion cmAcient from to port 2, detection hned ence of the test channel with respect to the b,,a,, if 
= O, The and ..b.. agnals re- ers that convert CW or swept RF  signals to a reference channel. present the amplitude and phase of the inci- IF There are certain Phase information complements amplitude dent and emerging or traveling 

tages to each detection scheme. data in the measurement of low frequency waves. By reversing the ports and terminat- analyzen Parameters. Phase is more sensitive to ing pm I in its characteristic impdance, s,, band detCCtiOn techniques' Broadband deter network behavior and it is a required compo- and S,, can & similarly defined, tion reduces instrument cost by eliminating nent of complex impedance and transfer the IF section required by narrowband ana- functions. cut s t $  I U ,I) 

lyzers but sacrifices noise and harmonic re- .=*a Oils *a " *. 
jection. However, noise is not a factor in 
many applications. Finally, broadband sys- ?&%, ,m:;On,, ~2::2:,0q,~:f. w.=.N tor o., 

tems can make measurements where the in- 
put and output signals are not of the same oc L~ Urn 

frequency, as in the measurement of the in- 
n "La 

sertion loss of mixers and frequency dou- w Y." 

blers. Narrowband systems cannot make .S 
w V I M  these measurements. .. Vector network analyzers normally em- 
01 ".* 

ploy narrowband detection techniques. Nar- 
I.. rowband detection makes a more sensitive OT YU 

low noise detection of the constant IF  possi- 
ble. This allows increased accuracy and dy- 
namic range for frequency selective ST-T r - - ow*. -7- r - -.- 

DILII 1u!n s oWI.(z "ST- ST.IT Roo 000 000 WI 970. 1 0 0 0 . 0 0 0  000 )I* 
measurements (as compared to broadband 

"O" 

systems). Flgure 4. Direct measurement of group Figure 6. Simultaneous me~SUrm~ent of 
delay with digital readout at marker. transistor S-parameters. 

Additional Capabilities 
Signal Processing and Display Precision design work and manufacturing 

Once the RF  has been detected, the net- phase data is also required t~ measure de- tolerances demand highly accurate measure- 
work analyzer must process the detected sig- lay distortion or group delay of networks. De- ments* but in measure- 
rials and display the measured quantities. All lay distortion occurs when different ments are complex quantities that vary as a 
H P  network analyzers are multi-channel re- frequency components of a complex of frequency. By characterizing and 
ceivers utilizing a reference channel and at  waveform experience nonlinear phase shifts virtually removing these 'ystematic 

least one test channel; absolute signal levels as they arc transmitted through a network. ~ ~ : ~ ~ ~ ~ ~ ~ s  ~ ~ ~ ~ $ ~ u ~ ~ ~ ~ ~ ~ - $ a $  in the channels, relative signal levels (ratios) Group delay is a measure of this distortion ard now network analyzers with built- between the channels, or relative phase dif- and is defined as: in, high-speed computational hardware that 
ference between channels can be measured Tg = - d e  

a;; can perform the complex mathematics re- 
depending on the analyzer. quired for sophisticated error correction. 

Relative ratio measurements are usually An alternative for measuring Computer controlled network analyzers 
made in dB, which is the log ratio of an un- phase distortion is deviation from linear can be programmed to set up and make many 
known signal (Test Channel) with a chosen phase or differential phase. Deviations from measurements automatically. r h e  measure- 
reference signal (Reference Channel). This linear phase can be measured by introducing merit process is further by the 
allows the full dynamic range of the instru- enough electrical length in the network ana- computer's ability to store, transform, sum- 
mentation to be used in measuring variations lyzer's reference channel to linearize a de- marize, and output data in a variety of for- 
of both high and low level circuit responses. vice's phase shift. mats to a number of peripherals. These capa- 
For example. 0 dB implies the two signal Scattering parameters or S-parameters bilities make the computer controlled 
levels have a ratio of unity while r 2 0  dB im- were developed to characterize linear net- network analyzer ideal for both computer 
plies a 10:l voltage ratio between two signals. works at high frequencies. S-parameters de- aided design or automatic production testing. 

wvvw. hparchive.com 



NETWORK ANALYZERS 
Complete Characterization of Linear Networks (contyd) 0 
Network Analyzer Product Line Summary 

I HP 356311 
DualChannel 
Control Systms 
Analyzer 
Pane 163 

Network Analyzer 

Analog and dlgitai swept and 
fixed sine, chlrp, burst chlrp. 
random now,  burst random 

noise, step, pulse. 
ramo. and arbitraw 

HP W 
HP 3562A DualChannel 
Dynamic Signal Analyzer 
Page 161 

- ~ 

I Tranrfer functions, magnWphase,  impulse r-. 4Qpob/@mo curve fitter (s. and 
zdomaim), f r q m c y  response synthesis (s- and z.domains), time domain functions, and 
spectrum analysts with analog or digital Input signals. HP.18 programmable. 

HP 35778 Network 
Analyzer 
Page 229 

HP 41954 network/spctrum/ 
impedance analyzer 
Page 232 

Fn~ucn* Rnlr 
64 rHz.100 kHz 

5 Hz to X X )  MHz I Integrated 
Synthes~zed 

Source 

Source 

Swept and flxed sine. 
chirp, burst chlp, random 

noise and burst 
random nose 

Vrunnrmt wlm* 
Transfer functiw, mlylnituddphase. 40po lWze ro  curve fittu, 
hquency response synthesis, t~me doma~n funct~ons, and spectrum mawis. 
HB-IB programmable 

HP 8752A 
Network A n a w  
Page 238 

HP 8751A 
Network 
Analyzer 
Page 236 

Integnted synthesized a u r a ,  test set 
and receiver 

Transfu fufumtlom, magnltudolphase, group delay. s p a r m t m ,  insortion loss, 
gainlanauation, electrical Iength. gain comproslon, SWR, impedann. HP Instrument 
BASIC o~tional. HP-I8 ~rourammabie. 1 

5Hz - 500MHz 

Transfer functions, magn~tudelphase, insertion IMS, gain, 
attenuation, group delay, s.parameten, return loss, SWR, 
complex impedance, accuracy enhanment, 
HP.18 programmabk 

Transfer bnct~ons - mlylnituddphm, inwth lou/#ain *!tauation, gain compression, 9 

parameters, electrical Iength, group May,  deviation from linear phaw. Imp&ance 
magn~tudelphase - Return Loss, R t jX  
Full Accuracy Enhancement 
HP Instrdment BASIC capablllty 
HP-I8 ca~abilitv 

Integrated 
Synthesized 

Source 

Transfer funct~ons - magnitudolphm, i n w l o n  lou/pln, attauatlon, gain compression, r. 
parameters, electrical length, group May,  deviation from linear phaw. Irnpdenct. 
magn~tudelphase, return lou, r t j x ,  accurwy enhancement, time domain capability. HP-18 
aronrammable 

HP 8753C Network 
Analyzer 
Page 240 

- -- - 

300 kHz3 GHU6 GHz 

HP 8719447208 Nntwork 
Analymrs 
Page 246 

130 MHz-20 GHz (87208) 

Page 248 

HP 8510 Series Network 
Analyzer 

Integrated Synthesized Source 

45 MHz to 110 GHz 

Integrated S y n t W  Source 
(1 Hz Resolution Optional) 

--- ~ 

Transfer funct~ons - magni tuda lpb imaftlon lou/galn. attawation, p i n  compression. 
r-parameters, electrical length, group delay, deviation from llnear phase. 
Impdance. magnitudelphase . Return Loss, r t j x  
Full Accuracy Enhancement 
Tlme Domain Capability 
Harmon~c Measurement Caplblllty 
HP-I8 programmable 

Transfer functrons . mlylnltvdr/phm insortion I d p i n ,  analst ion, 
s-parameters, electrical Iength, group dday, deviation from linear phase. 
Impedance. magnitudelphase - Return Loss, r t j x  
Full Accuracy Enhancement 
Tlme Domain Capability 
HP.18 orourammable 

HP 8350 Series 
Sweep Ox~llators 
HP 83408,83418 

Synthes~zed Sweepers 
HP 8360 

Synthes~zed Sweepen 

- 

Transfer funct~ons - magnltudtlphase, m r t t o n  loss,pln, attonuatton, s-panmaten, 
electr~al Iength, group delay, dev~at~on from ltmar phase, ~mpcdance, return loss. R+lx 
Actlve dev~ce characterlzat~on 
Actlve devlce character~zat~on 
Full Accuracy Enhancement 
T~me Domaln Capab~llty 
HP.18 aro~rammable 

Voctor Voltmeter 

p i ;  231 

HP 8508A Vector 
Voltmeter 
Page 245 

HP Modd 
HP 3575A Gain Phase 
Meter 

h l a r  Analyzer 

Sourec 
None 

Fnpucn* Iln* 
1 Hz-13 MHz 

0.1 MHz-1 GHz 
0.3 MHz-2 GHz 

Mvumnntclpbl lW(* 

Ga~n. Phase and Amplitude 

Mrumnnt clpblIM 
Scaiar Transmiss~oniReflection Measurcmtnts 
50n Coax Measurements 10 MHz-50 GHz 
75R Coax Measurements 10 MHz-2.4 GHz 
Wavegu~de Measurements 26.5 GHz-110 GHz 
OpenIShort Averaging. Normalizat~on, Averaging. Limlt Tating 
Storage Regtsters, HP-10 Programmable 

None 

Sourn 
HP 8350 Series 

Sweep Osc~llator. 
HP 83400 or 83418 

HP 8360 serles 
Synthesized Sweepen 

- 
w w  
HP 8757CK Scalar Network 
Network Analyzer 
page 226 

L 

Voltage, Immance 
Transfer Functions, phase and amplitude 
HP-I0 programmable 

Fnpu* l *kn( ,  
10 MHz-I10 GHz 



rn 76 dB dynamic range 
rn Accurate swept power measurements 
rn 40 dB directivity bridges 
rn 40 GHz in coax, 110 GHz in waveguide 

NETWORK ANALYZERS 
Scalar Network Analyzers. 10 MHz to 110 GHz 

HP 8757C/E 

rn Buffered plotter/printer output 
External disk and internal register save/recall 

rn Limit testing built in 
Precision color display 

SYSTEMS 

HP 8757E and HP 8757C option 001 

Measure insertion loss, gain, return loss, SWR, and power quickly The H P  8350B sweep oscillator family offen the benefits of a mod- 
and accurately with either the H P  8757C or H P  87578 Scalar Net- ular system with choices in source frequency range and output power. 
work Analyzers. With high-performance detectors and directional When testing narrowband, frequency-selective devices, choose a syn- 
bridges, and a companion H P  source and digital plotter, the thesized sweeper from the HP  8360 series or an HP  8340B or 8341B. 
HP  8757C and 87578 become the basis of a complete measurement The HP 8360 series, 8340B, and 83418 provide excellent frequency 
system with superb performance. stability and up to 1 Hz frequency resolution. 

A Choice of Two Analyzers 
For an economical measurement solution, choose the H P  8757E 

Scalar Network Analyzer. The HP 8757E features three detector in- 
puts and two independent display channels, allowing simultaneous ra- 
tioed or non-ratioed measurement of your device's transmission and 
reflection characteristics, 76 dB dynamic range ( f 1 6  to -60 dBm) 
for measuring high rejection devices, and a choice between AC 
(square wave modulated) or DC detection techniques. The internal 
plotterlprinter buffer allows you to send your measurement data di- 
rectly to a plotter and then proceed to the next measurement, typical- 
ly in less than 5 seconds. The HP 8757E includes a user-friendly 
interface, and menu-driven, direct-access softkeys, which simplify its 
operation. 

When your application demands maximum system versatility, 
choose the H P  8757C Scalar Network Analyzer. It offers all of the 
performance of the H P  8757E, plus more features, limit testing, ex- 
ternal disk save/recall, and a color display. Limit testing reduces test 
time by letting the analyzer make quick and objective passlfail deci- 
sions. External disk save/recall allows your measurement state to be 
preconfigured by an engineer or skilled specialist and then automati- 
cally recalled by production technicians. The result is reduced setup 
time and greater test integrity at  each production station. The preci- 
sion color display simplifies the separation of measurement informa- 
tion while providing a pleasant display for the technician. 

Systems from 10 MHz to 110 bHz 
You can conveniently obtain a 20 GHz or 40 GHz coaxial mea- 

surement system by ordering the H P  8757XA (10 MHz to 20 GHz) 
or H P  8757XB (10 MHz to 40 GHz) scalar measurement system. Or, 
you can configure your own system to 50 GHz in coax or 1 10 GHz in 
waveguide. 

Accessories Ensure Measurement Accuracy 
Minimize transmission measurement uncertainty by using detec- 

tors with an unrivaled match (HP 85025E: >25 dB return loss to 
25 GHz). Maximize your reflection measurement accuracy with high 
directivity directional bridges (HP 85027A,B,D: >40 dB to 20 GHz, 
H P  850271): >25 dB to 50 GHz). The HP 8757CIE are compatible 
with a broad line of high-performance detectors, directional bridges, 
and other accessories that help reduce your measurement errors. 



NETWORK ANALYZERS 
System Specifications 
HP 8757 

System Specifications 

Accuracy 
Transmission loss or gain measurement accuracy: Transmission 
loss or gain measurements are made relative to a 0 dB reference point 
established at calibration. The measurement accuracy is equal to the 
uncertainty due to the change in power level, called dynamic accura- 
cv. ~ l u s  mismatch uncertaintv. The frmuencv resbonse errors of the 
souice, detectors, bridge and power spliiter &ay be removed via cali- 
bration. 

Dynamic power aecur8cy (25 +5OC, 0 dBm reference): 

Coax detectors* (50 MHz) - 
1.6 

HP 85025D/E (AC Mode) 0. 

30'01+:6 +:0 ; .iO .iO .iO .ao . 

Delta Power (dB1 

*For 1 2 0  dB change of power within +10 to -40 dBm, the specifica- 
tion for the HP  8757 with the HP 11664A/E is *(0.1 dB + 0.01 
dB/dB). 

Waveguide detectors 

0 -10 -20 -30 -40 -50 
Delta Power (dB) 

Absolute power measurement a c c u r w  This specification is use- 
ful for determining the accuracy of power measurements in dBm 
when using the HP 85025A/B/D/E detectors in the DC mode. The 
total uncertainty is the sum of the detector frequency response, power 
accuracy, and mismatch uncertainties. 

Absolute power accuracy (HP 85025A/B/D/E detectors in DC 
mode. 50 MHz, 25 *S°C): 

Power (dBm) 

Detector frequency response (HP 85025A/B detectors, -10 
dBm. 25 *S°C): 

Specification 

Typ~cal  
a: ;ii -0.5 > Smcification 

Dynamic Range (on all HP  8757 detector inputs): 
Detector nc Mode dc Mode 

H P  11664A/E + 16 to -60 dBm 
HP 11664D +10 to -50 dBm 
HP 85025A/B/D/E +I6  to -55 dBm +16 to -50 dBm 
HP R/Q/U85026A +I0  to -50 dBm +10 to -45 dBm 

Reflection measurement accuracy: Uncertainties due to calibra- 
tion error and the frequency response of the source. detectors and 
bridge are removed via'open/sho;t averaging. The remaining uncer- 
tainties are primarily the sum of directivity uncertainty, effective 
source match uncertainty, and dynamic power accuracy. As shown in 
the graphs below, directivity is the dominant error term when mea- 
suring small reflected signals (high return loss) and source match is 
dominant when measuring large reflected signals (low return loss). 

Effect of effective Mum match on reflection uncertainty: 

I I 1 I 
0 10 20 30 40 

D.U.T. RETURN LOSS ( d B )  

Effect of directivity on reflection uncertainty: 

CL 
E 

+4 - \ 
~!rt!rthm-m D!m,~t~-4o 

\ 
0 10 20 30 40 

D.U.T. RETURN LOSS ( d B )  

Dynamic power accuracy (HP 85027120 bridges, 50 MHz, 25 
+S°C. +7 dBm input): 

Delta Power (dB) 



8757 System Accessories 
HP 85027A/B/C/D/E, 85020A/B, 85025A/B/C/D/E, 11664A/C/D/E, R/Q/U 85026A 

Directional Bridges 
The HP 85020 series and H P  85027 series are directional bridges Two types of detectors are available for use with H P  scalar network 

designed especially for the HP  8757, 8756 and 8755 scalar network analyzers for measurements up to 60 GHz. All detectors provide ex- 
analyzers. Each bridge features outstanding directivity and test port cellent impedance match, and therefore minimize mismatch uncer- 
match in a compact, rugged package. tainty in scalar measurements. 

Within each bridge, one zero-bias Schottky diode detector mea- 
sures the return loss of the test device. Ratio measurements can be 
made by adding a power splitter (HP  11667A/B/C) and detector 
(HP  11664 series or HP  85025 series). HP 85025 and 85026 Series Detectom (AC/DC) 

The HP 85025 and 85026 series detectors are designed s~ecificallv 
for operation with the HP  8757 Scalar Network ~ n a l y z e r  and are n i t  

HP 85027A/B/C/D/E Directional Bridges 
The HP 85027 series directional bridges are designed to operate 

with the HP 8757,8756 and 8755 scalar network analyzers for reflec- 
tion measurements from 10 MHz to 50 GHz. A switch on the HP  
85027 series bridges allows the user to configure them for operation 
with the HP  8757 or the H P  8756 and 8755 scalar network analyzers. 

When used with the H P  8757 scalar network analyzer, the H P  
85027 series bridges allow the user to choose the measurement mode 
that best suits the aovlication. Use the bridge's AC mode (modulated 

compatible with either the HP  8756 or the 8755.  he H P  85025126 
detectors detect either a modulated (AC) or an unmodulated (DC) 
microwave signal. In AC mode, the H P  85025126 series detect the 
envelope of the 27.8 kHz modulated microwave signal, provided in- 
ternally by the H P  83508 Sweep Oscillator with R F  plug-in and the 
HP  8360 series synthesized sweepers or externally with the H P  
8340141 synthesized sweepers. In DC mode, the H P  85025126 series 
detectors measure the microwave power directly without modulation. 
The user can change detection modes from the HP  8757 front panel. 

RF) for measuremknts in the presence ofindesired signals such as 
broadband noise or electromagnetic interference. Or choose the 
bridge's DC mode (unmodulated RF) to measure the return loss of Hp 11664 scrim b t e c t m  (AC Only) 
modulation sensitive devices such as amplifiers with gain control cir- The HP 11664 series detectors are designed to operate with the H P  
cuits. Use the companion H P  85025 series detectors for AC and DC 8757, 8756 and 8755 scalar analyzers in AC mode only. ~h~ ~p 
measurement versatility or the HP  11664 series detectors for AC only 11664AIE cover the 10 M H ~  to 26.5 G H ~  range, and the ~p 
measurements. 11664D covers from 26.5 to 40 GHz. 

High (40 dB) directivity and excellent test port match ensure accu- 
rate reflection measurements over a broad swevt frwuencv range. 
The H P  85027B bridge operates from 10 MHz tb 2 6 . 5 ' ~ ~ i a n d  has 
an SMA compatible, precision female 3.5mm test port connector. 
The H P  85027AlC bridges operate from 10 MHz to 18 GHz. The 
H P  85027A has a rugged 7mm test port connector and the H P  
85027C has a precision Type-N connector. The HP 850278 operates 
from 10 MHz to 26.5 GHz and has an SMA compatible, precision 
male 3.5mm test port connector. Reflection measurements from 10 
MHz to 50 GHz are possible using the H P  85027D directional 
bridge. 
Measuring SMA devices 
Hewlett-Packard recommends using the H P  85027A bridge and an 
7mm to 3.5mm adapter for measuring SMA devices from 10 MHz to 
18 GHz. For SMA measurements to 26.5 GHz, H P  recommends us- 
ing 3.5mm to 3.5mm adapters (included with the HP  85027BlE 
bridge) to preserve the H P  85027BlE output connector. 

HP 85020A/B Dimtianal Bridges 
The economical H P  85020AlB directional bridges also offer high (40 
dB) directivity and excellent'port match at  R F  (to 4.3 GHz) frkucn- 
cies. For 50 ohm measurements choose the H P  85020A. The H P  
85020B is designed for 75 ohm environments. Both RF  bridges have 
Type-N connectors. 

Detector Adapters 
The HP 85025C and the H P  11664C Detector Adapters match the 

scalar analyzer display to most standard crystal, silicon, and gallium 
arsenide detectors. This enables the user to operate up to 110 GHz 
with the H P  8757 and the HP  8756. 

The HP 85025C Detector Adapter is designed for use with the H P  
8757 only, and can operate in either AC or DC detection modes. A 
softkey calibration sequence calibrates the H P  8757 display to your 
particular detector for an accurate display of power level. The analyz- 
er can then account for the voltage versus input power characteristics 
of the detector in use. This calibration reauires two known calibration 
inputs, one at  a high level (linear operatirig region, above 0 dBm) and 
one at  a low level (square law region, below -20 dBm). 

The HP 11664C Detector Adapter is designed for use with the H P  
8757,8756. and 8755 scalar analyzers. The HP 11664C is matched to 
the particular diode used via two screwdriver adjustments. One ad- 
justment sets the adapter's amplifier gain to the correct power level 
indication on the scalar network analyzer. The second adjustment 
matches the input impedance of the adapter to the load impedance of 
the detector. Together, the voltage versus power characteristics of the 
detector are calibrated for the scalar analyzer display. 

Detector Summary 
For use with the HP 8757,8758, or 8755 In AC drhctlon mod@ only 

11664E 

M 
w 

s h l ~ ~ l r  
0.17 kg 0.9 kg 
(0.4 Ib) (2 Ib) 

11664D 

11664C 

Deta~W 

11664A1 

.01-26.5 

Con- 
Type 

TyptN (m) 

fw. 
Range 
(GHZ) 

.01-18 

26.5-40 

3.5 mm (m) 

Return Loa 
(dB) 

.01-.04 GHz: 10 dB 

.064 GHz: 20 dB 
4-12 GHz: 18 dB 

WR-28 

SMA (m) 

12-18 GHz: 16 dB 
.01-.04 GHz: 10 dB 
,046 GHz: 20 dB 
6-20 GHz 16 dB 

Dynmk RW 
8757 87% 

20-26.5 GHz: 12 dB 

12 dB 

3 

t16 t o  -60 dBm 

+16 to -60 dBm 

t10 t o  -50 dBm 

t10 to -50 dBm 

t10 to -50 dBm 

3 

t10 to -50 dBm 

3 

0.24 kg 1.0 kg 
(0.5 Ib) (2.2 Ib) 

0.17 kg 0.9 kg 
(0.4 Ib) (2 Ib) 
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8757 System Accessories 
HP 85027A/B/C/D/E, 85020A/B, 85025A/B/C/D/E, R/Q/U85026A9 11664NC/D/E 

Detector Summan (cont'd) - .  
For ur wlth HP 8757 only In either w w dc daection modes: 

85025A1# 

85025B2 

850250 

85025E 

R85026A2 

Q85026A2 

U85026A2 

85025C K57 

85025C K71 

85025C2 

Directional Bridge Summary - 

Fw uts wlth the HP 8757,8756, w 8755 In w dabetion mode only: 

85020A 

850208 

.01-18 

.01-26.5 

.01-50 GHz 

.01-26.5 GHz 

26.5-40 

33-50 

4060 

50-75 GHz 

75.110 GHz 

Brldgc 

.. . . 

Nominal 
Impedance 

FW. 
Range 
(GH4 

- ,014.3 GHz 

.01-2.4 GHz 
1 1.3-2.4 GHz: t1.39 1 (1.2 16) (5 ib) 

85027C 

I. option WI c h a w  t F m m  connector. 
2. The HP 85025 and 85028 mrka detector8 and tM HP 8502% requlre HP 8757A Rmmare revision 2.0 or higher. 

TO upgrade previous revlslons order the HP 11814A Firmware Enhancement. 
3. Dapends on the parlicuiar external detector W. 

TypeN (m) 

3.5mm (m) 

2.4mm (m) 

3.5mm (m) 

WR-28 

WR-22 

WR-19 

WR-15 

WR-10 

SMA (m) 

85027D 

85027E 

Connector 
Input Twt port 

50 ohms 

75 ohms 

For ur wlth the HP 8756, or 8755 In w daection mod8 or wlth the HP 8757 In either w or dc d o t d o n  moda 

.01-18 GHz 

.01-.04 GHz: 10 dB 
,064 GHz: 20 dB 
4-18 GHz: 17 dB 

.01-18 GHz: Same as 
85025A 

18-26.5 GHz: 12 dB 

10-40 MHz: 10 dB 
40-100 MHz: 20 dB 
.l-14 GHz: 23 dB 
14-34 GHz: 20 dB 
34-40 GHz: 15 dB 
40-50 GHz: 9 dB 

10-40 MHz: 10 dB 
40-100 MHz: 20 dB 
.I-25 GHz: 25 dB 
25-26.5 GHz: 23 dB 

12 dB 

12 dB 

12 dB 

3 

.01-50 GHz 

.01-26.5 GHz 

D i m  
(dB) 

Type-N (9 

TvD~-N (1) 

50 ohms 

K mode 

t16  to -55 dBm 

t16  to -55 dBm 

t16  to -55 dBm 

t16  to -55 dBm 

t 1 0  to -50 dBm 

t 1 0  to -50 dBm 

t 1 0  to -50 dBm 

-10 to -50 dBm 
(typical) 

-10 to -50 dBm 
(typical) 

3 

40 dB 

.01-20 GHz: 40 dB 
20-26.5 GHz: 36 dB 

7mm 

3.5mm (9 

50 ohms 

50 ohms 

T a  Polt 
Match 
(SWR) 

Type-N (1) 

TvwN (1) 

T Y P ~ N  (f) 

3.5mm (1) 

Type-N (1) 

dcW 

t16 to -50 dBm 

t16  to -50 dBm 

t 1 6  to -50 dBm 

t 1 6  to -50 dBm 

t 1 0  to -45 dBm 

t 1 0  to -45 dBm 

t 1 0  to -45 dBm 

-10 to -45 dBm 
(typical) 

-10 to -45 dBm 
(typical) 

3 

Welght 
Not Shipping 

.01-8.4 GHz: <1.15 
8.4-12.4 GHz: t1.25 
12.4-18 GHz: t1.43 
.01-8.4 GHz: t1.15 
8.4-20 GHz: <1.43 
20-26.5 GHZ: t1.78 

50 ohms 

50 ohms 

85027A 

850270 

0.24 kg 1.0 kg 
(0.5 Ib) (2.2 kg) 

0.24 kg 1.0 kg 
(0.5 ib) (2.2 kg) 

0.24 kg 1.0 kg 
(0.5 Ib) (2.2 kg) 

0.24 kg 1.0 kg 
(0.5 Ib) (2.2 kg) 

0.24 kg 1.0 kg 
(0.5 Ib) (2.2 kg) 
0.24 kg 1.0 kg 
(0.5 Ib) (2.2 kg) 
0.24 kg 1.0 kg 
(0.5 Ib) (2.2 kg) 
0.24 kg 1.0 kg 
(0.5 Ib) (2.2 kg) 
0.24 kg 1.0 kg 
(0.5 Ib) (2.2 kg) 
0.24 k~ 1.0 kn 

.01-3 GHz: 40 dB 
3-4.3 GHz: 34 dB 

40 dB 

0.5 kg 2.3 kg 
(1.2 Ib) (5 Ib) 

0.5 kg 2.3 kg 
(1.2 Ib) (5 Ib) 

.01-18 GHz 

.01-26.5 GHz 

Type-N (1) 

2.4mm (1) 

3.5mm (1) 

.01-20 GHz: 36 dB 
20-26.5 GHz: 32 dB 
26.5-40 GHz: 30 dB 
40-50 GHz: 25 dB 

.01-20 GHz: 40 dB 
20-26.5 GHz: 36 dB 

2.4mm (m) 

3.5mm (m) 

.01-3 GHz: t1.20 
34.3 GHz: t1.25 

.01-1.3 GHz: t1.25 

0.5 kg 2.3 kg 
(1.2 Ib) (5 Ib) 
0.5 kn 2.3 kg 

0.5 kg 2.3 kg 
(1.2 Ib) (5 Ib) 

.01-12.4 GHz: 36 dB 
12.4-18 GHz: 34 dB 

.01-16 GHz: t1.15 
1630 GHz: <1.25 
30-40 GHz: < 1.40 
40-50 GHz: t2.20 

(typical) 

.01-8.4: t1.15 
8.4-20 GHz: t1.43 

20-26.5 GHz: t1.75 

.01-8.4 GHz: t1.15 
8.4-12.4 GHz: t1.25 
12.4-18 GHz: t1.43 

0.5 kg 2.3 kg 
(1.2 Ib) (5 Ib) 

0.5 kg 2.3 kg 
(1.2 Ib) (5 Ib) 



HP 11679A/B Extension Cables 
Function: These cables extend the distance between the scalar net- 
work analyzer and the detector or bridge to a maximum of 200 feet 
without degradation of performance. 
H P  11 679A: 7.6 m (25 ft) extension cable 
H P  11679B: 61 m (200 ft) extension cable 

HP 85023A/B/C/D/F Verification Kits 
The HP 85023 Series system verification kits each contain a set of 

precision components used to perform a system verification procedure 
for the HP 8757 scalar network analyzer system. This procedure, 
which is in the HP  8757156 Operating and Service Manuals, checks 
system installation and can be used as a daily functional test. 

Choose a system verification kit to match your device under test. 
For 7mm applications, select the H P  85023A. If you are measuring 
SMA or 3.5mm devices. choose the HP  85023B. For 50 ohm. Type-N 
applications, select the H P  85023C. These kits (HP 85023A/.:'/f) 
all include an open. short, 10 dB fixed attenuator. 50 ohm termlna- 
tion, and a source to directional bridge adapter of the corresponding 
connector type. The H P  85023D verification kit, for 75 ohm Type-N 
measurements, consists of a short, a 75 ohm termination, a 50 ohm 10 
dB fixed attenuator and two HP 1 l852B 50 to 75 ohm minimum loss 
pads (for 50175 ohm impedance conversion). 

The HP 85023F verification kit includes 2.4mm standards for veri- 
fying performance of the H P  8757 system to 50 GHz. Included are a 
2.4mm female open, short and 50 ohm load, a 10 dB attenuator, and 
female to female adapter. 

NETWORK ANALYZERS 
8757 System Accessories (contyd) 

HP 11679A/B, 85023A/B/C/D/F, 85022A, 85028A, 11614A 
Q 

Frequency r a n g e  H P  85023A/C, dc to 18 GHz. 
H P  85023D, dc to 1.3 GHz. 
H P  85023B, dc to 26.5 GHz. 
H P  85023F, dc to 50 GHz. 

Connector type: H P  85023A. 7mm. 
H P  85023B. 3.5mm. 
H P  85023C. Type-N, 50 ohm. 
H P  85023D. Type-N, 75 ohm. 
H P  85023F, 2.4mm, 50 ohm. 

CharacterisHc i m p d a n c e  H P  85023A/B/C/F, 50 ohm. 
H P  85023D. 75 ohm. 

Weighk net. 0.5 kg (1.2 Ib); shipping, 1.2 kg (2.9 Ib). 

HP 85022A System Cable Kit 
The HP 85022A contains all the BNC and HP-IB cables toconnect 

an  HP  83508 sweep oscillator (or the H P  8360 series, H P  
8340Bl41 B synthesized sweepers), an HP  Series 200 or 300 comput- 
er, and a printer to the H P  8757 or 8756. This kit contains 3 one- 
meter HP-IB cables (HP 10833A). 3 two-foot BNC cables (HP  
1 1 170B). and 1 four-foot BNC cable (HP 1 1 170C). 
BNC connec tom N-Male. N-Male. 
BNC impedance: 50 ohm. 
Weight: net, 0.5 kg (1.2 lb); shipping. 1.2 kg (2.9 Ib). 

HP 85028A 7mm Directivity Verification Standards tor 
HP 85021 A/85027A 

The H P  85028A allows on-site verification of the 40 dB directivity 
of the HP 85021A and 85027A directional bridges. For frequencies 
below 2 GHz, a precision 52 dB return loss load is used. For frequen- 
cies from 2 to 18 GHz, a sliding mismatch is used to establish a ripple 
pattern from which the directivity can be calculated. The HP 82028A 
includes a precision 50 ohm termination, a high-performance sliding 
mismatch, an 7mm open/short, an 7mm connector gage kit, and a 
torque wrench. 
Weight: net, 2.0 kg (4.5 Ib); shipping. 3.5 kg (8.0 Ib). 

HP 11614A Firmware Enhancement 
The HP 11614A firmware enhancement updates the H P  8757A 

scalar network analyzer to firmware revision 2.1. (HP 8757As with 
serial number prefix 2802A or higher already have revision 2.1 
firmware). Firmware revision 2.1 added several new features to previ- 
ous versions of the HP  8757A. These include the ability to display and 
plot reflection traces in units of standing wave ratio (SWR), tabular 
listings of numerical data on an H P  ThinkJet printer, full calibration 
and operation with the H P  85025C detector adapter and 
R/Q/U85026A waveguide detectors, and the ability to display and 
plot an external voltage applied to a rear panel input. All revision 2.1 
features are HP-IB programmable. 

HP 8757C/E Firmware Update 
Update the HP  8757C (serial prefix 3004A and below) to revision 

3.1 or the HP  87578 (serial prefix 3004A and below) to revision 4.1 
with a firmware update kit. These kits enhance the operation of the 
HP  8757ClE by adding: 

Synthesized step sweep measurements with the H P  8360 series syn- 
thesized sweepers. 
Plotter buffer on/off selection. 
Cursor format selection. SWR or dB, while displaying device match 
in dB. 

All 3.1 and 4.1 revision features are HP-IB programmable 
HP  8757C firmware update kit: 08757-60099 
H P  8757E firmware update kit: 08757-60098 



NETWORK ANALYZERS 
8757 System Accessories (cont'd) 
HP 11613B, 11636A/B, 11665B, 11668A, 118528 

HP 11668A High Pass Filter 
The HP 11668A high pass filter accessory is recommended when 

making measurements on active devices that have gain below 50 
MHz. Use of the HP 11668A. placed after the HP 11665B, reduces 
the modulator drive feedthrough from 8 mV to 1 mV and prevents 
possible amplifier saturation. Use of the HP 11668A filter is not nec- 
essary for passive measurements since the feedthrough from the 
HP l1665B is -65 dBm and causes no degradation in system per- 
formance. 
Frequency range: 50 MHz to 18 GHz. 

Insertion Loss Return Loss 
50-100 MHz - <2.5 dB 212dB 

100 MHz-8 GHz <1.0 dB 216 dB 
8-12 GHz 3 1 . 0 d ~  214 dB 
12-18 GHz 51.5 dB 214 dB 

Maximum input: +27 dBm. 
Connecton: N-female. N-male. 
Weight: net, 0.13 kg (5 oz); shipping, 0.28 kg (10 02.). 

HP 11678A Low Pass Filter Kit 
Descri~tion: the HP 11678A low bass filter kit contains five filters. HP 116138 
Low pass filters reduce harmonics generated by the RF source when 
making precision measurements. 
Frequency Range (low pass filters, cutoff frequency fc) 

HP 11688A: 2.8 GHz. 
HP 1 l689A: 4.4 GHz. 
HP l1684A: 6.8 GHz. 
HP 11685A: 9.5 GHz. 
HP 1 1686A: 13.0 GHz. 

Insertion loss: < 1.1 dB at 0.95 fc. 
Rejection (at 1.25 fc): greater than 40 dB. 
Impedance: 50 ohm normal. 
Connectors: N-Female, N-Male. 
Weight: net, 0.44 kg (I Ib); shipping, 1.2 kg (2.9 Ib). 

HP 116138 Calibrator 
HP 8757 and 8756 verification/calibration is recommended every 

12 months. This can be accomplished at an HP service center or on- 
site using the HP 11613B calibrator and an HP 9000 series 200 or 
series 300 computer. 

The HP 1161 3B is a dedicated transfer standard for calibration of 
the HP 8757 and 8756. The HP 11613B provides the standard a 
27.778 kHz source and a series of precision attenuators. The calibra- 
tor includes software (both 3.5 and 5.25 inch formats) that operates 
on an HP 9000 series 200 or series 300 computer, the BASIC operat- 
ing system (BASIC 2.0, and above) and a GP-I0 cable for use when 
calibrating the HP 8756. The software verifies (and adjusts if neces- 
sary) the internal calibration parameters stored in the non-volatile 
memory of the HP 8757 and 8756. All HP 8757 and 8756 detector 
inputs can be calibrated in a matter of minutes. Re-calibration of the 
HP 11613B is recommended every two years. 
Memory Requirement: 1 /2M byte, including BASIC. 
Hardware Requirement: H P  98622A 16-bit GP-I0 interface card 
for use with HP 8756. 
Dimensions: 40 H x 185 W x 203 mm D (1.5 x 7.3 x 8.0 in). 
Cable length: 1.22 m (48 in). 
Weight: Net 0.91 kg (2 Ibs). Shipping 1.4 kg (3 Ibs). 

HP 11636A/B Power Dividers 
The HP 11636A/B power dividers/combinen are recommended 

when making wideband comparison measurements without ratioing, 
and in fault location measurements with the HP 8757/85016. De- 
tailed specifications are on page 349. 

Other Signal Separation Devices 
Many other signal separation devices are available from HP for use 

with the HP 8757. 8756 and 8755. Coaxial couplers from 0.1 to 18 
GHz are available with the HP 770 series, the 790 series, and the 
HP 11692. Higher directivity HP 752 series waveguide couplers can 
also be used with the HP 8757, 8756 or 8755 with the addition of 
appropriate HP 281 series waveguide-to-coax adapters. 

1 l665B Modulator 
Function: absorbtive on-off modulator designed for and powered by 
the HP 8757, 8756 or 8755 scalar network analyzers. 

1 W  MHz 210 dB (7.0 dB t35 dB 
40 MHz4 GHz 115 dB (3.2 dB 235 dB 

212 dB (3.8 dB 240 dB 
b12.4 GHz 28 dB (4 3 dB 245 dB 
12.4-18 GHz 28 dB (5.0 dB 245 dB 

Modulator drive fadthrough: 5 8  mV (peak) at 27.8 kHz at either 
port when powered by the HP 8757, 8756 or 8755. Reduced to 
< ImV (peak) using the HP 11668A. (See HP 11668A High Pass 
Filter). 
Drive current: nominally +50 mA in On condition, -50 mA Off con- 
dition. 
Weight: net, 0.17 kg (6 oz); shipping, 0.9 kg (2 Ib). 

HP 118528 50 ohm/75 ohm Minimum Loss Pad 
The HP 1 1852B is a low SWR minimum loss pad required between 

75 ohm devices and 50 ohm sources and detectors. For more informa- 
tion. see page 243. 



HP 415E SWR Meter 
HP 4 1 5E S WR Meter is a low noise, I000 Hz tuned amplifier and 

voltmeter, calibrated in dB and SWR. Designed for use with square 
law detectors, it measures SWR, attenuation, and gain directly from 
metered scales, or drives an X-Y recorder for RF  substitution mea- 
surements. Front panel INPUT switch selects unbiased low (50-200 
R) or high (2500-10,000 0 )  impedance crystal, biased crystal (1 V 
into 1 kR), or low or high current bolometer (4.5 or 8.7 mA ;t 3% into 
200 n). 

An internal precision 60 dB attenuator allows the H P  41 5E to oper- 
ate over a 70 dB range in 10 or 2 dB steps, with +0.05 dB accuracy for 
a 10 dB step; maximum cumulative error between any two 10 dB 
steps is +0.1 dB. Sensitivity is 0.15 pV rms for full scale deflection at  
maximum bandwidth (1 pV rms on high impedance crystal imput). 

Continuously adjustable bandwidth can be adjusted from 15 Hz for 
maximum sensitivity at  CW frequencies to 130 Hz for swept frequen- 
cy uses. An optional rechargeable battery pack provides uo to 36 
hours of continuous operation for portable use. 
Weight: Net 4 kg (9 Ib); shipping 5.8 kg (13 Ib). 
Power: 11 5-230 V *lo%. 50-400 Hz, 1 VA. 
Dimensims: 155Hx190Wx279mm D ( ~ ~ ~ ~ " x ~ ~ ~ I z " x ~  I") 

NETWORK ANALYZERS 
8757 System Accessories (cont'd) 

HP 415E, 11667A/B/C 

HP 11667A/B/C Power Splitters 
The HP 11667A/B/C power splitters are recommended when 

making wideband ratio measurements using the H P  8757. 8756, or 
8755 scalar network analyzer. These two-resistor type splitters pro- 
vide excellent output SWR a t  the auxiliary arm when used for source 
leveling or ratio measurement applications. The tracking between 
output arms over a frequency range from dc to 50 GHz allows wide- 
band measurements to be made with a minimum of uncertainty. 

Frequency Range: 
HP 11667A dc to 18 GHz. 
H P  11667B dc to 26.5 GHz. 
H P  11667C dc to 50 GHz. 
Impedance 50 ohms nominal. 
Insertion Loss 
HP I 1667A/B: 6 dB nominal. 

HP ll667A 
Input SWR: 
Equivalent Output SWR: 
(level~ng or ratlo 
measurements) 

Output Tracking (dB): 
(between output arms) 

Typlcal Phase Tracking 
(deg): (between output 
arms) 

Maximum lnput Power: +27 dBm 
Connectors 
HP 1 l h67A N-female on all ports. 
HP  11667B APC-3.5 female on all ports. 
H P 1 1667C 2.4 mm female on all ports. 

etween output arms) 

Dimensions 
HP 11667A 46 H x 52 W x 19 mm D (1.8" x 2.0" x 0.7") 
HP 11667B 40 H x 47 W x 10 mm D (1.6" x 1.9" x 0.4") 
HP 11667C 36 H x 36 W x 10 mm D (1.4" x 1.4" x 0.4") 

dc to 
4 GHz 

51.15 

51.10 

(0.15 

0.5 

HP 116678 
HP 11667C 
Typical lnwrtlon LWdB): 
HP 11667C 

Weight 
HP 1 1667A net. 0.14 kg (0.31 Ib); shipping 0.22 kg (0.5 Ib). 
HP  1 1667B net, 0.06 kg (0.13 Ib); shipping 0.14 kg (0.3 Ib). 
HP  11667C net. 0.06 kg (0.13 Ib); shipping 0.14 kg (0.3 Ib). 

dc to 
8 GHz 

(1.25 

51.20 

50.20 

1.5 

1.5 
2.0 

6.0 

dc to 
18 GHz 

51.45 

5 1.33 

(0.25 

3.0 

2.5 
2.5 

7.0 

3.0 

8.0 

3.0 

8.5 



NETWORK ANALYZERS 
Ordering Information 
HP 8757 

Ordering Information 
The HP 8757 Scalar Network Analyzer is ordered with multiple 

line items to give you maximum flexibility in specifying a system that 
meets your needs. This ordering guide lists the HP 8757 line items 
required for software compatibility. It is not necessary to order any 
line item you already own. Consult your local HP Sales Office if you 
would like assistance. 

H P  R85026A 26.5-40 GHz, WR-28 waveguide 
H P  Q85026A 33-50 GHz, WR-22 waveguide 
H P  U85026A 40-60 GHz, WR- 19 waveguide 
H P  85025C Detector Adapter 

System verification kits (choose at least one) 
HP 85028A 7mm directivity verification standards 
H P  85023A 7mm, 50 ohm 
H P  850238 3.5mm, 50 ohm 
H P  85023C Type-N, 50 ohm 
H P  85023D Type-N, 75 ohm 
H P  R5023F 2.4mm. 50 ohm 

Price 

Complete measurement systems 
H P  8757XA 20 GHz Coaxial Scalar System 

Includes: 
H P  8757C Scalar Network Analyzer 
H P  8350B Sweep Oscillator 
H P  83592C RF Plug-in (0.01 - 20 GHz) 
H P  85027E Directional Bridge (3.5 mm) 
H P  85025E Detector (3.5 mm) 
H P  85022A Cable Kit 

H P  8757XB 40 GHz Coaxial Scalar System 
Includes: 
H P  8757C Scalar Network Analyzer 
H P  8350B Sweep Oscillator 
H P  83597A RF Plug-in (0.01 - 40 GHz) 
H P  85027D Directional Bridge (2.4 mm) 
H P  85025D Detector (2.4 mm) 
H P  85022A Cable Kit 

Analyzer 
HP 8757C Scalar Network Analyzer 

Opt 001 Fourth detector input 
Opt 802 HP 9122C Disk Drive and an HP 10833A 
HP-IB cable 
Opt W03* 90 day on-site warranty conversion 
Opt W30 2 year extended service 

HP 8757E Scalar Network Analyzer 
Opt W03* 90 day on-site warranty conversion 
Opt W30 2 year extended service 

Filter kits 
HP 11668 High Pass Filter Kit 
HP 11678 Low Pass Filter Kit 

System cable kit 
HP 85022A System Cable Kit 

Computer 
H P  9858OC Option 102 Series 300, Model 332 

Disk drive 
H P  9122 3.5 inch Dual Flexible-disk Drive 

Software (choose one option) 
H P  85015B System Software for HP 8757 

Opt 630 for Computer with 
H P 9 12 1/22 Disc Drive 
Opt 655 for either HP 9826 or 9836 Computer 

H P  85016B Transmission Line Test Software for HP 
8757 

Opt 630 for Computer with 
H P 9 12 1/22 Disk Drive 
Opt 655 for either HP 9826 or 9836 Computer 

H P  Part No. 86399-10001 Amplifier Test Software 

Recommended accessories 
Printer (choose at least one) 

H P  2225A ThinkJet Printer 
H P  2227B QuietJet Printer 
H P  3630A Option 002 PaintJet Color Graphics 
Printer 

Plotter (choose at least one) 
HP 7440A Opt 002 Eight-pen Graphics Plotter 
(8.5" x 1 I") 
H P  7550 Eight-pen Vector Plotter (I I" x 17") 

Sweep oscillators (choose either HP 8350B with an 
RF Plug-in, 8360 Series, 8340B, or 8341B) 

Directional bridges (choose at least one) 
H P  85027A 0.0 1-1 8 GHz. 7mm. 50 ohm $2,600 
H P  850278 0.01-26.5 GHz. 3.5mm female, 50 ohm 53,100 
H P  85027C 0.01-18 GHz, Type-N female. 50 ohm $2.600 
H P  85027D 0.0147 GHz, 2.4mm male, 50 ohm 53.500 
H P  85027E 0.01-26.5 GHz, 3.5mm male, 50 ohm 53.050 
H P  85020A 0.014.3 GHz. Type-N female. 50 ohm S1.150 
H P  85020B 0.01-2.4 GHz. Type-N female. 75 ohm $1,300 

Optional accessories (for ratio and/or modulation me 
HP 11636A Power Divider dc to 18 GHz 
H P  11636B Power Divider dc to 26.5 GHz 
H P  11665B Modulator 
H P  11667A Power Splitter dc to 18 GHz 

Opt 001 N-male on input port; N-female on output 
ports: 

Opt 002 N-female on input port; 7mm on output 

asurements) 
S 5 5 0 T  
$995 
S 9 5 0 T  
$930 

SO 
Detectors (choose at least one) 

HP11664A 0.01-18 GHz, Type-N male 
Opt 001 7mm connector 

H P  11664E 0.01-26.5 GHz, 3.5mm male 
H P  116648 26.5-40 GHz, WR-28 waveguide 
H P  11664C Detector Adapter 
H P  85025A 0.01-18 GHz, Type-N male 

Opt 001 7mm connector 
H P  85025B 0.01-26.5 GHz, 3.5mm male 
H P  85025D 0.01-50 GHz. 2.4mm male 
H P  85025E 0.01-26.5 GHz. 3.5mm male 

ports: 
H P  11667B Power Splitter dc to 26.5 GHz 
H P  11667C Power Splitter dc to 50 GHz 
H P  11852B 50 to 75 ohm Minimum Loss Pad 

Service and Support Products 
HP 11613B Calibrator 
HP  415E SWR Meter 

Opt 001 rechargeable battery installed 
Opt 002 rear panel output connector 

HP Part No. 08757-60101 Retrofit Kit. Add option 001 
(fourth detector input) to the HP 8757C 

Only where avallabb 
T For same-day shipment, call HP DIRECT at 800-538-8787 



Custom tests without programming 
Friendly menu operation 
Measure insertion and return loss 

NETWORK ANALYZERS 
Scalar Network Analyzer Software for the HP 8757/8756 

HP 850158,850168,86399-10001 

HP 850158 System Sottwan 
Using the H P  8501 5B system software for the H P  8757/8756, you 

can create and run complete scalar measurements without program- 
ming. The software guides you all the way from setup to output. Just 
make your selections using the computer's knob and softkeys. The 
software makes all the necessary settings on the scalar analyzer and 
source to provide fast, accurate measurements that can be stored for 
later reference. 

Easy To Learn 
Use the BASIC mode to get up to speed quickly on the software's 

operation. It prompts you with a few simple questions. then sets up 
your source and analyzer automatically. The software prompts you to 
make all the connections necessary for calibration and measurement 
sequences, then automatically plots the data on the CRT display. For 
a permanent record, send the plot to a graphics plotter with a single 
kevstroke. 

Use The Analyzer CRT 
With the HP  8757. use the scalar analyzer as the control center for 

your measurements. The analyzer knob and softkeys control the 
software menus which appear on the CRT of the HP  8757, instead of 
the computer's. 

Customized Measurement Setups 
Use the GENERAL and ADVANCED modes to access more of 

the software's powerful features. Define up to 4 measurements in one 
sequence. Specify particular power levels for your test device and 
enter your specification limits as point, line, or sloped limits. These 
limit lines allow simple pass/fail testing, or real time adjustment to 
within the spec limits. 

Then output the data using your own customized format with la- 
bels, limit lines and "out-of spec" indicators. Make up to 4 plots on a 
single page. Store the data on computer disc for archival purposes, 
then recall it later for further analysis. 

The software makes it easy to save your configuration, complete 
with all the parameters you've specified and the calibration data. 
When you want to run this test later, just recall the configuration and 
connect the device. The software recalls cal data, plot formats, labels, 
limit lines. . . everything you need to run complete automated tests. 

Test Transmission Lines 
The HP 85016B transmission line test software provides all the ca- 

pability of the HP  85015B plus fault location for complete testing of 
coax and waveguide transmission lines. Test frequency response (in- 
sertion and return loss), then find faults (mismatches) that affect the 
signals in your frequency range. Troubleshoot your ECM, radar or 
communication system quickly and without guesswork. 

Fault location is accomplished using frequency domain reflectome- 
try, a technique that uses frequency domain reflection data and the 
inverse Fast Fourier Transform to characterize reflection as a func- 
tion of distance. This enables you to locate impedance mismatches 
resulting from bad connections or faulty cables. 

Plot or store data 
Test coax and waveguide 
Locate faults in transmission lines 

COAYIRL CRBLE 

Compatible Saurm 
The H P  8501 5B and 850168 software are compatible with 

H P  8757 or 8756 scalar network analyzer systems configured with an 
H P  8350B sweep oscillator and H P  83500 series R F  plug-in or an 
H P  8340B or 8341B synthesized sweeper. The HP 85015B and 
850168 software are not compatible with systems configured with an 
H P  8360 series synthesized sweeper. 
Ordering Information 

Each software package comes with 5 discs, including a data disk. 
Order the option that corresponds to your computer configuration. 
The HP 850158/16B can run on BASIC 3.0 or greater and requires 
11/2 Mbytes of RAM memory. 

HP 850159 system software 
Opt 630 3.5 inch disks 
opt 655 5.25 inch disks 

HP 850169 transmission Iim test software 
Opt 630 3.5 inch disks 
Opt 655 5.25 inch disks 

Amplifier Test Sottwan 
Tailored for Amplifier Testing 

The Amplifier Test Software (HP Part No. 86399-10001) allows 
rapid and systematic characterization of amplifier gain compression. 
Specifically, the software automates measurements of amplifier out- 
put power at  the I-dB compression point at  frequencies of interest. 
The software runs with the HP8757A/HP8757A/Cand 8756A, and 
the HP  8350B sweep oscillator or HP  8340BJ41 B synthesized sweep- 
ers. Besides compression testing, the software also allows measure- 
ments of gain and return loss/SWR. 
Easy to Operate and Modify 

The Amplifier Test Software's menu-driven, friendly user interface 
is designed so that measurements can be configured and run soon af- 
ter the system is set up. Its limited feature set allows for a short pro- 
gram, which can be easily modified by the user to suit his needs. The 
documentation provided with the software includes a complete pro- 
gram listing, flow diagram, and variable dictionary. 
Ordering Information 

Each software package comes with the software on both 3-'/2" and 
5-l/r" formats. and Product Note 8757-6. which documents operation 
of the software. The Amplifier Test Software can run on BASIC 3.0 
or higher on HP 9000 series 200 or 300 computers with at  least 1 

MISMATCH SUMMARY Measurement 1: ~ b ~ i e  of RAM memory. 

Cable or Wavequ~de Type: Coax Operator: NANCY LOREN2 HP 86399-10001 Amplifier Test Software 5250 
Relatlve Veloc~ty. ,695 COAXIAL CABLE Automate your measurements with a PC 
Loss/lM) It: 50 Distance FLT. R.L. 'a OF TOTAL 

( ft) A (dB) 
Access popular DOS programs and control your measurement sys- 

Length (Range): 10 ft 
Center Frequency: 5 GHz ,020 21.91 

'lSMATCH tem with a personal computer. Run the H P  85015B. 85016B or your 36.347 
D~stance Resolut~on: . I  11 4.120 26.84 20 607 own HP BASIC measurement program on the HP  Vectra personal 
Current W~ndow IS: Normal 7.920 20.44 43.046 computer by adding an HP 823008 HP BASIC Language Processor. 



NETWORK ANALYZERS 
Transmission Line Test System 
HP 8328A 

High resolution - 0.25% 
Fast computation 
Three user levels 

The HP 8328A Transmission Line Test System tests the perform- 
ance of waveguide runs and coaxial cables with swept frequency mea- 
surements of insertion loss and return loss. Additionally, the HP  
8328A system can make fault location tests to find impedance mis- 
matches as a function of distance, quickly and without guesswork. 

The HP 8328A is a dedicated transmission line test system for tests 
from 10 MHz to 18 GHz. It is configured in a rugged. transportable 
container. The system is self-contained for ease of use and is ideal for 
accessing transmission lines in difficult-to-reach installations such as 
aircraft. Although all testing can be done automatically, full manual 
capability is retained. 

The HP 8328A contains the HP  8757C Scalar Network Analyzer, 
the HP  8350B Sweep Oscillator with the HP  83592A RF Plug-In for 
coverage from 10 MHz to 18 GHz, the powerful HP  9000 Model 332 
computer, the H P  85016B Transmission Line Test Software, and sca- 
lar analyzer accessories. The software is accessed from the front panel 
softkeys and knob of the HP  8757C. Complete measurements includ- 

Automatic data correction 
Completely self-contained 
Pass/fail and limit testing 

Swept Distance Capability 
Measurements vs. distance: Return loss (dB), SWR, or reflection 
coefficient. 

Resolution (distance between data points as a percentage of the 
transmission line length): 

1% ( I  01 pts), 0.5% (201 pts), 0.25% (401 pts). 

Data correction: Data is normalized to the response with a 50 ohm 
load at the test port. Data is also completely corrected for line losses 
and preceding mismatches. If waveguide is tested, the effects of phase 
dispersion are automatically removed from the reponse. The correc- 
tion data for the coaxial cable or waveguide run is contained in a 
lookup table with over 100 entries stored in the program. This table 
can be modified to improve entries or updated with new cables. 

Range and molutlon (vs. frequency): The standard RF plug-in for 
the system is an HP  83592A. with a span from 10 MHz to 18 GHz. 
This span allows a minimum test range of 2 ft. and a resolution of 0.01 
ft. (for 201 distance points and 0.5% resolution). Maximum test 
range is 500 ft. with a resolution of 2.5 ft. 

Swept Frequency Capability 
Measurements vs. frequency: Insertion loss, gain, return loss, 
VSWR, reflection coefficient. and power in dBm, dBW, or mW. 

Frequemy range 10 MHz to 18 GHz with H P  83592A plug-in: Op- 
tion 001. 10 MHz to 8.4 GHz with HP  83525B plug-in 

Rewlution: User selectable up to 1024 pts. for swept measurements, 
or stepped CW measurements. 

Dynamic range (HP 11664A detectors and HP 8757C): 76 dB 
(+ 16 to -60 dBm) 

General 
User modes: BASIC, GENERAL, and ADVANCED. These user 
levels vary the level of sophistication to match the experience level of 
the user and the reauirements of the measurement. 

Measurement and data storage: 
Configurations per data volume (typical): 99 
Measurements per configuration: 4 
Measurement data sets per data volume: 99 
Addit~onal storage can be obtained with the HP 8328A option 100 

and the recommended optional equipment. 

ing pais/fail and limit testing can be configured and run easily like Ordering Information Price 
the HP  85016B software. HP 8328A Transmission Line Test System $64.830 

It is recommended that the H P  8328A Option 100, an H P  35741 B Opt 001 10 MHz to 8.4 GHz only -$4,295 
monitor, an HP  46021A keyboard, and an HP 91 22C dual disc drive Opt 100 Adds support software +$250 
be included for system diagnostics and disc backup for long-term data Opt W30 Extended repair service see page 723 +$I ,600 
storage and retrieval. Opt 043 Add floppy disk drive +5500 



NETWORK ANALYZERS n 
Audlo/Vldea/Baseband/lF Network Analyzer, 5Hz to 200 MHz 

HP 35778 

High-speed/high accuracy measurements Hi h-Throughput for Manufacturing 
.001 dB, .005 degree, 1 ps and .001 Hz resolution ?he HP 35778 brings high-throughput network analysis to manu- 

facturing without compromising accuracy. Using discrete sweep, the 
Discrete sweep and limit lines sweeo time is tvoicallv reduced bv a factor of twentv when com~ared 
Optional HP lnstrument BASIC 

HP 35778 Network Analyzer 
The HP 35778 is a high-performance, yet economical, two-channel 

network analyzer for use in both R&D and manufacturing. It is used 
to measure magnitude/phase, insertion loss, group delay, SWR, elec- 
trical length, and gain compression from 5 Hz to 200 MHz. When 
used with the H P  35676A/B reflection/transmission kit, it can also 
measure return loss, reflection coefficient and impedance. 

An optional third channel is available for use with the 
H P  35677A/B s-parameter test set or for measuring two devices si- 
multaneously. When used with the HP 35677A/B, the HP  35778 can 
measure all four s-parameters and any of the parameters listed above 
without having to manually alter the test configuration. The 
H P  35677A is used for 50 ohm systems and the HP  35677B is used 
for 75 ohm systems. 

When equipped with optional H P  Instrument BASIC, the 
H P  3577B can execute user-written programs designed to automate 
measurement systems, compute parameters (such as pass band ripple 
and 3 dB bandwidth) or customize the user-interface. This includes 
system control of other HP-IB instruments and peripherals, such as 
plotters and printers, via the HP-IB. A programmable I/O port, lo- 
cated on the rear panel, extends H P  Instrument BASIC control to 
non HP-IB devices, such as device handlers, environmental chambers 
and even the device-under-test itself. 

Of course, the HP  3577B is fully programmable, either internally 
with H P  Instrument BASIC, or externally via the Hewlett-Packard 
Interface Bus (HP-IB). 

An optional high-stability frequency reference oven is available for 
those users not having an in-house frequency standard. 

Unprecedented Measurement Precision 
This network analyzer has the accuracy and resolution required to 

characterize the most demanding narrowband devices and the flexi- 
bility to quickly characterize wideband devices. Dynamic magnitude 
and phase accuracy are 0.02 dB and 0.2 degree, respectively. Device 
response can be examined in fine detail with 0.001 dB, 0.005 degree, 
and 1 ps resolution. A built-in synthesized LO and tracking generator 
provide superb frequency accuracy with 0.001 Hz resolution. The 
I00 dB plus dynamic range and -1 30 dBm noise floor meet the needs 
of the most demanding measurements. 

Built-in three-term error correction removes errors due to directivi- 
ty, frequency response, and source mismatch for one-port measure- 
ments. Similarly, vector normalization enhances the accuracy of 
two-port measurements. 

to a i radi t ionaf i ineais~ee~.  0 G a t o r s  select from 5 to 51 freq;ency 
points for measurement. High-frequency resolution is used only in 
important reaions of the device response: less imwrtant regions are 
measured wiih few points or skip&d c ~ & ~ l e t e l ~ . ' ~ w e e ~  time is fur- ?P 
ther reduced by selecting the optimum resolution bandwidth and set- 
tling time for each frequency point. 

Evaluation of test results is completed in a tenth of a second using 
the limit test feature. Any combination of upper and lower limits, 
with up to 20 operator-defined segments, is allowed. Test results are 
compared to the limits at  the end of each-p, and PASSIFAIL is 
indicated both on the display and on the FAIL line of programmable 
I /O  port. 

Optional H P  Instrument BASIC completes the high-throughput 
picture by providing fast, error-free instrument/test system configur- 
ation and control of non HP-IB devices, such as device handlers. 

Specitications Summary 
Source 

Frequency 
Range: 5 Hz to 200 MHz. 
Resolution: 0.001 Hz 
Stability (opt 1 only/instrument on 2 48 hrs): 
*5 x 10-8/day, 0 to 55°C. 

Amplitude 
Range: + 15 dBm to -49 dBm (1.26 Vrms to 793p Vrms: 2dBV to 
-62 dBV) into a 5052 load. 
Resolution: 0.1 dB 
Accuracy: * 1 dB at + 15 dbm and I00 kHz. Below + 15 dBm, add 
the greater of *0.02 dB/dB or 0.2 dB. 
Flatness: 1.5 dBp-p from 5 Hz to 200 MHz. 
Impedance: 50R; >20 dB return loss at  all levels. 
RF output connector: 50R Type N female. 
Sweep types: linear, discrete, alternate, cw and log frequency; log 
amplitude. 
Sweep time: 100 ms/span to 6553 sec/span for frequency sweep; 
1 ms/step to 16 ststep for amplitude sweep. 
Sweep m a  continuous, single, manual. 
Trigger moder: free run, immediate, line, external 

lnput Characteristics 
Frequency range: 5 Hz to 200 MHz. 
Inputs: two receiver inputs (A,R); third receiver input (B) is 
optional 
lnput impedance: selectable 5OQ with > 25 dB return loss, or 1 MR 
in parallel with approximately 30 pF. 
lnput connectors: 50R Type N female. 
Full scale input level: - 1  3 dBV from 10 kHz to 200 MHz with 
internal 20 dB attenuators ON (OdBm at 50R). 
Resolution bandwidth: selectable 1 kHz. 100 Hz. 10 Hz. or 1 Hz. 
Sensitivity (Due to noise and internal crosstalk between source and 
recelver inputs): 

30 ~HZ-ZOO MHZ nml 
300 kHz-20 MHz (IMR) 
Internal 20 dB Inhn,d 20 dB 

Bandwidth Attenuator ON Attenuator OFF 
10 HZ -110 dBm -130 dBm 
100 HZ -105 dBm -125 dBm 

Crosstalk: > 100 dB bolation h t w m  Inputs. 
For 1 MR inputs, add 5 dB to table. 

Megnitude characbflstics 
Range: full scale input to sensitivity. 
Display units: dB, dBm, dBV. V, and linear ratio. 

Accuracy (at 100 kHz, 25" C, and full scale input) 
Absolute (A, B, R): +0.2 dB. 
Ratio (AIR, B/R, A/B): *0.15 dB (5OQ); s0.2 dB (1 Ma). 



230 A~dlo/Vlde~/Baseband/lF Network Analyzer, 5 Hz to 200 MHz (cont'd) U 
Dynamic Accuracy Calibration 

cmr input bwl Transmission: Both traces can be normalized to measured data 

Relath to with full accuracy and resolution. 
Resolution Bandrrldth 

Full Scale lnput Reflection: Corrects for directivity, frequency response and source 
1 kHz 100 HZ. 10 HZ 1 HZ match errors. 

i .04 dB i .04 dB 0 dB to -10 dB 
i .02 dB i .02 dB -10 dB to -50 dB 
i .05 dB i .05 dB -50 dB to -60 dB 
+.I5 dB i.25 dB -60 dB to -80 dB 
i.75 dB i.75 dB -80 dB to -90 dB 
i.75 dB i 3.00 dB -90 dB to -100 dB 

Frsquency (when driven from a 5OQ source and with 
50R receiver input impedance) 
Absolute (A,B,R): 0.3 dBpp from 20 Hz to 20 MHz; 0.6 dBpp from 
5 Hz to 200 MHz. 
Ratio (AIR, B/R, A/B): 0.3 dBpp from 20 Hz to 20 MHz; 0.4 dB 
from 5 Hz to 200 MHz. 

Stability 
Temperature: typically <+0.02 dB/"C. 
Time: typically +0.05 dbjhour at  25°C. 

P h e e  characteristicr (A/R, B/R, A/B) 
Range: + 180 degree. 
Accuracy: At 100 kHz. 25°C. and Full Scale Input: +2.0°. 

Dynamic Accuracy 

lnput Lml Relttlw 
Error to Full Scale Input 
i . 4  degree 0 dB to -10 dB 
i . 2  degree -10 dB to -50 dB 
i . 5  degree -50 dB to -60 dB 
4 . 5  degree -60 dB to -80 dB 
i7 .5  degree -80 dB to -100 dB 

Temperature stability: typically < a0.05 degree/"C. 
Time stability: typically <+0.05 degreejhr at  25°C. 

Delay characteristics 
Range: 1 ps to 20,000s. 
Resolution: 0.01 ns/div to 1000sjdiv. 
Normalized accuracy: Dynamic Phase Accuracy 

360 X Aperture [Hz] +2ns 

Aperture range: 0.5% to 16% of frequency span. 
Reference level: + 103 s. 
Limit test: Twenty segments for each trace per limit test. Delay 

between sweeps approximately 10 to I20 ms. 

deneral Characteristics 

Traces 
Number of tr-: two simultaneous traces may be present with a 
rectangular graticule. One trace with polar or Smith graticules. 
Markers: each trace has one main marker and an offset marker. 

Graticules 
Rectangular gratkule: 0% to 100% full scale deflection in 0.05% 
increments. Logarithmic and linear. 
Polar/Smith chart  graticule: 4 0 0  degree in 0.001 degree incre- 
ments. 

Limit tes t  
Twenty segments for each trace per limit test. Delay between 
sweeps approximately 10 to 120 ms. 

Noise averaging 
Type: exponentially weighted vector averaging on successive sweep 
data. 
Averaging factor: selectable 1 (off), 4.8, 16, 32.64, 128.256. 
Linear phase slope compensation: Provides linear phase slope 
offset of -72,000 degreelspan to +72,000 degreejspan. 

Programming 
Remote programming via the Hewlett-Packard Interface Bus 
(HP-IB). The HP 35677AjB S-parameter test sets are program- 
mable through the HP  3577A interface only. 
Plotter control: directly compatible with HP-IB graphics plotters 
that use Hewlett-Packard Graphics Language (HP-GL) with lis- 
ten-only capability. 
Save/reall :  front-panel setups can be stored in non-volatile memo- 
ry locations 1 through 5. Last state is saved when power is removed. 

Operating conditions 
Temperature: O°C to +55OC. 
Relative humidity: <95% at 40°C. 
Altitude: <4.572m (15,000 ft). 

Nonsperating conditions 
Temperature: -40°C to +75"C. 
Altitude: < 15,240m (50,000 ft). 
Power: 115V + 10%. -25% (47 Hz to 440 Hz), or 230 V + 10%. 
- 15'; (47 Hz to 66 Hz), 450 VA maximum. 
Weight: 31 kg (67 Ib) net; 41 kg (90 Ib) shipping. 
Size: 222H x 426W x 578 mmD (8.7" x 16.75" x 22.75"). 

HP 35677A/B S-Parameter Test Set 
The HP 35677A/B test set is used to make transmission and reflec- 

tion measurements in both the forward and reverse directions. The 
only setup required is to connect the device-under-test to the two mea- 
surement ports. Even reverse measurements can be made without 
changing device connections. The HP 35677A is used for 50-ohm sys- 
tems and the H P  35677B is used for 75-ohm systems. 

HP 35677ffB S-Parameter Test Set Specifications 
Frequency range: 100 kHz to 200 MHz. 
Test port impedance 
HP 35677A: 50Q; HP 356778: 750 
Directivity: >40 dB. 
Frequency m p o n w  

Transmission (S21,S12): a 1 dB, + 5 degrees. 
Reflection (Sl l ,S22) :  + I dB. + 5 degrees. 

Port match 
Test ports 1.2: H P  35677A. > 26 dB; H P  356778. >24 dB. 
Test ports 1.2 open/short ratio: HP 35677A, <+ 0.75 dB magni- 
tude and <+5 degrees phase; HP  35677B. <+ 1 dB magnitude and 
<*7.5 degrees phase. 
lnput port: > 20 dB return loss. 
Output ports A, B, and R: >26 dB return loss. 
Test port isolation: > I00 dB. 

Connectors 
lnput port a d  output ports A, B, a d  R: 5OQ Type N female. Test 
Ports I and 2: HP  35677A. 5OR Type N female; HP  35677B. 75R 
Type N female. 
d c  bias input* BNC female, rear panel. 
dc bias range: Typically +30 Vdc and +20 mA with some degra- 
dation of RF specifications; 200 mA damage level. 

Accessories Supplied 
4 ea. 190 rnm (7.5") 50R cables with type N male connectors for con- 
nection to HP  3577B (HP 8120-4387) 
1 ea. test set interconnect cable to H P  35778 (HP 35677-61620) 
I ea. Rear-panel lock foot kit (HP 506 1-0099). 
1 ea. Sewice manual (HP 35677-90010). 



NETWORK ANALYZERS 
Audlo/Vldeo/Baseband/IF Network Analyzer, 5 Hz to 200 MHz 

HP 3577A, 3575A 
Q 

Qeneral Characteristics 
Power: all power is obtained through the H P  35677A interconnect 
cable. 
Weight: net. 6 kg (13 Ib); shipping, 122 kg (25 Ib) 
Size: 90H x 425W x 584 mmD (3.5" x 16.75" x 22.75"). Add 1'/n inch 
to depth for front panel connectors. 

HP 35676NB Reflcction/Transmission Test Kits 
Operating in conjunction with internal calibration routines in the 

H P  35778, the H P  35676A/B test kit provides measurements of re- 
flection, transmission and impedance from 5 Hz to 200 MHz. Each 
test kit contains a precision resistive divider, a reference load, a coaxi- 
al short, a carrying case, and miscellaneous cables and hardware. 

HP 35676NB Owrating Chanctaristks* 
Frequency range: 5 Hz to 200 MHz. 
Test port impedance: 50R * 2% typical (HP  35676A) 759 t 2% 
typical (HP  35676B). 
Equivalent directivi* 40 dB typical. 
Equivalent source match: 30 dB typical (HP 35676A); 25 dB typi- 
cal (HP 356768). 
'Typical, aswrnlng proper callbmtlon WMI acmmdca upplled. 

HP 35675A Accuracy Enhancement Software 
The HP 35675A Accuracy Enhancement Software is an excellent 

beginning for computer-based automated network analysis measure- 
ments. It provides two-port, 12-term error correction, conversion 
from s-parameters to h, y or z parameters, and computer-based 
autosequence instrument operation. 

Contact your local H P  sales office for more information including a 
data sheet. 

Ordering Information 
HP 35778 network analyzer 

Opt 001 Frequency reference 
Opt 002 Third receiver 
Opt 1C2 H P  Instrument BASIC/ 64 Kbytes RAM 
Opt 907 Front handle kit 
Opt 908 Rackmount kit 
Opt 909 Rackmount and front handle kit 
Opt 910 Extra operating and service manual 
Opt 91 1 Extra H P  Instrument BASIC manual 
Opt W30 Extended repair service. See page 723 

HP 35675A accuracy enhancement software S 1,700 
Opt 042 software on 51/r inch disks $0 
Opt 044 software on 3* inch disks SO 

HP 35676A 50Q reflection/transmission test kit 51,400 
Opt W3O Extended repair service. See page 723 +$I20 

HP 356768 75R Reflection/transmission test kit $1,675 

HP 35677A 50R S-parameter test set $4,190 

HP 35677B 75R S-parameter test set $4,190 
Opt 907 Front handle kit +$52 
Opt 908 Rackmount kit +527 
Opt 909 Rackmount and front handle kit +f63 
Opt 910 Extra operating and service manuals +$47 

HP 35678A 50Q type N calibration kit $825 

HP 356788 75R type N calibration kit $1,575 

HP 35679A 50Q type N port extension cables $1.850 

HP 3575A Gain-Phase Meter 
The H P  3575A gain-phase meter is a broadband two-channel ana- 

lyzer typically used to measure transfer functions such as amplifier 
gain/loss or the frequency response of filters. It can be used to mea- 
sure the ratio and relative phase of any two signals on its two-channel 
inputs and for absolute measurements of signals on each channel. A 
wide range of input waveforms can be measured, including sine. 
square, and triangular waveforms. A three-digit display can be select- 
ed to read amplitude level/ratio or phase of the input signals. An o p  
tional three-digit readout and analog output is available for 
simultaneous amplitude and phase measurements. 

SpecHiccltions Summary 
Frequency: 1 Hz to 13 MHz. 
Level: 200 p V  rms to 20 V rms. 
Number of channels: 2. 
Impedance: 1 MR in parallel with 30 pF. 
Protection: + 40 V dc, 20 V rms. 
Nominal amplitude .ccur.cy: +1 dB (See data sheet for complete 
accuracy specifications) 
Amplititude functions: A dBV, B dBV or B/A dB. 
Range: A dBV, B dBV: -74 dBV to +26 dBV (in two ranges). B/A 
dB: -100 to +I00 dB. 
Resolution: 0.1 dB. 
Nominal phase a c c u r w  t 0 . 5  degrees (See data sheet for complete 
accuracy specifications) 
Range: + 180" with 12" of overrange. 
Resolution: 0.1 O 

Qenerai 
Power: 1 15 V / 230 V +lo%, 48 Hz  to 440 Hz, 40 VA. 
Weight: net, 8.3 kg (18.4 Ib); shipping, 11.3 kg (25.8 Ib) 
Size: 88 H x 425 W x 337 mm D (3.47" x 16.75" x 13.25") 
Contact your local HP sales office for more information including a 
data sheet containing complete specifications. 

Ordering Intarmath 
HP 3575A Gain/Phase Meter 

Opt 001 Dual readouts/dual outputs 
Opt 002. BCD programming (negative true) 
Opt 003' BCD programming (positive true) 
Opt 908 Rack flange kit 
Opt 910 Extra manual 
Opt W30 Extended repair service. See page 723. 

HP 356798 75R type N port extension cables $1,700 

HP 85024 high-frequency probe 31.900 



NETWORK ANALYZERS 
Combined Network/Spectrum Analysis, 1OHz to 500MHz 
HP 4195A 

Linear and non-linear device measurement and analysis Color graphics, graphics analysis and direct copy caps- 
High accuracy and resolution bility 
User functions Direct save/recall with internal disc drive 

Description analysis functions include the harmonic, intermodulation distortion 
The HP 41 95A is a high performance, cost effective and intelligent of amplifiers or IF subsystems in communications and telecommuni- 

analyzer with combined vector network and spectrum analysis capa- cations. S-parameters can also be measured by using 2 transmis- 
bilities. The frequency is covered from lOHz through 5OOMHz with sion/reflection test sets, without changing direction of the device. 
an excellent 0.001Hz resolution for audio, baseband. HF. VHF and 
IF applications. It directly measures amplitude ratio, phase, group 
delay and spectrum level needed for characterizing linearlnon-linear 
analog circuits or components used in communications, telecommuni- 
cations, consumer electronics and other equipment. 

The HP 4195A's excellent accuracy and resolution meets the se- 
vere measurement requirements for developing advanced equipment. 
A color display allows you to readily differentiate between multiple 
traces. Convenient softkey operation and marker functions make de- 
riving device parameters quick and easy. Measurement results can be 
directly copied to printer or plotter without an external computer. 
Furthermore, the HP  4195A has internal user functions for comput- 
ing and self controlling capability. User Program. User Defined 
Function and User Math allows you to quickly customize the setups 
most suited to your application without using an external computer. 
A built-in 3.5 inch disc drive can save the instrument state, data and 
user functions. 

Combined Vutor Network and Spectrum Analysis 
Network analyzers and spectrum analyzers have become essential 

tools for evaluating subsystems or components used in electronic 
equipment. Especially, the importance of phase and group delay mea- 
surements is rapidly increasing. The HP 4195A offers full network 
and spectrum analysis from lOHz to SOOMHz at half the price. It has 
very wide applications. Network analysis functions include character- 
izing the gainlgroup delay ripple of filters and amplifiers. Spectrum 



High Accuracy and Rmlut ion  Measurement 
The H P  4195A measures amplitude ratio and phase with an accu- 

racy of *O.OSdB/a0.3 deg and a resolution of 0.001dB/0.01 deg. The 
amplitude and phase distortion of transmission devices, such as filters, 
amplifiers, delay lines and cables, affect the quality of information 
and create bit errors in PSK or QAM systems. The H P  4195A can 
evaluate distortion with high accuracy and resolution. For accuracy 
enhancement, 1 Port Full Cal, 1 Port Partial Cal, Normalization and 
Port Extension capabilities are available. For spectrum analysis, high 
level accuracy of +O.IdB and fully synthesized pure local OSC, typi- 
cally -100 dBc/Hz (100 Hz offset), allow you to obtain stable and 
reliable C/N,  harmonic distortion or intermodulation distortion mea- 
surements. In addition the high shaped digital IF  filter technique 
makes discrimination of closely spaced signals easy, so 50160 Hz 
power-line sidebands can be measured using the lOHz RBW. 

User Functions tor Easy Customized Operation 
The HP 4195A has three user functions for customizing operations 

for your applications without using an external computer. The User 
Program gives you a one key solution for performing your applica- 
tion. You can program a sequence from measurement and marker 
control, computing, through printing a hard copying. This function is 
very useful and improves efficiency for C / N  (Carrier Noise ratio), 
THD (Total Harmonic Distortion) measurements or automatic de- 
vice parameter extraction, such as an amplifier's gain, group delay, 
gain compression or harmonic distortion. The User Math function 
helps you put the result in the form you need by using the built-in 
math operators and arithmetic functions. For example, you can dis- 
play level in volt peak-to-peak instead of volts rms or perform differ- 
entiation of gain or max hold. The User Defined Function gives you 
the power to define functions which can be called with softkeys as you 
like, such as input of step size, signal tracking, transmis- 
sion/reflection alternate sweep or gain/level spectrum alternate 
sweep. In addition, the H P  4195A has the Program Sweep function 
which can arbitrarily sweep the points programmed in the table. This 
increases measurement efficiency by reducing excessive points in the 
Lin or Log sweep. Also, the resolution bandwidth can be independent- 
ly set for each programmed point. The above user functions and pro- 
gram sweep table can be saved into the built-in 3.5 inch disc, so you 
can start your application a t  any time. 
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THD Measurement by Using 
User Define Function 

Advanced Marker Action on Color Graphics 
The application oriented marker functions are very useful for both 

network and spectrum measurements. You can quickly obtain the de- 
sired results from the easy to see color graphics CRT. The Next Peak 
is convenient for searching harmonic or spurious signals. The marker 
target is used for extraction of SAW filter's 3dB bandwidth or an 
amplifier's -1 dB gain compression point. The delta marker is used 
for C /N measurement, and the noise marker is used for noise mea- 
surements. A maximum of four traces can be simultaneously dis- 
played on the CRT, so it is easy to compare the data. The smith/polar 
chart is convenient for impedance matching in circuit design. In addi- 
tion, the results can be directly copied to a compatible plotter or print- 
er without an external computer. 
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Specifications 
Network Measunmmt 
Source 

Frequency: l OHz to SOOMHz, I mHz resolution 
Power: -50 dBm to +I 5 dBm, O.ldB resolution 
Sweep Parameters: Frequency, power and dc bias level 
Sweep Types: Linear, log, cw, program and partial 
Outpul: 2 outputs 
DC bias level: +40V, lOmV resolution 

Receiver 
Frequency: lOHz to SOOMHz 
Input: 4 inputs. 50 R nominal 
Resolution Bandwidth: 3Hz to 300kHz, 1 or 3 step 
Input Crosstalk: I - 1 00dB 

Magnitude Ratio 
Dynamic Range: > l OOdB 
Resolution: 0.001dB 
Dynamic Accuracy (23 * S°C), -3WBm R input: aO.05dB @ 
-70dBm to -3OdBm T input. 

Phase 
Range: 180' 
Resolution: 0.01 
Dynamic Accuracy (23 a S°C, -3OdBm input): ,t0.3" @I -70 
to -30dBm T input. 

Delay 
Range: l Ops to 500s 
Resolution: lops @I 3.6 MHz aperture 
Accuracy: depends on phase accuracy 

Error Compensation 
Mode: Normalization, I port partial cal, 1 port full cal and port 
extension. 

Spectrum Measurement 
Frequency 

Measurement Rang.: lOHz to 500MHz 
Resolution: 

RBW: 3Hz to 300kHz, 1 or 3 step 
Selectivity (6013dB): 4.5 for 3Hz to 30Hz. 9 for 100 Hz to 

10 kHz, 
8.5 for 30 kHz to 300 kHz. 

Noise Sideband: < - 100 dBc/Hz @ 1 kHz offset 
<-90 dBc/Hz @I 100 Hz offset 



234 Combined NetworkISpectrum Analysis, 1OHz to 500MHz (cont9d) u HP 4195A 

Amplitude 
Measurement R a m  -1 35 dBm to +20 dBm 
Accuracy: + l .OdB 5OMH.z 
Linearity (23 +5"C): +O.ldB -40 to OdB; +0.2dB @J -60 to 
-40dB 
Frequency Response: +1.5dB 

Dynamic Range (23 + 5°C) 
Second Harmonic Distortion: 5-7OdBe @J 1 2MHz 
T.0.I Distortion: 5 -80dBc 2 2MHz 
Residual Responw: - I  l OdB @J 2 100kHz. 
Average Noise Level: typically -14OdBm @J lOHz RBW, 
22MHz  

sweep 
Sweep Type: Linear, log, cw, program and partial 
Sweep Mode Continuous, single and manual 
Sweep Time: approximately 3.5 sec 500 MHz span. 300 kHz 
RBW 

Input 
Number of inputr: 4 inputs 
Impedance 50 R nominal 
Damage level: +30 dBm 
Attenuator: 0 to 50dB. lOdB step 

Display and Analysis 
Display: 7.5 inch color CRT 
Display Format: Rectangulars, Table, Smith and Polar 
Traces: 4 traces max 
Scale Type: Linear, log 
Autoscale 
Phase Display Expansion: Display phase continuously more than 
i 180 deg. 
Video Filter: Digital video filtering reduces random noise 
Comment Entry: Display a comment used alphabet, numeral and 
special characters ( . . %, etc). 
Marker: MKR + Max (Min. Ref, Center, Start and Stop), Next 
Peak. Width and Delta reading mode. 

User Functions 
User Math: 

Puts the result in the form needed for your application by using 
built-in math operators, arithmeric functions and editing capability. 
User Defined Function: 

Provides one-key solution for a specific application without an ex- 
ternal computer. 6 user functions can be created and soft-keys can be 
labeled as you like. 
User Program (Auto Sequence Program): 

Allows to program the control or measurement, analysis, copy and 
other sequence without an external computer. 

Hardcopy 
Hardcopy of traces, measurement data, results of analysis and an- 

notations are produed by the 4195A and H P  plotters or printers with 
LISTEN only capability. 
Color Dump Mode: Copy the traces, graticules and annotations 

to a color graphics printer. Colors are fixed. 
Dump Mode Copy the CRT display to a graphics printer 
Plot Mode: Copy the traces, graticule and annotations to 

an HP-GL compatible digital plotter 
Print Mode: Copy measurement data in tabular form to a 

printer 

Storage 
Instrument state, trace data, table of Program Sweep and User 

Program can be independently saved or recalled from the built-in 3.5 
inch floppy disk memory via SAVE/GET function. 

Instrument state includes active control setting of measurement, 
active calibration data, active display format, active scale setting, Us- 
er Math and User Define Function. 

Remote programming 
HP-IB interface operates according to IEEE 488-1987 and IEC 

625 standards and IEEE 628-1982 recommended practices 
interface Function: S H l ,  AHI. T5, TEO, L4, LEO, SRI ,  RLI,  

PPO. DCI. DTI, CO, El 
Transfer Formah: ASCII 

32/64 bit IEEE 754 floating point format 

General Characteristkr: 
Operating Conditions: 

Temperature: O°C to +45"C 
Humidity: 95% RH at 40°C 

Non-Operating Conditions: 
Temperature: -40°C to +70 

Safety: Based on IEC-348. UL-1244 
Power: 100, 120. 220V +lo%. 240V -10% +5%, 48Hz to 60Hz. 
500VA (max) 
Dimensions: 425 (W) x 375 (H) x 620 (D) mm 
Weight: Approximately 41 kg 

41951A Impedance Test Kit 
The HP 4195A and HP 41951A Impedance Test Kit, which is de- 

signed to use with the 4195A. can be used to perfrom impedance anal- 
ysis from IOOkHz to SOOMHz. The direct reading of impedance 
parameters, error compensation, variable test signalfdc bias level, 
and dedicated analysis functions are all convenient for evaluation of 
components, such as crystal/SAW resonators, coils, and varicap di- 
odes. The equivalent circuit function is very useful for modeling and 
evaluating components under actual operating conditions to improve 
the quality and reliability of circuit design. 



HP 41951A Impedance Test Kit 
The H P  41951A can be used for impedance measurements from 
lOOkHz to SOOMHz when used with the HP  4195A. 
Measured Parameters: IZI,lY(, 8, L, C, R, X, G, B, D, and Q 
Error Compensation: I port cal, open/short offset and port exten- 
sion 
Equivaht Circuit Analyalr: Circuit constants approximation and 
simulation of frequency characteristics 
Available Accessories: Refer to page 301. 
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41952AlB Transmission/Reflection Test Sets 
The H P  41952A/B Transmission/Reflcction Test Sets provide a 

neat solution to the HP  4195A Network/Spectrum Analyzer to mca- 
sure both transmission and reflection characteristics. The H P  
41952A/B are directly connected to the H P  4195A and include a 
power splitter and a directional coupler in each compact box. Fur- 
thermore. two test sets of the H P  41952A or 41952B (opt. 009) allow 
the HP  4195A to perform full s parameters measurement without 
having to remove and reverse the device. The H P  4 1952A is used for 
50 ohm application, and the H P  41952B is used for 75 ohm applica- 
tion. 

Impedance : 
Frequency Range: 
Directivity: 
Frequency Reapowe: *I 
Transmission Hagnitude. 
Phase (@ t300kHz) : 
Reflection Hagnitud.. 
Phaae (@ 2lKHz) 
Effective Sourca Hatch: 
Teat Port: 
Connector: 
Test Port: 

HP k1952A 

50 ohm 
100wz - SOONHr 
40dB @3001rHz-2001(Hz 

50 chm type N-(f) 75 ohm type N-(f) 1 

Not.: HP 419521) opt. 009 deletes 50 ohm N cable and HP 118528. 
*l : Typical 

Accessories Furnished: 

HP 4195A With HP 41952A 

41800A Active Probe 
The HP 41800A Active Probe is a high input impedance probe 

which covers the frequency from 5Hz to SOOMHz, and makes it easy 
to perform signal analysis of circuits in audio, video, H F  and VHF 
band. For both spectrum and network analysis, the H P  41800A 
presents a great value by its low distortion and low noise characteris- 
tics. The H P  41800A is directly compatible with H P  analyzers, such 
as the HP  4195A. H P  3577A, HP  3585A or H P  8568B. which supply 
probe power from the front panel. 
Specilicatlons 

Bandwidth: 5Hz to 5OOMHz 

SO ohm N cable 
Operatin8 Note 
Carrying Case 

Input R, C (nominal): lOOk ohm, 3pF (probe alone) 
Average Noise Level (typical): 10nV/d% 300kHz to SOOMHz 
2nd Harmonic Distortion: < -5OdBc -2OdBc input 
Output Connector: 50 ohm type N male 
Accessories Furnished: 10:l divider, hook tip, ground leads, spare 
tips, BNC male adaptor and so on 

50 ohm N cable 
HP 118521) H. L. Pad 
Operating Note 
Carrying Case Accessories Available 

HP 85044A/B Transmission/Reflection Test Set 
Refer to page 242. 
HP 85024A High Frequency Probe 
Refer to page 239. 

Ordering Informatian Price 
HP 4195A Network/Spcctrum Analyzer $25,000 

Opt W30 Extended repair service. See page 723 +$575 
Opt 001 High Stability Frequency Reference Im- +$850 
prove the stability of frequency for evaluation high Q 
devices such as crystal filter, oscillator or resonator. 

Frequency Accuracy: +1 ppm (23OC aS0C)  
Frequency Stability: *1 x lo-' ( 2 3 O C 4 O C )  

HP 41951A Impedance Test Kit 5 1500 
HP 41952A 5(K2 Transmission/Reflection Test Set $2200 
HP 41952B 75R TransmissionIReflection Test Set 7 7 n n  

Opt 009 Delete 50R N ~ a b l d a n d  11852B 
HP 41800A Active Probe 



NETWORK ANALYZERS 
Baseband, IF and RF Network Analyzer, 5Hz to 500MHz 
HP 8751A 

5Hz to 500MHz 10 updates of 201 sweep points per second 
0.001Hz, 0.001dB. 0.001 degree, lops resolution 0.4ms/point fast list sweep 
Full 2-port and interpolative calibration Up to 4 traces simultaneous measurement/display 
Conjugate matching analysis 8 active trace markers per channel 
Built-in 1.44Mbyte disk drive for save/ recall HP Instrument BASIC for customization 
Crisp color display with RGB output HP 41802A 1MR input adapter 
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HP 8751A Network Analyzer More Features 
The HP 8751A network analyzer is a high-throughput instrument A 1.44Mbyte disk drive is standard with the 8751A for easy 

with lab precision that covers 5Hz to 5 0 0 ~ ~ ~ .  ~h~ 8751A provides save/recal\ of the instrument states, calibration data, and application 
resolution of 0.001 Hz, 0.001 dB, 0.01 degree, and 10 ps for charac- Programs (HP Instrument The HP 41802A input 
terizing the linear behavior of either passive or active networks, de- adaptor a l s ~  eases your high impedance measurement using 10:l pas- 

vices, or components in the lab and the production test areas. The sive probes for 
built-in 1.44Mbyte disk drive is for direct save/recall of instrument 
state, calibration data, and application programs for your customiza- HP 8 7 5 1 ~  swifiCations 
tion. Dedicated 50/750 S-parameter tests sets, 50/75R T/R test kits, 
and the I MR input adaptors are all available. 

Source 
Lab Precision Frequency char.cteristit. 

Versatile display format and built-in accuracy enhancement (2- Range: 5 Hz to 500 MHz 
port full cal, I-port full cal, and interpolative calibration) are provid- Resolution: 1 mHz 
ed for high-precision measurement in lab environments. The 8751As Accuracy: + 20 ppm, i 1.0 ppm (option 001) 
unique conjugate matching capability gives you the optimum power Stability: * 2.5x1W9/8 hours (typical 23+5OC with option 001) 
transfer to make designing easier. 

Production Throughput 
Unprecedented total throughput is a key feature of the HP  8751A. 

0.4 ms/point measurement time is now applicable not only to linear 
sweep but also to list sweep (programmable with IFBW and OSC 
output power) and to log sweep. The 875 1 A can also simultaneously 
measure/display up to four parameters with simple softkey opera- 
tions. GO/NO-GO limit testing with an I /O  handler control capabil- 
itv and H P  Instrument BASIC are available to enhance total 

Output characteristics 
Power range: -50 to + 15 dBm 
Resolution: 0.1 dB 
Flatness: +2.0 dB @ 5 Hz 5 freq. 5 500 MHz 

(23a5"C, +O dBm, relative to 50 MHz) 
Level accuracy: +0.5dB (5OMHz. OdBm) 
Level linearity: + 0.5dB Output level 2 -35dBm 

+ 1.5dB @I < -35dBm 
150 MHz. relative to 0 dBm) -~, ~~ 

production test throughput. lmpedan&: 50R 



Receiver 
Frequency range: 5 Hz to 500 MHz 
lnput range: 0 dBm @ ATT = 20 dB 

-20 dBm @ ATT = 0 dB 
IF Bandwidth: 2 Hz, 20 Hz, 200 HZ, 2 kHz, 8 kHz 
Noise Ievei: -1 30 dBm @ IFBW=20 Hz, ATT=O dB, 

frequency2 100 kHz 
Maximum lnput level: 0 dBm 
Impedance: 5OQ 
Crosstalk: <- 100 dB 
Dynamic accuracy: +0.05 dB, i 0.3' (Input level -10 to -60 dB, 
20 Hz IFBW) 

Delay charactdrticr: 
Aperture frequency: 0.5 to 20% 
Display range: 10 ps to 500 s 

Accuracy: (Phase accuracy)/(360 x aperture) 
Size: 425W x 2358 x 553mmD 
Weight: 28kg 

HP 8751A Accessories 

HP 8751 1A 50 R S-parameter Test Set 
HP 8751 1B 75 R S-parameter Test Set 

The HP 8751 IA/B S-parameter test sets provide the capability to 
measure reflection and transmission characteristics (including S- 
parameters) of 2 port devices in either direction with a single connec- 
tion. The frequency range of the HP 875 1 1 A/B test sets is I00 kHz to 
500 MHz. The test sets are controlled from the HP 8751A. 

Impedance 
Frequency range 
D~rec t~v~tv  

I Nomlnal ~nsertfon loss 
RF Input to Port 1.2 
RF ~naut to R A.B 31 dB 

Typical tracking 
S21, S12 
SI1. S22 

Max operating level L 

HXI 
100 kHz - 500 MHz 

>35 dB from 300 kHz 

I Damage level I t23 dBm 
S~ze I 90H x 426 

758 
100 kHz - 500 MHz 
33 dB from 300 kHz 

to 500 M H z  

tl dB, 4' 
tl dB. +So 

HP 8751215 50 R Transmission/Rs(lection Test Kit 
HP 875128 75 R Transmission/Reflcction Test Kit 

to 500 MHz 

tl dB, +So 
*1 dB, r5' 

The HP 87512A/B transmission/reflection test kits provide the ca- 
pability to measure transmission and reflection characteristics. The 
frequency range of the HP 87512AJB test kits is 5 Hz to 500 MHz. 

HP 41802A 1 MR lnput Adaptor 
The HP 4 1802A 1 MR input adaptor provides the capability to per- 

form high-impedance measurement using H P  network and spectrum 
analyzers. The frequency range of the HP 41802A input adaptor is 
5 Hz to 100 MHz. Passive probe is required for measurement (prob- 
ing). - 

Impedance HXI 7 58 

a 
I. 

HP 41802A Specifications 
Frequency range: 5 Hz - 100 MHz 

lnsert~on loss 
Equfvalent dlrectlvfty 
Equivalent source match 

~daptor gain: O ~ B  *0.5 dB @ 1 MHz 
lnput R, C (typical): 1 MR. 12pF 
1dB Gain compression: 0.32 Vrms (+ 3dBm. 50R terminated) 
Damage level: 2 Vrms + 50 Vdc 
Size: 28H x 42W x I 0 d m m ~  
Weight: 400 g 

10 t 1 dB typal 
>40 dB typ~cal 

Other Accessories 
H P  850318 Precision 7mm calibration kit 
H P  85032B 50R type-N calibration kit 
H P  85033C Precision 3.5mm calibration kit 
H P  85036B 75R type-N calibration kit 
H P  11850C 50R power splitter 
H P  11850D 750 power splitter 
H P  11853A 50R type N accessory kit 
H P  11854A 509 BNC accessory kit 
H P  11855A 75R type N accessory kit 
H P  11856A 75R BNC accessory kit 

>30 dB typ~al  

Ordering Information 
H P  8751A Network analyzer 

Opt 001 High-stability frequency reference 
Opt 002 HP Instrument BASIC and 1 Mbyte 
Opt 907 Front handle kit 
Opt 908 Rackmount kit 
Opt 909 Rack flange and handle kit 
Opt 910 Extra operating manual 
Opt 915 Add service manual 

HP 87511A 50R S-parameter test set 
Opt 001 N-type port 

H P  87511B 75R S-parameter test set 
Options (common for the HP 87511A/B) 

Opt 907 Front handle kit 
Opt 908 Rackmount kit 
Opt 909 Rack flange and handle kit 
Opt 910 Extra operating manual 

HP 87512A 5012 transmission/reflection test kit 
H P  87512B 75R transmission/reflection test kit 
HP 41802A IMR input adaptor 
HP 41800A Active probe 

>25 dB typ~cal 

Price 
$22,500 

+$850 
RAM +$I000 

+S75 
+%40 

+$I05 
$5160 
+$I40 
$5000 

N/C 
$5000 



NETWORK ANALYZERS 
RF Network Analyzer, 300 kHz to 3 GHz 
HP 8752A 

300 kHz to 1.3 or 3 GHz Execute complex test procedures with the test se- 
Integrated 1 Hz resolution synthesized source quence function 
Integrated transmissionlreflection test set 100 dB of dynamic range 
Crisp color display Group delay and deviation from linear phase 
Direct savelrecall to an external disk drive Superb uncorrected performance 

LXSONED F W  

HP 8152A 
SYSTEMS 

HP 8752A RF Network Analyzer 
The HP 8752A R F  network analyzer provides simple and complete 

vector network measurements in a compact and fully integrated R F  
network analyzer. Characterize your RF  components and networks 
accurately and economically with the H P  8752A RF network analyz- 
er in the 300 kHz to 1.3 or 3 GHz frequency range. Integration of the 
swept synthesized source, test set, and receiver, results in a network 
analyzer that is easy to set up and use which is ideal for service, in- 
coming inspection, production and final test measurements. 

The integrated synthesized source provides measurement port pow- 
er level of +5 to -20 dBm with linear, log, list, power, and CW sweep 
types. The sensitive, tuned receivers provide 100 dB of dynamic 
range. 

With two independent display channels available, you can simuea- 
neously measure the reflection and transmission characteristics of the 
device under test on the crisp color display. Data can be displayed in 
log magnitude, linear magnitude, SWR, phase, group delay, polar, 
real, or Smith chart formats. The easy-to-use softkey measurement 
functions allow you to quickly measure the desired characteristic of 
your device under test. 

Designed for Manufacturing 
The productivity features of the H P  8752A increase your 

throughput in production. The test sequence function provides rapid 
and consistent execution of complex, repetitive tests with a single key- 
stroke. In sequencing mode, you make the measurement once from 
the front panel and the instrument automatically saves the keystrokes 
without an external computer. 

The H P  8752A offers excellent uncorrected performance, allowing 
simple and accurate measurements of your device under test without 
the need for measurement calibration. Other productivity enhance- 
ments include a plot/print buffer, limit testing, arbitrary frequency 
testing, and marker tracking functions. Up to four on-screen markers 
are available per channel for hardcopy outputs or for tuning at  specif- 
ic frequencies. 

Time Domain Analysis 
The HP 8752A with option 010 has the capability of displaying the 

time domain response of a network, obtained by computing the in- 
verse Fourier transform of the frequency domain response. Two time 

domain modes are offered with the HP  8752A. The low pass mode 
provides traditional time domain reflector (TDR) measurement capa- 
bility and gives the response of a mathematically simulated step or 
impulse response. The band pass mode, which has only the impulse 
stimulus, provides the time domain response of frequency-selective 
devices such as SAW filters and antennas. 

Specifications 
Source 

Frequency eharmcterlstlcs 
Range: 300 kHz to 1.3 GHz 
( O ~ t i o n  003: 300 kHz to 3 GHz) - - -, 
ke;oiutlon: I HZ 

Accuracy: 10 ppm 
Output charrct~rlstlcs 

Power rang.: -20 to +5 dBm 
Resolution: 0.1 dB 
Flatness: < 2 dB P-P 
Level accuracy (50 MHz, - 5 dam): + 0.5 dB 
Level linearltv (relative ta -5 dBmk 
-20 to - 15 d i m :  * 0.5 dB 
- 1  5 to 0 dBm: * 0.2 dB 
0 to +5 dBm: + 0.5 dB 
Impedance: 50 Q 

Rocelver 
Frequency range: 300 kHz to 1.3 GHz 
(Option 003: 300 kHz to 3 GHz) 
Noise level: reflection -85 dBm (typical) 
Transmission -100 dBm 
Maximum Input Ievel: 0 dBm 
Impedance: 50 R 
Crosstalk: (300 kHz to 1.3 GHz) I00 dB 
(1.3 to 3 GHz) 90 dB 
Dynamlc accuracy: 0.05 dB, *0.3' over a 50 dB input range 

Delay characterlstlcs: 
Range: 1 /(Z*minimum aperture) 
Aperture (selectable): frequency span/( points - 1) to 20% of the 
frequency span 
Accuracy: (phase accuracy)/(360 * aperture) 



Physlal Chrr.ct.rlstlcr 
Slze: 178H x 425W x 482mmD (7.0" x 16.75" x 20.0") 
Weight: net, 22kg (481b); shipping, 25kg (551b) 

Upgrade Kits 
The following upgrade kits add optional measurement capability to 
existing HP 8752A network analyzers. 
HP 11885A 3 QHz Inqueney upgrada 
The HP 11885A upgrade kit extends the operating frequency range 
of the HP 8752A from 1.3 GHz to 3 GHz. Installation at an HP 
service center is included. 
HP 85019C t i m  domrln upgnd. kit 
The HP 85019C upgrade kit adds time domain analysis capability 
(Option 010) to an existing HP 8752A network analyzer. This kit is 
user-installable. 

Accessories 
HP 11878A rdapb? klt 

The HP 1 1878A Adapter Kit provides the RF components general- 
ly required when a SMA or 3.5 mm device needs to be measured with 
the HP 8752A standard type N configuration. The kit includes four 
type N to 3.5 mm adapters to accommodate both male and female 
connectors. 
Test port nturn oabk (HP 81204781) 

Hewlett Packard supplies a 610 mm (24 in) 50 Sl type N RF cable 
with every HP 8752A. Additional or replacement cables can be or- 
dered separately. 
HP 118521 50 n/TS Sl mlnlmum lor# pad 

The HP 11852B is a low SWR minimum loss pad required when 
measurements are made on 75 R devices with the HP 8752A network 
analyzer. Measurementa on two port devices require two HP 1 1852Bs 
and one 50 R type N barrel. 

Fmquency rang.: dc to 2.0 GHz 
lnsertlon loss: 5.7 dB 
Return loss: 75 R typically >30 dB, 50 fl typically >26 dB 
Connectors: 50 R type N female and 75 R type N male 

HP 85024A High Frequency Probe 
The HP 85024A High Frequency Probe makes it easy to perform 

in-circuit measurements. An input capacitance of only 0.7 pF shunted 
by 1 Megohm of resistance permits high frequency probing without 
adversely loading the circuit under test. Excellent frequency response 
and unity gain guarantees high accuracy in swept measurements with 
this probe. High probe sensitivity and low distortion levels allows 
measurements to be made while taking advantage of the full dynamic 
range of HP RF analyzers. Spectrum analyzers which supply probe 
power from the front panel include the HP 8568B, 85908, 8591A, 
8560A, 8561B, 8562A/B, and 71 100A. RF network analyzers like 
the HP 8753C, 8752A, 3577A, and 4195A are also directly compati- 
ble. You can use the HP 85024A with other instruments by using the 
HP 1 122A Probe Power Supply or any dual a 15V, 130 mA supply. 

S p . c l ~ t l o n s  
lnput Crpacltrrm (a SO0 MHz): <0.7 pF (nominal) 
Input Reslstrnce: 1 MR (nominal) 
Bandwidth: 300 kHz to 3 GHz 
Grln (a 500 MHz): 0 dB a 1 dB 
Average Noise Level (10 Hz to 10 MHz): < 1 mV 
Frequency Response: a 1.25 dB (300 kHz to 1 GHz) 

+ 2, -3 dB (1 GHz to 3 GHz) 
Input Volt- (or 1 dB Comprosslon: 0.3 V 
Mrxlmum S r h  RF Voltage: 1.5V peak (with 10:l divider 15V peak) 
Nolse Flgure: <50 dB (< 100 MHz) 

<24 dB (100 MHz to 3 GHz) 
Dbtortlon (a 0.3 V): <-30 d ~ c  
Includes 

Type N male adapter. 10:l divider, spare probe tips, 2.5-inch 
ground lead, hook tip, spanner tip, and probe tip nut driver. 
Crllbrrtlon kits 

Accuracy enhancement procedures characterize the systematic er- 
rors of the measurement system by measuring known de- 
vices(standards) on the system over the frequency range of interest. 
The calibration kits in the HP 8752A familv contain  recision stan- 
dards with which to characterize the systematic eriors of an HP 
8752A measurement system. 
HP 850328 Optlon 001 50 R typm N arllbratlon klt 

Contains precision 50 R type N standards used to calibrate the HP 
8752A for measurements of devices with 50 Rtype N connectors. This 
kit can also be used to perform system verification. Option 001 
removes the precision phase-matched 7mm-to-type N adapters. Stan- 
dards include fixed terminations, open circuits, and short circuits. 
HP 85033C optlon 001 3.1 mm erllbrrtlon klt 

Contains precision 3.5 mm standards used to calibrate the HP 
8752A network analyzer for measurements of devices with 3.5 mm or 
SMA connectors. Option 001 removes the precision phase-matched 
7mm-to-3.5mm adapters. Standards include fixed terminations, open 
circuits. and short circuits. 

Ordering Information Price 
HP 8752A Network Analyzer $22.200 

Opt 003 3 GHz Frequency Extension +54.000 
Opt 010 Time Domain Capability +54,800 
Opt 802 add Dual Disk Drive and Cable +51.545 
Opt 908 Rack Mount Kit (without handles) +$35= 
(5062-3978) 
Opt 910 Extra Manual +Sl50= 
Opt 913 Rack Mount Kit (5062-4072) +$40 

HP 11885A 3 GHz Frequency Upgrade $3,500 
HP 85019C Time Domain Upgrade $5,000 
HP 85032B Opt 001 50 R Type N Calibration Kit 51,100 
HP 85033C Opt 001 3.5 mm Calibration Kit $2,000 
HP 11878A 3.5 mm Adapter Kit $550 
HP 11853A 50 R Type N Accessory Kit 5 400 
HP 11854A 50 R BNC Accessory Kit 5400 
HP 8120-4781 Type N Replacement Test Port Cable 5350 
HP 85024A High Frequency Probe S l . 9 0 0 ~  

For same-day shipment, call HP DIRECT at 800-538-8787 



NETWORK ANALYZERS 
RF Network Analyzer, 300 kHz to 6 GHz 
HP 8753C 

300 kHz to 6 GHz Crisp color display 
Integrated 1 Hz resolution synthesized source 100 dB of dynamic range 
Direct save/recall to an external disk drive Group delay and deviation from linear phase 
Time domain analysis 0.001 dB, 0.01 deg, 0.01 nanosec marker resolution 
Execute complex test procedures with the test Built-in accuracy enhancement 
sequence function Swept harmonic measurements 

HP 8753C with HP 85047A 

HP 8753C Network Analyzer 
The H P  8753C network analyzer provides excellent RF network 

measurements for lab and production test areas. When combined 
with a test set, it provides a complete solution for characterizing lin- 
ear behavior of either active or passive networks, devices, or compo- 
nents from 300 kHz to 6 GHz. With two independent display chan- 
nels available, you can simultaneously measure and view the 
reflection and transmission characteristics of the device under test in 
overlay or split-screen format on the crisp color display. The easy-to- 
use softkey selection of measurement functions allows you to measure 
the magnitude, phase, or group delay characteristics of your device 
under test. 

The test sequence function allows rapid and consistent execution of 
complex repetitive tests with a single keystroke. In sequencing mode, 
you make the measurement once from the front panel, and the instru- 
ment stores the keystrokes so no additional programming expertise is 
required. You can even set other HP-IB instruments with a test se- 
quence. Other productivity enhancements include a plot/print buffer, 
limit testing, arbitrary frequency testing, and marker tracking func- 
tions. Segmented calibration and interpolative error correction allow 
you to apply vector accuracy enhancement over a subset of the fre- 
quency range that you initially calibrated the H P  8753C. 

The HP 8 7 5 3 0  integrated synthesized source provides > 100 mW 
of output power, 1 Hz frequency resolution, and linear, log, list, pow- 
er, and CW sweep types. Three tuned, 300 kHz to 3 GHz (Option 006 
- extends to 6 GHz) receivers allow versatile independent power mea- 
surements or simultaneous ratio measurements over a 100 dB dynam- 
ic range. By using the HP  85047A Test Set with the HP  8753C. the 
reflection and transmission characteristics of the device under test 
can be investigated from 300 kHz to 3 GHz or from 3 MHz to 6 GHz 
with the test set's frequency doubler enabled. 

Non-linear Device Testing 
Non-linear device characterization is possible with the HP  8753C. 

Swept 2nd and 3rd harmonic levels of an amplifier can be displayed 
directly or relative to the fundamental carrier (dBc) when employing 
the optional harmonic measurement capability (Option 002). Ampli- 
fier harmonics up to 40 dBc can be measured quickly and convenient- 
ly on a swept-frequency basis for fundamental signals as low as 16 
MHz, using the same test configuration used to measure gain. Power 
meter calibration provides a leveled absolute power to devices that are 
sensitive to absolute input or output levels. The HP 8753C automati- 
cally controls an HP  436A. 437B, or 438A Power Meter to set the 
power anywhere in the test configuration with power meter accuracy. 

The HP 8753C has the capability to perform mixer tracking and 
conversion loss measurements. These are possible because the 
H P  8753Cs tuned receiver can be offset from its synthesized source 
by the LO frequency of the mixer. 

Time Domain Analysis 
Time domain responses can be displayed by the HP  8753C with 

Option 010. The instrument computes the Inverse Fourier Transform 
of the frequency domain data to display the reflection or transmission 
coefficient versus time. The HP 8753C offers two time domain modes. 
The Low Pass mode provides the traditional Time Domain Reflec- 
tometer (TDR) measurement capability and gives the response of the 
network to a mathematically simulated step or impulse response. This 
mode gives information of the type of impedance (R, L, C)  at  the 
discontinuity. The Band Pass time domain mode, which has only the 
impulse stimulus, has no frequency restrictions and provides the time 
domain response of frequency selective devices such as SAW filters or 
antennas. Gating may be used to selectively isolate a single response 
to view the frequency domain response of individual portions of a 
component without disturbing the circuit itself. 



HP 8753C Specifications Summary 
Source 
Frequency Chamt.risHcr 
Frequency Range: 300 kHz to 3 GHz 
Frequency Resoiution: 1 Hz 
Frequency Accuracy (25 C): a10  ppm 
Output Characteristics 
Power Range: -5 to +20 dBm 
Power Accuracy (50 MHz, +I0  dBm): a0.5 dB 
Power Linearity (relative to +I0 dBm, 25 .5 C): 

.5 to 0 dBm: 10.5 dB 
0 to +I 5 dBm: a0.2 dB 
+I5 to +20 dBm: a0.5 dB 

Impedance: 50 ohms 
Harmonics: _<-25 dBc (20 dBm output level) 

typically 5-50 dBc (0 dBm output level) 
Nonharmonics: 

Mixer Relate  1-32 dBc (20 dBm output level) 
typically 5-55 dBc (0 dBm output level) 
Other Spurious: 
f<135 MHz: -60dBc 
f2135 MHz: -60 dBc + 20*Iog (f/135 MHz) 
Phase Noise ( I0  kHz offset in 1 Hz BW): 
f<135 MHz: -9OdBc 
f1135 MHz: -90 dBc + 20*Iog(f/135 MHz) 

Receiver 
Frequemy Range: 300 kHz to 6 GHz 
Inputs: A, B 100 dB dynamic range <3 GHz 

95 dB dynamic range 3 to 6 GHz 
Sensitivity (noise level): 

3 kHz BW: -90 dBm <3 GHz, -85 dBm 3 to 6 GHz 
10 Hz BW: -100 dBm <3 GHz, -95 dBm 3 to 6 GHz 

Maximum Input Level: 0 dBm 
Impedance: 50 ohms 
Input Crosstalk: 

300 kHz to 1 GHz: -100 dB 
1 GHz to 3 GHz: -90 dB 
3 GHz to 4.5 GHz: -85 dB 
4.5 GHz to 6 GHz: -75 dB 

Dynamic Accuracy: a0.05 dB, 10.3" over a 50 dB input range 
Delay Characteristkr: 
Range: 1 /2* (I /minimum aperture) 
Aperture: selectable (frequency span)/(# points -1) to 20% of the 
frequency span 
Resolution: 27.8/(aperture in Hz) 

typically 0.01 nanoseconds 
Accuracy: (phase accuracy)/(360*aperture in Hz) 

Physical 
Size: 

178 H x 425W x 498mmD 
(7.0" x 16.75" x 20.0") 

Weight: net 22 kg (48 Ib); shipping 25 kg (55 Ib) 

Upgrade Kits 
The following upgrade kits retrofit the latest operating systems or 

add optional measurement capability to existing HP 8753A/B/C 
network analyzers. 
HP 11882A upgrade kit (or tho HP 8753A 

This kit upgrades an HP 8753A to an H P  8753B with revision 3.0 
firmware. New measurement capabilities include mixer measure- 
ments. suvwrt of 6 GHz and solid-state test sets. interwlative error . .. 
correction, and the test sequencing function (for built:in automatic 

HP 11883A harmonk m e n u m m t s  upgnd. 
This upgrade kit adds harmonic measurement capability (Option 

002) to an HP 8753B/C network analyzer. This kit includes installa- 
tion at an HP service center. 
HP 11884A 8 QHz receiver upgrade 

This kit extends the operating frequency range of the HP 8753B/C 
receiver from 3 GHz to 6 GHz. To make transmission/reflection 
measurements above 6 GHz, the HP 85047A S-parameter test set is 
required. This kit includes installation at an H P  service center. 
HP 85019A time domain upgrade kit 

This upgrade kit adds time domain analysis capability (Option 
010) to an existing HP 8753A network analyzer. This kit is user- 
installable. 
HP 850198 time domain upgrade kit 

This upgrade kit adds time domain analysis capability (Option 
010) to an existing HP 8753B/C network analyzer. This kit is user- 
installable. 
HP 88388A upgrade kit for Hn HP 8753B 

This kit adds the latest firmware revision to an existing H P  87538 
(revision 2.01 ). Significant enhancements include diskfile compatibil- 
ity with HP 8753C network analyzers and support of solid-state 
switching test sets. This kit is user-installable. 
HP 8753C Accessories 
HP 85044A 50 Ohm Tr8nsmh. lon lR~ lon  Test Set 
HP 850448 75 Ohm Transmission/Reflection Test Set 

The HP 85044 A/B Transmission/Reflection test sets provide the 
capability to simultaneously measure the reflection and transmission 
characteristics of 50 and 75 ohm devices. Two-port devices must be 
physically turned around to measure their reverse direction charac- 
teristics. Test port connectors are precision 7 mm and 75 ohm type N 
(0, respectively. 

SpacHlations 
Impedance: 
Frequency Range: 
Directivity': 

H P  85044A H P  85044B 
50 R 75 fl 
300 kHz to 3 GHz 300 kHz to 2 GHz 
35 dB to 1.3 GHz 35 dB to 1.3 GHz 
30 dB to 3.0 GHz 30 dB to 2.0 GHz 

Typkrl Tneking: HP 85044A 
Transmission Magnitude, 

.3 MHz to 2.0 MHz * 1.5 dB. *lo0 
2.0 MHz to Fmax +1.5 dB, a lOO 

Reflection Magnitude, Phase'*-a: 
.3 MHz to 2.0 MHz 11.5 dB, a25O 
2.0 MHz to Fmax a1.5 dB, alOO 

Effective Sourn Matchu: 
(Test Ports): 

.3 MHz to 2.0 MHz 14 dB 
2.0 MHz to 1.3 GHz 20 dB 
1.3 GHz to Fmax 16 dB 

RF Connectors: 

s1.5 dB, t l O O  
a1.5 dB, *lo0 

a1.5 dB, 125' 
11.5 dB, s lOO 

Test Port: precision 7 mm 75 R type N (f) 
AII otherr: 50 n type N (f) son type N (f) 

Includes: HP 85044A-one precision 7 mm to 50 R type N (f) 
adapter: HP 85044Bdne  HP 11852B minimum loss pad. 
Recommended 
Accessories: HP 11851B RF cable kit 
Size: 61 5H x 101 W x 204 mmD (2.44" x 7.5" x 8.0") 
Weight: net, 1.7 kg (3.8 Ib) 

measurements). Options fo; 6 G H ~  receiver and harmonic measure- l ~ e g n r ,  afmdfbd n ~ l o n  frun ~tmr phm. 
ments can also be added to an HP 8753A after the HP 1 1882A kit has 2~,, ls the uppsr(requency limn d t b - t d  M a. 
been installed. This kit includes installation at an HP service center. =can be Improved through Accuracy Enhancament. 



NETWORK ANALYZERS 
S-parameter test sets 
HP 8753C Series 

S-Parameter Test Sets 
The S-parameter test sets provide the capability to measure reflec- 

tion and transmission characteristics (including s-parameters) of two 
port devices in either direction with a single connection. The test sets 
are controlled from the HP 8753C and include a programmable step 
attenuator. 

HP 85046A/B S-Parameter Test Set 
Test port connectors are precision 7 mm and 75 R type N (f), re- 

spectively. Both connectors can be adapted to other interfaces with 
the appropriate precision adapters. 

Solid-state switching 
Solid-state switching allows for simultancous measurement of for- 

ward and reverse parameters and continuous update of all 4 S-param- 
eters as required for 2-port error correction (used to achieve best 
possible measurement accuracy). Option 009 replaces the standard 
solid-state RF test port switch with a mechanical RF switch. HP 8753 
Systems specifications for standard and Option 009 test sets are iden- 
tical. Nominal insertion loss of the solid-state switch is less than 2 dB 
(@ 3 GHz) relative to a mechanical switch. (Option 009). 

The solid-state switch can be retrofitted into any existing 
H P  85046A/B test set using the HP 86389A solid-state switch up- 
grade kit. Solid-state switching test sets are supported on HP 8753C 
and HP 8753B network analyzers revision 3.0 or higher. For 
HP 8753AlB network analyzers with revision 2.01 or lower, upgrade 
kits are available, which add support for solid-state test switching test 
sets. 

Specificatians Summary 
HP 81040A 

I m g . d m ~  50 R 
Frequency Range 300 kHz to 3 GHz 
Directivity 35 dB to 1.3 GHz 

30 dB to 3.0 GHz 
Typlal trrcklng 

Transmlsslon mrgnltud., phrw'aJ 
.3 MHz to 2.0 MHz t 1.5 dB, t 2 0 °  
2.0 MHz to Fmax t 1.5 dB, t lo0 

Reflection mrgnltud., pha~O'*~' 
.3 MHz to 2.0 MHz + 1.5 dB, a25O 
2.0 MHz to Fmax +I .5 dB, t l O O  

E(hct1ve source match' 
(Test Ports) 

.3 MHz to 2.0 MHz 14 dB 
2.0 MHz to 1.3 GHz 20 dB 
1.3 GHz to Fmax 16 dB 

RF connectors 
Port 1, 2 precision 7 mm 
All others 50 R type N (f) 

HP 81046b 
75 R 
300 kHz to 2 GHz 
35 dB to 1.3 GHz 
30 dB to 2.0 GHz 

l 1.5 dB, h20° 
a1.5 dB, a lOO 

t1.5  dB, a25O 
*1.5 dB, alOO 

75 type N (f) 
50 R type N (f) 

Includes: Four 190 mm (7.5") cables with type N (m) connectors for 
connection to the HP 8753C. One HP 8753C test set interconnect- 
cable. 
Recommended Accessofin 

HP 1 1857D cables HP 1 18578 cables 
Slzc 90 H x 426 W x 553 mmD (3.5" X 16.75" X 21.5") 
Weight: 9.1 kg (20 Ib) 

1 b g m ,  apcnhd n Ml t lon  hwn lhlmu phu. 
2~,., 18 the upper hwuemy limn of the nwciated M wt. 

HP 85047A S-parameter Test Set 
This test set includes a frequency doubler that can be switched in to 

measure 3 MHz to 6 GHz in a single sweep or switched out to mea- 
sure 300 kHz to 3 GHz in a single sweep. The HP 8753C controls the 
frequency doubler. HP 8753C Option 006 (6 GHz receiver) is re- 
quired to activate the HP 85047A. There are two rear panel BNC 
outputs. One provides a TTL signal which indicates the result of a 
limit test. The second TTL output is controlled from the HP 8753C 
test sequence function. 

Solid-state switching 
Solid-state switching allows for simultaneous measurement of for- 

ward and reverse parameters and continuous update of all 4 S- 
parameters as required for 2-port error correction (used to achieve 
best possible measurement accuracy). Option 009 replaces the solid- 
state RF test port switch, which is standard. with a mechanical RF  
switch. HP 8753 Systems specifications for standard and Option 001 
test sets are identical. Nominal insertion loss of the solid-state switch 
is less than 3 dB (a 6 GHz) relative to a mechanical switch. (Option 
009). 

The solid-state switch can be retrofitted into any existing HP 
85047A test set using the HP 863898 solid-state switch upgrade kit. 
Solid-state switching test sets are supported on HP 8753C and HP 
87538 network analyzers revision 3.0 or higher. For HP 8753B net- 
work analyzers with Revision 2.01 or lower, upgrade kits are availa- 
ble, which add support for solid-state test switching test sets. 

Specifications 
Impedance: 50 Q 
Frequency rangow 300 kHz to 3 GHz 

3 MHz to 6 GHz 
Dlmctlvity: 300 kHz to 1.3 GHz: 35 dB 

1.3 GHz to 3 GHz: 30 dB 
3 GHz to 6 GHz: 25 dB 

Typlal tracklng 
Transmlsslon mrgnltude, phase 
300 kHz to 3 GHz: + 1.5 dB, + 10' 
3 GHz to 6 GHz: +0.5, -2.5 dB, t 2 0 °  

Reflectlon mrgnltude, phase: 
300 kHz to 3 GHz: +1.5 dB, t l O O  
3 GHz to 6 GHz: a1.5 dB, t 2 0 °  

E ~ t i v e  source match 
300 kHz to 1.3 GHz: 20 dB 
1.3 GHz to 3 GHz: 16 dB 
3 GHz to 6 GHz: 14 dB 

RF connectors: 
Port 1, 2: precision 7 mm 
Ail other*: 50 R type N(f) 

Includes: Four 190 mm (7.5") cables with type N(m) connectors for 
connection to the HP 8753C. One HP 8753C test set interconnect 
cable. 
Recommendd accossorhr: H P  1 1857D cables 
Size: 90 H x 426 W x 533 mmD (3.5" X 16.75" X 21.5") 
Weight: 10 kg (22 Ib) 

HP 86389MB Solid-state Switch Upgrade Kits 
This kit retrofits any existing HP 85046AIB and H P  85047A 

S-parameter test set by replacing the mechanical RF test port switch 
with a solid-state RF switch. This solid-state switch allows for simul- 
taneous measurement of forward and reverse parameters and contin- 
uous measurement of all 4 S-parameters (required for 2-port error 
correction). 

The HP 86389A retrofits H P  85046AfB test sets, and the HP 
86389B retrofits HP 85047A test sets. H P  8753BIC network analyz- 
ers with revision 3.0 or higher support solid-state test sets. HP 
8753A/B network analyzers with Revision 2.01 or lower must be 
upgraded (HP 11882A for the HP 8753A. HP 86388A for the HP 
8753B). This kit includes installation at an HP service center. 



HP 11850C/D Three-Way Power Spiittefs 

Spcclfkations HP 11850C HP 1 l850D 
Impedance: 50 R 75 R 
Frequency Range: dc to 3 GHz dc to 2 GHz 
Tracking: +.25 dB, +3O +.2 dB, a2.5' 
Equivalent Source Match 30 dB @I 1.3 GHz 30 dB @ 1.3 GHz 

(ratio or leveling) 2 0 d B c i ~ 3 G H z  2 0 d B a 3 G H z  
Nominal Insertion Loss: 9.5 dB +l  dB/GHz 7.8 dB 
Input Port Match:' 

dc to 1.3 GHz 20 dB 20 dB 
1.3 GHz to Fmax I0 dB I0 dB 

RF Connectors 
RF Input: 5ORtypeN(f) 50RtypeN(f )  
All Others: 50 R type N (f) 75 R type N (f) 

Includes: 3 ea HP 11852B 50 to 75 R min. loss pads 
Recommended 
Accessories: HP 1 185 1 B RF cable kit 

HP 118518 RF Cable Kit 
This kit includes three 610 mm (24 in.) 50 Q cables phase matched to 
4" at 1.3 GH2 and one cable 860 mm (34 "). Connectors are type N 
male. Recommended for use with H P  85044A/B Transmis- 
sion/Reflection Test Set and HP 11850C/D Power Splitter. 
Weight: net. 0.91 kg (2 Ib); shipping, 1.36 kg (3 Ib). 

HP 118528 50 Q/75 Q Minimum Loss Pad 
The HP 118528 is a low SWR minimum loss pad required for trans- 
mission measurements on 75 R devices with HP 8753C receiver 
(50 R). 
Frequency rang.: dc to 2.0 GHz. 
Insertlon loss: 5.7 dB. 
Return loss: 75 R typically 230 dB. 50 Q typically 226 dB. 
Maximum input power: 250 mW (+24 dBm). 
Connectors: 50 R type N female and 75 R type N male. 

Type N Accessory Kits 
Each kit contains a type N female short, a type N male short, two 

type N male barrels, two type N female barrels and storage case. 
HP 11853A 50 R Type N Accessory Klt 
The HP 1 1853A accessory kit furnishes the RF components required 
for measurement of devices with 50R Type N Connectors using the 
HP 11850C. 85044A. 85046A or 85047A. 
HP 11855A 75 R Type N ACCOSlot'y Kit 
The HP 11855A accessory kit provides the RF connecting hardware 
generally required for measurement of devices with 75 R type N con- 
nectors using the HP 850448,850468 or 11850D. This kit also con- 
tains a 75 R type N male termination. 

'F,,,~,, ~s t k  u p u  haqwncy limn of t k  nvxlad power Iplmr. 

NETWORK ANALYZERS 
Accessories 

HP 8753C Series 

BNC Accessory Kits 
The BNC accessory kit contains two type N male to BNC Female 

adapters, two type N male to BNC male adapters, two type N female 
to BNC female adapters, two type N female to BNC male adapters, a 
BNC male short and storage case. 
HP 11854A 50 R BNC Accusrory KR 
The HP 1 1854A accessory kit furnishes the RF components required 
for measurement of devices with 50 R BNC Connectors using the HP 
1 1850C. 85044A, 85046A or 85047A. 
HP 11858A 75 R BNC Accessory Kit 
The HP 1 1856A provides the RF connecting hardware generally re- 
quired for measurement of devices with 75 R BNC connectors using 
the HP 85044B. 11850D, or 85046B. This kit also contains a 75 R 
BNC male termination, and storage case. 

HP 11857D 50 Q APC-7 Test Part Extension Cab- 
This kit includes two precision 61 cm (24 in) cables, phase matched to 
2' at 1.3 GHz for use with HP 85046 A S-parameter test set. Con- 
nectors are 50 R APC-7. 

HP 118578 75 Q Type N Test Pert Extension Cab- 
This kit includes two precision 61 cm (24 in.) cables, phase matched 
to 2' at 1.3 GHz for use with HP 85046B S-parameter test set. One 
cable has 75 R type N male connectors on both ends; the other has one 
type N male and one type N female connector. 

HP 11600B/11602B Transistor Fixtures 
Function: mounts on front of HP 85046 and 85047 S-Parameter Test 
Sets, holds devices for S-parameter measurements in a 50 $2, coax 
circuit. 
Transistor b r u  Pattom 

Model 118008: accepts TO-18/TO-72 packages. 
Model 118028: accepts TO-S/TO-I2 packages. 

Calibration references: short circuit termination and a 50 Q 
through-section. 
Frequency rang.: dc to 2 GHz. 
Impedance: 50 R nominal. 
Reflection cacfficlent: <0.05,100 MHz to 1.0 GHz: <0.09, 1.0 to 2 
GHz. 
Connecton: hybrid APC-7; Option 001, type N female. 

HP 11858A Transistor Fixtun Adapter 
The HP 11858A adapts the HP 11600B and 11602B transistor fix- 
tures (vertical test port configuration) to the HP 85046A or 85047A 
S-parameter test set. Connectors are APC-7. 

HP 850438 Systems Cabinet 
The HP 85043B systems cabinet has been ergonomically designed 

specifically for the HP 8753C and the HP 85046A/B or 85047A 
S-parameter test sets. The 122 cm (48-inch) system cabinet includes 
a bookcase, a drawer, and a convenient work surface. 

Calibration Kits 
Accuracy enhancement procedures characterize the systematic er- 

rors of the measurement system by measuring known devices (stan- 
dards) on the system over the frequency range of interest. The 
calibration kits in the HP 8753C family contain precision standards 
with which to characterize the systematic errors of a HP 8753C mea- 
surement system. 
HP 850316 7 mm CmllbnHon Klt 

The HP 85031B 7 mm calibration kit contains a set of precision 
7 mm fixed terminations, an open circuit, and a short circuit used to 
calibrate the HP 8753C and its 50 ohm test sets for measurement of 
devices with precision 7 mm connectors. 



NETWORK ANALYZERS 
Accessories (cont'd) 
HP 8753C Series 

HP 850328 50 R Type N Calibration Kit 
The HP 85032B Calibration Kit contains precision 50 R type N 

standards used to calibrate the HP 8753C and its 50 R test sets for 
measurement of devices with 50 R type N connectors. Precision 
p h a s e - m a t c h e d  
7 mm to 50 R type N adapters are included for accurate measure- 
ments of non-insertable devices. Standards include fixed termina- 
tions, open circuits, and short circuits. 

Options 001 and 002 are intended solely for use with the HP8752A 
network analyzer. Option 001 removes the precision phase-matched 
7 mm to type N adapters. Option 002 provides a Certificate of Trace- 
ability and measuremedt data for each calibration standard. 
HP 85033C 3.5 mm Calibration Kit 

The HP 85033C Calibration Kit contains precision 3.5 mm stan- 
dards used to calibrate the HP 8753C and its 50 R test sets for mea- 
surement of devices with 3.5 mm and SMA connectors. Standards 
include fixed terminations, open circuits, and short circuits. Precision 
7 mm to 3.5 mm adapters are included for accurate measurements of 
non-insertable devices. 

Option 001 is intended solely for use with the HP 8752A network 
analyzer. Option 001 removes the precision phase-matched 7 mm to 
type N adapters. 
HP 850368 75 R type N Calibration Kit 

The HP 850368 Calibration Kit contains precision 75 R type N 
standards used to calibrate the HP 8753C and its 75 Q test sets for 
measurement of devices with 75 R type N connectors. Standards in- 
clude fixed terminations, open circuits, and short circuits. Precision 
phase-matched adapters are included for accurate measurements of 
non-insertable devices. 

Verification Kits 
Measuring known devices, other than the calibration standards, is 

a convenient way of verifying that the HP 8753C measurement sys- 
tem is operating properly. 
HP 850298 7 mm Verifiatlon Klt 

The HP 85029B Verification Kit contains a set of precision 7 mm 
devices, with data traceable to NBS, used to verify the calibrated per- 
formance of an HP 8753C measurement system. The devices have 
precision 7 mm connectors and include a 20 dB pad, a 50 dB pad and 
a mismatch attenuator. Verification process requires only an HP 
8503 1 B calibration kit, an HP 85029B verification kits and an exter- 
nal 3.5" disk drive connected to the HP 8753C. 

Option 001 is intended solely for use with the HP 87028 Lightwave 
Component Analyzer. Option 001 adds verification data which is 
compatible with the HP 87028. 

Software 
Software operates with a BASIC operating system using an HP 

Series 300 computer (2 megabytes of memory required). 
HP 85160A Measunmsnt Automation Software 

Measurement automation software simplifies device measurements 
by providing guided measurements, limit testing, squencing to test 
all four S-parameters, data formatting flexibility (data files can be 
formatted to be compatible with Touchstone" linear circuit simula- 
tion programs) and complete save/recall capability to a floppy disk. 
After it is configured, you simply recall a test file and calibration data. 
connect the device-under-test, and output the results. 
HP 85165A Resonator Measurement Oottware 

Resonator measurement software performs complete characteriza- 
tion of crystals, SAWS, and other resonant devices using the 
HP 8753C. The software guides the user through the measurement 
process and calculates key parameters of the device under test accord- 
ing to the EIA-512 resonator measurement standard. 

Service and Support Products 
Service and support products are available for HP 8753C measure- 

ment systems. On-site support products require a specific 50 ohm 
two-port measurement configuration.' Contact your local HP sales 
office for availability and price. 

Ordering Information 
H P  8753C Network Analyzer 

Opt 002 Harmonic Measurement Capability 
Opt 006 6 GHz Receiver Option 
Opt 010 Time Domain Capability 
Opt 802 add Dual Disk Drive and HP 10883A cable 
Opt 908 Rack Mount Kit (without handles) 
(5062-3978) 
Opt 910 Extra Operating and Service Manual 
Opt 913 Rack Mount Kit (5062-4072) 

HP 85047A 6 GHz S-Parameter Test Set 
Opt 009 Mechanical test port switch 
Opt 913 Rack Mount Kit (5062-4069) 

H P  85046A 50 R S-Parameter Test Set 
Opt 009 Mechanical test port switch 
Opt 913 Rack Mount Kit (5062-4069) 

H P  85046B 75 R S-Parameter Test Set 
Opt 009 Mechanical test port switch 
Opt 913 Rack Mount Kit (5062-4069) 

H P  85044A 50 R Transmission/Reflection Test Set 
H P  850448 75 R Transmission/Reflection Test Set 
H P  85029B Precision 7 mm Verification Kit 

Opt 001 Data for HP 87028 
H P  85031B Precision 7 mm Calibration Kit 
H P  850328 50 R type N Calibration Kit 

Opt 001 Deletes 7 mm to type N adapters 
Opt 002 Certificate of Traceability 

H P  85033C Precision 3.5 mm Calibration Kit 
Opt 001 Deletes 7 mm to 3.5 mm adapters 

HP 850368 75 R type Calibration Kit 
H P  85043B Systems Rack 
H P  85033A SMA Kit 
H P  85160A Measurement Automation Software 
H P  85165A Resonator Measurement Software 
H P  11882A Upgrade kit for HP 8753A 
H P  11883A Harmonic measurements (Opt 002) 
upgrade 
H P  11884A 6 GHz receiver (Opt 006) upgrade 
H P  85019A Time domain (Opt 010) upgrade 
(HP 8753A) 
H P  85019B Time domain (Opt 010) upgrade 
(HP8753BlC) 
H P  86388A Upgrade kit for HP 8753B (Rev 3.00) 
H P  86389A Solid-state switch upgrade kit (for 
HP 85046A/B test sets) 
H P  863898 Solid-state switch upgrade kit (for 
HP85047A test sets) 
H P  1 l85OC 50 R Power Splitter 
H P  11850D 75 R Power Splitter 
H P  11851B type N RF Cable Kit 
H P  11852B 50 to 75 R Minimum Loss Pad 
H P  11853A 50 R type N Accessory Kit 
H P  11854A 50 R BNC Accessory Kit 
H P  11855A 75 type N Accessory Kit 
H P  11856A 75 R BNC Accessory Kit 
H P  118576 75 R type N Test Port Extension Cables 
H P  11857D 50 R APC-7 Test Port Extension Cables 
H P  I1600B/11602B Transistor Fixtures 
H P  11858A Transistor Fixture Adapter 

For samaday shipment, call HP DIRECT at 800-538-8i 

Price 
$26,000 
+S3,000 
+$3,000 
+$4,800 
+$1,545 

'The spdfk 50 R twogort mawmmmt #yNm lndudr the HP 8753C, the HP 85048A 
5-paramaw tost nt, the HP 850310 7 mm ullbrltlon kit, a d  the HP 11857D 7 mm test port 
extension cable ul. Thls b r mlnlmum c o n ~ r s t l o n  requlred fw onalto verlflutlon. 



NETWORK ANALYZERS 
Vector Voltmeter and lnput Modules 

H P  8508A. 70138A, 85081B, 85082A 

RF Voltage and Phase Measurements 
100 kHz to 1 GHz High lmpedance Probe Inputs 
300 kHz to 2 GHz 50 ohm Inputs 

HP 8508A and HP 70138A Vector Voltmeters 
The HP 8508A and H P  70138A vector voltmeters are fully auto- 

matic tuned receivers that makes RF voltage and phase measure- 
ments easy. Their narrowband measuring technique gives a dynamic 
range of over 90dB and a sensitivity of lOuV to trace even the smallest 
signal. These vector voltmeters also measure the phase difference be- 
tween their two input channels with at  least 0.1 degree resolution over 
a full +I80 to -180 deeree ranee. so it can be used for another com- 
plete set of measuremeits - likc"electrica1 length, phase distortion or 
im~edance. The standard unit is suoolied with the HP 85081 R lnout 
~ d u l e  which has two high impedance probe inputs that operate 
from l00kHz to IGHz. Its ability to store a reference and use it in 
later measurements means individual circuit sections can be charac- 
terized and adjusted independently. Any CW source can be used as a 
stimulus - even a source that is part of the device being tested, so 
measurements can be made under normal operating conditions. To 
adapt the probe inputs for measurements in a 50 ohm environment. 
the HP  1 1570A Accessory Kit provides two H P  11536A Probe Tees, 
an H P  11549A Power Splitter and two H P  908A 50 ohm Termina- 
tions. Option 050 is supplied with the HP  85082A Input Module. Its 
50 ohm inputs operate from 300kHz to ZGHz, and provide the accu- 
racy and dynamic range to make measurements on active and passive 
components. 

Specifications Summary 
H P  8508A and 70138A with  H P  850818 High I m p e d a n c e  
l n p u t  Module 
(* specifications apply to HP 85082A 50 Ohm Input Module only) 
Frequency Range: 100 kHz-1 GHz (300 kHz-2 GHz*) 
Maximum Input: 2V peak ac (+I6  dBm*), +5OV dc 
A (ref) Channel minimum: lOmV (-47 dBm*), 100 kHz-300 kHz 
1 mV (-47 dBm*), 300kHz-3MHz 300pV. 3MHz-IGHz 
(-57dBm. 3MHz-2GHz*) 
B Channel noise level: lOuV (-87 dBm*) 
lnput Crosstalk: > 100 d ~ ;  1 ~ ~ ~ - 5 0 0  MHZ >80 dB, 500 MHz-1 
GHz (>70 dB, 1 GHz-2 GHz*) 
Magnitude Accuracy 

Absolute Accuracy +I/-1.5 dB, 100 kHz-300 kHz 
(A,  B 100 mV, 15-30' C) a . 5  dB, 300 kHz-1 MHz 

t . 3  dB, 1 MHz-100 MHz 
1 . 6  dB, 100 MHz-300 MHz 
*l  dB, 300 MHz-] GHz 
(*1 dB, 300 MHz-1.5 GHz*) 
(+I/-2 dB. 1.5 GHz-2 GHz*) 

Ratio Aooumty a 1  dB, 100 kHz-300 kHz 
(A. B 100mV, 15-30' C) t . 4  dB, 300 kHz-1 MHz 

t . 2  dB. 1 MHz-100 MHz 
t . 4  dB, 100 MHz-300 MHz 
a .6  dB. 300 MHz-I GHz 
(a.6 dB, 300 MHz-1.5 GHz*) 
(+1 dB. 1.5 GHz-2 GHz*) 

SYSTEMS 

Phase  Accuracy +4O, 300 kHz-1 MHz 
(A, B I OOmV, 15-30 C) t 1 ', 1 MHz-100 MHz 

*4O, 100 MHz-300 MHz 
a6', 300 MHz-1 GHz 
(16'. 300 MHz-1.5 GHz*) 
(al2'. 1.5 GHz-2 GHz*) 

h r c h  and  Lock Tim.: Lockup (within one range): 40mS, frequen- 
cies up to 3 MHz. 20 mS, frequencies greater than 3MHz. 
General: H P  8508A only 
Power: 100, 120. 220 or 240V +5/-105%, 48 to 440Hz, 40VA. 
Size: 133H x 425.5W x 473.3mmD (5.25" x 16.75" x 18.65") Opt 
001 158.8H x 524.5 W x 524.5mmD (6.25" x 19.75" x 20.65"). 
Weight: net, 8.1 Kg; shipping, 11 Kg. Option 001: net, 9.4Kg; shipping 
12.5Kg. 

H P  11570A Accessory Kit 
50 R Tn: For monitoring signals on 50 R transmission line. Kit con- 
tains two each with type N female connectors. 
50 R Power Splitter: All connectors type N female. 
HP 908A 50 R 1 ermlnatlon: For terminating 50 Q coaxial systems in 
their characteristic impedance. Kit contains two each with type N 
male connectors. 
HP 11512A Shark Type N male. 

H P  85089A G r o u n d i n g  C l ip  
The H P  85089A grounding clip fits over the probe tip of the 
H P  85081B to provide a ground return when making in-circuit mea- 
surements. It also acts as a shorting bar when the probe is not in use to 
reduce susceptibility to electrostatic damage. 

Orde r ing  Informat ion 
H P  8508A Vector Voltmeter (includes H P  85081B). 

Opt 001: Add bail handle and front protective cover. 
Opt 801: Adds 2 each HP 1 1576A 10:l Divider and 
HP 10216A Isolators 

HP 70138A Vector Voltmeter 
Opt 050: Replace HP  8508 1 B Input Module with 
H P  85082A Input Module. 
Opt 100: Delete Input Module. 
H P  85081B lnput Module (100 kHz to 1 GHz, high 
impedance probe inputs). 
H P  85082A Input Module (300 kHz to 2 GHz, 50 R 
type N inputs) 
H P  11570A Accessory Kit (measurement in 50 R 
systems with standard H P  8508A and 70138A). 
H P  85089A Grounding Clip 

For same day shipment, call HP DIRECT at 800-538-8787 



NETWORK ANALYZERS 
Microwave Network Analyzers, 130 MHz to 13.5 or 20 GHz 
HP 8719A, 8720B, 85162A 

130 MHz to 13.5 or 20 GHz frequency range 
Fast-sweeping synthesized source built in 
Integrated switching s-parameter test set 

Direct save/recall to an external disk drive 
Up to 95 dB dynamic range 
Built-in accuracy enhancement 

HP 8719A, 87208 Microwave Network Analyzers 
The HP 8719A or 87209 microwave network analyzers character- 

ize microwave components and networks to 13.5 or 20 GHz. These 
vector network analyzers include a fast-sweeping synthesized source, 
switching s-parameter test set, and large. full color display in a single 
integrated package. These compact instruments are economical and 
easy to use. They are ideal choices for manufacturing, incoming in- 
spection, and final test. 

Affordable Analyzers with Excellent Performance 
The integral source is fully synthesized, even while sweeping, and it 

provides stability and accuracy within 10 ppm (typical). Yet, the 
source sweeps extremely fast: measurement update times are typical- 
ly about 1 ms per point. Frequency resolution is 100 kHz standard; 
option 001 provides 1 Hz resolution for narrow-band or long devices. 

With tuned receivers and variable-bandwidth IF filters, the HP  
8719A and 87209 microwave network analyzers provide over 85 dB 
of dynamic range. Option 003 boosts the forward dynamic range to 
95 dB; solutions to 100 dB are available. The built-in test set mea- 
sures all four s-parameters (both forward and reverse) with a single 
connection. 

A step attenuator controls incident power level from -10 to -65 
dBm in 5 dB steps, and two internal tees provide bias to active devices 
through the test ports. 

Two independent channels can display reflection and transmission 
characteristics at  the same time. The receiver detects both magnitude 
and phase, and presents results in a variety of useful formats, includ- 
ing group delay, deviation from linear phase, complex impedance, or 
SWR, on rectangular, polar, or Smith charts. 

Built-in vector accuracy enhancement supports calibration kits in 
3.5 mm, 7 mm, and type-N connectors; a user kit supports waveguide. 
Choose from a simple response normalization to full 2-port error cor- 
rection. And the frequency subset feature lets you zoom in on a re- 
sponse without recalibrating. 

Time domain capability (option 010) computes and displays the 
DUT's response versus time or distance (instead of frequency). Use 
time domain to locate and quantify individual discontinuities in a net- 
work. Or apply the gating feature to remove the effects of unwanted 
reflections (separated in time), then view the DUT's true response 
versus frequency. 
Time-Saving Productivity Featirres 

Limit test capability makes pass/fail decisions quantitative and de- 
cisive. Define up to 22 test limits per channel, based on the specifica- 
tions of your components. Tuning is faster, and testing is more 
consistent. 

To document results without a computer, the copy feature sends 
the entire display to a compatible plotter or printer. 

Annotate specific trace features with markers - up to four per 
channel, all displayed at  once. Advanced marker functions track a 
maximum or minimum point (while tuning), or compute the delta 
between two markers. For bandpass filters, markers automatically de- 
termine center frequency, bandwidth, and Q. 

With save/recall capability, an experienced user can define and 
save test configurations for each DUT. Other users can recall identi- 
cal conditions later, and align/test each DUT consistently. Use five 
internal memory registers, or save/recall directly to an external CS80 
disk drive. 
Software 

Automate the HP  8719A or 87208 microwave network analyzers 
with HP-IB for added capability. The HP 85162A Measurement 
Automation Software guides you through measurements and simpli- 
fies test configuration. You can measure transistors quickly and com- 
pletely with the H P  85014C Active Device Measurements 
Application Pac. The software includes models to de-embed the HP  
85041A transistor fixture. and also controls the bias supply. Or, you 
can use the H P  85165A Resonator Measurement Software to charac- 
terize SAW devices and crystal. 



HP 8719A/87208 System Performance 
All specifications apply to the HP 8719A up to 13.5 GHz. 

Dynamic Range1 
Fngucncy nnee (GHz) 

Forward Tranrmlulon (S,,)(Option 003) 1 99 dB 1 98 dB 197 dB 1 95 dB 

Reverse Tmnrmlsrlon IS,,)(O~tion 003) 1 30 dB 1 55 dB 1 65 dB 1 65 dB 

Measurement Port Characteristic# 
The followina swcifications show the residual system uncertainties 

(including switch'repeatabi~it~) after accuracy enhancement using a 
full 2-port measurement calibration (including isolation) with an IF 
bandwidth of 10 Hz, and the specified calibration kit. Environmental 
temperature is 23*3"C. 

Callbratlon Kit: HP 850528 (3.5 mm, male and female lowband and 
sliding loads) 
r , 

- 
DlteetiVlty 
Source Match 
Load Match 
Refiectlon Tracking 
Tranrmlulon Tracklng 

0.5 GHz 
40 dB 
30 dB 

Calibration Kit: HP 8SO52D (3.5 mm, male and female broadband 
precision fixed load) 

I Refiectlon Tmkinn 1 iO.10 dB 1 iO.10 dB 1 tO.10 dB 1 i0.20 dB I 

35dB 
aO.10 dB 
aO.10 d b  

r 

T r e e t ~ C  
- 

Source Match 
LOMI Match 

1 Transmlsrion Tracklng I tO.10 dB6 I aO.10 dB 1 10.12 dB 1 i0.15 dB ] 

2 GHz 
40 dB 
30 dB 

System Accessories 

L I 3.5 mm I 7mma I TypeNs 

35 dB 
10.10 dB 
aO.10 dff 

Fmw Rm(lc 

40 dB 
30 dB 
35dB 

8 GHz 
40 dB 
30 dB 

0.13 to 
0.5 GHz 

'~mlted by maxlmum output power and 8yntm ~olse (low. (or m IF bindwldth of 10 
Hz, uslng a full 2-port meawrement urlibratlon(including an iwlatlon mlibrrtlon performed wlth 
m avereglng factor of 16). 

Crwstalk. after an twlailon callbration. la bs(orr Me lvat0m nobe floor md ern Lw lanored. 

20 GHz 
40 dB 
30 dB 

30 dB 
i0.10 dB 
10.12 dB 

40 dB 
30 dB 
35dB 

Tat port cab101 
Standard 
FlexibleB 

Adapter la, 

Callbratlon klh 
Standard 

(sl~d~ng loads) 
Economy 

(f~xed loads) 
Verification klh 

'HP 8513001C specia~ Adapter Ssts requ id  n ~ ~ ~ e s d w ~ t n  7 mm or T ~ D .  N COIIMCIGB are to tm 
connected d~rectlv to the r(P 8719AIHP 87200's test ports. 

30 dB 
10.20 dB 
50.15 dB 

0.5 to 
2 GHz 

'use the cables recommended for 7 mm devim. ~reciiion 7 mm to Type N rdrptas om ir~cluded 
In the HP 85054BlD Type N callbratlon kits. 

Standard cables are warranted for 90 days. Flexlble cabla ay r mndvd omyasr warnnly. 
@With Option 003, reverse transmission tracklng and maxlmum Par( 2 pwr level are reduced. 

38 dB 
30 dB 
30 dB 

HP 85131ClD 
HP 85131VF 
HP 85130D 

HP 850520 

HP 850520 

HP 850530 

General Characteristics 

2 to 
8 GHz 

36 dB 
29 dB 
30 dB 

Source Frequency Characteristics 
Range: HP 87 19A, 130 MHz to 13.5 GHz 

HP 8720B. 130 MHz to 20.0 GHz 
Resolution: 100 kHz (I Hz with Option 001) 
Stability: typically *7.5 ppm @ 0" to 55OC 

typically a 3  ppm/year 
Accuracy: 10 ppm @ 25" *3"C 

8 to 
20 GHz 

HP 85132CR) 
HP 85132WF 
HP 851300 

HP 850500 

HP 85050D 

HP 850518 

Output characteristics (at test ports, 25'+3OC) 
Power range: - 10 to -65 dBm in 5 dB steps6 
Power level: - I0 dBm * 3 dB6 
Harmonics: <- 1 5 dBc @ - 10 dBm (typical) 

HP 85132ClP 
HP 85132WF' 
HP 85130C 

HP 850548 

HP 85054D 

HP 85055A 

Test ports 
Connector type: 3.5 mm (male) 
Impedance: 50 ohms nominal 
Switch type: Mechanical 
Switch lifetime: > 3  million cycles (typical) 
Maximum input level: +20 dBm 
DC bias: 500 mA, 40 VDC maximum 

Rear Panel Connectors 
External reference frequency input: 

Frequency: 1.2. 5, and 10 MHz; <a200 Hz at 10 MHz 
Level: - I0 dBm to +20 dBm, typical 
Impedance: 50 ohms 

External trigger: Triggers start of sweep on a negative TTL transi- 
tion or contact closure to ground. 
External AM auxiliary Input: 0 to 10 volts (-1 dB/volt) into a 10 
kohm resistor, 5 kHz max. 
Auxiliary voltage input: -10 to +I0 V 
10 interconnect: 

Type: DB-25 
Output: Standard LS TTL output (active high logic) on pin 17 in- 
dicative of PASS/FAIL status during limit testing. Output voltage 
remains at +5 Vdc (nominal) until a FAIL condition occurs. Re- 
mains at 0 Vdc until a PASS condition occurs. 

HP 85102A Measurement Automation Sotware 
The HP 85 162A Measurement Automation software is daianed 

specifically to operate on an HP 9000 series 200 or 300 computerwith 
BASIC 3.0 or higher. The software complements the HP 8720A mi- 
crowave network analyzer, providing calibration, measurement, and 
data output capabilities with a minimum of operator interaction. 

Orderina Information P r h  
H P  8 7 1 9 i ~ e t w o r k  Analyzer (130 MHz to 13.5 GHz) 

Opt W30 Extended Repair Service. See page 723. 
Opt W31 On-site Repair Service. See page 723. 
Opt W32 Calibration Service. See page 723. 

HP 8720B Network Analyzer (130 MHz to 20.0 GHz) 
Opt W30 Extended Repair Service. See page 723. 
Opt W31 On-site Repair Service. See page 723. 
Opt W32 Calibration Service. See page 723. 

Following options available for both HP 8719A and 
8720B: 

Opt 001 1 Hz frequency resolution 
Opt 003 High forward dynamic range 
Opt 010 Time Domain Capability 
Opt 802 add HP 91 22C Dual Disc Drive. HP 10833A 
cable 
Opt 830 add HP 85052D Cal Kit. HP 85131E cable 
Opt 913 Rack Mount Kit (product # 5062-4071) 

HP 85162A Measurement Automation Software 
Requires BASIC 3.0 or above and 2 Mbytes of RAM 
Must select media option (no charge): 

Opt 630 for 3.5 in. disk media 
Opt 655 for 5.25 in. disk media 

For same day shipment call HP Direct 800-538-8787 



NETWORK ANALYZERS 
Microwave Network Analyzers, 45 MHz to 110 GHz 
HP 8510 Series 

45 MHz to 1 10 GHz frequency range 
Real-Time error-corrected measurements 
60 dB effective directivity and source match 

HP 8510 Series Microwave Network Analyzers 
The HP 85 10 series microwave vector network analyzers provide a 

complete solution for characterizing the linear behavior of either ac- 
tive or passive networks over the 45 MHz to 50 GHz frequency range. 
A complete system comprises the HP  8510C network analyzer, an S- 
parameter test set, and a compatible R F  source. For millimeter-wave 
measurement needs, complete systems operating to I I0 GHz can be 
configured. For compatible lightwave measurement products, see 
page 333 

Measurement results can be displayed on a large, color CRT on one 
of two independent, yet identical, channels. The channels may be dis- 
played individually, or simultaneously, with results presented in ei- 
ther logflinear magnitude, phase, or group delay format on 
rectangular or polar coordinates. Direct measurement of impedance 
is possible with the Smith chart format. The value and frequency of 
the data can be read with one of five independent markers. The CRT 
display can be copied directly to a plotter. such as the H P  7440A. 
7475A or 7550. For increased productivity a plotter buffer is availa- 
ble. Also, a list of measurement data can be sent to an external printer 
such as the H P  2225A. 

Powerful measurement enhancement functions are also available. 
Data averaging can be employed to narrow the effective receiver IF 
bandwidth, extending dynamic range and increasing signal-to-noise 
ratio. Trace smoothing aids in the interpretation of measurement re- 
sults and is used to control the aperture of group delay measurements. 
Electrical length measurements are accomplished with the electrical 
delay function. 

Built-in storage provides the capability to save and recall up to 
eight different front panel states, eight separate calibrations, and 
eight separate measurements in nonvolatile memory. Extension of the 
internal storage capacity is possible via the built-in 3'/zN disc drive or 
an external disc drive. 

High Performance 
Along with the capability to completely characterize a microwave 

network with a single connection over the extremely broad 45 MHz to 
50 GHz frequency range, the H P  8510 system offers wide dynamic 
range. Depending on the test set used, 80 dB to 100 dB of dynamic 
range is available. The precision IF  processing and detection system 
contributes as little as +0.05 dB and *0.5 degree measurement un- 
certainty at  a level of 50 dB below the reference. Meaningful resolu- 
tions of 0.001 dB, 0.01 degree, and 0.01 nanosecond are easily 
available. 

80 dB to 100 dB dynamic range 
0.001 dB, 0.01 degree. 0.01 nanosecond measurement 
resolution 
Time domain analysis 

Real Time Error Correction 
The HP 8510's built-in, high speed computer provides thecapabili- 

ty to characterize and effectively remove the impact of systematic er- 
rors through accuracy enhancement techniques. Effective directivity 
and source match can be improved to as much as 60 dB. The data 
processing speed of the system is such that a fully error-corrected, 401 
point trace of data is updated in under one second. This virtual "real 
time" display of error-corrected data means that you can easily adjust 
your test device while it's being measured, with the assurance that 
you are viewing the data a t  the highest possible accuracy. 

Time Domain Analysis 
The H P  8510 (with option 010) has thecapability of displaying the 

time domain response of a network, obtained by computing the In- 
verse Fourier Transform of the frequency domain response. The time 
domain response displays the reflection coefficient of the network ver- 
sus time, which displays the magnitude and location of each individu- 
al discontinuity. or else the transmission coefficient versus time, which 
displays each individual transmission path. 

Pulsed-RF Measurement Capability. 
For the measurement of pulsed-RF devices the H P  8510C can be 

equipped with wideband IF detectors (Option 008). When configured 
with a compatible test set (HP  851 IOA), the system can measure 
pulse widths as narrow as 1 usec on devices with output power up to 
20W (CW). Measurement formats include magnitude and phase ver- 
sus frequency or time (pulse profile). 

RF Sourm 
The recommended system source for the HP  8510C is the H P  8360 

synthesized sweeper. It provides 1 Hz frequency resolution, phase- 
locked narrowband sweeps, and fully synthesized start frequencies for 
broadband ramp sweeps. All HP  8360-series synthesized sweepers 
are compatible with the HP  8510C. However, the HP  83621A (20 
GHz), 83631A (26 GHz) and 83651A (50 GHz) models are opti- 
mized for HP  8510C system operation. Both the HP  8340-series syn- 
thesized sweeper and HP 8350B-series sweep oscillators are also 
compatible with the HP  8510C. 

System Rack 
HP 85043A System R8ck Kit 

The HP 85043A system rack stands 123.7 cm (48.7") high. 60 cm 
(23.6") wide, and 80 cm (31.5") deep. Complete with support rails 
and ac power distribution (suitable for 50 to 60 Hz, and 110-240 
Vac), it includes rack mounting hardware for all instruments. 
Therman design is such that no rack fan is needed. 

System Software 
HP 85161A measurement rutomrtiorr softwan 

The HP 85 16 1 A measurement automation software provides a 
more simplified and flexible user interface to the HP  8510C system. 
The program leads the operator through the measurement sequence 
one step at  a time, from system setup and calibration, to device mea- 
surement and hardcopy output. Complete measurement configura- 
tions can be saved to disc for later recall. Also, data printout formats 
can be customized by the operator. 

The H P  85 16 1 A software is designed for use with H P  9000 Series 
200 or 300 computers and the BASIC operating system (3.0 or 
higher). 

Ordering Information 
HP 8510C network analyzer 

Opt 008 pulsed-RF measurement capability. 
Opt 010 time domain capability 
Opt W31 on-site repair service, see page 723 
HP 85043A system rack kit 
HP 85161A measurement automation software 

Option 630 3 1/2" disk media 
Option 655 51/." disk media 

Price 
$34.900 

+$10,230 
+f 10,000 
+f 1.995 

$3,000 
$1,550 

$0 
$0 



S-Parameter Test Sets 
Several S-parameter test sets are available for the H P  8510C net- 

work analyzer for broadband coaxial measurements from 45 MHz to 
50 GHz. The H P  8514B, 8515A. 8516A. and 8517A test sets have a 
dual port architecture which develops a separate reference channel 
for each incident port. RF  switching is done with a single built-in 
electronic switch. For active device measurements, the test sets in- 
clude the ability to apply DC bias (external) to the test port center 
conductors. Also available are two 90 dB step attenuators (60 dB in 
the H P  8516A/8517A) which allow control of the port 1 and port 2 
signal levels. 

Pulsed-RF Measurement Test Set 
The HP 851 10A test set is specially configured for operation in 

pulsed-RF measurement systems (HP 85108). Four 90 dB step at- 
tenuators protect each input of the fundamentally-mixed down con- 
verter to allow measurement of test devices with output power of 20 
Watts CW. 

High Dynamic Range Configurations 
For the HP  85148 and 8516A test sets two alternate coupler con- 

figurations are available. The standard configuration is symmetrical 
and has identical dynamic range performance in both forward (S21) 
and reverse (S 12) transmission measurements. The port 1 step at- 
tenuator allows reduction of the port 1 output power for forward mea- 
surements, and the port 2 attenuator allows reduction of the port 2 
output power for reverse measurements. 

With the Option 003 configuration, the port 2 coupler is reversed. 
For forward measurements, the port 2 signal is sampled directly 
through the main arm of the port 2 coupler. Since coupling loss is 
removed, dynamic range is increased in the forward direction. Since 
the port 2 step attenuator is in-line with the port 2 sampler, the power 
incident on port 2 may be reduced. With Option 003, up to 1 Watt 
may be input into port 2. 

Test Set General Information 
I HP 85148 1 HP 8515A I R I l 6 A  I HP I D A  I HPIl lOA 

Fmum mn lGMl 1 0.045 to 20 1 0.045 to 26.5 10 045 to 40 1 0045 to 50 1 0.045 to 20 

1 gzr, 1 3 5  m 
1 2.4 (M) 1 2 . h m  (M) 1 35mm (ht) ( 

50 ohm nominal 
500 mA. 40 Vdc maximum 

. . - .  , 

Attenuation rang 
(inadent signal) 

-5 to -25 
T@stpwt,(pwllor2): 

Nom~nal operating 
power level (dBm) 

0 to 90 dB, in 10 dB steps 
(0 to 60 dB for HP 8516A) 

I 1 

-10 to -20 0 to -5 

NETWORK ANALYZERS 
HP 8510 Series 

Fnquency Converters , 
With the HP 851 1A (26.5 GHz) and 851 1B (50 GHz) Frequency 

Converters, the HP  8510 becomes a general purpose four-channel 
magnitude/phase receiver. Add your own power splitters for trans- 
mission measurements, and bridges or directional couplers for reflec- 
tion measurements. Since one input is used for system phase-lock, the 
other three inputs are available for measurements of multi-port de- 
vices, subsystems, and antennas. All four inputs have precision 3.5 
mm (HP 85 1 1 A) or 2.4 mm (85 1 1 B) connectors. 

Multiple Test Set Operation 
A single HP  8510C system may be configured with two test sets. In 

this configuration, the test sets have different addresses, and the user 
may select between them from the front panel of the H P  8510 without 
reconnections. This capability is useful, for example, when combining 
a microwave coaxial test set with a millimeter-wave test set in the 
same H P  8510 system. 

IF  switching (option 001). In the multiple test set configuration, 
the 20 MHz IF  signal is daisy-chained from the test sets to the H P  
8510. This capability requires test set option 001 in one of the two test 
sets. 

The RF signal must be routed to the desired test set using an H P  
3331 1C coaxial R F  switch and an H P  11713A switch driver. The 
switch driver is controlled automatically by the HP 8510C over the 
85 10 system interface bus. 

Ordering Information 
HP 85llA Freauencv Conwrt.r 

Opt 001 Add i~ swiiching 
Opt W3O Extended repair service see page 723 
Opt W31 On-site repair service see page 723 

HP 851 1 B Frequency Converter 
Opt 001 Add IF switching 
Opt W30 Extended repair service 
Opt W31 On site repair service 

HP 85148 S-Parameter Test Set 
Opt 001 Add IF switching 
Opt 002 Delete step attenuators and bias tees 
Opt 003 High forward dynamic range 
Opt W30 Extended repar service see page 723 
Opt W31 On-site repair service see page 723 

HP 8515A S-Parameter Test Set 
Opt 001 Add IF switching 
Opt 002 Delete step attenuators and bias tees 
Opt W30 Extended repair service see page 723 
Opt W31 On-site repair service see page 723 

HP 8516A S-Parameter Test Set 
Opt 001 Add IF switching 
Opt 002 Delete step attenuaton and bias tees 
Opt 003 High forward dynamic range 
Opt W30 Extended repair service see page 723 
Opt W31 On-site repair service see page 723 

HP 8517A S-Parameter Test Set 
Opt 001 Add IF  switching 
Opt 002 Delete step attenuators and bias tees 
Opt W30 Extended repair service. See page 723 
Opt W31 On-site repair service See page 723 

HP 851 10A Pulsed-RF S-Parameter Test Set 
Opt 001 Add IF switching 
Opt W31 

Price 
519,700 

+ 52,600 
+ 5405 

TB A 
TEA 
TBA 
TBA 

$28,000 
+ $2.600 
- 56,500 

$0 
+ 3455 

$39,000 
+ 52.600 
- $7,000 

+ 5525 

540,800 
+ 52.600 
- $7,000 

$0 
+ $885 

TBA 
TB A 
TB A 
TBA 
TBA 

555,000 
+ 5 2.500 
+ 5 1,935 



NETWORK ANALYZERS 
250 Milllmeter-wave Measurement System u HP 8510 Series 

The HP 851068 millimeter-wave network-analyzer system from 
Hewlett-Packard Company characterizes ail four S-parameters 
of components In the 33 to  50  GHz, 40 to  6 0  GHz, 50  to  75 GHz 
and 75 to  110 GHz waveguide bands.  

The H P  8510C system can be easily configured for making mea- 
surements a t  millimeter-wave frequencies. Hewlett-Packard offers 
hardware for configuring systems in the 26.5 to 40 GHz, 33 to 50 
GHz, 40 to 60 GHz, 50 to 75 GHz, and 75 to 110 GHz waveguide 
bands. These S-parameter configurations allow both forward and re- 
verse measurements to be made with a single connection to the device 
under test. The greatest convenience and highest accuracy is assured 
through the TRL (Thru-Reflect-Line) calibration technique, which is 
now possible with a millimeter-wave S-parameter configuration. 

HP 851068 Millimeter-wave Network Analyzer 
Subsystem 

The HP 85106B millimeter-wave network analyzer subsystem in- 
cludes an HP  8510C network analyzer, an HP  85105A millimeter- 
wave controller, an H P  83621A synthesized source, and an 
H P  8350B/83540A source (LO), all mounted in a single bay rack 
with extendable worksurface. The system set-up disk makes the re- 
trieval of system states fast and easy. System installation at  your fa- 
cility and one year on-site service are included with the HP  85106B at 
no additional cost. Two HP 85104A series test set modules are re- 
quired to complete the system. Precision calibration kits and verifica- 
tion kits are also available for these waveguide bands. 

The HP 851068 can be configured as a combination micro- 
wave/millimeter-wave S-parameter system with Option 001. This op- 
tion adds an HP  8516A microwave test set, HP  85133D test port 

return cable set. H P  85056A calibration kit and appropriate cabling 
for convenient switching between mm-wave operation and microwave 
operation with no re-connections required. 

The HP 85 10B's external phase-locked control allows the use of the 
economical HP  83508 sweep oscillator as the local oscillator (LO) 
source. However, a synthesizer can also be used as the LO source 
when faster measurement speeds are desired. Option 002 substitutes 
an H P  83621A synthesized source for the H P  8350B/83540A source 
as the local oscillator. 

Option 010 adds time domain capability to the H P  8510C for 
transferring frequency domain data to the time domain for observing 
the effects of impedance discontinuities as a function of distance or 
time. 

HP 85104A Series Test Set Modules 
An HP Q/U/V/  W 85 104A test set module contains all of the nec- 

essary waveguide hardware (frequency multiplier, isolators, direc- 
tional couplers and harmonic mixers) compactly integrated into one 
box. Any pair of the test set modules can be connected to the H P  
85105A millimeter-wave controller for S-parameter millimeter-wave 
measurement capability. These modules are easy to maneuver and 
make the system extremely simple to set-up. 

HP 11644A Series Calibration Kits 
Each HP Q/U/V/W 11644A precision calibration kit contains 

two straight waveguide test port sections with precision flanges, a 
flush short circuit, a precision quarter-wavelength shim, and a sliding 
or fixed load termination. In addition to providing the "offset" for the 
offset short and offset load, the shim is also used as the "line" stan- 
dard for a TRL calibration. The standards in the kit allow you to take 
full advantage of the built-in accuracy enhancement and data 
processing features of the HP  8510C. 

HP 11645A Series Verification Kits 
Each HP Q/U/V/W 11645A verification kit contains a standard 

section. mismatch section. and a 20 dB and 50 dB attenuator. The 
devices in the kit are shipped with nominal data and uncertainties 
traceable to the US National Institute of Standards and Technology 
(NIST). 

Ordering Information Price 
H P  85106B mm-Wave Network Analyzer Subsystem $122,500 

Opt 001 Add Microwave Test Set (HP 8516A) and +551,650 
2.4 mm Accessories 
Opt 002 Synthesized LO (HP 83621A) for the fastest +518,900 
measurement speed 
Opt 010 add Time Domain Capability to the HP  +f10.000 
85108 

Test Set Modules (order 2 each) 
HP Q85104A WR-22 (33 to 50 GHz) Test Set Module 528,000 
HP L85104A WR-19 (40 to 60 GHz) Test Set Module 529.000 
HP V85104A WR-15 (50 to 75 GHz) Test Set Module 532,000 
H P  W85104A WR 10 (75 to 110 GHz) Test Set Module $35,000 
Calibration Kits 
HP Q11644A WR-22 (33 to 50 GHz) Calibration Kit 53.850 
HP L11644A WR-19 (40 to 60 GHz) Calibration Kit 54,200 
HP V11644A WR-15 (50 to 75 GHz) Calibration Kit 54,200 
HP W11644A WR-I0 (75 to 1 I0 GHz) Calibration Kit $4,400 
Verification Kits 
HP Q11645A WR-22 (33 to 50 GHz) Verification Kit $4.750 
HP U11645A WR-19 (40 to 60 GHz) Verification Kit $4,750 
HP V11645A WR-15 (50 to 75 GHz) Verification Kit $4,750 
HP W11645A WR-I0 (75 to 1 I0 GHz) Verification Kit $4,750 



Active Device Test 
Hewlett-Packard offers an extensive array of accessories designed 

for the needs of active device test and measurement, including fix- 
tures, bias supplies, bias networks, and application software. 

HP 85041A Transistor Test Fixture Kit 
The HP 85041A transistor test fixture (TTF) kit is a wmprehen- 

sive measurement system for testing and characterizing stripline 
packaged microwave transistors. Only useful when used with the 
H P  8501 4B active device measurement software. 
Frequency Range dc to 18 GHz 
Transistor Package Inserts 70 mil and 100 mil 
Verification Devices Short and through circuits 
Connectors precision 7 mm 
Accessories Supplied fixture stand, torque tool, tweezers, and lid 
opening tool 

HP 83040A Series Modular Microcircuit Package 
The new HP 83040 system bridges the gap between custom microcir- 

cuit packages and precision test fixtures. This versatile design tool pro- 
vides a flexible, modular platform for breadboard design and test. 
Characterize and store circuit modules for easy integration into CAE 
models. Immediate availability eliminates mechanical design and fab 
queues, streamlining design cycle times. 

Compatible with many vector network analyzer calibration methods 
0.254-mm (0.010-in) and 0.635-mm (0.025-in) substrates 
Excellent performance to 26.5 GHz (0.254-mm substrates) 

See page 360 for complete description and ordering information 

HP 11608A Transistor Fixture 
Function: provides the capability of completely characterizing 
stripline transistors. A through-line microstrip and bolt-in grounding 
structure machineable by customer is included. 
Frequency range dB to 12.4 GHz. 
Reflection coefficient ~ 0 . 0 5 ,  dc to 4 GHz; <0.07, 4.0 to 8.0 GHz; 
>0.15, 8 to 12.4 GHz. 
Package Styles 
Opt 003 0.205 inch diameter packages. 
Calibration refsronm option 003 only, short circuit termination 
and a 50-ohm through-section. 
Connectors APC-7 hybrid. 
Weight net, 0.9 kg (2 Ib); shipping, 1.4 kg (3 Ib.). 
Size 25 H x 143 W x 89 mm D (1" x 5.63" x 3.5"). 

NETWORK ANALYZERS 
Microwave Network Analyzer Accessories 

HP 8510,8719/8720 Series 

Bias Networks 
Bias networks are available for applying DC bias to the center con- 

ductor of a coaxial line which can be connected to a device under test. 
The bias network also provides a DC block to the RF input port. 

Frequency Range 
(GHZ) 

Connectors 
RF Input 

I lnsert~on Loss I 0.8 dB 1 0.8 dB. 1 0.8 dB. 1 0.8 dB. I 

RF Output 
DC B~as 

,1.12,4 

Tyw N (0 

1 isiG GHZ 1 i~ . i i . '5  p a  ( 
10 dB. 

Type N (f) 
BNC (9 

Return Loss 

7 mm 

*Cable IncluW. SMB(f) to BNCim). 
"Option W1 provldes for 2 Amps mulmwn MU oumnt o w  the400 MHz to 28.6 GHz hsqurncy 
range. Hlgher blas currents may be appllsd with pulsed m i o n .  

7 mm 
BNC ( 9  

19 dB 

Bias current 
(max) 

B~as voltage 

HP 11635A Bias Decoupling Network 
The HP 11635A bias decoupling network is a recommended acces- 

sory for prevention of bias oscillations when biasing microwave bipo- 
lar transistors with any HP bias network or s-parameter test set. 
Installing the H P  11635A between the bias supply and the base bias 
network prevents low frequency oscillations. 

,045-26.5 

3.5 mm (0 

Application Software 
Hewlett-Packard offers application software packages that wmpli- 

ment the HP 8510 system providing automated calibration and mea- 
surement capability. Software is available for HP  Series 200/300 
desktop computers using BASIC 2.0,3.0,4.0 or 5.0 operating systems 
on both 31/2" and 5'/4" disc media. 

,045-50 

2.4 mm (0 
3.5 mm (m) 
SMB snapon (m)* 

19 dB. 
.1-124GHz 
14 dB, 
12 418 GHz 

500 mA 

lWV 

HP 85014B/C Active Devic@ 
Measurement Application Pac 

The HP 85014BIC software pac provides the capability for mea- 
surement of RF and microwave transistors (HP 850148 for the 
HP  8510C and HP 85014C for HP  8719A18720B). Features include 
automated device biasing with the H P  6626A precision power supply 
or HP  871 7 9  bias supply, system calibration, and de-embedding of s- 
parameters when using the HP  85041A transistor test fixture. It is 
also usable with other HP transistor fixtures as well as user-designed 
fixtures. Plotted and listed output of device S. H, Y, and Z parame- 
ters, as well as the device amplifier summary and termination summa- 
ry are provided. Also available is the capability to store and retrieve s- 
parameter data in formats suitable for computer-aided-design appli- 
cations. 

2.4 mm (1) 
SMB snapon (m)* 

Ordering Information 
HP 85041A Transistor Test Fixture 
HP 115909 Bias Network 
H P  11612A Bias Network 

Opt 001 2 Amps maximum bias current 
HP 116129 Bias Network 
HP 11635A Bias Decoupling Network 
HP 85014BJC Active Device Measurement Software 
HP 11608A Transistor Fixture Customer Machineable 

Opt 003 0.205 inch diameter Package Style 

20 dB, 
,045-8 GHz 
18 dB. 
8-18 GHz 
14 dR 

500 mA 

1M)V 

Price 
55,800 

700 
825 

+I75 
1,025 

275 
3,100 
2,000 
+500 

26.5-50 GHz 
20 dB. 
,045-8 GHz 
18 dB, 
8-18 GHz 
14 dR 

500 mA" 

40V 

26.5-50 GHz 
500 mA 

40V 





NETWORK ANALYZERS 
Microwave Network Analyzer Accessories (cont'd) 

HP 851 0,871 9/8720 Series 
Q 

Test Port Return C a b  and Adapters 
Test port cables and adapter sets are available for various connec- 

tor types. The cable/adapter configurations are described below. All 
cables are designed with one end that connects directly to the special 
ruggedized ports of the network analyzer test set, and one end that 
connects to the device under test. 

Special test port adapter sets are also available to convert the rug- 
gedized ports of the network analyzer test set to the desired connector 
interface. Each kit contains two adapters, one male and one female. 

Both the cables and the special adapters have one special female 
connector which is designed to connect directly to the 3.5 mm test 
port (2.4 mm for HP 8516A/8517A). This side of the cableor adapt- 
er can only be connected to the test set port, and cannot be mated to a 
standard 3.5 mm (or 2.4 mm) male connector. The male test set ports, 
however, can be mated to a standard 3.5 mm (or 2.4 mm) female 
connector. 

Choose one of the configurations shown. 

Conflgnrrtion A. This cable arrangement is for applications where 
the device under test is connected directly to the test set port. This 
setup offers the best mechanical rigidity for device connection. To 
adapt the test set port (port 1) to the device under test, choose the 
appropriate special adapter set. Besides converting the test port to the 
desired interface, these adapters also function as "test port savers" 
which protect the test set from damage and wear due to heavy use. 

Configuration B. This cable arrangement is for applications where 
the device under test is connected between cable ends. This setup of- 
fers more flexibility when connecting to the device under test. Choose 
semi-rigid or flexible cables 

The cables for 3.5 mm and 7 mm devices are available as semi-rigid 
cables, offering excellent performance and suitable for applications 
where the connectors of the device under test are in-line, or as super- 
flexible cables which are more rugged and have a tighter bending ra- 
dius, ideal for manufacturing environments. The semi-rigid cables 
carry a 90-day warranty, whereas the flexible cables are warranted 
for one full year. 

CONFIGURATION A 
CONFIGURATION B 

Netwo rk  Analyzer  
Tes t  Se t  

Configuration A 
For HP 8719A/8720B Metwork Analyzer or 
HP 85148/8515A Test Sets (3.5 mm test -1 

Connutor Typ8 
(on dwlce cldc of 

For 3.5 mrn & v i m  
HP 85131E Fluibb Q b k  

a Rawrnmndd but not required. 

For 7 mm devices 

For Type devlm 

Configuration A 
For HP 8516A/8517A Test Sets (2.4 mm test port) 

or 
HP 85132E Fkxtbk Cable 
HP 851308 Adapter Set 

For 2.4 mm dev im 

7 mm 

7 mm 

For 3.5 mm dev im  

11,650 
17M) 

Use 7 mm cables and the 7 mm to N adapters 
~ncluded ~n the HP 850548 caltbrat~on k~ t .  
HP 8513K Adapter Set I Type N (m o r 9  

-1- 
HP 85133C Semi-rigid Cable 

HP 8513dE Fkxlble Cable 
HP 85130F Adapter Set 
HP 85135C Seml-nald Cable 

Ne two rk  Analyzer  
Tes t  S e t  

- 
SW 

or 
HP 85133E Fkxtbk Cabk Set 
HP 851306 Adapter Seta 
UP 85134C Seml-ngd Cabk 

or 

For 7 mm devices 

-53 cm e a c h  (21 in.) ) ci;l 5 

conmaor Typ8 
(on d r v l a  cldc of 

abIe/ad@er) 
2.4 mm ( 1 )  

3.5 mm (1) 
3 5 m m ( m o r f )  
7 mm 

Configuration B 
For HP 87 19A/8720B Network Analyzer or 
HP 85148/8515A Test Sets (3.5 mm test port) 
I I Connutor ~ v m  I 

Ma 
$950 

2.4 mm (m or 1) 
3.5 mm (1) 

$1.850 
$990 
$650 

or 
HP 85135E flexlble Cable 
HP 85130E Adapter Set 

f 990 
$750 

Configuration B 
For HP 8516A/8517A Test Sets (2.4 mm test mrt1 

For 3.5 mrn devices 

For 7 mm devices 

For Type N devices 

7 mm 
7 mm 

11.650 
$990 

W(M 

HP 85131D Semifigid Cabk Set 
or 

HP 85131F Fkxibk Cabk Set 

HP 85132D Semifigid Cable Set 
or 

HP 85132F Flexibb aMc Sct 

For 2.4 mrn d w i m  

I 
--,--- I (one mak, m femab) I 

I HP 85135D Semi i i~ id  Cable Set 1 7 mm 1 $1.050 

For 3.5 mm d w i m  

(on drvice d d i  of 
a b l n )  

3.5 mm 
(one male, one female) 
3.5 mm 
(one mak, om famale) 
7 mm 

7 mm 

W W  
HP 85133D Semiilgld Cabk Set 

a. Rawmmended but not required. 

Rkr 
$1.250 

$2.850 

$1.050 

$2.650 
Use 7 mm cables and the 7 mm to N adapters in the 
HP 850548 callbration klt. 

or 
HP 85133F h i b b  Cabk Sct 
HP 85134D Seml-rig~d Cable Set 

or 
HP 85134F Flexible Cabk Set 

For 7 mm devices 

- 

Conwctor lyp8 
(on drvlce #Me of 

a b l n )  
2.4 mm 

Rkc 
$1.650 

(om m L ,  m hmb) 
3.5 mm 
(one male, o m  femsk) 
3.5 mm 

or 
HP 85135F Fkxibk Cabk Set 

TEA 
S1.2M 

s7 A 5 0  

7 mm $2.650 
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Materials Measurement Systems 
HP 85070A, 85071A, 85075A 

Two accessorles to complete a turnkey system for characterizing materials 
Determines permittivity (dielectric constant) or permeability 
Fast, convenient, wide frequency range 
Compatible with most RF and microwave network analyzers 

Materials Measurements 
Materials have two properties that determine how they interact 

with electromagnetic fields: 
permittivity or dielectric constant (including loss factor) 
permeability (including magnetic losses) 
There are several reasons for measuring these properties at high 

frequencies: 
Materials are used in state-of-the-art RF/microwave components, 

such as substrates, capacitors, ferrites, insulators, resonators/filters, 
radomes, absorbers, shielding, etc. Materials should be characterized 
or inspected to achieve best performance while minimizing scrap. 

High-power microwave processing offers unique advantages over 
conventional heating. The material's dielectric loss factor should be 
determined in order to correctly apply and optimize dielectric heating 
processes. 

Dielectric measurements are useful analysis tools, since dielectric 
properties correlate directly to other material properties, such as: 
moisture content, phase transitions, molecular structure, polarizabili- 
ty, and relaxation constants. 

HP 85070A Dielectric Probe Kit 
Measure dielectric properties of materials quickly and convenient- 

ly, with the HP 85070A dielectric probe kit. The measurement is 
nondestructive and requires no sample preparation - saving you 
time, trouble, and material. Dip the probe into liquids and semi- 
solids; there is no need for special containers. For solid materials, 
press the probe against a single flat face. 

The system yields permittivity. dielectric constant, loss factor, loss 
tangent, or Cole-Cole diagrams - versus frequency - from 200 
MHz to 20 GHz (depending on network analyzer and material). Ac- 
curacy is typically 5%. 

HP 85071A Materials Measurements Software 
The HP 85071A software calculates materials properties from 

S-parameter measurements of samples loaded in a transmission line. 
This fixture can be either coaxial (inherently broadband) or rectangu- 
lar waveguide (banded, but with simpler sample shapes). 

Choose from several different models in the software to suit your 
material: 

Traditional method (described in Product Note 8510-3) measures 
both dielectric and magnetic materials (such as ferrites and ab- 
sorbers), and yields both er* and pr*. 
Other methods determine era of nonmagnetic materials, but do not 
give spurious data at  periodic frequencies. One is also insensitive to 
the location of the sample in the fixture, so you do not need to know 
or carefully control position. 
Simpler I-port method, to measure cra using only reflection data. 
The method yields 1-2% accuracy (typical) from 100 MHz to 110 

GHz, depending on the material, fixture, and network analyzer. 

Complete Systems 
A complete broad-band system includes the H P  85070A or 

85071A, with a network analyzer and controller. (The H P  85071A 
also requires a fixture, in coax or waveguide.) 

Both the H P  85070A and 85071A are compatible with all of the 
leading RF/microwave network analyzers: HP  8752, 8753, 8719, 
8720, and 8510B. Choose the analyzer to match your frequency range 
needs and budget. 

The software from both is available for either H P  Vectra PCs (or 
other 100%-compatible PC-AT computers with MS-DOS), or 
H P  9000 series 300 BASIC controllers (with Option 300). 

Other Solutions 
Many other techniques, based on R F  or microwave network ana- 

lyzers, offer unique advantages. For example, free space methods are 
non-contacting and suitable to temperature extremes. 

Resonator (cavity) methods provide the highest accuracy and sen- 
sitivity to low-loss materials. Contact HP  with your special needs. 

At frequencies below 15 MHz, the HP  16451 B dielectric test fix- 
ture (coupled with an LCR meter or impedance analyzer) provides 
accurate measurements of materials. 

Ordering Intormation Price 
H P  85070A dielectric probe kit $3,950 

Opt 300 substitute HP  BASIC software SO 
H P  85071A materials measurement software $4.000 

Opt 300 substitute HP  BASIC software SO 
HP 85075A extra probe $500 



HP 85301A Antenna Measurement System 
The H P  85301A Antenna Measurement System is an integrated 

system, which includes all of the RF  measurement instrumentation, 
workstation controller, and system software necessary to perform far 
field antenna pattern measurements. The system includes installa- 
tion, training, and one year on-site support. 

The exact system configuration depends on performance require- 
ments and antenna range. Two frequency converter options are avail- 
able; the HP  85310A Distributed Frequency Converter and the 
H P  851 1A Frequency Converter are summarized below. For detailed 
information, refer to the H P  85301A Antenna Measurement System 
technical data sheet and configuration guide. 

HP 85310A Distributed Frequency Converter 
The HP 853 10A Distributed Freauencv Converter provides a high- 

sensitivity frequency converter which can be rekoted from the 
H P  85108 network analyzer. The HP85310A Distributed Frequency 
Converter consists of an HP  85309A LO/IF distribution unit, one 
H P  85320A test mixer module, and one HP 85320B reference mixer 
module. The standard converter provides one phase-lock reference 
channel and one test channel; an optional second test channel is also 
available. Standard frequency coverage is 2 GHz to 26 GHz, extend- 
able to I IOGHz. 

HP 851 1A Frequency Converter 
When used with the H P  851 1A Frequency Converter, the 

H P  8510B network analyzer provides high-performance measure- 
ments from 45 MHz to 26.5 GHz. The HP 851 l A contains four sepa- 
rate RF-to-IF converters, all of which can operate over the entire 
dynamic range of the system. 

HP 85 1 I A Options H40 and H41 both extend the frequency wver- 
age to 40GHz. H P  851 1A Option H40 is best suited for indoor far 
field antenna measurements. H P  851 1 A Option H41 also includes an 

NETWORK ANALYZERS 
Antenna Measurement System 

HP 85301A 

internal, switched doubler to provide a 0.045 to 40 GHz test signal 
using a 20 GHz synthesized source. The HP 851 1A Option H41 fre- 
quency converter must be located close to the synthesizer and is there- 
fore best utilized in RCS measurement configurations. 

HP 85300A Antenna Measurement Software 
The H P  85360A Antenna Measurement Software automates the 

H P  8510B for acquisition, presentation, and storage of far field an- 
tenna radiation patterns. One day of on-site customer consulting is 
provided with the software. 
Feature Summaw 
Aqult l l lon modm m m  w m  
S~ngle axls Real time plot Peak gain 

Dual axls Rectangular Half ~ower  
CW frequency Log magnitude Beam w~dth 

Mult~ple CW frequency Phase Target 
Polar Beamwidth Swept frequency Log magnitude Trace math 

Dual parameter bDimcns~onal Interactive marken 
Batch mode Contour 
Gatn horn calibration waterfall Delta markm 

HP 85320A Test Mixer Module 
HP 853208 Reference Mixer Module 

The HP 85320AJB mixer modules are part of the H P  85310A Dis- 
tributed Frequency Converter, and they provide high-performance, 
weatherproof downconverters for use in antenna and RCS measure- 
ment systems. The H P  85320A is configured as a mixer module for 
the antenna under test with a built-in LO/IF diplexer to facilitate the 
use of a single channel rotary joint and to simplify cabling require- 
ments. The HP 85320B is configured as a mixer module for a refer- 
ence antenna, and it uses an integral leveling detector for LO source 
power leveling. Both modules are EM1 shielded for additional isola- 
tion. 

HP 85380A Weatherproof Enclosure 
The HP 85380A weatherproof enclosure is designed to protect the 

H P  85309A LO/IF distribution unit from inclement weather. The 
enclosure can accommodate up to two LO/IF distribution units. In- 
cluded with the enclosure are interconnect cables for one LO/IF dis- 
tribution unit, mounting base plate, and one twist-lock ac power cord 
connector. 

HP 8538qA/B/C Microwave Cable 
The HP 85381-series microwave cables should be used for the con- 

nections between the H P  8510B, LO source, H P  85310A, and 
H P  85320A/B mixer modules. Refer to the HP  85300A-series con- 
figuration guide for detailed information. 

Ordering Information Price 
HP 85301A Antenna Measurement System Contact HP 
HP 85310A Distributed Frequency Converter 53 1,500 

Opt HOI Additional test channel. Consists of an +510,450 
HP 85309A Option H01 LO/IF distribution unit and 
one additional HP  85320A test mixer module. 
Opt 908 Adds rack mount kit (product # 5062-3977) +S32* 
see pg 732 
Opt 913 Adds rack mount kit with handles (product # +S35 s 
5062-4071) 

HP 85360A Antenna Measurement Software $19.500 
Opt 001 Adds Series 300 Model 340 Controller, H P  +f 11.845 
9X785A 16-inch color monitor. H P  46060A HP-HIL 
mouse, H P  9153C 20 Mbyte hard disk. Factory 
software installation included. 
Opt 002 Adds Series 300 Model 360 Controller, H P  +S23,180 
98752A 19-inch color monitor, H P  46060A HP-HIL 
mouse, HP  79578 81 Mbyte fixed disk drive. Factory 
software installation included. 
For ordering information on accessory products, refer to the 

HP  85301A System Configuration Guide. 
For sameday shlprnent, call HP DIRECT at 800-538-8707 
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258 Pulsed-RF Network Analyzer 0 HP 85108A 

Magnitude and Phase Characterization 
The HP 8510B has become a standard measurement tool for the 

microwave design engineer. It provides a highly accurate, easy-to-use 
way to completely characterize the S-parameters of microwave com- 
ponents. This same tool now makes the characterization of pulsed-RF 
devices as simple as the press of a button. This dynamic characteriza- 
tion allows you to evaluate the magnitude and phase response inside 
the pulse as a function of time. 

The HP 85108A Pulsed-RF Network Analyzer System 
The HP 85108A is a factory-integrated system that provides the 

entire instrument configuration required to make pulsed-RF mea- 
surements. Simply add the desired measurement accessories for a 
complete system. 

The system is built around the H P  85109 with the pulsed-RF mea- 
surement capability option (option 008) already installed. The system 
also includes the  H P  85110A S-parameter  test set. An 
H P  83622A and an HP 83624A synthesized sweeper provide, respec- 
tively, the RF  and LO signals needed to operate the fundamentally 
mixed test set. 

The system also includes on-site installation, and a one-year on-site 
warranty insures that the system remains up and running. 

The HP 8510B Option 008 
The HP 85 10B pulsed-RF measurement capability option (Option 

008) consists of an additional receiver subsystem for the H P  8510. 
This pulsed-RF measurement capability, which exists in parallel with 
the standard H P  8510B operation, provides you with the ability to 
measure and display the relative magnitude and phase shift of the 
component as a function of time with an equivalent bandwidth of 
2.5 MHz. This allows the evaluation of the dynamic pulsed-RF char- 
acteristics for pulse widths down to 1 microsecond. Using the repeti- 
tive sampling method, point-to-point display resolution of 100 
nanoseconds is available. 

Thl. 8, an ..,".I dllpl." d I h d " " . r n ~  
pulrd-RF -nu of 3 GHz arnplhlm 

ullnl thr HP I11CSA 3nnm 4 ::',", O I .  
1 

The HP 851 10A 8-Parameter Test Set 
The HP 851 10A S-parameter test set is a required system compo- 

nent for the HP  8510B pulsed-RF measurement capability. The fig- 
ure below shows a simplified block diagram of this test set. 

Key to the performance of the test set are the fundamental mixers 
used to provide the low noise IF  necessary to make accurate, pulsed- 
R F  measurements with the pulsed-RF receiver subsystem. Two exter- 
nal synthesizers act as the RF  and LO sources for the four-channel 
downconverter. This approach eliminates the need to dedicate one 
channel for phase-lock, making full two-port, pulsed-RF S-parameter 
measurements available. Also, the internal pulse modulator of the R F  
synthesizer can be used to pulse the device-under-test. 

The block diagram also provides some distinct advantages, whether 
using the HP  8510B for pulsed-RF or standard S-parameter mea- 
surements. Because of the coupler-based measurement path and at- 
tenuators, the test set can handle high powers, up to 20W. And the 
connections available on the rear panel provide access to the measure- 
ment path, making it easy to configure test systems that use a single 
measurement connection. 

Ordering Infwm8tion Price 
HP 85108A Pulsed-RF Network Analyzer System f 185.000 
The HP 85108A Pulsed-RF Network Analyzer system 
is a factory-integrated system that includes the instru- 
ments required to make dynamic pulsed-RF measure- 
ments. Installation and one-year, on-site warranty 
included. 

This system consists of: H P  85109 Network Analyz- 
er with Option 008 Pulsed-RF Measurement Capa- 
bility 
H P  83622A Synthesized Sweeper with Options: 001 
Add Step Attenuator, 003 Delete Front Panel Key- 
board/Display, 004 Rear Panel RF  Output and 008 
1 Hz Frequency Resolution. 
H P  83624A Synthesized Sweeper with Options: 001 
Add Step Attenuator, 003 Delete Front Panel Key- 
board/Display, 004 Rear Panel R F  Output and 008 
1 Hz Frequency Resolution. 
H P  85 110A S-Parameter Test Set 
System Rack 

HP 85110A S-Parameter Test Set 555,000 
Requires one H P  83622A 2 to 20 GHz Synthesized 
Sweeper and one HP 83624A 2 to 20 GHz (high power) 
synthesized sweeper for system operation. 
The HP 85 110A is a 2 to 20 GHz S-Parameter Test Set 
that provides the low noise IF  required by the 
HP  85 10B Option 008 Pulsed-RF Measurement Capa- 
bility. 
To upgrade an existing HP 8510B System for Pulsed- 
RF Measurements 
If you already own an HP 85109 Network Analyzer 
with a synthesized sweeper (HP 83409 or 8341B). you 
can upgrade the system for pulsed-RF measurements. 
You will need to order the following additional equip  
ment. 
HP 85110A SPanmete r  Test Set $55.000 
H P  83624A Synthesized Sweeper f 39,900 
The HP 83624A Synthesized Sweeper should be 
used as the system LO source and the H P  83409 or 
8341B you already own should be used as the system 
R F  source. 
H P  851 11A Pulsed-RF Measurement Capability U p  $1 2,750 
grade Kit for the H P  85108. 
The H P 85 1 1 1 A Pulsed-RF Detector Upgrade Kit 
provides the hardware to upgrade an existing 
HP 8510B (Rev 4.0 or later) to an HP  8510B with 
Option 008. 
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Microwave Integrated Test Systems For MMIC9s And Hybrids 

Hardware 
Software 
Support 

Complete Test System tor MMlCs or Hybrids 
Let H P  supply yournext microwave test system, a complete, fully 

configured system with just the right equipment and CAT software to 
meet the test needs of your most complex MMIC chips or hybrid cir- 
cuit assemblies. 

Systems can be integrated with a wide range of H P  test and mea- 
surement equipment to perform a variety of stimulous and response 
measurements. As an example, consider the following configuration 
of equipment for testing transmit/receive (T/R) chips or modules for 
phased array radar applications. 
Network Analyzer 
Gain 
Match 
Isolation 
Magnitude and phase (swept frequency or time domain pulse) 
AM to PM conversion 
Power gain and compression 
Noise Figure Meter 
Noise figure 
Spectrum Analyzer 
Harmonics 
Spurious analysis 
power Meter 
Power calibrations 
Power measurements 
Pulse Pattern Generator 
Digital stimulous 
Pulse Generator 
Pulse modulation 
Oscilloscope 
Pulse modulation waveforms 
Switching times 
dc Power Supplies 
Functional test 
Parametric test 
dc bias (continuous and pulsed) 

With your HP  test system, you'll be able to measure the entire 
range of performance specifications required by MMIC chips or hy- 
brids such as amplifiers, oscillators, mixers. attenuators. switches, or 
a combination of these - all with a single touchdown of the wafer 
probes or a single fixture insertion. And, be assured that your H P  
system will provide the optimum in test performance and accuracy, 
and will be backed by the best service support in the industry. 

Benefits of Integrated Test Systems 
Lower your test time 

Integrated systems reduce test times by at  least a factor of 2 over 
the same testing with multiple wafer passes or fixture insertions on 
separate test systems. 
Increase your test .ccur.cy 

Complete test data, taken at  the same time under the same DC bias 
and temperature conditions, provides for the highest accuracies in 
model extraction and product characterization. 
Increase your product yield 

Reduced handling decreases wafer breakage, and yields increase 
due to reduced pad or connector damage. 
Increase your product reliability 

Reduced pad damage results in better bonding, and single pass 
testing decreases the chances of ESD damage. 
Maximize your system uptime 

You get responsive, single vendor support from HP, worldwide. 

Added together, these benefits will mean a substantial reduction to 
your microwave component costs! 

Use either probe or tixtun interfaces 
Since each integrated system combines all measurement capability 

via a single test port set, you can easily interface to your MMlC or 
hybrid device using industry standard wafer probe or fixture systems. 

System integration and support 
Each test system is fully integrated at  H P  with hardware and 

software, then installed at  your facility. This frees your resources for 
more effective product development and manufacturing. Then, once 
installed, local system support from H P  assures that your system con- 
tinues to perform with maximum up time. 

Experience counts 
Numerous test systems similar to the one shown above have al- 

ready been supplied to customers around the world to cover a variety 
of MMIC, T /R  module, and TWT testing applications. In producing 
these integrated systems. H P  has combined 50 years of experience in 
producing the very best in test instrumentation and computation tools 
with over 15 years of experience designing, fabricating and testing 
our own world class GaAs devices. MMlCs and hybrid assemblies. 
When you choose HP  you get a test system supplier who can under- 
stand and relate to your testing needs - first hand! 

If the capabilities of a completely integrated approach to compo- 
nent test interest you, please contact your nearest local H P  sales r e p  
resentative for more information on how such a system can be 
configured and delivered to you. 
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General Information 

HP Family of Logic Analyzers 

The HP Family of Logic 
Analvzers 

HP iffers you a wide selection of logic ana- 
lyzers tailored to meet your measurement 
needs. HP  logic analyzers support such di- 
verse applications as software and hardware 
debugging, software performance analysis, 
hardware characterization, prototype verifi- 
cation, system integration, low-volume man- 
ufacturing test, and failure analysis. H P  is 
committed to providing you with the tools 
you need to design, characterize, and debug 
digital systems. 

Value 
HP logic analyzers offer value. In addition 

to the price and performance offered by HP 
logic analyzers, you can rely on Hewlett- 
Packard's traditional reliability and quality 
for low cost-of-ownership. 

Option W30 adds to product warranty to 
provide 3 years of customer return repair ser- 
vice from the time of hardware delivery. 
When you purchase option W30, Hewlett- 
Packard provides you with all labor, parts, 
and materials necessary to maintain your 
product in good operating condition. In addi- 
tion, Hewlett-Packard performs preventative 
maintenance and installs factory-recom- 
mended improvements and modifications, 
when appropriate, at  the time of product re- 
pair. You can get assistance when and where 

you need it with the HP  worldwide sales and 
support organization. 

HP Logic Analyzers offer 
Unparalleled Ease of Use 

Set up measurements quickly using the 
HP 16500A touch screen. Make analysis of 
results easier by creating your own label 
names and channel assignments. To change 
a parameter, simply point to the field you 
need to change, then enter the value with a 
pop-up keypad or knob. Automatically con- 
figure the instrument to a predetermined 
state uoon turning on the instrument. Use the 
HP  16500~ ' s  optional keyboard mouse or 
trackball to operate the instrument from 
across your workbench. The keyboard sup- 
ports the full functionality of the touch 
screen. 

Use Ditftrent Measurement Modules 
to find the Problem 

When the symptom can be captured, but 
the problem is not identified, use the in- 
termodule bus to trigger other measurement 
modules to help find the problem. For exam- 
ple, you might find a glitch with the timing 
analyzer, but cannot tell what is causing the 
problem. Is it noise or ringing? By triggering 
the oscilloscope with the timing analyzer, 
you can get a picture of the event and can 
more quickly identify its cause. 

Set Analog Phenomena with a Bullt- 
in Scope 

Only HP logic analyzers offer digitizing 
oscilloscopes with the performance you need. 
Now, you can get full 250 MHz analog 
bandwidth (1 GSa/s), 8 bit digitizing scope 
capability in the 16500A mainframe. Or, get 
a full 100 MHz analog bandwidth (400 
MSa/s) oscilloscope with the digitizing ad- 
vantages of waveform storage and recall, au- 
tomatic measurements and markers, and 
powerful logic triggering in the 1650-series 
logic analyzers. In addition, you get up to 80 
channels of full-featured state or timing for 
much less than the instruments would cost 
separately. 

Make Measurements Quickly with a 
Wide Range of HP Microprocessor 
and Bus Support 

Hewlett-Packard offers the broadest sup- 
port for busses, interfaces, and microproces- 
sors. Support includes inverse assembler 
software and quick connection probes for 
most popular processors. If your design in- 
cludes a proprietary processor, you can cre- 
ate your own inverse assembler, or have 
Hewlett-Packard design a custom solution. 
See page 262 for microprocessor support de- 
tails. 



Full-featured RlSC Support 
Get full-featured, 100 MHz state analysis 

with the new HP 16540A and 16541A 100 
MHz state analysis modules. H P  provides 
full support for most RlSC and CISC 
processors. Up to 208 channels can be probed 
simultaneously. 

Unmatched Compatiblllty 
Compatibility protects your investment 

because you can use any of HP's analyzers to 
make your measurement. Most preproces- 
sors are compatible with every H P  analyzer, 
as are configuration files and data files. 

All H P  logic analyzers use the same user 
interface concepts. If you are familiar with 
one instrument, you will find the same func- 
tions in the same place on other models. 

Programmability is the same for all mod- 
els. You do not need to learn new commands 
or constructs when changing models. Pro- 
grams written for the H P  1650B run on the 
H P  1651 0B. 

Many analyzers can be upgraded to in- 
clude more powerful measurement features. 
For example, the H P  1651B 32-channel 25 
MHz state/100 MHz timing analyzer can be 
upgraded to the H P  l653B state/timing ana- 
lyzer with a 100 MHz bandwidth Oscillo- 
scope. See page 291 for upgrade kit 
information. 

State, Timing and Oscilloscope Data 
Tlme-correlated on the same dlsplay. 

State and timing data is compatible across 
all logic analyzer models. You can transfer 
important information with ease. When you 
capture data with a portable H P  logic ana- 
lyzer, you can display and analyze it with the 
H P  16500A logic analysis system. You can 
also use captured data in the digital pattern 
generator to reduce functional test develop 
ment time. 

ALL state and timing analyzer data can 
also be translated and transferred to many 
popular simulators and testers. . . automati- 
cally. The data you capture with your H P  
logic analyzer can be automatically trans- 
ferred to popular workstations and analyzed, 
or it can be transferred to ASIC verification, 
board, and IC testers. 

A Computer in Each Analyzer 
Compact, portable analyzers mean that 

you have measurement power where you 
need it. At the heart of each H P  analyzer is a 
powerful 16-bit processor dedicated to quick- 
ly making and displaying measurements. 
You do not need to tie up a personal comput- 
er in order to make measurements, and port- 
ability is increased. 

If you need to put measurement data into 
your personal computer memory, Hewlett- 
Packard provides the documentation to make 
it easy. Ask your H P  sales representative for 
"HP's Logic Analyzer and Personal Com- 
puter Programming Series" (HP Pub No. 
5952-4241 ). 

Powerful State Triggering 
HP logic analyzers have complex state 

triggering to filter unnecessary data and pro- 
vide you with only the data you need for your 
measurement. Up to five clocks or qualifiers 
can be used to determine exactly when to 
sample. Eight full-featured sequence levels, 
each with storage qualification, branching, 
and complex pattern triggering, allow you to 
store only the data you need. Eight pattern 
recognizers and a range term offer the flexi- 
bility to extract data from complex code. Tag 
time or states to keep track of how and when 
your code is executed. 

Qukkly Store or Recall Setups and 
Data 

Store measurements and configurations to 
the built-in disk drive@). Use auto-load to re- 
call a specific configuration when turning on 
the instrument. Use the disk to store infor- 
mation captured from a remote location, 
then examine the error in more detail on an- 
other H P  logic analyzer in the lab. 

HP-IB and RS-232: Standard on 
Every Analyzer 

Both HP-IB and RS-232 ports are stan- 
dard on each instrument. You can program 
any analyzer from either interface, while us- 
ing the other interface to control a printer. 
Upload measurement data to your computer 
quickly for additional analysis. 

available using the HP PaintJet printer with 
the H P  16500A. Documentation helps you 
trace your steps and communicate findings to 
others. Either the HP-IB or RS-232 port can 
be assigned to control a printer. The H P  
16500A supports H P  DeskJet, LaserJet, 
PaintJet, ThinkJet, QuietJet, and Epson 
printers (such as the RX-80, RX-100, MX- 
80 and the MX-100). 

rn 

Llnks to Slmulatian, Manufacturing 
Test 

Transfer and translate simulation vectors 
to the H P  16500A pattern generator and 
state analyzer to perform functional proto- 
type analysis. Or, capture data from known 
good boards and transfer that information to 
board testers, or transfer the information 
back to the simulator. 

Lightweight, FbxlMe Prakr 
Lightweight, flexible passive probes make 

connection to the target system easier than 
ever. There are no heavy active pods to dis- 
lodge the probing scheme at the wrong time. 
Cooling is not a problem because the passive 
probes do not generate heat. 

Loading at  the point of contact with your 
circuit is 100 KQ shunted by 8 pF capaci- 
tance. Passive probing provides excellent im- 
pedance over a wide frequency range. And 
the low capacitance loading means that criti- 
cal edges are not affected by probing. Hew- 
lett-Packard's complete general-purpose 
probing solution comes standard with each 
analyzer. See page 280 for information on 
connectors that make it easy to interface to 
your design. 

Identify Performance Bottlenecks 
The H P  10390A system performance 

analysis software adds three measurements 
to H P  state analyzers. The state histogram 
and state overview measurements display the 
intensity of activity in specific areas of mem- 
ory or identify modules that are prime 
targets for optimization. The time interval 
measures execution time of a module, time 
between calls to a module, or time between 
two different modules. 

Complete Package 
The price of each H P  logic analyzer in- 

cludes all you need to start making measure- 
ments, including general-purpose probing, Analvw htlon Hlghlightr grabbers, and software. Your preprocessor Selection Guide also includes everything you need to make Measurement Examples 

260 

measurements on your processor, including 26 1 
Microprocessor/Bus Support probing and inverse assembly software. 262 
H P  1650B, H P  1651B 266 
H P  1652B, H P  1653B 268 
H P  16500A & Modules 270 

Instant Documentation Accessories 280 
With the push of a button, you can docu- Specifications 282 

ment results professionally with the standard Upgrade Kits 29 1 
hardcopy feature. Full-color printouts are Ordering Information 293 



LOGIC ANALYZERS 
Selection Guide 

HP's selection of logic analyzers consists 
of the HP 1650 series of portable logic ana- 
lyzers and the HP 16500A logic analysis sys- 
tem. The following application reference 
guide provides a quick overview of HP ana- 
lyzers, key measurement needs, and features. 
More information on logic analyzers is pro- 
vided on the following pages. 

A~viication Reference Guide 

Microprocessor supp 
8 bit 
16 bi 
32 bi 
RlSC 
DSP 
Multiple pP suppor 
Bus 
Custom 

Hardware analysis 
Timing: 

100 MHzIall channels 
1 GHz 
Glitch detection 
Maximum channels 

Digitizing oxilloscope 
400 MSatsl100 MHz BW 

50 MBitIs pattern generation 
Crossdomain measurements 

Timindstate 
~imin&tatehcope Y Y - Y 

W a r e  analysii 
State speed (MHz): 

a- 25 35 25 a. 

1100 
Channel count: 32 80 32 11208 
Sequencer speed (MHz): 25 35 25 1100 
Correlated state listings Y Y Y K)MHz) 
System performance -n '̂sm:c Y v Y Y 
Comoarelrun until Y Y 
~ h a i  mode 
System features 
Portable 
Modular 
Programmability 
Hard-copy output 
Setup storagetauto load 
Data storage 
Color 

HP-IBIRS-232 on all 
Variety of HP-18 or RS-232 printers 

Y Y Y Y Y 
compatible disk files 

Key boardlmouse Y 
Page reference 266 266 268 268 270 270 

Logic Analysis Systems 

HP 16HK)A HP 165108 HP 16515/516A HP 16530/531A 
Is lo t  mainframe 80 channelslcard 1 GHz timing analysis Oxilloxope time base and acquisition 
9-inch color display Up to 5 cardst16500A 16 channelstcard Up to 8 input channels per 16500A 

Touch screen or mouse control 
2 3.5-inch disk drives 
Intercard triggering via intermodule bus 
Screen hard copy via RS-232 t HP-IB 
Programmability via RS-232 t HP IB 
Simultaneous display of state, timing, 

and oscilloscope traces 
Links to CAE and manufacturing testers 

100 MHz sampling for timing analysis Up to 80 channels with full 
capabilityt16500 

1 ns resolution 

Can be triggered by state or timing 
analysis 

400 Msamplesh for 100 MHz 
bandwidth for single-shot and 
repetitive signal analysis 

35MHz maximum input clock in state 
analysis 

Detects glitches as small as 5 ns 8 kbitfchannel memory 
Simultaneous stateltiming analysis 

Automatic measurements and statistics 
HP 165118 

Combines two HP 165108 systems 
Triggers up to 160 channels wide 

50 MbiVs pattern generator 
Up to 204 channelst16500A 
ECL and TTL output 
Can be combined with 165108 or 

165151516A for stimuluslresponse 
testing 



LOGIC ANALYZERS 
Measurement Examples and Key Product Features 

Measurement Examples Key Product Features 

Using the HP 16500A, you can display Powerful state triggering lets you lo- Chart mode lets you display dlgltal 
state listing, timlng diagrams and oscillo- cate the problem quickly. Here, resource data on an X-Y chart. Here, digital data 
scope waveforms on the same menu. In terms are combined to create a complex captured from an analog-to-digital con- 
this case, data captured from a SCSl d e  trigger words. Pop-up menus make it verter is displayed, allowing you to quick- 
vice is displayed. easy to move around the analyzer. ly find a discontinuity. 

.,,,,.", 
I 

0111 - 0 r ,  01. 

..- O Y l  t W W  Data w0' . r lns l . r .o  ... 
owoloen 2orro. -. I,,<, .,:, 3 

%"It." me.. r..e ea.r.., "r,,l,,r i b l .  ... nu5 r.sm D,,, *Ol l,," l,.,.. ... 
W W l W b  00001C3I' 1101. I,,,. 0 

0000100(" OdO03,<'* 8 ,  , 0 
sy.l.-'....".~ a* I..., "8.1 ,I.. LO.. 

1 ... BY3  E.IO. D a t a  w7 7r.onl.r.e ... 
0 a :  110.. I,,,. 0 

l".fl" *...-..0 1a0.11. no.lll.. COO, 

S51 The HP 1652B/1653B and the HP Postprocessing lets you set up mea- Hewlett-Packard offers the broadest 
16530A/16531A are full-featured osclllo- surements to detect tlming violations. In micro-processor support. Here, an 
scopes embedded into logic analyzers. In thls case, when the time between pat- HP 16500A loglc analysis system wlth an 
addition to tlme-correlated measure- terns violates a user-specified time, the HP 165108 module is decodlng VME bus 
ments wlth the timlng and state analyz- analyzer stops acqulrlng data and dis- instructions. See page 262 for bus and 
ers, you can use the oscllioscopes for plays the results. preprocessor information. 
precision time interval and voltage mea- 
surements. 

Use State Compare mode to compare Use transltlonal tlmlng to capture data Use the HP 16500A's Intermodule Bus 
known good clrcult behavior with cap- over long periods of time. In thisexample, (IMB) to make complex cross-domaln 
tured data. Compare Mode allows you to data Is captured over a 150 second inter- measurements. Here a state trlgger Is 
mask selected channels and data. val. used to trigger lGHZ tlmlng and the 400 

MSa/s oscilloscoDe. 



LOGIC ANALYZERS 
Microprocessor and Bus Support 

Simplified Data Interpretation 
and Interconnections 

Hewlett-Packard offers broad support for 
microprocessors. microcontrollors, inter- 
faces, busses, and digital signal processors. 
Support includes inverse assemblers, which 
display target system activity in easy-to-un- 
derstand mnemonics, and single-probe con- 
nection schemes for most processors. 

If your design includes a custom processor, 
or ASIC, you can use the user-definable in- 
verse assembler and microprocessor interface 
kit to develop your own support package. 

Additional software tools enable you to 
identify software bottlenecks in your system. 
The system performance analysis package 
(SPA) can help you find out where your sys- 
tem is spending its time. 

HP Support tor the Newest 
Processors 

Hewlett-Packard has the resources and 
commitment to  support  the  newest 
microprocessors. Hewlett-Packard works 
with semiconductor vendors to ensure that, 
as processors become available for develop 
ment, you can use your HP  logic analyzer to 
integrate them into your new system. If your 
processor is not listed in the table below, con- 
tact your H P  sales representative to deter- 
mine its support status. 

Additional Microprocessor Support 
through Third Parties 

Hewlett-Packard has teamed up with a 
number of third-party hardware and 
software vendors to provide complete solu- 
tions to your microprocessor and bus analysis 
needs. Contact your H P  field engineer for de- 
tails on support for the following, as well as 
various other package types for popular 
microprocessors. 

EISA bus 
MCA bus 
PC XT/AT bus 
MIL STD 1750 processor 
MIPS R3000 
FDDI 
National DP 8344 BCP 

How to Calculate your System's Bus 
Rate 

The logic analyzer state speed required to 
capture data from a microprocessor system 
depends on its bus rate. Bus rate is a function 
of microprocessor clock speed, which varies 
for different microprocessors. Complex in- 
struction set computers (CISC) typically re- 
quire two-to-four clock cycles per bus cycle. 
Many reduced instruction set computers 
(RISC) require one clock cycle per bus cycle. 
Data showing the minimum clock cycles per 
bus cycle is shown for each HP-supported 
processor listed in the tables below. 

Selection Quldec 
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All 

All 

All 

NIA 

NIA 

NIA 

No 

No 

No 

103366 

10336H 

103356 

$700. 

$1300. 

$700. 



Quick, Reliable, Complete 
Connections with Target Systems 
and HP's Logic Analyzers 
HP microprocessor support offers you a 

quick, reliable connection to your target sys- 
tem. HP preprocessors are the mechanical 
and electrical connection between your tar- 
get system and HP logic analyzers. They pro- 
vide reliable, correct, fast and convenient 
connections to your system. H P  proproces- 
sors are engineered to provide low capaci- 
tance probing, so your target system will not 
be disturbed. HP provides all clocking and 
demultiplexing circuits to correctly capture 

your system operation. Additional status 
lines are provided to further decode the oper- 
ation of your processor. 

Mkmfmcearor Support: the 
Window to Svstem Behavior 

~ n a l ~ z e  the code in your microprocessor- 
based system while operating at  full clock 
speed. HP microprocessor support allows you 
to follow the path of your software without 
intrusion, from power-up through interrupts 
to fatal system crashes. 

Inverse assembly software translates logic 
levels captured by the logic analyzer into 

microprocessor mnemonics that you are al- 
ready familiar with. The resulting display 
can easily be compared to original assembly 
language listings to track down software de- 
fects. 

Most preprocessors include an inverse as- 
sembler disk. When loaded into the logic an- 
alyzer from the internal disk drive, this 
software configures the instrument for use 
with your microprocessor and transforms ac- 
quired address, data, and status of each state 
into microprocessor mnemonics. 

Motorola 

Nmlonal Srmkonductor 

..-- 

NS 32016 [S] 

HPC 16003143183, 
46003143183 

0 0 3  

a 0 3  

7810111 

V20N30 (DIP) 

V40N50 (DIP) 
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a 
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NO 

No 
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4 

4 
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FMwy Supplied 
Factory Supplii 

No 

Ya 

Yes 

[SI 
103378 

103388 

FdW Supplied 
$1790. 

$2675 



a 4  Microprocessor and Bus Support (cont'd) U 
Backplane and Bus Interfaces 

Backplane and interface standards are be- 
coming more common. They minimize hard- 
ware design efforts while increasing the 
complexity of systems that designers can as- 
semble. This has created a need for better 
system integration tools. Hewlett-Packard 
has led the way in providing tools for bus and 
interface analysis with support for standards 
such as MIL-STD-1553A/B, SCSI, VME, 
and RS-232C. 
Interactions Between Modules and 
the CPU 

Your new ~erivheral board won't work 

Monitor Bus Hardware and 
Information Flow 

The HP 103428 bus preprocessor provides 
analysis capabilities for three popular inter- 
face buses: HP-IB (Hewlett-Packard's im- 
plementation of IEEE-488). RS-449, or RS- 
232C/CCITT v.24. This package gives you 
software that sets up the analyzer for the 
measurement at  hand, a complete view of as- 
serted control lines, and conversion of the 
captured data into easy-to-understand mne- 
monics. 

with the compuier. Is it a hardware or 
software problem? Use H P  bus preproces- Mil-standard 1S53A/B Analysis 
sors to examine code flow and find the svmv- The HP 10341 B bus monitor provides 

Small Computer Systems Interface 
(SCSI) Analysis 

Capture and analyze command sets and 
data activity for most 8-bit SCSl devices as 
specified in SCSI standard X3t9.2186-109 
Revision 2. The preprocessor allows you to 
use the logic timing analyzer to check for 
timing violations. You can also use the built- 
in oscilloscope to examine control or data 
lines in detail. to use an HP logic analyzer 
monitor both the CPU and the SCSI bus at  
the same time to correlate data transfer ac- 
curacy. One state analyzer monitors the 
S C S l  bus while the o ther  captures  
microprocessor data flow. A11 data can be 
displayed in time-correlated interleaved state 
listings. 
VME Bus Analysis 

Capture activity on your A or B size VME 
backplane with the  H P  10344A/B 
preprocessor. The preprocessor acts as an ex- 
tender card in your system and lets you moni- 
tor bus activity between modules without 
interruptions. All VME bus operations are 
displayed. Data rates of greater than 50 
Mbvte/s can be monitored. 

toms of the problem. Then use t i 6 i i g  complete mechanical and electrical connec- 
analysis to determine whether your system tion between your MIL-STD-I553A/B bus 
meets timing specifications. system and your HP  logic analyzer. The 
Examine and Correlate Analog Be- preprocessor acts as a monitor and does not 
havior with a Built-in Scope Capture take up an address slot on the bus. You can 
single shot analog events with the 400 MS/s trigger on specific types of bus error, such as 
digitizing oscilloscope. The bus analyzer can parity or Manchester error, then use the logic 
be used to trigger the oscilloscope so that you analyzer's built-in scope to view pre-trigger 
can capture pre- or post-trigger data. bus activity. 
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LOGIC ANALYZERS 
User-Definable Hardware and Software 

HP 10320C, 10321C, 10322A, 10323A, 10324A, 10391B 

An HP Vectra PC or  IBM PC-compatible Is all you need to  develop your own custom Inverse assembler. 

Designing Your Own Preprocessor.. . 
the HP 10320C 

The HP 10320C user-definable interface allows you to build a cus- 
tom preprocessor. Use the HP  10320C when you need any of the fol- 
lowing: 

an interface for analyzing custom or proprietary devices with your 
logic analyzer 
a semi-custom test fixture for using your logic analyzer in a manu- 
facturing test environment 
a link for ribbon cables or connections to your logic analyzer 
The H P  10320C provides a breadboard that fits inside the H P  

10269C general purpose probe interface. In addition, the kit includes 
mechanical hardware to mount the breadboard in place and connec- 
tors for sending your signals to the HP  10269C. The accompanying 
manual discusses the interface design process, including what to look 
for in your target system, how to design so that set up and hold re- 
quirements are met, and tips on power supply distribution. 

Building and Connecting the Interface.. . 
Companion accessories enhance the utility of the H P  10320C. The 

HP 10321A microprocessor interface kit provides many of the parts 
needed when designing an interface that uses ICs and other active 
devices. It includes sockets, bypass capacitors and a fuse for power 
distribution, and wire-wrap headers to simplify the wiring of your in- 
terface. With the HP  10321A. you only need to provide the specific 
components and active parts used in the interface design. 

The HP 10322A. HP  10323A, and HP 10324A cables provide a 
reliable mechanical and electrical connection between a socket on 
your target system and the HP  10320C user-definable interface. Each 
cable has a special socket assembly for easy connection without dam- 
aging the pins of your device. Remove your IC from your system, plug 
the cable in its place, then plug your chip into the zero-insertion-force 

socket on the cable. This technique minimizes the capacitive loading 
to your system and gives you a low-profile, reliable hook-up. 

For 40-pin DIP packages, order the HP  10322A; 48-pin devices 
require the HP  10323A. 64-pin DIP 1Cs require the H P  10324A. 

Display Mnemonics Match Your Custom Interface 
Just as the HP  10320C user-definable interface allows you to de- 

sign custom hardware, the HP  10391 B inverse assembler develop- 
ment package allows you to design a custom inverse assembler for 
your logic analyzers. This software package allows you to write an 
inverse assembler that will display your system operation in familiar 
mnemonics across up to 160 channels. 

The HP 10391 B is a macro assembler that runs on H P  Vectra per- 
sonal computers or IBM-PC compatibles. The H P  10391 B includes 
Pascal-like instructions such as CASE and IF-THEN statements, 
strong bit-manipulation capabilities for extraction of single bits. or 
conditional branching on a few bits within a word, and assembly- 
language constructs including AND, ROTATE, and INCREMENT 
/ DECREMENT instructions. 
Required Equipment 

The HP 10391 B requires the following equipment: 
1) HP Vectra PC, IBM-PC* or PC compatible with a minimum of 
256K of memory and MS-DOSa*2.1 or above. 
2) 1 floppy disk drive with an internal hard disk (recommended con- 
figuration) for the PC, or two floppy disk drives. 
3) RS-232C port and cable. Recommended card: H P  24540A Serial/ 
Parallel Card or H P  24541A Dual Serial card. For 25-pin ports, use 
cable H P  132426 or equivalent. For 9-pin ports, use HP  245426 
cable. 
4) HP  1650A/B, 1651A/B, 1652B. 1653B Logic Analyzer, or H P  
16500A Logic Analysis System with an H P  16510B/16511B 
StateITiming card installed. 
'IBM-PC la a trademark of International Wnwu Machlnm 
"MS-DOS Is a U.S. reglstued trademark of MlcroSon Corpomtlon 



LOGIC ANALYZERS 
Portable Logic Analyzers 
HP 1650B, 1851B,1654B 

HP 16508: 80 channels of 35 MHz state/100 MHz Broad support for microprocessors, busses and 
timing interfaces 
Hp 16548: 64 channels of 35 MHz state/100 MHz Simultaneous state/state or state/tlmlng 
timing measurements 
HP 1651 8: 32 channels of 25 MHz state/100 MHz 
timing 

HP 16508, HP 16518, HP 16548: Best Value in 
General-Purpose Logic Analyzers 

For microprocessor analysis or general purpose state and timing- 
debug, the H P  1650B. HP  1651 Band HP 1654B logic analyzers offer 
the best value. Each analyzer can be configured as a one- or two-state 
analyzer, a state analyzer/timing analyzer, or a timing analyzer. 
Data captured by either analyzer can be displayed with full time cor- 
relation. Lightweight, flexible, passive probing is included. 

support for Most Microprocessors, Busses and 
Interfaces 

The HP 1650B, 1651B and 1654B support a broad range of 
microprossessors, busses, and interfaces. Each support package turns 
your analyzer into a powerful debugging tool dedicated to the task at  
hand. Most support packages include a 3$" disk that configures the 
analyzer and translates captured data into mnemonics. See pages 
262-264 for details on support for your system. 

-0001 0004F6 8930 1 34 U S  
0 008930 803C 1 24 us 

008932 OOFF 1 . 24  U S  
008934 67F8 1 20 us 
008936 BO3C 1 . 24  us 

0004 00892E 61Fa 1 .72  us 

Powerful State Analysis Helps You Focus on Needed 
Information 

The H P 1650-Series B powerful state triggering filters out unneces- 
sary data and provides a listing of the crucial data: 

Clocks and clock qualifiers allow your system to determine when 
the analyzer takes a sample. 
Storage qualification allows you to specify which states are 
stored in memory. 
8 sequence levels determine the sequence of states required for 
trigger and help you to focus on a specific area of code execution. 
8 pattern recognizers, 1 range recognizer, or logical combina- 
tions of these are used to identify stored states. 
Tagging keeps track of the amount of time or the number of 
states between stored states. 
Enableldisable can be used to restrict storage to the activity of a 
specific routine. 

Transitional Timing on ALL Channels Extends the 
Measurement Range 

Each analyzer provides 10 ns timing resolution on every channel. 
The analyzer stores data only when there is a transition, thus avoiding 
redundant data storage. 100 MHz transitional timing on all channels 
effectively extends the memory by lengthening the time covered by 
the acquisition. Because timing analyzer samples at  full speed, events 
that are seconds or minutes apart are captured with 10 ns resolution. 
You can use pattern. edge, or duration triggering across all 80 64 or 
32 channels when you need to see what is happening around a hard- 
ware interrupt or handshake. 

Glitch Capture on ALL Channels 
You no longer need to move probes around your system to detect 

intermittent problems with glitch capture on all channels. You can 
trigger on and capture 5 ns glitches on all channels of your HP 1650B. 
165 1 B and 1654B analyzers. Glitches are displayed as vertical dashed 

Time Correlated State and Timing Displayed on the Same lines so you can easily distinguish legimate system activity from 
Screen glitches. 



Capture the Data You Want to See 
You can trigger on a pattern across the full number of channels, or 

qualify a pattern by specifying a duration, glitch, or edge. Or, you can 
specify a pattern duration to capture error conditions indicated by a 
pattern that exceeds a specified limit. When you need to see what is 
happening around a troublesome glitch or hardware interrupt signal. 
use glitch or edge triggering. Use postprocessing to determine statisti- 
cal variance of edge placement, or detect propagation delays that fall 
outside of specified values. 

Flexible Data Display Modes Decrease Debugging Time 
Display state acquisitions in one of five forms: 

State listing, which displays your acquisition as a binary, hex- 
idecimal, octal, decimal, or ASCII listing. 
Symbolic/inverse assembler, which displays your data in easy- 
to-interpret mnemonics. 
State waveform mode, which displays the data in waveform dia- 
gram format. 
X-Y chart mode, which displays the value of a data label versus 
acquisitions or other labels. 
State compare mode, which enables you to compare an acquisi- 
tion to previously acquired state data. 

Time X t o  T r l g  1 1 4 8 . 0 1  
Tlme o t o  T r l g  -1 

o e ~ o y  1 r i m e  x t o  o 9 6 . 0 0  us 

View an  entire s t a t e  acquisition a t  a glance t o  examine bus  ac- 
tivity or  processor control, fully correlated with s ta te  listing, X-Y 
chart and compare  modes. 
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Plot label versus s ta tes  t o  check A/D converters or  memory 
coverage. Plot label versus label t o  obtain a circuit or  routine 
"signature". Correlate chart display t o  inverse assembled list- 
ing. 

L 
[ ~ E P S U R E - 0 1  I - l s t s l e  Compare ] ( s p e c l l y  S t o p  Measurement) 

Shou r o l r r e r e n c e  L l s t l n q  I F l n d  D l r f e r e n c e  / ( F u l l  Compare ) 
k > [ I  
L;&:; ; F n x T q T l  

MOO6 OOOIOll l  I 
+0007 0001 I 1  10 1 
MOO8 OOlOOlOI I 
MOO9 00101110 I 
+0010 00110111 1 
W O I  1 01000000 t 

W F i  +0014 

+OOIS O I  ~ ~ I O I O  I 
W 0 1 6  011 10101 I 
W 0 1 7  10000000 I 
W 0 1 8  10000000 I 
+0019 I0000000 I 
+0020 l0000000 I 
+0021 10000000 I 

.' 

Compare s ta te  acquisitions to  previously acquired s ta te  data.  
Select channel and range masks  t o  zoom in on important data.  
Repetitively capture da ta  until compare  is equal or not equal. 

Lightweight, Flexible Probing 
Like all HP logic analyzers, the HP  16509. 165 1 9 and 16549 fea- 

ture lightweight. flexible, passive probing. Passive probing means 
lower cost and increased reliability, because no active circuitry is 
needed at  the probe tip. Measurement quality is not sacrificed: each 
probe only loads your digital system with 100 KQ and 8 pF. 

Compact and Portable 
With its small footprint, the H P  1650B. 1651B and 1654B fit easily 

on your workbench, within the same field of vision as what you are 
working on. At only 22 pounds, these analyzers can be carried easily 
with the built-in handle or soft carrying case. The case allows you to 
keep all of the probes and cables conveniently stored on top of the 
instrument. 

Measurement Compatibility 
Save setup time by transferring state and timing configurations or 

measurements made with one instrument to another. Make measure- 
ments in the field with confidence that the setups and data can be 
reproduced later in the lab. Use a 3'/2 inch disk to transfer data from 
one analyzer to another. Use the HP  10392A state-to-pattern genera- 
tor link to transfer activity captured in the field to the HP  16500A 
digital pattern generator to duplicate failure modes in the lab. 

Programmability over HP-IB or RS-232 
You get both HP-IB and RS-232 interface ports as standard equip- 

ment on the HP  1650B. HP 1651B and 1654B. You can program 
front panel functions from either interface, or send hardcopy output 
to HP-IB or RS-232 printers. 

Built-in Upgrade Path 
The H P  1650B/1651B feature a built-in upgrade path to the H P  

1652B/ 1653B logic analyzers with built-in oscilloscopes. You can get 
a 32- or 80-channel analyzer now and upgrade with a 400 MSa/s 
oscilloscope when the occasion arises. 

The HP 1651B and 16548.. . for 8- and 16-Bit 
Microprocessor Applications 

The HP 165 1 B and HP 1654B offer all of the features of the H P  
1650B. except channel count (and state speed on the H P  1651B) For 
debugging most 8-bit processors, or to monitor timing activity across 
up to 32 channels, the HP 1651 B is the ideal tool. For debugging 16- 
bit processors, or to monitor 8-bit processors with extra channels for 
timing analysis, the HP 1654B is the perfect match. 

HP 16508 HP 1651B HP 16548 
nming ( 100 MHz ALL 80 channels 1 100 MHz ALL 32 channels 1 100 MHz all 64 channels 

S t m  1 35 MHz ALL 80 channels 1 25 MHz ALL 32 channels 1 35 MHz all 64 channels 

Memory I 1 Kh!t/channel I 1 Kb~tlchannel I 1 Kb~tlchannel 

For ordering and pricing information please see page 292. 
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LOGIC ANALYZERS 
Portable Logic Analyzers 
HP 1652B, 1653B 

80 channels of state/timing See analog events with a general purpose 100 MHz sin- 
2 channels of 400 MS/s digitizing oscilloscope gle-shot BW digitizing scope 
More measurement power at a lower cost than sepa- Automatic pulse parameter measurements 
rate instruments 

Logic Analyzers with a Digitizing Oscilloscope 
The HP 1652B and HP 1653B logic analyzers have all o f  the fea- 

tures of the HP 16508 and HP 1651 R plus two 400 MSa/s digitizing 
oscilloscope channels, automatic pulse parameter measurements, and 
time-correlated state, timing and oscilloscope displays. You can still 
completely analyze your 8-, 16-, or 32-bit microprocessor while get- 
ting better definition on system signals with the 2-channel oscillo- 
scope. 

You can characterize critical timing parameters with time interval 
measurements to better than 1 ns accuracy or examine glitches in 
your system with the built-in scope to determine if noise or loading is 
the problem. Or, you can use the scope to enhance your troubleshoot- 
ing capabilities. 

Two Simultaneous 400 MSa/s Analog Channels 
Each scope channel is a full-featured, 400 MSa/s, 100 MHz 

bandwidth oscillosope. Both channels simultaneously capture non-re- 
peating events with a full 2,048 samples per channel. The built-in 
scope is based on the same technology used in the popular HP  
54502A 100 MHz single-shot BW oscilloscope. The scope features 
include precision voltage and time interval measurements, autoscale, 
waveform math, auto-calibration, infinite persistence and averaging 
display modes. 

Time-Correlated State, Timing and Oscilloscope 
Measurements 

System debugging becomes easier when you display time-correlat- 
ed state, timing. and analog displays on the same screen. You can see 
how hardware and software interact, while getting an accurate view 
of how your system sees the signal. 

Cross-Trigger Measurement Modules 
You can use the state analyzer's powerful triggering capabilities to 

determine when the oscilloscope should trigger. 
Glitch triggering on all channels makes the timing analyzer anoth- 

er great tool for triggering the scope. Simply set up the timing analyz- 
er to trigger on a glitch, then trigger the oscilloscope to capture the 
activity around the glitch. By getting an analog display of the signal, 
you can determine if the glitch is really a problem. 



Portable Analyzers 
The HP 1652B11653B portable analyzers are ideal for service ap- 

plications. Their small size and light weight Gust 24 Ibs) make them 
easy to carry to test sites. With the built-in scope. you have two com- 
plete instruments in one small package. 
See Pre-trigger Events 

2K sample memory per channel lets you view events up to 5ps 
before the trigger, while maintaining better than 1 ns time interval 
accuracy. 
Automatic Pulse Parameter Measurements 

Quickly analyze a signal's analog properties without having to 
count graticules. Choose automatic measurements or time markers to 
measure voltage and timing relationships. The HP 1652BI1653B au- 
tomatically measures the following pulse parameters: 

+ pulse width - pulse width 
frequency period 
risetime falltime 
peak-peak voltage overshoot 
preshoot 

Automatic Marker Search 
Using the automatic marker search, you can examine waveforms 

for specific patterns that could be the cause of a system crash. Or, use 
the automatic marker search statistics to reveal setup and hold time 
violations as you make repeated measurements on the system. After 
each run, the markers are placed on specified patterns, and statistics 
are compiled on the mean, minimum, and maximum marker place- 
ment times, so you can see how often a specific event occurs. 
Hardcopy Output 

After using the built-in oscilloscope to find an elusive problem, use 
either an HP-IB or RS-232 printer to obtain a permanent record. The 
HP 1652B and 16538 support over 10 printers. 
All Other Features of the HP 16508/16518 

All of the other features of the HP  1650B/ 165 1 B logic analyzers 
are included in the HP 1652B/1653B. These features include 80132 
channels of state and timing analysis, full-featured triggering, built- 
in disk drives, and support for most popular processors and bus inter- 
faces. Plus. the data and configuration files of the HP 1652B11653B 
are compatible with the H P  1650B/1651B/1654B and with the HP  
16510B. You can transfer information from one analyzer to another. 

1 Scope I- Waveforms ( n u l o s ~ a l e )  (nulo-measure ) 
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i See page 282 for specifications. 
See page 292 for ordering information. 
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The HP 16528 and 16538 offer full-featured digitizing oscillo- 
s cope  performance. Time corrected with 100 MHz timing. 

L 

Sta te  timing and 100 MHz bandwidth scope  all in one portable 
package. 

HP 16528 
100 MHz all 80 channels 
35 MHz all 80 channels 
2 - 400 MSa 1s 100 Mhr BW 
Simultaneous acquisition 
channels 
80 channels 
Most 8.. 16- and 32-bit 
microprocessors 

HP 16538 
100 MHz all 32 channels 
25 MHz all 32 channels 
2 - 400 MSaIs 100 MHz BW 
Simultaneous acquis~t~on 
channels 
32 channels 
Most 8-bit 
microprocessors, busses 



LOGIC ANALYZERS 
270 Logic Analysis Systems 0 HP 16500A and Measurement Modules 

Modular, configurable logic analysis system 
Powerful cross-module triggering 

HP 16500A 
SYSTEMS 

100 MHz state analysis 
Support for most microprocessors 
1 GHz timing and pattern generation modules 

HP l6SOOA Modular Logic Analysis System 
The HP 16500A logic analysis system can be configured for a wide 

range of measurement tasks, including microprocessor debug, hard- 
ware design verification and debug, software performance analysis. 
characterization, and functional pass/fail testing. Start with a fo- 
cused system, then expand as your needs evolve. 

The H P  16500A logic analysis 5 card slots accept 6 different mea- 
surement modules. With the H P  16500A. you can do the following: 

Customize your own system by adding cards to the five card slots. 
Make time-correlated measurements between cards using the in- 
termodule bus. 
Compare hardware measurement data with design simulation 
data. 
Program the H P  16500A with easily understood commands 
through HP-IB or RS-232C built-in interfaces. 
Store setups and measurement results in either of two built-in disk 
drives for fast recall or permanent record. 
Generate report-quality documentation with pushbutton ease. 

Color Touchscreen, Mouse, and Keyboard 
Save time and reduce errors with the H P  16500A color touch 

screen. Simply point to the field you want to change; the touchscreen 
eliminates the need to search a front panel for the right button. Pop- 
up menus offer all choices at  a glance, and the software does not allow 
you to make an incorrect choice. Front panel operations can also be 
executed via mouse and/or keyboard providing complete user- 
interface flexibility. 

Color discriminates between overlapped traces and emphasizes im- 
Dortant wints. In addition. vou can customize for oersonal   reference . . 
and environmental considerations. Even infrequent users spend less 
time making measurements and more time analyzing the results. 

Data display areas are not touch-sensitive, so there is no need to 
worry about losing your latest acquisition. 

Use Cross-Domain Triggering for Complex 
Measurements 

Use state to arm timing, or use timing to arm state when the symp 
tom of a problem is best isolated with one analyzer and the cause is 
best isolated with the other. For example, track a microprocessor pro- 
gram flow around a hardware interrupt. Find the edge of the interrupt 
signal with the timing analyzer. After the signal is found, the timing 
analyzer can arm the state analyzer to start acquiring data. 

The HP 16500A supports 6 different measurement modules. 



Perform Time-Correlated State Analysis of Multiple 
Microprocessors 

In multiple microprocessor environments, systems are driven by 
multiple clocks. The HP 16500A/ 165 10B provides simultaneous cap- 
ture of separately clocked systems while time-tagging all states. You 
can capture the states from several microprocessors, then analyze 
their flow with interleaved, time-correlated state displays. You can 
monitor up to 10 independently clocked microprocessor systems with 
5 HP  165108 modules while monitoring the activity with state-to- 
state time-correlated listings or monitor multiple RlSC systems at  
speed with the HP 16540A/16541A. 
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With the  HP 16500A intermodule bus you can arm or  trigger one  
measurement module from another. 

Configure Your System 
The HP 16500A logic analysis system can be configured for your 

debug, characterization, systems integration, or pass/fail testing a p  
plications. Start with a focused system, then expand it as your needs 
evolve. For example, start with an 80-channel logic analyzer and a 2- 
channel oscilloscope, then add more capability as needed. 

High Performance System 
Verify or analyze the performance of circuits through combined 

analog, state, and timing measurements. The five card slots hold 
state/timing cards, timing cards, pattern generator cards, and digitiz- 
ing oscilloscope cards. Use these cards in combination to make mea- 
surements that could not be made with separate instruments. For 
example, state can arm both oscilloscope and timing waveform cap- 
ture, allowing you to display a mixture of timing and scope waveforms 
on screen to measure time relationships between events. 

Store Setups and Data Quickly 
It is easy to store and retrieve measurement results and setups with 

the two built-in 3 1 /2 inch disk drives. Use the back disk drive for the 
operating system, leaving the front disk free for measurement files. 

Correlate 1 GHz Timing with Oscilloscope Waveforms 
Connect several 1 GHz timing lines while probing simultaneously 

with oscilloscope channels. For example, configure 32 channels of 1 
GHz timing with 4 oscilloscope channels to provide time correlation 
from a single trace point. This procedure allows you to capture the 
number of channels you need while simultaneously capturing para- 
metric information. 

( I GHz Timing A ]  (-1 
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1 GHz timing waveforms time-correlated with 400 MSa/s dlgitiz- 
ing oscilloscope waveforms. 

Application Driven Trigger Selection 
Select the trigger mode that best suits your application. Use glitch, 

state, analog, or timing triggers to capture state, analog, and/or tim- 
ing data. To analyze interrupt handling in a microprocessor system, 
use the oscilloscope to arm timing, state, and analog on the asynchro- 
nous interrupt. Then capture microprocessor program flow with state, 
capture control lines with timing, and capture the interrupt line with 
the scope. The HP 16500A logic analysis system connects state, tim- 
ing, analog, and pattern generation trigger qualification serially or in 
parallel in any order to meet your needs. 

Generate Patterns Interactircly 
Generate patterns triggered by the intermodule bus or by the pat- 

tern generator's external qualification. The intermodule bus provides 
state, analog, timing. and/or pattern generator program flow qualifi- 
cation. Test your circuit's response to patterns derived from simula- 
tion, for rigorous functional analysis of prototypes. You can quickly 
generate pattern generator programs using the HP  10392A state-to- 
pattern generator link. 
See page 282 for specification. 
See page 292 for ordering information. 
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272 State and Timing Analysis Modules u HP 165108,165118 

HP 165108, HP 165118 StateRirning Module - 

Full-Featured State Analysis 
The HP 16510B offers 80 channels of full-featured state and tim- 

ing analysis. You can configure up to 400 channels of state and timing 
in the HP  16500A frame, or examine up to 10 processors at  the same 
time. Each H P  16510B can operate as a separate stateltiming ana- 
lyzer, while time correlation is available over the HP  16500A in- 
termodule bus (IMB). 

Trigger Across 160 Channels 
Simplify data tracking through pipelined architectures with the use 

of the HP  1651 l B  160-channel 35 MHz state1100 MHz timing mod- 
ule. You can trigger across all 160 channels, making the flow through 
the pipeline easier to follow. 

Trigger on complex handshaking routines across several synchro- 
nous processors and display all of the data on the same screen to 
debug multiprocessor systems. RISC, wide bus, and ASIC integra- 
tion tasks become easier when you can look at  all of the data with one 
state or timing analyzer. Data correlation across all 160 channels is 
built-in; you do not have to create arming sequences. 

View Activity of two parts d a System 
The HP 165 10B and 165 1 1 B can be configured into two indepen- 

dent state analyzers or a single state and one timing analyzer. Mea- 
surements that would normally require two instruments can now be 
made with a single instrument. 

For example, by using the state analyzer to focus on a specific 1 / 0  
routine, you can watch both the program execution and the activity 
on the 110  lines with a time-correlated display. Or, when you need to 
examine the interaction of two microprocessors, the HP  logic analyz- 
ers can display time-correlated state listings. 

Use the State Analyzer as a Window to the System 
When a trigger sequence is too complex for the scope, use the state 

analyzer's powerful 8-level. 8 resource term trigger to locate the prob- 
lem; then use another measurement module to get a detailed picture 
of the fault. The state and timing analyzer can be used together to 
define when a problem occurs and then either arm or trigger the H P  
16530A116531 A oscilloscope or HP  165 15A/165 16A I GHz timing 
analyzer to capture data. This approach saves time and helps avoid 
the extra work of finding a problem with a scope alone. 

( ~ t a t o / ~ l r n l n g  E )  (-1 (Prlnt) (Run) 

1- 7 1  
1- 7" 

29 11101111 4 0 0 n s  
30 11101111 1.OOUS 
31 1 1 1 0 1 1 1 1  400 ns 
32 1 1 1 0 1 1 1 1  4 0 0 n s  
33 1 l l O l l l l  1 .00 us 
34 1 1 1 0 1 1 1 1  4 0 0 n s  

1 1 1 0 1 1 1 1  400 ns 

3 8  1 1 1 0 1 1 1 1  4 0 0 n s  
39 11101111 1 . o o u s  
40 1 1 1 0 1 1 1 1  4 0 0 n s  
4 1  t l l o l l l l  400 ns 
42 11101111 1 .OO US 
43 11101111 4 0 0 n S  
44 1110111! 4 0 0 n s  

Transltlonai timing on every channel gives a wide view of system 
activity. (Shown here with a time-correlated oscilloscope chan- 
nel.) 

Measure the Time Between States 
With time tagging turned on, you can measure the time it takes 

your system to make the transition between one state or another. The 
time information is displayed along with the state data, so you can get 
a clear picture of an event's duration. Combine state tagging with 
storage qualification to confirm the length of an information transfer 
without actually storing all of the data. 

Transitional Timing on ALL Channels 
The HP 165108 and 1651 1 B logic analyzers store timing data only 

when there is a transition, thus avoiding redundant data. This effec- 
tively extends the memory by lengthening the time covered by an ac- 
quisition. Because the timing analyzer samples a t  full speed, events 
that are seconds or even minutes apart are captured with 10 ns resolu- 
tion. Use transitional timing for analysis of asynchronous data busses. 
where activity often occurs in bursts, followed by long periods of dead 
time. 

Transitional timing captures 2 0 ~ 3  of da ta  with 10 n s  resolution. 

Time tagging measures the  time between states.  You can get  an  
accurate picture of the  time it takes  your system t o  make the  
transltion from one  s ta te  t o  another. 
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Use Postprocessing to Snare Elusive Timing Faults 
Use the tlmlng analyzer's postprocess~ng to tind setup and hold vio- 

lations. Use the specify-stopmeasure feature to acquire data until the 
time interval between two patterns violates a specified condition. 
Transitional timing can supply a long pre-trigger record length, so 
you can look back in time to discover the cause of the problem. 

System Performance Analysis 
The HP 10390A system performance analysis software (SPA) pro- 

vides an overview of system activity. It can be used with another state 
machine in the same analyzer to find the activity of interest in order to 
make time interval measurements. Or, it can be used in stateoverview 
mode to help identify execution segments as prime targets for op- 
timization. 

A Motorola 68020 inverse assembly listing. 

Chart mode shows characteristic signature of a memory read 
cycle. 

Debug Microproccrsors 
H P  preprocessors tailor the H P  16510B and 16511B to 

microprocessors from Intel, Motorola, Zilog. National, Hitachi, 
GTE, Rockwell, and NEC. These preprocessors simply plug directly 
into the CPU socket. Companion software converts the acquired state 
data to microprocessor mnemonics, making it easy to monitor pro- 
gram execution. See pages 262 through 264 for microprocessor and 
bus interface support details. 

For designs that use custom or proprietary CPUs, use the H P  
10320C user-definable interface to connect H P  logic analyzers to 
your system.   he HP 10391 B inverse assembler development pack- use the state analyzer compare mode to identify faulty states. age can be used to develop custom software that converts the acquired 
state data to CPU mnemonics. See page 292 for ordering information. 

State 
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21 00lC0000 00000000000000000000000000000000 155 
22 OOOOlOOE 00000000000000000001000010111100 063 
25 OOOOIOOC 000000000000000001010001110011l1 063 
24 OOOOlOlO 11111111111110100011111000111100 063 
25 OOICOOOO 00000000000000000000000000000000 155 
26 OOOOlOOB 0OOOOOOOOOOOOOOO0OO1OOOOlOllllOO 063 
27 000010OC 0000000000000000010l000111001111 063 
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- @  SYSTEMS 

HP 16540A. 16541A 100 MHz State Analyzer 
The HP 16540A/ 16541A 100-MHz state analyzer offers full-fea- 

tured 100 MHz data capture and analysis. You can configure up to 
208 100-MHz channels with 4K deep memory. Powerful four-level 
sequencing, with pattern and range recognizers, storage qualification, 
and per-level branching helps you find elusive system errors. Adjusta- 
ble setup and hold time enables the HP 16540A/16541A to capture 
data reliably, even from ECL systems. 

The HP l6540A/ 1654 1 A also offers all of the software features 
found in the 35 MHz model 165 IOB, including chart mode. compare. 
and system performance analysis (SPA). The HP 16540A/16541A is 
fully programmable. 

When you use the H P  16540A/ 16541A as part of a complete logic 
analysis system, you can correlate 100 MHz state measurements with 
other modules, such as the HP  16515A/16516A 1 GHz timing, or the 
H P  16530A/16531A 400 MSa/s digitizing oscilloscope module, to 
speed debug. 

100 MHz State Gives You the Margin You N e e d  
Today's RISC processors already operate at  bus rates up to 

70 MHz. Because clock rate increases are one of the fastest ways to 
increase processor performance, there is no doubt that bus rates will 
increase. The HP 16540A/16541A has full performance up to 
100 MHz, giving you the margin you need for today's and tomorrow's 
systems. 

Full Support for Papular RlSC and ClSC Processon 
The HP 16540A/ 16541 A brings you the broadest RISC processor 

support available. RISC/CISC processors supported include the 
following: 

AMD AM29000 
Intel 80860,80960,80386,80486 
MIPS R2000/3000/4000 
Motorola 88000 (88100 and 88200). 68030.68040 

Your design might include the use of an industry standard backplane 
bus. HP  supports a range of backplane buses, including: 

VME A and B Size 
SCSl l and SCSl l l  
ElSA 
MCA (IBM's Microchannel architecture) 
Fiber ~ i ~ i t a l  Data Interchange (FDDI) 
MIL-STD 1553 

Chart mode display of routine's memory access. Chart mode  
provides a t  a glance a n  overview of the  memory addresses  
called by the  routine. Illegal memory access  can quickly b e  iden- 
tified. 
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Detect processing errors by comparing measured and expected re- 
sults while running your system at-speed. Compare mode allows you 
to compare just the section of code you are interested in. Compare 
images can be edited from the front panel or by program control. 

System performance analysis (SPA) software (HP 10392A Option 
003) helps you characterize the performance of your system. Use 
SPA to determine where system bottlenecks occur or to optimize I /O 
routines or data transfer times. 

State histogram mode lets you break your system into small ranges 
that correspond to natural boundaries in your system. A trace shows 
you the operations on which your system spends its time. 

Time interval mode helps you characterize activities such as data 
requests and packet transfers or detect error recovery procedures that 
take too long. 

C l l P  

C l l P  

Trigger at Sped  with Confidence 
Who called this subroutine? How is this interrupt handled? High- 

performance systems change states every clock cycle. Many times, 
the only solution to a tough problem is to trigger on 2 or more concur- 
rent states. The HP 16540A/16541A has a powerful four-level se- 
quencer that operates to 100 MHz, with no tradeoffs between speed 
and performance. 

. . . . . .... . . . . A  

Each microprocessor or bus support package includes a preproces- 
sor interface, which gives you quick and easy connection to your tar- 
get system. Inverse assembly software translates acquired states into 
processor-specific mnemonics. 

: 

The Software Features You Expect 
Chart mode displays signal values versus samples. It can be used to 

display digitized video signals, highlight non-linearity in an AID, or 
obtain a characteristic overview of your processing system. Use the 
correlated markers to trace problems with a timing analyzer or digi- 
tizing oscilloscope. Trigger sequence capturing a write cycle on a n  88000. 

A 

100 MHz s t a t e  B ) (7) 

Sequence L e v e l s  

3 
u h l l e  s t o r l n g  " a "  

F l n d  " a n y s l a t e  5 tlrnes 
E l s e  on c "  go t o  l e v e l  1 

U h l l e  s t o r l n g  "a" 
Then f i n d  "anys la te"  I  tlrnes 
E l s a  on "0" g o  to l e v e l  I  

n h l l e  s t o r i n g  "b" 9 TRIGGER on " 8 '  I l imes  
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Capture All Critical Circuit Activity 
Is your cache memory system working properly? Is your mul- 

tiprocessor system optimized? Is data flowing through your pipelined 
architecture correctly? Use the HP  16540A/ 16541A toexamine both 
processor activity and supporting circuit behavior in your system. 
Most processors require between 80 and 160 channels for support. 
With the HP16540A/ 16541A. you can probe and trigger across up to 
208 channels simultaneously. You can also probe your data pipeline 
at  each stage of the system, using different labels to make tracking of 
data flow easy. 

Monitor Time Batween Events 
When optimizing high-performance systems, you need to keep 

track of what happened when. Time tagging allows you to measure 
the time between critical system events such as interrupt handling, 
subroutine calls, or  secondary memory accesses. With the 
H P  16540A/16541A, you can track these events to the full 100 MHz 
speed of the analyzer. 

Measuring data- t ransfer  t ime is also easy with the  
H P  16540A/16541A. Use the sequencer to store only the first and 
last states in a data packet. The instrument can then display the time 
between states to obtain the transfer time. 

Compatibility Protects Your Investment 
The HP 16540A/16541A probes are compatible with HP 1650- 

family and H P  I6510A/B-series probes. Many preprocessors used 
with the other 16500-family products can be used with the 
H P  16540A/41A. The H P  16540A/16541A user interface is nearly 
identical to the H P  165 108. so you can set up measurements quickly. 

Because most high-performance designs take advantage of surface- 
mount (SMT) technology, SMT grabbers are included with the 
HP  16540A/16541 A. These grabbers are specially designed to attach 
securely to SMT parts while keeping sufficient clearance from other 
pins. Other surface-mount probing accessories are also available from 
HP; see page 280 for more details on accessories. 

Affordable 50 MHz StimulucReaponw System 
Use the H P  16520A/16521A digital pattern generator as a stimu- 

lus. and the HP  16540A/16541A as a response. Functionally test 
your digital system at speeds up to 50 MHz. State compare mode can 
be used to verify results. Both modules are fully programmable. 

S b b  Mode I 100 MHz 

Yodrl numkr/lyp@ HP 1-k Master Card 
HP 165411: Expansion Card 

Trimrlng Four xqucna kwls, each wilh store 
qualification, two-way branchina pattern 
recognltton with Bookan comb~nat~ons. 
range recognlzw. Intermodule Bus 
tr~gger~ng. 

Saprge2dBfOrspcMatlap 
See paga 262 for mlcroproagea wppal 
See page 292 for ordering lnfwmtltion 



LOGIC ANALYZERS 
Digitizing Oscilloscope Modules 
HP 16530A, 16531A 

HP 16530A, 16531A Oscilloscope Time Base Card 
Built-in Full-Featured Scope 

The HP 16530A/ 1653 IA offers the advantages of a full-featured 
digitizing oscillosope, integrated into your logic analyzer. You get a 
full 100 MHz analog-equivalant bandwidth scope with digitizing ad- 
vantages such as autoscale, automatic measurements, powerful trig- 
gering, and negative time viewing. 

Arm or trigger the oscilloscope from any other module in the H P  
16500A logic analysis mainframe. You can capture and display the 
analog events that affect the digital system. Correlate the oscilloscope 
to state listings and timing waveforms to identify cause and effect 
relationships. 
Correlate Single-shot Events with 
Precision Time Interval Measurements 

Make time interval measurements with markers at better than 1 ns 
accuracy single-shot (after deskewing). Accuracy at the probe tip is 
ensured by a front panel calibration routine that reduces channel-to- 
channel skew. You can also calibrate for delays caused by uneven 
probe lengths, to ensure that the measurement is correct. 

The HP 16530A/16531A Digitizing Oscilloscope finds a glitch 

( o s c ~ ~ ~ o s c o p e  D )  (m (Autoscals) (K) (7) ( 1  (-1 ['"""';:"""I 
[:"J 500 n s  1 4990 u s  (-1 [ so- le  p e r l o  d 2 -00 n s  1 

Single-shot Analysis 
The HP 1653 1 A 2 channel. 400 Megasamples/s digitizing oscillo- 

scope captures 100 MHz bandwidth signals single-shot. You can cap- 
ture up to 8 channels simultaneously to determine relationships 
between infrequent events. A high-resolution color display and post- 
capture scroll and zoom allow detailed examination of waveforms. 

c 2 

cbpture Many Waveforms Simultaneously 
Run up to four HP 16531A oscilloscope cards with a single H P  

16530A timebase card for simultaneous acquisition. The H P  
16530A/ 1653 1 A oscilloscope module can be configured to acquire 
from two to eight signals simultaneously. Save time when debugging 
and characterizing systems by observing multiple test points during 
each test. 

:#: 
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Waveform math functions a re  available 

Measure Slow and Fast Events Simultaneously 
Use the 4K sample depth to measure periods and time intervals. 

Then zoom in for rise time measurements. Add a second oscilloscope 
module to create a dual time base digitizing oscilloscope, and to dis- 
play events with different time bases on the same screen. 
Find the Causes of Errors 

Each channel has 4K memory depth for capturing events before or 
after the trigger event. View events up to 10 ps before the trigger 
event with greater than 1 ns accuracy. 
View Analog and Digital Waveforms.. . and More 

Capture random signal variations with the Accumulate mode. Fil- 
ter out noise with Average mode. Show true single-shot events with 
Single mode. Scan many periods of the waveform easily with the 
Connect-the-dots feature. View analog-like waveforms with 6 bit ver- 
tical resolution. Analyze differential waveforms with the A-B mode. 
The H P  16530A11653 1 A gives you all of the features of a digitizing 
oscilloscope plus the power of a logic analyzer in one frame. 
Automatic Measurements 

Automatic pulse parameters allow fast analysis without having to 
count graticules. Parameters such as frequency, period. pulse width. 
peak-to-peak voltage. maximum voltage, minimum voltage. risetime. 
falltime, preshoot, and overshoot require just one keystroke. Measure 
voltage and timing relationships by placing the markers and reading 
the results on the display. Display the time between markers. acquire 
until capturing specified time between markers, or perform statistical 
analysis on the time between markers. Setup is easy with automatic 
waveform scaling. TTL & ECL presets and automatic marker place- 
ment on specified edges. 

See page 282 for specifications. 
See page 292 for ordering information. 

Model 
Channels 
Bandwidth (-3dB) 

Maximum sample rate 

Waveform record length 
Triggering 

HP 16530A, HP 16531A 

2 . 4 . 6 . 8  
dc - 100 MHz 
400 MSaIs 

4.096 points 
edge, pattern, other modules, external. 
event 



LOGIC ANALYZERS 
Timing Modules 

HP 16515A, 16516A 

HP 16515A/16516A Timing Analyzers 
Affordable 1 GHz Timing 

Measure precise time relationships to 1 ns resolution with the HP  
1651 5A116516A 1 GHz timing analyzer. Make time interval mea- 
surements or view the order of events in your high-speed system with 
1 ns single-shot resolution on every channel. There is no need to com- 
promise channel count for sample speed. Every channel runs to the 
full 1 GHz sample rate. 

Debug quickly with up to 80 channels of 1 GHz timing in one H P  
16500A logic analysis mainframe. More channels means that you can 
avoid having to move probes in order to find the problem. 16 channels 
of 1 GHz timing complements the H P  16510B 100 MHz timing to 
help you get a clearer picture of critical timing behavior. 

Find the Cause of Problems with 8 KMt/Channel 
Memory Depth 

Find and analyze events that occur before or after the trigger event. 
Each channel stores 8 Ksamples to allow 8 ps of negative time capture 
with 1 ns resolution for pre-trigger applications. Deep memory stores 
data over many clock cycles while retaining precise edge placement 
information. Deep memory also helps you find elusive problems more 
quickly when you're not sure exactly where to trigger. 

Make time interval measurements wlth 1 n s  resolution. 

( I Gnz Tlmlng I ) )  (-1 
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Capture 8 ~ s  of circuit activity wlth a 1 n s  sample period. 
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Hook Up Easily to Your Circuit with Lightweight Probes 
Lightweight IOkQ, 2 pF passive probes are easy to connect. These 

probes can be connected with probe tips or plugged directly into any 
.1 in grid with ,026 in to .033 in diameter round pins or ,025 in square 
pins. Individual grounds are provided for each channel to shorten 
ground loops. 

I 

Correlate 1 OHz Timing with Other Module8 
Use the state analyzer to find the problem, then examine events 

around it with 1 ns resolution. Display state, timing and analog activi- 
ty on the same screen. Use the automatic pattern search and specify- 
stop-measurement to determine if timing violations occurred 

Time Interval Accur8cy 
Time interval accuracy is more than just channel skew. The H P  

165 15A/ 165 16A's time interval accuracy is specified, and includes 
all parameters which affect your critical time interval measurements - 
the only high performance logic analyzer that does. 

Use the  pattern duration trigger feature t o  fllter unwanted 
triggers. 
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Channel Count 

Memory Depth 

Maximum Sample Rate 

Triggering 

> 

HP 16515A 

16 

8,092 

1 GSaIs 

HP 16516A 

16 

8,092 

1 GSals 

Pattern, pattern duration, edge, 
other modules 



LOGIC ANALYZERS 
Pattern Generator Modules 
HP 16520A, 16521A 

Functionally Test Your System 
The H PI 6520A/ 1652 I A digital pattern generator modules are the 

perfect tools for functional test of a digital design. Standard 3M1 con- 
nectors eliminate the need to design custom test points onto your PC 
board. With the HP  16520A/16521A providing thestimulus, youcan 
use any of the HP  16500A acquisition modules to determine whether 
the system is responding correctly. 

P a t t e r n  Gen R ( )(T) 

-- 

Pattern Generator Benefits 
During the prototype debug phase of design, digital pattern genera- 

tors offer several benefits. Pattern generators can simulate signals 
from not-yet-completed parts of the system. such as backplane bus- 
ses, other PC boards, or peripherals. Pattern generators allow you to 
check the functional characteristics of your system and also allow you 
to see how your system responds to unanticipated signals. You can 
perform margin testing, to determine exactly when your system fails. 

Easy Pattern Development 
Eliminate the painful process of developing test patterns by hand. 

Use the HP 10392A state-to-pattern generator link to obtain patterns 
from a known good system or from the interface you want to simulate. 
The HP 10392A translates these patterns to the pattern generator. 
You can specify which control lines you want assigned to the pattern 
generator's return-to-zero (RZ) lines, and simulate complex data se- 
quences by using the state analyzer's time tagging information. 
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Symbols can be used to display data in your system's mnemon- 
ics, making debug and documentation easier. 

Get the Patterns You Need from Simulation 
If the patterns you need were developed as a result of a simulation, 

you can now transfer this information to the HP  16500A pattern gen- 
erator and state analyzer. To speed your design confirmation efforts, 
the HP  16520/16521A digital pattern generator can accept data 
from most popular commercial simulators. 

Digital Stimulus and Response 
Configure the H P  16500A to provide both stimulus and response in 

one instrument. The pattern generator runs the device-under-test 
through an initialization sequence, then tells the state analyzer to be- 
gin making measurements. During the measurements, use state com- 
Dare to determine if the device is functioning ~ r o ~ e r l y .  

Up to 108 channels of stimulus and 160 c h i h e i s  oiresponse can be 
installed in one frame, or 208 channels of stimulus and 320 channels 
of response can be installed in a 16500A/ 16501 A system. 

Three return-to-zero channels can be adjusted via pop-up win- 
dows. 

Low Volume Manfacturing Test 
Use the HP 16500A with digital pattern generation and state re- 

sponse as a low-volume manufacturing test system. The standard 3M1 
connectors make hook-up easy. The user interface, learn string capa- 
bility, and standard HP-IB/RS-232 interfaces support fast test devel- 
opment. 

Failure Analysis 
Use the HP  16520A/16521A digital pattern generator to track 

down and repeat failures, then use state or timing analysis to transfer 
data on the failure back to a computer for more analysis. The data 
can be transferred to many popular testers in order to enhance test 
program development. 

Easy Operation 
Only two menus are needed for complete data entry; a format and a 

listing menu. The format menu allows you to group data channels 
together for easy data entry. Enter data in hex, octal, binary, decimal, 
or symbols. Editing is enhanced with delete. insert, and copy func- 
tions. You can merge stored programs to create more complex data 
files quickly. Macros allow you to repeat portions of code quickly. 
Symbols can be generated to replace complex data patterns. 

To allow pattern generation when complex trigger conditions oc- 
cur. derive run control for the pattern generator from the screen, ex- 
ternal sources, or intermodule bus. 

Quick Circuit Connection 
Easily attach to boards through probe tips or 2 x 10, . I  in center 

connectors on your circuit board. Standard connectors eliminate the 
need to purchase special connectors or to build custom fixtures to 
hook into your DUT. The lightweight and passive probing system 
provides ECL or TTL patterns through 50 ohm connections. Series 
termination eliminates the need for external 50 ohm terminations. 
Generate ECL Differential. TTL or CMOS Tristate patterns with the 
10345A ECL Differential Driver, the HP 10346A TTL Tristate Pod, 
or the 10348A CMOS Tristate Pod. 

HP 165201 HP 16521A 

Maximum Data Rate 50 MBltsIs 
ECL. TTL CMOS2 ECL, TTL. CMOS' 

' 3M IS a reglstsrsd trademark of Minnesota Mining and Manutacturlng. 
'CMOS voltage W s  require an HP 10348A. CMOS buffer pad 



Simulation Vectors for Hardware Verification 
Perform functional verification of your simulated design by trans- 

ferring and translating simulation vectors to the HP  16500A logic 
analysis system. You can compare actual circuit behavior with simu- 
lation results to detect and isolate design faults. By using simulation 
vectors as the basis for your prototype verification, you can develop 
just the tests you need to verify that your design works. 

CAE Link Benefits 
Links between simulation and prototype test save you time. For 

functional prototype verification you can quickly and easily transfer 
and translate just the test vectors you need. CAE Links eliminate 
manual reentry of test vectors and make the development of test 
suites easy. As a result, products get to market sooner. 

An added benefit of CAE Links is the ability to transfer protoype 
test vectors to manufacturing test. You can develop a core set of test 
vectors, make sure that they fully test your product's functionality in 
the lab, then hand the completed design and test vectors to manufac- 
turing. 

Acquire Test Vectors from Known Good Boards 
Reduce the time spent on tedious entry of zeros and ones while 

creating manufacturing tests. Use the HP 16500A state and timing 
modules to gather the data for you from a known good board. With 
the I ns resolution of the HP  165 15A/ 165 16A, you can develop tests 
for the most demanding designs and most complex testers. 

Connect the H P  16500A acquisition modules to the known good 
board and make successive data acquisitions. You can then modify 
this data and transfer it to your board or IC testers as a complete test 
program! 

Begin Your ASlC Design Cycle with 
Real-World Test Vectors 

Before beginning your next ASIC design, capture test vectors from 
the systems that it will be designed to replace. Use the H P  16500A to 
acquire a representative sample of data from key nodes in the system. 
Then transfer the test vectors back to the simulation environment for 
use as behavioral test data. This process lets you verify that your 
ASIC design behaves properly in your system before you send it to the 
foundry. 

LOGIC ANALYZERS 
CAE Links 

HP 74240A, 742408 Third-Party Support 

HP and TSSI: Working Towards Your Productivity 
The HP 16500A is supported by Test Systems Strategies, Inc, 

(TSSI) of Beaverton, Oregon (USA). TSSI markets software that 
links design and test. TSSI supports most simulators in addition to 
supporting many popular ASIC Verification, IC and board testers. 
For more information on TSSI, contact your H P  sales representitive. 

TSSI software supports the HP  16500A pattern generator modules 
and all HP  state and timing analyzers. You can capture system be- 
havior with any of these analyzers, and then transfer that information 
to TSSl's proprietary waveform database where it can then be trans- 
ferred to testers or simulators. 

TSSI also supports the compare mode found in all H P  state analyz- 
ers. This means that you can compare simulation results with acquisi- 
tions to detect system faults. 

TSSI software runs on DEC VAX. Apollo 3000 and 4000 Series, 
HP  9000 Series 300, and SUN 3/Series computer systems. 

CAE Simulators Supported by TSSl 
Most popular commercial simulators and many proprietary simu- 

lators are supported by TSSI. The list of supported commercial simu- 
lators includes: Calma TEGAS/TEXOUT/TEXSIM; Daisy 
Logician DLS; Gateway Verilog; H P  EDS; HHB Systems CADAT; 
LSI Logic. Lattice Logic Expert; Logic Modeling Systems; Mentor 
Graphics QuickSim; QuickTurn; Silicon Compiler Systems LSim; 
Silvar-Lisco Logix/Helix; SimuCad SILOS; Teradyne LASAR; Val- 
id Logic ValidSlM; Vantage; Viewlogic ViewSim; and ZyCad 
ZILOS. 

Popular Testers Supported by TSSl 
Many ASlC verification, board, and IC testers are supported, in- 

cluding the HP 82000 ASIC Evaluation System. H P  306513070 se- 
ries board testers. and the HP  9480 Analog LSI Test System. For 
more information on tester support, contact your HP  sales represen- 
tative. 

Analyze and Correlate Production Tester 
Behavior with Simulation 

You can correlate the behavior of your device under test with simu- 
lated behavior by using the HP 16500A state and timing modules. 
These permit you to monitor behavior of the device while it is in the 
test fixture. In turn, the captured data can be compared to simulated 
data to determine if the test, tester, or design is at fault. 

Protect Your Test Development Investment 
Protect your test development investment by using the H P  16500A 

to transfer tests developed on one tester to another. The HP 16500 
can capture your test program with I ns resolution. This information 
can be used to reconstruct test programs for another tester. 



LOGIC ANALYZERS 
Accessories 

Accessories tor HP Logic Analyzers 
Logic analyzer accessories make your measurent tasks easier. 

Probing accessories, such as HP termination adaptors allow you to 
connect to your target system with industry standard 3M' connec- 
tors. With the wide range of HP  oscilloscope probes you can choose 
the impedance that best matches your measurement. 

Easy and Quick Connection to Your Circuit 
HP offers a wide range of probing solutions. You can use thegener- 

al-purpose probes, which consist of flying lead sets and grabbers, to 
make measurements while you are debugging a circuit. HP  offers two 
types of grabbers. A general purpose grabber is shipped with the H P  
165X family of logic analyzers and the HP  16510B. A surface mount 
grabber is shipped with the HP  16540A/41A 100 MHz State Ana- 
lyzer. A complete set of general-purpose probes comes with each ana- 
lyzer. 

For a more permanent connection to your target system, you can 
use the 01 650-63203 termination adaptor or the 165 15-63202 high 
speed timing termination adaptor. The termination adaptor connects 
the logic analyzer's probe cable to your target system via a flexible 
3M connector. Theconnection to your device under test consists of a 2 
x 10.0.1 in center female header. Any 3M-type connector can be used 
as the interface to your system. The termination adaptor contains the 
passive network needed to properly terminate the logic analyzer's 
probes. It provides a 100 kQ, 8 pF termination to your system. 

If you want to have the termination closer to the active components 
on your board, you can use the 18 10-1278 termination dip package to 
provide the logic analyzer's termination. The 18-pin dip package con- 
sists of 9 termination networks. Each IC is designed to provide a sig- 
nal path for 8 data channels and a clock line. 

Oscilloscope Probes 
Selecting the right probe for your particular measurement involves 

many choices. While the oscilloscope modules in each analyzer come 
with probes that meet most measurement needs, you may require a 
probe with other charactistics. 

The HP 1652B/1653B are shipped with H P  10430A probes. The 
HP 16530A/1653 IA oscilloscopes are shipped with the HP  10433A 
mini-probes. 

If you require more information on HP oscilloscope accessories. 
refer to "Oscilloscope Probes and Accessories" guide (HP part num- 
ber 5954-2678). This guide includes information on probe selection, 
and lists other oscilloscope accessories. 

Capture Patterns with Your State Analyzer 
The H P  10392A translates state analyzer data into pattern genera- 

tor data. You can use the state-to-pattern generator link to help de- 
velop test vectors for simulation of missing boards or modules, 
functional verification, or regeneration of patterns captured at a re- 
mote site. 

Functional test with the pattern generator and state analyzer is eas- 
ier when you can obtain test vectors from a known good source. You 
can obtain test vectors from a number of sources, then merge them 
into the pattern generator to create just the test you need. 

The H P  10392A state-to-pattern generator link software runs on 
the HP  16500A logic analysis system without the use of an external 
controller. This software lets you translate state analyzer data files 
from your H P  1650B/ 165 1 B/ 165281 1653B/ 16548 or H P  16510B 
state analyzer to the H P  16520A/16521A pattern generator. 

You can choose automatic or manual label generation and channel 
assignments, to best meet your test setup needs. Automatic transla- 
tion of symbols from the state analyzer to the pattern generator 
makes data interpretation easier. When the state analyzer's time tag- 
ging feature is turned on, the pattern generator's clock rate is auto- 
matically set, and repeat statements are used to duplicate as closely as 
possible the data rates of your system. 

HP Testmobiles and Carrying Cases 
Make your logic analysis system a portable one with the H P  

testmobile. Each testmobile is designed to withstand rugged use. 
Drawers for storing your accessories are included. The H P  l008A 
testmobile with option 006 is designed for the HP  16500A logic anal- 
ysis system. The HP 1180A is designed for the HP 1650-series logic 
analyzers. 

The 1540-1066 soft carrying case for the H P  1650-series logic ana- 
lyzers allows you to easily carry your logic analyzer and its accesso- 
ries to remote sites. 

Pattern Generator Output Driven 
The HP 10345A 8-channel ECL differential output driver pod 

translates the HP  16520A/ 1652 1A ECL signals into ECL differen- 
tial output levels. The H P  10346A 8-channel TTL tristate buffer pod 
allows you to tristate groups of pattern generator channels. The HP 
10346A is useful when you are driving bidirectional busses, such as 
backplane busses. The H P  10348A CMOS tristate buffer pod pro- 
vides CMOS voltage levels and will allow you to tristate channels in 
the same manner as the HP  10346A. 

For ordering information see page 292. 

3M Is a mglstaed trade mark ol Mhnaota Mlnlng md Mamhcturlng Co 



LOGIC ANALYZERS 
System Performance Analysis Software 

HP 10390A 

HP 10390A System Performance State Histogram: Software Usage 

Analysis Software State histograms allow you to break your measurement into small 
ranges that correspond to the natural boundaries in your system. A 
trace shows you the percentageof all operations that occur in a specif- 

Optimize Your System ic range. How often does your system access a disk drive or a printer? 
See an overall picture of your system to find the routines that are Use the state histogram mode to characterize the ~ e r i ~ h e r a l  usage to 

slowing performance. The H P  10390A system performance analysis system. 

software (SPA) converts your HP  logic state analyzer into a powerful 
tool for finding bottlenecks in your system. SPA can help you find the 
routines that are called most often, indentify inefficient use of disks 
and peripherals, and find processes that use too much CPU time. 

The state analyzer repetitively samples your target system as it op- 
erates. The analyzer takes a sample of your system, sorts the captured 
data into ranges, then delays a random amount of time before starting 
again. The random delay ensures that the measurement won't sync on 
only a small portion of your system's code. After each acquisition, the 
captured information is translated into histograms and bar charts to 
present the big picture of your system's operation. 

SPA performs three kinds of measurements; state overview, state 
histogram, and time interval measurements. 

Trace models la te  Overvlev I Label Base l ~ e x a d e c l m o l l  

o msrker 

H I Q ~  va lue  

State overview mode on the address lines of microprocessor. 

State Overview: a Macro View 
The state overview measurement shows an overview of system ac- 

tivity. Set the state overview to look at  address lines; the display shows 
how many times the process accesses each address. This measurement 
quickly tells you which addresses have activity and which addresses 
are never used. Use this as a coverage test for diagnostic software or 
to verify that there are no accesses to protected segments of memory. 

1-1 - System P e r f o m o n c e  R n a l y s l s  

Trace mode [ ~ t a t e  tllstogram] Label Base ~ ~ e x o d e c l m a l l  

Trace type[  n l l  s t a t q s  I -1 other  s t a t e s  

range t o t a l  samples78 .15k  

1817 
4772  

13559 
58003 

OX IOX 201  30X 4 0 1  5 0 1  6 0 1  70X 8 0 1  901  IOOX 

' I ~ ~ w - T E s T ~ ~  - systam Pmrfo-nce R n a l y s l s  ( nuto- ranas3  

Trace maae[Tlme I n t e r v a l  I Max tlme 7  Is13 ms 
n l n  t ime 5 48 U S  

Rvg t ime 8 8 . 5 8  us 

T o t a l  Samples 17408 Tlme ln[ervh lo 2o 3o 5o 6__, 

0  S to l . 0 O U S  
1  00  us to l o  00  US 

10 0 0  U S  to IOU 0  US 

100 6 u s  10 1 000 ms 
l  000  ms l O  I 0  i8O ms 

I n  no m; to v,r, # i  mj 
loo 0 mi to l  tino 
1 1 1 , 1 1 1  1 to I l j  8'8i.l 

o 1 x I X a a x a X x o a  

Label  > i-GK-7 
Base , 

S t a r t  -1 
End -81 

Time interval mode measures the time spent between two 
events in your system. 

time Interval: Real-Time Perfwmance 
When characterizing the speed of your software, use the time inter- 

val measurement. Time interval mode measures the time between two 
events in your system. Now you can find I/O routines that reduce 
system performance by spending too much time in wait loops. or you 
can identify error recovery procedures that sometimes take too long. 

The time interval mode produces a histogram of time intervals, di- 
vided into as many as eight user-definable time ranges. In addition, 
the average, minimum, and maximum times captured between sys- 
tem events, plus the total number of time interval samples taken, can 
be read directly off the display. 

Operating Characteristks 
State overview: Bar chart of all possible values of a label versus 
number of occurences of each value, available on any label setup in 
the state format specification. X-axis is all possible values for a label. 
(Example: for a label with 16 bits, the x-axis can go from 0 to 
FFFFH.) 
State histogram: histogram of states that occur within specified val- 
ues of a label. Available on any label setup in the state format specifi- 
cation. User may specify up to 11 ranges of values. 

Time interval: histogram of the time intervals between user-speci- 
fied start and stop events. 40 ns time resolution. 60 ns minimum sam- 
ple period. 
Time interval size: I0 ns to 999,000 seconds. 

Calculated statistics: maximum time, minimum time, average 
time, total number of time intervals sampled. Start and stop can be 
qualified from another machine in the logic analyzer. 

System performance analysis features are NOT programmable via 
HP-IB or RS-232. 

State histogram of system activity. 

wvvw. hparchive.com 
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Key State and Timing Specifications and Characteristics 

Model I HP 16508 1 HP 16518 1 HP 16528 ( HP 16538 1 HP 16548 1 HP 165108 1 HP 165118 

Maximum state input 
Clock rate * 
Se tu~  time * 

Channel count 

Hold time * 
Minimum state clock 
Pulse width * 

Minimum detectable 
glitch width * I 5 m  / 5ns  I 5ns I 5ns I 5ns I 5m I 
(at threshold) 

80 

35 MHz 

10 ns 

Number of state 
clocks/qualifiers 

Memory depth 
per channel 

Sequence levels 

Tr~eeer width 

80 

0 ns 

10 ns 

Additional Specifications and Characteristics 
Probes 

Minimum input voltage swing: 600 mV peak-to-peak'. 
lnput threshold accuracy: * 150 mV accuracy over the range -2.0 
to 2.0 volts. +300 mV accuracy over the ranges -9.9 to -2.1 volts 
and 2.1 to 9.9 volts'. 
lnput dynamic range + I 0  volts about the threshold'. 
Minimum input overdrive: 250 mV or 30% of the input amplitude. 
whichever is greater. 
Maximum input voltage: +40 volts peak. 
Threshold setting: threshold levels may be defined for pods 1, 2 
and 3 on  an individual basis. One thresholdcan bedefined for pods 4 
and 5. When using the HP 1651 IB, each card has independent 
threshold levels as defined above. 
Threshold range: -9.9 to +9.9 volts in 0.1 volt increments. 
Channel assignment: each group of 16 channels (a pod) can be 
assigned to analyzer I ,  analyzer 2 or remain unassigned. 

State analysis 
State clocking 

Maximum clock rate with timelevent tagging on: 16.67 MHz 
(60 ns). 
Master-slave clocking (mixod/demuHiplexed clocking): mas- 
terclock must follow slave clock by at  least 10 ns and precede the 
next slave clock by at least 50 ns. 
Clocks: HP 1650B, 1652B: 5 clocks 
HP 1651B, 1653B: 2 clocks 
H P 16548: 4 clocks 
Clock edges can be ORed together and operate in single phase, two 
phase demultiplexing, or two phase mixed mode. Clock edge is se- 
lectable as positive, negative, or both edges for each clock. 

'Specifications. 

32 32 

25 MHz 

10 ns 

5 

1024 

8 

80 ch 

-- 

Input R 

Input C 

Lead sets included 

Clock qualifier: the high or low level of the available clocks can be 
ANDed with the clock specification. Setup time: 20 ns; hold time: 
5 ns. 
Pattern ncognizem each recognizer is the AND combination of 
bit (0, 1, or X) patterns in each label. 8 pattern recognizers are 
available when one state analyzer is on. 4 are available to each ana- 
lyzer when two state analyzers are on. 
165118 Clock probing: while using the HP 1651 IB, and when 
more than 80 channels are assigned to Analyzer 1, each clock 
probed by pods on the first card must be probed by pods on the 
second card also. 
Range recognizer: recognizes data which is numerically between 
or on two specified patterns (ANDed combination of zeros and/or 
ones). The maximum size is 32 bits. 
Qualifier: a user-specified term that can be anystate, nostate, a sin- 
gle pattern recognizer, range recognizer, or logical combination of 
pattern and range recognizers. 
Branching: each sequence level has a branching qualifier. When 
satislied, the analyzer will restart the sequence or branch to another 
sequence level. Branching not allowed across sequence that contains 
the trigger. 
Occurrence counbm sequence qualifier can be specified to occur 
up to 65535 times before advancing to the next level. 
Storage qualification: each sequence level has a storage qualifier 
that specifies the states that are to be stored. 
Triggering: user can specify a trigger word qualifier that can occur 
across any combination of channels, up to 160 (HP  1651 1 B). 

0 ns 

10 ns 

64 

35 MHz 

10 ns 

2 

1024 

8 

32 ch 

100 KR 
12% 

-8 pF 

YES 

0 ns 

10 ns 

80 

25 MHz 

10 ns 

5 

1024 

8 

80 ch 

100 KR 
i 2 9 i  

-8 pF 

YES 

160 

0 ns 

10 ns 

35 MHz 

10 ns 

2 

1024 

8 

32 ch 

100 KR 
+270 

-8 pF 

YES 

0 ns 

10 ns 

35 MHz 

10 ns 

2 

1024 

8 

64 ch 

100 KR 
*290 

-8 pF 

YES 

35 MHz 

10 ns 

0 ns 

10 ns 

0 ns 

10 ns 

5 

1024 

8 

80 channels 

100 KR 
i290 

-8 pF 

YES 

5 

1024 

8 

160 channels 

100 KR 
*2% 

-8 pF 

YES 

100 KR 
*2% 

-8 pF 

YES 



Tagging 
State Tagging: Counts the number of qualified states between each 
stored state. Measurement can be shown relative to the previous 
state or relative to trigger. Maximum count is 4.4 X 1012. 
Time Tagging: Measures the time between stored states, relative to 
either the previous state or to the trigger. Maximum time between 
states is 48 hrs. With tagging on, the acquisition memory depth is 
halved. Minimum time between states is 60 ns. 

Symbols 
Pattern symbdc User can define a mnemonic for the specific bit 
pattern of a label. When data display is SYMBOL, mnemonic is 
displayed where the bit pattern occurs. 
Range symbols: User can define a mnemonic covering a range of 
values. When data display is SYMBOL, values within the specified 
range are displayed as mnemonic + offset from base of range. 
Number of pattern and range symbols: 100 per analyzer. Sym- 
bols can be downloaded over RS-232 or HP-IB. 

Timing analysis 
Transitional timing mods: sample is stored in acquisition memory 
only when the data changes. A time tag stored with each sample 
allows reconstruction of waveform display. Time covered by a full 
memory acquisition varies with the number of pattern changes in 
the data. 
Sample Every 10 ns. 
Maximum time wvered by date 5000 seconds. 
Minimum time wvered by data: 10.24 p 
Glitch capture mode: data sample and glitch information is stored 
every sample period. 
Sample period in glitch mode 20 ns to 50 ms in a 1-2-5 sequence, 
dependent on sec/div and delay settings. Sample period displayed 
when markers are off. 
Time covered by data in glitch mode: sample period x 51 2. 

Timing waveform display 
Secldiv: 10 ns to 100s; 0.01 % resolution. 
Hardware delay: 20 ns to 10 ms. 
Accumulate: waveform display is not erased between successive ac- 
quisit~ons. 
Overlay mode: Multiple channels can be displayed on one 
waveform display line. Primary use is toview summary of bus activ- 
ity. 
Maximum number of dhpkyed w a w h n m  24 lines 

Time internal accuracy 
Sample period accur.cy: 0.01% of sample period. 
Channel-tochannel skew: 4 ns typical. 
Time intenal accuracy: + (sample period + channel-to-channel 
skew + 0.01% of time interval reading). 

Trigger specification 
Asynchronous pattern: Trigger on an asynchronous pattern less 
than or greater than specified duration. Pattern is the logical AND 
of specified low, high, or don't care for each assigned channel. If 
pattern is valid but duration is invalid, there is a 20 ns reset time 
before looking for patterns again. 
Greater than duration: Maximum duration is 40 ns to 10 ms with 
10 ns or 0.01% resolution, whichever is greater. Pattern must be 
valid for at  least 20 ns. Accuracy is +20 ns to -0 ns. Trigger occurs 
at  the end of the pattern. 
Glitch/Edge Triggering: Trigger on glitch or edge following valid 
duration of asynchronous pattern and while the pattern is still pre- 
sent. Edge can be specified as rising, falling, or either. Less than 
duration forces glitch and edge triggering off. 

Measurement and display functions 
Arming: Each analyzer can be armed by the run key, the other ana- 
lyzer. the intermodule bus (HP 16500A), or the built-in oscilloscope 
(HP 1652B/1653B). 
Trace mode: Single mode acquires data once per trace specifica- 
tion; repetitive mode repeats single mode acquisitions until stop is 
pressed or until pattern time interval or compare stop criteria are 
complete. 
Labelr: Channels can be grouped together and given a 6-character 
name. Up to 20 labels in each analyzer can be assigned with up to 32 
channels per label. 
Activity indicators: provided in the configuration, state format. 
and timing format menus for monitoring device-under-test activity 
while setting up the analyzer. 

Markm: two markers (X and 0) are shown as dashed lines in the 
display. 
Triggcr: displayed as a vertical dashed line in the timing waveform, 
state waveform and X-Y chart displays and as line 0 in the state list- 
ing and state compare displays. 
Measurement functions 
Run: starts acquisition of data in specified trace mode. 
Stop: In single trace mode or the first run of a repetitive acquisition, 
the Stop function halts acquisition and displays the current acquisi- 
tion data. For subsequent runs in repetitive mode. Stop halts acqui- 
sition of data and does not change current display. 
Time internal: The X and 0 markers measure the time interval be- 
tween events occuring on one or more waveforms or states (only 
available when time tagging is on). 
Delta states: The X and 0 markers measure the number of tagged 
states between any two states. 
Patterns: The X or 0 marker can be used to locate the nth occur- 
rence of a specified pattern before or after trigger, or after the be- 
ginning of data. The 0 marker can also find the nth occurrence of a 
pattern before or after the X marker. 
Statistics: X to 0 marker statistics are calculated for repetitive ac- 
quisitions. Patterns must be specified for both markers, and statis- 
tics are kept only when both patterns can be found in an acquisition. 
Statistics are minimum X to 0 time, maximum X to 0 time, aver- 
ape X to 0 time. and ratio of valid runs to total runs. - - 

 impa are made functiorn: Performs post-processing bit-by-bit 
comparison of the acquired state data and compare image data. 
compare image: created by copying a state gcquisition into the 
compare image buffer. Allows editing of any bit in the compare im- 
age to a 1.0 or X. Compare image can also be edited via HP-IB or 
RS-232. 
Compare Image bound.rk.: Each channel (column) in the com- 
pare image can be enabled or disabled with bit masks in the com- 
pare image. Upper and lower ranges of states (rows) in the compare 
image can be specified. Any data bits that do not fall within the 
enabled channels and the specified range are not compared. 
Compare Stop measurement: Repetitive acquisitions can be 
halted when the comparison between the current state acquisition 
and the current compare image is equal or not equal. 
Compare Displays: Compare listing shows the compare image and 
bit masks; difference listing highlights differences between the cur- 
rent state acquisition and the compare image. 

Data entry/display 
Display modes: State listing, state waveforms, state chart, state 
compare listing, compare difference listing, timing waveforms, in- 
terleaved time-correlated listing of two state analyzers (time tag- 
ging on), time-correlated state listing and timing waveform on the 
same display; oscilloscope displays (HP 1652Bf1653B only): oscil- 
loscope waveform, time-correlated timing with oscilloscope, time- 
correlated state listing and timing waveform with oscilloscope 
waveform. 
State X-Y chart dhplar: Plots value of a specified label (on y-axis) 
versus states or another label (on x-axis). Both axes can be scaled. 
Markers: Correlated to state listing, state compare, and state 
waveform displays. Available as pattern, time, or statistics (with 
time counting) and states (with state counting on). 
Accumulate: Chart display is not erased between successive acqui- 
sitions. 
State wavctorm d h p l q  displays state acquisitions in waveform 
format. 

States/dlvision: 1 to 104 states 
Delay: - 1023 to + 1024 states 

Accumulate: waveform display is not erased between successive ac- 
quisitions. 
Overlay mode: Multiple channels can be displayed on one 
waveform display line. Primary use is to view summary of bus activ- 
ity. 
Maximum number of dbpl8yed wwelomm 24. 
Markers: Correlated to the state listing, state compare, and X-Y 
chart displays. 
Timing wavetorm: Pattern readout of timing waveforms at  X or 0 
marker. 
Bases: Binary, octal, decimal, hexadecimal, ASCII (display only), 
user-defined symbols 



LOGIC ANALYZERS 
Specifications and Characteristics 
HP 1652B, 1653B 

Key Oscilloscope Specifications and 
Characteristics 

Modells) I HP 16528. HP 16538 

I 
-- 

2 channel simultaneou~ acqu~sition 

Bandwidth (-3dB) * I dc to 100 MHz (single shot) 

Maximum sample rate 

Transition time 
(10% - 90%) 

400 MSaIs 

5 3.5 ns 

AID 

AID resolution 

Waveform record len~th 

6 bit real-time 

4.6% of full scale 

2048 points 

Time interval 
measurement accuracy ' 
dc eain accuracv * 

Trigger Eitherlboth ~nput channels. 

Trigger sensitivity * 10'70 of full screen 

+(2% x sldiv t .01% x delta t 
t 500 ps) 

i 3q0 of full scale 
-- - 

dc offset accuracy * 

Voltage measurement 
accuracy * 

+ (2 mV t 2% of channel offset 
t 2.5% of full scale) 

Gain accuracy t offset accuracy 
t ADC resolution 

= SgeclRcatiwls (valid withln + 10- C of software calibration temperature) 

Input C 

Probes included 

Supplemental Characteristics 
Vertical (at BNC) 

Vertical sensitivity range: 15 mV/div to 10 V/div (1:l probe) 
Vertical sensitivity resolution: Adjustable 2 digit resolution 
dc offset range: * 2.0 V for I 50 mV/div 

(1:l probe) + 10 V for 100 mV/div and 200 mV/div 
& 50 V for 500 mV/div and 1 V/div 
i 125 V for 2 2 V/div 

5 V max if input impedance at 50 ohm. 
dc onKt molution: 200 pV for 5 50 mV/div 

(1:l probe) 1 mV for 100 mV/div and 200 mV/div 
5 mV for 500 mV/div and I V/div 
25 mV for 2 2 V/div 
or 4 digits of resolution, which ever is 
greater. 

Probe factors: Any integer ratio from I: I to 1000: 1. 
Maximum safe input voltage: 1 MR: + 250 V [dc + peak ac 
(<  IOkHz)]; 50 R: 5 V rms. 
Channel isolation: 40 dB: dc to 50 MHz; 30 dB: 50 MHz to 100 
MH7 (with channels at  equal sensitivity). 

Horizontal 
Timebase range: 5 ns/div to 5 s/div 
Timebase resolution: for t < 10 nsldiv, 100 ps resolution; for t 1 
10 ns/div, adjustable with 3-digit resolution 
Delay Pretrigger Range: 
Time/division Setting Available Delay 
5 ns - 500 ns 2.5 f i  
500 ns - 5s 5 x (s/div) 
5 ns - 50 gs/div 10,000~ (s/div) 

Approximately 7 pF 

2 - HP 10430A 101. 1 Mft, 
6.5 pF. I m  mini-probes 

Triggering 
Trigger level range: dc offset + 6 divisions 
Trigger level resolution: 400 pV for 5 50 mV/div ( 1 : 1 probe) 

2 mV for 100 mV/div and 200 mV/div 
10 mV for 500 mV/div and 1 V/div 
50 mV for > 2 V/div 

Trigger mode descriptions 
Immediate: Triggers immediately after arming condition is met. 
Edge: Triggers on rising or falling edge from channel 1 or 2. 
Auto Triggcr: Self triggers if no trigger condition is found within 
approximately 1 second after arming. 
Trigger Out: Arms Analyzer 1 or 2 or triggers the rear panel BNC. 

Waveform display 
Display formats: I to 8 scope waveforms displayed. 
Display resolution: 500 points horizontal. 240 points vertical. 

Display modes 
Single: new acquisition replaces old. 
Accumulate: new acquisition displayed in addition to previous ac- 
quisitions until screen is erased. 
Average: New acquisitions are averaged with old acquisitions and 
displayed. Maximum number of averages 256. 
Overlay: Channel 1 and Channel 2 can be overlayed in the same 
area. 
Connect-the-dob: Sampled data values connected by straight 
lines. 
Waveform reconstruction: A reconstruction filter fills in missing 
data points for timebase 5 100 ns/div. 
Waveform math: Display capability of A-B and A+B functions. 
Mixed mode: Scope plus logic analyzer displays on same screen. 

Measurement aids 
Time markers Two vertical markers labeled X and 0. Voltage 
levels displayed for each marker. Time interval measurements can 
be made between any two events. 
Automatic search: Searches for a specified absolute or percentage 
voltage level at a positive or negative edge, count adjustable from 1 
to 1024. 
Auto Search Statlstk.: Mean, maximum, and minimum values 
for elapsed time from X to 0 markers for multiple runs. Number of 
valid runs and total number of runs displayed. 
Trigger level marker: Horizontal trigger level marker displayed in 
Trace/Trigger menu only. 
Automatic measurements: Aut~mat ic  measurement of: + pulse 
width, - pulse width, frequency, period, risetime, falltime, V p-p, 
preshoot, overshoot. 
Grid: Selectable (on/olT). 

Setup aids 
Autoscale Auto scales the vertical and horizontal ranges, offset, 
and trigger levels to best display input signals. Requires amplitude 
above 10 mV peak, and frequency between 50 Hz and 100 MHz. 
Preset: Scales the vertical range, offset, and trigger level to best 
display TTL and ECL waveforms. 
Calibration: vertical, trigger, channel 1 to channel 2 deskewing, de- 
lay, and all defaults. 
Probe compensation  SOU^ External BNC supplies square wave 
approx. -400 mV to -900 mV at approximately 1.25 KHz. 

Interactive measurements 
Acquisition: Analog, timing, and state can occur simultaneously or 
in series. 
Mixed displays: Timing channels and analog channels can be dis- 
played on the same screen. State listings with time tags, timing 
channels and analog channels can be displayed on the same screen. 
Time correlation: All modules are time correlated. 

Time interval accuracy 
Between modules: Equals the sum of channel to channel time in- 
terval accuracies of each machine used for a measurement. 



Key Characteristics 

Specifications 
Minimum input voltage swing: 500 mV peak-to-peak 
lnput threshold accuracy: + 150 mV * 3.0% from 0 to +5 volts; + 
150 mV + 2.0% from -3.5 volts to 0 volts 
lnput dynamic range: + 7.0 volts 
Supplemental Characteristics 
Probes 

Minimum input ormdrirc: 250 mV or 30% of the input amplitude, 
whichever is greater, above the pod threshold 
Maximum input voltage: *40 volts 
Threshold range: -3.5 to +5.0 volts in 0.1 volt increments 

Time interval accuracy* 
Time interval accuracy: t (sample period + .01% of time interval 
reading + table value below) 

Model 

Sample rate 

Number of channels 

Memory depth per channel 

Input R 

Input C 

Leads sets included 

S a m ~ l e  rate I Within 1 Pod I Across Pods 

HP 1651W HP16516A 

1 ns to 1.6 rns 

16 per HP 16515A or 16516A 

8192 

10 KR i 2% 

Approximately 3 pF 

YES 

Trig*. 
Asynchronous pattern: Trigger on asynchronous pattern less than 
or greater than specified duration, or trigger on not-equal to pattern 
greater than the specified duration. If pattern is valid but duration is 
invalid, there is a 2.6 ns reset time before the instrument is ready to 
look for the pattern again. 
Greatw than duration: Trigger occurs a t  pattern valid followed by 
duration expired. 
Greater than duration range: 2 ns to 507 sample periods for pat- 
terns specified within a pod. 7 ns to 507 sample periods for patterns 
specified across pods on the same board. 10 ns to 507 sample periods 
for patterns specified across boards within a module (1 each 
16515A/16516A). 
Greater than duration resolution: 4 sample periods. 

These chsracterlstiu are true tor input signal. VH = -0.90 V. VL - -1.70 V, lhmshc4d - 
- 1.3V. skw rate = 1 V/ns. 

LOGIC ANALYZERS 
Specifications and Characteristics 

HP 16515A, 16518A 

Qreater than duration .ecuraq t 2 ns for 2 ns setting. For all 
other settings: =t 1 sample period +: 2 ns for patterns specified with- 
in a pod; 6 ns for patterns specified across pods on the same board; 8 
ns for patterns specified across boards. 
Less than duration: Trigger occurs at  the end of the pattern. Pat- 
terns specified within a pod must be valid for at  least 2.0 ns. Patterns 
specified across pods on the same board must be valid for at  least 11 
ns. Patterns may not be specified across boards. 
Less than duration range: 16 ns to 507 sample periods for patterns 
specified within a pod. 20 ns to 507 sample periods for patterns spec- 
ified across pods on the same board. 
Less than duration molutlon: 4 sample periods. 
Less than duration accuracy: t 1 sample period +: 3 ns for pat- 
terns specifed within a pod; 7 ns for patterns specified across pods. 
Edge trigger: Trigger on edge following valid duration of asynchro- 
nous pattern. Less than duration forces edge triggering off. Mini- 
mum pulse width 1.5 ns. 
Delay from trigger to p o r t 4  BNC: Less than 50 ns from the 
probe tip. 
Arming: By the run key, or from any other module or the external 
port-in via the intermodule bus. 

Display tunctions 
Data display/entry labels: Channels may be grouped together and 
given a 6 character name. Up to 20 labels may be assigned with up 
to 32 channels per label. 
Bases: Binary, octal, decimal, hexadecimal. ASCII (display only), 
user-defined symbols. 
Timing waveform: interleaved, time-correlated listing of timing 
waveforms and waveforms from other measurement modules (i.e. 
another timing analyzer or oscilloscope). 
Waveform display: sec/div adjustable from 1 ns to 1 s, with 3-digit 
resolution. 
Delay: -1 2.5 s to 53.5 ks 
Accumulak: Waveform display is not erased between successive 
acquisitions. 
Overlay mode: Multiple channels can be displayed on one 
waveform display line. Primary use is toview summary of bus activ- 
ity. 
Displayed wavdorms: 24 maximum. 
Symbols: 100 maximum. 

Marker functions 
Time interval: The X and 0 markers measure the time interval be- 
tween events occuring on one or more waveforms. 
Patterns: The X or 0 markers can be used to locate the 0 to 8192 
occurrence of a specified pattern. 
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286 Specifications and Characterlstlcs 0 HP 16520A, 16521A 

Characteristics 

Specifications 
Internal clock period .tcuncy: 2% of period + 1 ns 
External clock duty cycle: 10 ns minimum high time, 10 ns 
mimimum low time. 
Supplemental Characteristics 
Clock sources (16520A only) 

Internal clock period: 20 ns to 200 in a 1-2-5 sequence 
External clock period: 1 Hz to 50 MHz. Internal frequency divide 
(/ 1, / 5 ,  or / 10) provided. 

Return-to-zero (RZ) channels (16520A only) 
Number of RZ channels: 3 
Bitslchannel: 4095 
Maximum bit rate: 20 MBit/s (50 ns Period) 
Edge placement: > 100 ns period: tenths of period; 50 ns to 100 ns 
Per~od: fifths of period; where delay + width < period. 
Minimum delay: 0 
Minimum width: 1/10 data period for > 50 ns period; 1 /5 of data 
period for 50 ns data period 
Data rate with external clock: User can divide data rate by 1 / 5  or 
11 I 0  the external clock rate. 

Model 

Number of channels 

Bits per channel 

Maximum bit rate 

Number of return-to-zero 
channels 

Output voltages 

Lead sets included 

Output Characteristics 
Eight-channel pods can be assigned as either standard ECL or TTL 
levels. All characteristics are valid at  the the probe tip. 
Output Levels 

Voh (steady state) - 0.98 V 
Vol (steady state) - 1.55 V 

(into 10 KR. 10 pF) (into 10 KR, 10 pF) 

Risetime1 2.3 ns 2.5 ns 
falltime (typ) . (-0.98 V to -1.55 V) ( 0.6 V to 2.7 V) 

HP 16520A 
Master 

12 

4095 

50 MBiWs NRZ 

3 

TTL. ECL 

YES 

Number of 3 (10 K H  ECL. 1 3 (LS. @ Vn1=250 mV) 
standard loads I leaving Vnh=lW mW 

HP 16521A 
Expansion 

48 

4095 

50 MBiWs NRZ 

0 

TTL. ECL 

NO 
Skew* 
(same card) 

Skew8 
(card-tocardl 

Look-back impedance I 50 R 1 50 R 
(output measurements made into a load consisting of 10 KR in series shunted with 10 
pF to ground.) 
(')Skew measumd at (t1.8 V) T IL  and (-1.3 V) ECL bwla. 

Additional Output O p t h  
TTL and CMOS tristate: via buffer pods. User must supply 5 V 
power and tristate signal. 
Differential ECL: via ECL differential pods. User must supply -5 
V power. 

Clock/input pmbe 
Maximum input voltage: + 40 V 
Input impedance: 100 KQ, 8 pF 
External clock-in to clock-out delay: Approximately 50 ns 

Clock/lnput Probe Threshold Levels 
ECL n~ 

5 5ns 

< 10 ns 

Vih (min) I -1.00 v I 2.08 V 
Vil (max) -1.52 V 1.12 V 

5 ns 

< 10 ns 

Editing functiom 
Program listing: delete, merge, copy, insert. 
Data display formats: binary, octal, decimal, hex, and symbol. 
Symbols: I00 maximum. 
Step mode: single-step program execution in 1 to 999 program line 
steps, from a break. 

Data instruction set 
Break: Stops program execution, last data vector is held at  output 
Repeak Repeats vector up to 256 times. 
Wait IMB: Wait for inter-modular trigger. 
Wait External: Wait for user-defined 3-bit pattern on external input 
pod to become true. Pattern must be valid during time period -30 
ns to 0 ns before next Clock edge. Latency between valid pattern 
and next state can occur. 

Signal IMB: arms other measurement modules. 
Macro: Four Macros can be defined and inserted. Macros can be 
named using a 6-character label. Macros can contain any data in- 
struction. 



LOGIC ANALYZERS 
Specifications and Characteristics 

HP 16530A, 16531A 

Q 

Key Specifications and Characteristics 

HP 16530A: time base card: supports up 
to 8 channels of 
simultaneous acquisition 

Maximum sam~le rate 400 MSa/s 
-- 

Transition time 
(10% - 90%) 

M D 

MD resolution 

Waveform record depth 

Time interval 
measurement accuracy * 

5 3.5 ns 

6 bit real-time 

i 1.6% of full scale 

4096 points 

+ .75 ns .2% of time base range 
+ .02% of reading (@ 2.5 ns sample 
period) or i .2% of time base range 
+ ,0296 of reading (all other sample 
sample periods) 

dc gain accuracy * i 3% of full scale 

Voltage measurement 
accuracy * 
Trigger 

Armed by 

Trigger sensitivity * 
(dc - 100 MHz) 

Input coupling 

Input R 

Supplemental Characteristics 
Vertical (at BNC) 

Vertical sensitivity range: 5 mV/div to 2 V/div (1:l probe). 
Vertical sensitivity resolution: Adjustable with 2-digit resolution. 
DC offset range: 1-800 mV for < 800 mV/div 

16 V for 1 800 mV/div 
dc othct resolution: 1 mV for < 800 mV/div 

20 mV for 2 800 mV/div 
Prdn factors: any integer ratio from 1:l to 1:1000. 
Maximum safe input Voltage: 1 MQ input, + 40 V (dc + peak ac), 
50 R input, + 5 V (dc + peak ac). 
Horizontal 
Time base range: 5 ns/div to 10 s/div. 
Time base resolution: Adjustable with 3-digit resolution. 
Delay pre-trigger range: 4096 x sample period. 
Delay post-trigger range: 500 screen diameters. 

Gain accuracy + offset 
accuracy + ADC resolution 

16530A: external trigger input 
16531A: eitherlboth ~nput channels 

ris~ng or falling edge(s). 
pattern tr~gger 

run, IMB. 
external 
trigger input 

16530A: 5 20 mV 
16531k 5 12% of full scale 

dc 

1 MR + 2% 
500 3% 

Input C 

Probes Included 

Triggering 
Internal trigger level range: within display window (full scale and 
offset). 
Internal trigger level resolution: 1% of full scale. 
External trigger level range: 2 V. 

dc Offset Accuracv * 

Approx. 13 pF 

2- HP 10433A 10:1, 
10 MR. 10 pF. 
2m mini-probe 

External trigger level resolution: 2 mV. 
Maximum safe input voltage: 1 MQ input: + 40 V (dc + peak ac); 
50 fl input: + 5 V (dc + peak ac). 

Trigger mode descriptions 
Immediate: Triggers immediately after arming condition is met. 
Edge: Triggers on rising or falling edge of any internal channel or 
external trigger. count adjustable from 1 to 32,000. 
Pattern: Triggers on entering or exiting a specified pattern of all 
internal channels and external trigger, count adjustable from 1 to 
32,000. 
Auto-trigger: Self triggers if no trigger condition is found within 
approximately 25 ms after arming. 
Events delay: The trigger can be set to occur on the nth edge or 
pattern, as specified by the user. The number of events (n) can be set 
from 1 to 32.000 events. 

i (1 of offset + 3% of full scale) 

= SpaHicatlons (valid rrfthln a 10 C of auto-callbratlon temperature). 

Trigger out: Arms another measurement module or triggers the 
rear-panel BNC. 

Waveform display 
Display formats: I to 8 waveforms can be displayed. 
Display resolution: 500 points horizontal, 240 points vertical. 

Display modes 
Single: new acquisition replaces old 
Accumulate: New acquisitions are displayed in addition to previ- 
ous acquisitions until screen is erased. 
Average: New acquisitions are averaged with old acquisitions and 
displayed. 
Overlay: Up to 8 acquired waveforms can be overlayed in the same 
display area. 
Connect-the-dots: Provides a display of the sample points con- 
nected by straight lines. 
Waveform Reconstruction: A reconstruction filter fills in the miss- 
ing data points when sampling a t  400 MSa/s. 
Waveform math: Display capability of A-B and A+B functions is 
provided. 

Measurement aids 
Time markers: Two vertical markers labeled X and 0. Voltage 
levels are displayed for each marker. Time interval measurements 
can be made between any two events. 
Automatic search: Searches for specified absolute or percentage 
voltage level at positive or negative edge. count adjustable from 1 to 
1024. 
Automatic search statistia Mean, maximum, minumum value 
for elapsed time from X to 0 markers for multiple runs. Number of 
valid runs and total number of runs displayed. 
Automatic measurements: Automatic measurement of: + pulse 
width, - pulse width, frequency, period, risetime, falltime, V p-p, V 
top-base, preshoot, overshoot. 
Grid: Selectable (on/off). 

Setup aids 
Autoscale: Auto scales the vertical and horizontal ranges, offset, 
and trigger level to best display the input signals. Requires an am- 
plitude above 10 mV peak, and a frequency between 50 Hz and 100 
MHz. 
Preset: Scales the vertical range, offset, and trigger level to best 
display ECL or TTL waveforms. 
Calibration: vertical, trigger, channel 1 to channel 2 deskewing, de- 
lay and all defaults. Cal factors stored to disk. 
Probe compensation sourn: External BNC (on H P  16530A) 
supplies a square wave: approximately -400 mV to -900 mV a t  
approximately I kHz. 



LOGIC ANALYZERS 
288 General Characterlstlcs 0 HP 1650B, 1651B, 1652B, 1653B, 16548,16500A 

Characteristics 
Disk Drives/Files 
Built-in disk drives flk types: system software, configuration (con- 
tains instrument configuration, data, pointer to inverse assembler 
file), inverse assembler, auto-configuration. 
Autoload designation: a pre-defined configuration file can be loaded 
at  powerup. 
Disk operations: store, load, copy, duplicate disk, pack disk, rename, 
purge, format Disk. 
Programmability/ I0 Ports 
Instrument settings and operating modes can be remotely program- 
med for ALL logic analyzer models with either RS-232C or HP-IB 
(IEEE-488). Both ports are standard on all analyzers. Either port can 
be used for hardcopy output. 
Hard-topy Output 
Printers supported: H P  Thinklet. H P  QuietJet. H P  LaserJet series. 
HP  PaintJet, HP Desklet. Epson and Epson-compatible (e.g., Epson 
RX-80. RX-100. MX-80. MX-100) printers via RS-232C or HP-IB. 
HP-IB interface functions: S H  I, AH 1, T5. TEO, L3, LEO, SR 1. 
RLl ,  PPI. DCI, DTI, COand E2. 
RS-232C contigurations 
Protocols: XON/XOFF, ENQ/ACK, none, data 
Bits: 8 
Stop Bits: 1, 1 $,2 
Parity: none, odd, even 
Baud Rates: 1 10,300,600,1200,4800,9600,19200. 
Input/output Rear-panel BNCs 
Input BNC: Labeled port-in (HP 16500A) or external trigger input 
(HP 1650B/1651 B/1652B/1653B/ 1654B). Input signal must drive 
two LS TTL loads. 
Output BNC: Labeled Port-out (HP  16500A) or External Trigger 
Output (HP 1650B/1651B/1652B/1653B/1654B). Output signal is 
active high, TTL output level, high > 2 V into 50 ohms, < 0.4 V into 
50 ohms: 
Auxiiary power availabb through c8M.r: The H P  1650B/ 1651 B 
1652B/1653B/1654B/ 16510B provide power through the 
stateltiming cables. Each cable is capable of providing 213 amp @I 5 
V, to a maximum of 2 amp @I 5 V per analyzer or card. The H P  
16500A logic analysis mainframe can provide 16.3 amp - current 
draw of installed cards @I 5 V. The primary use of the auxilary power 
is as a source for preprocessors. 
Current draw per card: 3.0 amp per H P  16510B. 1.3 amp per H P  
1651 5A. 1.4 amp per HP  16516A. .7 amp per H P  16520A. .8 amp per 
H P  36521A. .4 amp per H P  16530A. 1.1 amp per HP  16531A. 

HP 165OOA InterModule Bus (IMB) 
Run control: Analog, timing, state, and pattern generation can be 
armed by group run. Modules can run concurrently or be armed in 
series. Each module can arm one or more modules. 
Mixed display m e  Any timing or oscilloscope waveform displays 
can be mixed. State listings can be included with waveforms in the 
stateltiming Mixed Mode display. 
Acquiring data tor mixed displays: To obtain a mixed display, mul- 
tiple modules must be armed through the IMB. To include a state 
listing(s) in mixed mode display, state time tagging must be on. 
Time intewal accuracy between modules: Equals the sum of the 
channel-to-channel time interval accuracies of each module used in 
the measurement, for a deskewed measurement. 
Operating Environment 
Temperature: Instrument, 0" to 50°C (+32" to 122°F). Disk me- 
dia, 10" to 40°C (+50° to 104'F). Probes and cables. 0" to 65°C 
(+32" to 149°F). 
Humidity: Instrument, up to 95% relative humidity at  +40°C 
(+ 104°F). Disk media, 8% to 80% relative humidity. 
Altitude: to 4600 m (1 5 000 ft) 
Vibration-operating: random vibration 5-500 Hz. I0 minutes per ax- 
is, - 0.3 g (rms) 
Vibration-non-opemting: random vibration 5-500 Hz, 10 minutes 
per axis, - 2.41 g (rms); and swept sine resonant search, 5-500 Hz, 
0.75 g (0-peak), 5 minute resonant dwell @ 4 resonances per axis. 
Weight 

HP 165OB/185lB/1654B: net. 10.0kg (221b); shipping 18.2kg 
(401b). 
HP 1652B/l853B: net, I l.Okg (241b); shipping 19.0kg (421b) ship- 
ping 
HP 16500A (max): net, 18.lkg (401b) + (.7kg (1.61b) number of 
cards); shipping 25.9kg (571b) + (3.6kg (81b) number of cards) 

Power 
HP 1650B/1651B/1852bll653E/1654B: 11 5V/230 V, 48-66 Hz. 
200 W max 
HP 16SOOA: 115V/230 V, 48-66 Hz, 475 W max 

size 
HP 1650BH651B/l852B/1853B~1654B: 194.3H x 425.4W x 
325.6mmD (7.65" x 16.62" x 14.0") including rear feet, excluding 
bottom feet 
HP 16500A: 222.2H x 425.7W x 548.6mmD (8.75" x 16.76' x 
2 1.6"). including rear feet, excluding bottom feet 



State Analyzers: Key State and Timing 
Specifications and Characteristics 

Additional Characteristics 
Probes 

Minimum input voltage swing: 500 mV peak-to-peak. 
lnput threshold accuracy: + 100 mV t 2% of setting. 
lnput dynamic range: * I0 volts above the threshold. 

State clocking 
Master-slave clocking (mixd/demuttipkxd clocking): 
Master clock must follow slave clock by at least 10 ns, and precede 
the next slave clock by at least 1 ns. 

Model 

Channel count 

Mulmum state lnput 
Clock rate* 
Internal clock nte 
Range 
Setup/Hold rime* 

Minimum state clock 
Pulse wldth 
Time and state tagglng 
Memory depth 
per channel 
Sequence lewh 
Trigger width 
Input R 

Input C 
lead sat8 Included 

LOGIC ANALYZERS 
Speclflcations and Characterlstlcs 

HP 16540A, 16541A 

HP 16WOA m m r  crrd 
HP 16541A expansion cnd 
HP 16540A: 16 
HP 16541A: 48 

100 MHz 

10 rns - 100 MHz 
Adjustable with 3 settings: 
Ts Th 
4 ns 0 ns 
2 ns 2 ns 
Ons 4ns 

3 ns 
To 100 MHz 

4096 
4 
Pattern recognition: full width of analyzer 
100 KO 
* 2% 
-8 pF 
YES 

Supplemental Ch~.ctefistics 

Plokr 
Minimum input ovwdrirs: 250 mV or 30% of the input amplitude, 
whichever is greater. 
Maximum input volt.g.: a 40 volts peak. 
Threshold setting: Threshold levels can be defined for each pod on 
an individual basis. One threshold can be defined for the clocks and 
qualifiers on each board. 
Threshold range: -3.5 to +5.0 volts, in 0.1 volt increments. 

Clocks 
Clocks: Two master clocks are available on the H P  16540A. They 
can clock data for all data channels. Two slave clocks are available 
on each H P  16541A. 
The HP 16541A clocks can clock data on its data channels only. 
Data can be latched on the positive, negative, or both edges for any 
clock. 
Clock quiHktr: The H P  16540A has one global clock qualifier 
that can qualify data for all data channels. The HP 16541A has one 
local clock qualifier that can qualify data on its channels only. The 
high- or low-level of the clock qualifiers can be ANDed with the 
clock specification. Setup time: 5 ns. Hold time: 1 ns. 

T W n g  
Pattern recagnizem Each recognizer is the AND combination of 
bit (0.1, or X)  patterns in each label. Four pattern recognizers are 
available. 
Range recagnirec Recognizes data which is numerically between 
or on two specified patterns (ANDed combination of zeros and/or 
ones). The maximum size is 32 bits, assigned to the lowest bits of a 
16541A. 
Oualifiec A user-specified term that can be anystate, nostate, a sin- 
gle pattern rewgnizer, range recognizer, or logical combination of 
pattern and range recognizers. 
Branching: Each sequence level has a branching qualifier. When 
satisfied, the analyzer will restart the sequence or branch to another 
sequence level. 
Occurrence c0unt.r: Sequence qualifier can be specified to occur 
up to 65535 times before advancing to the next level. 
Storage qualification: Each sequence level has a storage qualifier 
that specities the states that are to be stored. 



Triggering: Trigger is the last level of a 5 level sequence. Each level 
before trigger has an occurrence counter, store qualifier, and a state 
tagging qualifier. Each level before trigger can also branch to a pre- 
vious level. The trigger level has a store qualifier. 

Tagging 
State Tagging counts the number of qualified states between each 
stored state. Measurement can be shown relative to the previous 
state or relative to trigger. Maximum count is 32 bits. 
Time tagging measures the time between stored states, relative to 
either the previous state or the trigger with Ions resolution. Maxi- 
mum time between states is 43 seconds. 

Measurement functions 
Run starts acquisition of data in specified trace mode. 
Stop: In single trace mode or the first run of a repetitive acquisition, 
the Stop function halts acquisition and displays the current acquisi- 
tion data. For subsequent runs in repetitive mode, the Stop function 
halts acquisition of data and does not change current display. 
Arm: The analyzer can be armed by the Run key or the Intermodule 
Bus. 
Single trace mode acquires data once per trace specification. 
Repetitive trace mode repeats single-mode acquisitions until 
STOP, or until pattern time interval or compare stop criteria are 
met. 
Labels: Channels can be grouped together and given a 6-character 
name. Up to 20 labels in each analyzer can be assigned with up to 32 
channels per label. 
Activity indicators are provided in the Configuration and Format 
menus for monitoring device-under-test activity while setting up the 
analyzer. 
Markers: X and 0 markers are shown as dashed lines in displays. 
Trigger: Vertical dashed line in the Waveform and X-Y Chart dis- 
plays; line 0 in the State Listing and State Compare displays. 
Time Interval: X and 0 markers measure the time interval between 
events occurring on one or more waveforms or states (with time tag- 
ging on) Delta States: The X and 0 markers measure the number of 
tagged states between any two states (with State Tagging on). 
Patterns: The X or 0 marker can be used to locate the nth occur- 
rence of a specified pattern before or after trigger. after the begin- 
ning of data, or after another marker. 
Statistics: X to 0 marker statistics are calculated for repetitive ac- 
quisitions. Patterns must be specified for both markers, and statis- 
tics are kept only when both patterns can be found in an acquisition. 
Statistics are minimum X to 0 time, maximum X to 0 time, aver- 
age X to 0 time, and ratio of valid runs to total runs. 
Compare mode performs post-processing bit-by-bit comparison of 
the acquired state data and Compare lmage data. 
Compare image is created by copying a state acquisition into the 
compare image buffer. Allows editing of any bit in the Compare 
Image to a I, 0 or X. Compare lmage can be edited via HP-IB or 
RS-232. 

Compare image boundarim Each channel (column) in the Com- 
pare Image can be enabled or disabled via bit masks in the Compare 
Image. Upper and lower ranges of states (rows) in the Compare 
lmage can be specified. Any data bits that do not fall within the 
enabled channels and the specified range are not compared. 
Stop measurement: Repetitive acquisitions can be halted when 
the comparison between the current state acquisition and the cur- 
rent Compare Image is equal or not equal. 
Displays: The Compare Listing display shows the Compare Image 
and bit masks. The Difference Listing display highlights differences 
between the current state acquisition and the Compare Image. 

Data Entry/Display 
Display Modes: Listing, Waveforms, Chart, Compare Listing, 
Compare Difference Listing, or Listing with oscilloscope 
waveforms. X-Y Chart Display: Plots value of a specified label (on 
y-axis) versus states or another label (on x-axis). Both axes can be 
scaled. 
Markers: Correlated to Listing, Compare and Waveform displays. 
Available as pattern, time, or statistics (with time counting) and 
states (with state counting on). 
Accumulate: Chart display is not erased between successive acquisi- 
tions. 
Waveform display shows acquisitions in waveform format. 
States/division (state mode): 1 to 104 states. 
Sec/div (internal clock mode): 10 ns to 100 s; 0.01% resolution. 
Delay: - 4096 to + 4096 states. 
Accumulate: Waveform display is not erased between successive 
acquisitions. 
Overlay mode: Multiple channels can be displayed on one 
waveform display line. Primary use is toview summary of bus activ- 
ity. 
Displayed Waveforms: 24 maximum. 
Markers: Correlated to the state listing, state compare, and X-Y 
chart displays. 
Pattern Waveform: readout of waveform label values at X or 0 
marker. 
Bases: Binary. Octal, Decimal, Hexadecimal. ASCII (display on- 
ly ).user-defined symbols. 

Symbols 
Pattern symbols: User can define a mnemonic for the specific bit 
pattern of a label. When data display is SYMBOL, mnemonic is 
displayed where the bit pattern occurs. 
Range symbols: User can define a mnemonic covering a range of 
values. When data display is SYMBOL, values within the specified 
range are displayed as mnemonic + offset from base of range. 
Number of Pattern and Range Symbol.: 100 per module. Sym- 
bols can be downloaded over RS-232 or HP-IB. 



Logic Analyzer Upgrade Kits 
Upgrade kits for logic analyzers include software, hardware, or 

both, to enhance the performance of your logic analyzer. The text 
below summarizes the upgrade options available for the H P  logic an- 
alyzers listed. See page 292 for prices. 

HP 1650A and 1651A Upgrades 
You can upgrade the software capabilities of your H P  1650A or 

H P  1651A logic analyzer with the HP  10449A software upgrade kit. 
This kit includes RAM, ROM, software, and manual inserts to add 
the following features to the HP  1650A or HP  1651A: 

state compare mode 
state waveforms 
state chart mode 
The H P  10449A upgrade kit does NOT include the HP-IB inter- 

face or 35 MHz state analysis features present on the H P  1650B. 
HP  Service Center installation is highly recommended and is not in- 
cluded in the price. 

HP 16510A Upgrade 
The 165 10-68703 adds the following software features to your H P  

16510A logic analyzer: 
state compare mode 
state waveforms 
state chart mode 
This upgrade kit contains software only, and you can install it your- 

self. The software in this kit is compatible with all H P  16500A mod- 
ules. 

HP 16500A Frame Upgrades 
The 16500-68704 CPU board allows you to upgrade your frame to 

2.5 M bytes of operating system memory. This kit is suggested for 
customers who own frames shipped before January 1990, who are us- 
ing 4 or more measurement modules. Frames purchased after Janua- 
ry 1990 offer 2.5 M bytes of operating system memory standard. 

LOGIC ANALYZERS 
Upgrade Klts 

HP 10449A, 10448A. 103498 

HP 1651OA-to-HP 165108 U p g m  
The HP 10448A 35 MHz state hardware upgrade kit for the H P  

16510A logic analyzer provides an upgrade to 35 MHz state analysis 
as well as state compare, state waveforms, and state chart mode. This 
kit includes the following: 

80-channel 35 MHz state/100 MHz timing card with no probe as- 
semblies (requires transfer of probe assemblies from the H P  
165 10A to the new H P  16510B 35 MHz state card) 
software for the new card 
manual inserts 
You can install this upgrade kit yourself. It is compatible with all 

H P  16500A modules. The new card also includes connectors to allow 
installation of the H P  1651 1 B 160-channel 35 MHz state/100 MHz 
timing conversion kit. See page 272 for a description of the H P  
165 1 1 B logic analyzer. 

HP 16508 to HP 16528 and 
HP 16518 to HP 16538 Upgrades 

The HP 103498 oscilloscope upgrade kit converts the H P  1650B or 
H P  1651 B logic analyzer to a HP 1652B or H P  16538, respectively. 
The upgrade kit includes the following: 

2-channel 400 MSa/s digitizing oscilloscope board 
software 
manual inserts 
H P  Service Center installation is highly recommended, and is not 

included in the price. 



292 Ordering Information U 
Portable Logic Analyzers 
HP 1650B 80-channel logic analyzer 

Opt 908 Rackmount tray 
Opt 910 Extra operating and programming manual 
Opt W30 Extended repair service. See page 723 

HP 16518 32-Channel logic analyzer 
Opt 908 Rackmount tray 
Opt 910 Extra operating and programming manual 
Opt W30 Extended repair service. See page 723 

HP 1652B 80-channel logic analyzer with oscilloscope 
Opt 908 Rackmount tray 
Opt 910 Extra operating and programming manual 
Opt W30 Extended repair service. See page 723 

HP 16538 32-Channel logic analyzer with oscilloscope 
Opt 908 Rackmount tray 
Opt 910 Extra operating and programming manual 
Opt W30 Extended repair service. See page 723 

HP 1654B 64-channel logic analyzer 
Opt 908 Rackmount tray 
Opt 910 Extra operating and programming manual 
Opt W30 Extended repair service. See page 723 

Modular Logic Analyzers 
HP 16500A Logic analysis system mainframe 

Opt 908 Rackmount kit (8 314" EIA rackmount) 
Opt 910 Extra operating and programming manual 
Opt W30 Extended repair service. See page 723 

HP 16501A Logic analysis system expansion frame 
Opt 908 Rackmount kit (8%" EIA rackmount 
Opt W30 Extended repair service. See page 723 

HP 16510B 80-channel 35 MHz state/100 MHz tim- 
ing 

Opt 910 Extra operating and programming manual 
Opt W30 Extended repair service. See page 723 

HP 16511B 160-channel logic analyzer 35 MHz 
state1100 MHz timing conversion kit (2 HP  16510Bs 
needed) 
HP 16515A 16-channel I GHz timing master card 

Opt 910 Extra operating and programming manual 
Opt W30 Extended repair service. See page 723 

HP 16516A 16-channel I GHz timing expansion card 
Opt W30 Extended repair service. See page 723 

HP 16520A 12-channel 50 Mbit/s pattern generation 
card 

Opt 910 Extra operating and programming manual 
Opt W30 Extended repair service. See page 723 

HP 16521A Pattern generator expansion card 
Opt W30 Extended repair service. See page 723 

HP 16530A 400 MSa/s oscilloscope timebase card 
Opt 910 Extra operating and programming manual 
Opt W30 Extended repair service. See page 723 

HP 16531A 2-channel 400 Msa/s scope acquisition 
card 

Opt W3O Extended repair service. See page 723 
HP 16540A 16-channel 100 MHz state master card 

Opt 910 Extra operating and programming manual 
Opt W30 Extended Repair Service. See page 723 
Opt W32 Calibration service. See page 723. 

HP 16541A 48-channel 100 MHz state expansion card 
Opt W30 Extended repair service. See page 723 
Opt W32 Extended calibration service 

Price 
$7,900 
+$ 300 
+$ 100 

Upgrade Kits 
HP 10449A Software Upgrade Kit for HP 1650A/5 1A 
HP 16510-68703 Software Upgrade Kit for H P  
16510A 
HP 10448A 35 MHz State Upgrade Kit for H P  
16510A 
HP 10349B Scope Upgrade Kit for H P  1650B or H P  
l651B 
HP 16500-68704 CPU Upgrade Kit for H P  16500A 
Mainframe 
HP 16500-68703 Current Operating Software Version 
( 16500A) 
HP 01650-68703 Current Operation Software Version 
(1652Bl53B) 
HP 01652-68703 Current Operation Software Version 
( 1652B/53B) 
Price for upgrade kits DOES NOT include installation. 

Accessory Softwan 
HP 10390A System Performance Analysis Software 

Opt 001 for the HP 1650A and HP 1650B 
Opt 002 for the HP  165 1 A and H P  1651 B 
Opt 003 for the HP  16540A/41A 

HP 10391 B Inverse Assembler Development Package 
HP 10392A State-to-Pattern Generator Link 

Probe Interface 
HP 1026W General-purpose probe interface (required 
with many microprocessor support packages, see 
Microprocessor and Interface Support page 262). 

Microprocessor Interfaces 
HP E2417A AMD 29000 (PGA) preprocessor 
HP 103356 Hitachi 630116303 (DIP) preprocesor 
HP 1033% Hitachi 641 80 (DIP) preprocessor 
HP 10336H Hitachi 64180 (PLCC) preprocessor 
HP E2415A lntel MCS-5 1 (DIP) preprocessor 
HP E2416A Intel MCS-96 (PGA) preprocessor 
HP 10304B Intel 8085 (DIP) preprocessor 
HP 103058 lntel 8086188 (DIP) preprocessor 
HP 10306C Intel 80186188 (PGA) preprocessor 
HP E2409A lntel 80286 (PLCC/PGA) preprocessor 
HP 10314D lntel 80386 (PGA) preprocessor 
HP E2403A lntel 80486 (PGA) universal interface 
HP E2411A Intel 80486 (PGA) preprocessor 
HP E2405A lntel 80860 (PGA) universal interface 
HP 1031 1B Motorola 68000/10 (DIP) preprocessor 
HP 103116 Motorola 68000/10 (PGA) preprocessor 
HP E2426A Motorola 68020 (PGA) preprocessor 
HP 10315G Motorola 68HC11 (DIP) preprocessor 
HP 10315H Motorola 68HC11 (PLCC) Preprocessor 
HP E2413A Motorola 68332 EVS Logic Analysis 
Support 
HP E2414A Motorola 68302 ADS Logic Analysis 
Support 
HP E2406A Motorola 68030 5OMHhz (PGA) 
Preprocessor 

For same-day shipment, call HP DIRECT at 800 538-8787. 



H P  E2420A Motorola 68040 Preprocessor 
H P  E2400A Motorola 88200 (PGA) Preprocessor 
H P  E2404A Motorola 88100 (PGA) Preprocessor 
H P  E2418A Texas Instruments TMS320C25 
Preprocessor 
H P  10300B Zilog 280 (DIP) Preprocessor 

H P  5959-9333 5 probe leads for HP 1650 B series 
H P  5959-9334 5 short ground leads for HP 1650B, 
1651B, 1652B. 1653Band 16510B 
H P  5959-9335 5 long ground leads for H P  16508, 
1651B. 1652B. 1653B and 16510B 
H P  01650-61608 16-channel probe lead set for 
HP 1650B/1651B/1652B/1653B/16510B 
H P  01650-63203 termination adaptor for 
HP 1650B/1651B/1652B/1653B/16510B 
H P  1810-1278 9-channel IC termination adaptor 
H P  1251-8106 2 x 10,O.l" center header (similar to 
3-M' p/n 3592-6002) 
H P  5090-4356 Surface-mount grabbers (package of 
20) 

Bus and Interface Preprocessors 
H P  10342B HP-IB, RS-232C and RS-449 buses 
H P  10342G HP-IB bus 
H P  10341B MIL-STD 1553AlB bus 
H P  103438 SCSI bus 
H P  10344A A-size VME bus 
H P  E1323A B-size VME; B- & C-Size VXIbus 

H-P 5959-0288 Throughhole grabbers (package of 20) 
H P  16515-61604 I-channel coax probe cable for 
HP 16515A/16516A 
H P  16515-69502 8 I-channel lead set for 
HP 16515A116516A 
H P  16515-68703 grounding kit for 
HP 16515A/16516A 
H P  16515-68705 Probe pins for HP 1651 5A116516A 
H P  16515-63202 1 GHz Timing Termination Adaptor 

User-Definable Interface Products 
H P  10320C User-definable interface 
H P  10321A Microprocessor interface parts kit 
H P  10322A 40-pin DIP interface cable 
H P  10323A 48-pin DIP interface cable 
H P  10324A 64-pin DIP interface cable 
H P  10391B Inverse assembler development package 

Miscellaneous A m r i e s  
H P  E2421A Pomona 5514 SOlC Clip Kit 
H P  E2422A Pomona 551 5 QUAD clip kit 

Pattern Generator Accessories; Replace- 
ment Probes and Lead Sets 
H P  lO392A state-to-pattern generator link 
H P  16520-61601 Input qualifier probe cable 
H P  16520-69501 Input qualifier probe kit 
H P  16520-61602 8-channel data probe cable 
H P  16520-61603 Clock/strobe probe cable 
H P  10347A Pattern generator probe lead set 
H P  10345A &channel ECL differential driver pod 
H P  10346A 8-channel TTL tristate buffer pod 
H P  10348A 8-channel CMOS tristate buffer pod 
H P  5959-0288 grabbers (package of 20) 

Printers and Accessories 
H P  3630A PaintJet color graphics printer 

Opt 001 with RS-232ClV.24 interface 
Opt 002 with HP-IB interface 

H P  2225A ThinkJet printer with HP-IB interface 
H P  2225D ThinkJet printer with RS-232ClV.24 
interface 
H P  92261A Thinklet print cartridges 
H P  92261N paper (2500 Sheets, for ThinkJet, 
DeskJet) 
H P  92261s Mini-printer stand 
H P  2276A DeskJet printer, Centronics/Rs-232Clv.24 
Interface 
H P  10833A HP-IB cable, Im 
13242-60010 RS-232C cable, 3m 

Other Accessories tor the HP 
165OB/1651B/1652B/16538 
H P  1180A Testmobile for 
HP l65OB/1651 B/1652B/1653B 
H P  92199B Power strip 
H P  1540-1066 Soft carrying case for 
HP 1650B/1651B/1652B/1653B 
H P  92192A Blank double-sided 3.5" diskette 
(box of 10) 
H P  5061-6175 Rackmount kit for 
HP 1650B/1651B/1652B/1653B 
H P  3494-0015 Rackmount slide tray for 
HP 1650B/1651B/1652B/1653B 
H P  921 1-2645 Transit Case 
HP 1650B/1652B/1652B/1653B 
H P  5061-6183 Front Cover for 
HP 16508/1651 B/1652B/1653B 

Oscilloscope Accessories 
H P  10503A BNC-to-BNC cable, 1.2m 
H P  10240B BNC-to-BNC blocking capacitor 
H P  1021 1A IC probe clip 
H P  10024A 16-pin IC test clip 

Oscilloscope Probes 
H P  l002OA 1 : 1 - 100.50-5000 R, < 1 pF resistive divider 
probe set, 1.2m 
H P  10430A 10: 1, 1 MR, 6.5 Pf mini-probe, Im 
H P  10433A 10:1, 10 MR. 10 pF mini-probe, 2m 
H P  10435A 10:1, 1 MR. 7.5 pF mini-probe, Im 
H P  10437A 1:1,50 R, mini-probe, 2m 
H P  10438A 1 :I, 1 MR, 40 pF mini-probe, Im 
H P  10439A 1 :I, 1 MR. 64 pF mini-probe, 2m 
H P  10440A 100:l. 10 MR. 2.5 pF mini-probe, 2m Other Accessories for the HP 16500A 

H P  92192A Blank double-sided 3.5" diskettes 
(box of 10) 
H P  1008A Testmobile for the HP 16500A 

Option 006 Power strip and cabinet i 
H P  46060A HP Mouse 
H P  M1309A Trackball 
HP 5061-9679 Rackmount kit for HP 16500A 
H P  921 1-2658 Transit case for HP 16500A 

State and Timing Analyzer Replacement 
Probes and Lead Sets 
H P  01650-61607 16-channel wwen probe cable for 
1650B. 1651 B, 1652B and 16538 
H P  16510-61601 16-channel woven probe cable for 
HP 16510B 
H P  16510-61602 16-channel woven probe cable for 
HP 16510B 

= For same-day shipment, call HP DIRECT at 800-538-8787. 
'3-M Is a registered trademark of Mlnnssota Mlnhrg and Manvfacturlng Corpomlon. 



DIGITAL CIRCUIT TESTERS 
Signature Multlmeter, Comblnes Counter and Multlmeter Functions wlth Signature Analysls 
HP 50058 

Digital and analog measurement capability optimized 
for digital troubleshooting 
Easy to use single probe measurement of logic signals, 
voltage, and frequency 

HP 50058 
Total checkout of a digital system often requires characterizing 

both digital data activity and analog signal parameters. A typical 
troubleshooting procedure may specify a digital multimeter for 
checking power supplies and circuit board integrity (shorts and 
opens), a universal counter to measure clock frequencies and time 
intervals between signals, and a means to verify the analog integrity 
of active digital signals. The HP 5005B Signature Multimeter offers, 
in a single instrument, a measurement set optimized for these types of 
digital troubleshooting applications. 

- Field proven Signature Analysis (for multiple logic families). 
- Digital multimeter (DC volts, resistance and differential voltage). 
- Frequency counter (frequency, totalize, time interval). 
- Voltage threshold (upper voltage peak, lower voltage peak). 
- Multifunction probe. 

Signature Analysis 
HP's patented Signature Analysis technique enables the HP  5005B 

to generate a compressed, four digit "fingerprint" or signature of the 
digital data stream at a logic node. Any fault associated with a device 
connected through the node will force a change in the data stream 
and. consequently. produce an erroneous signature. 

Specific features of the HP 5005B Signature Analyzer include: 

- Multiple logic family compatibility-preset threshold levels for 
TTL, CMOS, and ECL or adjustable thresholds (+12.5 V to 
- 12.5 V) assure coverage of a wide variety of logic device types. 

- 25 MHz clock frequencydxtends Signature Analysis to high 
speed circuits such as CRT controllers. 

- Qualified signature mode-speeds fault isolation in complex 
products by windowing signature collection to specific modules or 
devices without requiring major test setup changes. This simpli- 
fies the engineering involvement in hardware and software 
testability and accelerates test procedure preparation. 

Digital Multimeter 
Certain digital problems result from analog circuit failures: a low 

power supply voltage, an open or shorted circuit path, a faulty A / D  or 
D/A converter. Each may contribute to a system failure. The HP 
5005B contains a 4% digit dc voltmeter, ohmmeter, and differential 
voltmeter, each with performance geared toward analog measure- 
ments necessary in digital troubleshooting. 

The implementation of each multimeter function emphasizes sim- 
plicity and convenience. Automatic internal self calibration and auto- 
ranging maximize troubleshooting efficiency by eliminating unneces- 
sary interaction with the instrument. Improvements in display inter- 
pretation also aid troubleshooting. The ohmmeter, for example, when 
measuring an open circuit, produces an "OPEN" indication on the 
display rather than the typical overload display. 

25 MHz, multiple logic family signature analysis wlth 
qualified clocking mode 
Complete HB-1B programmablllty of every function 

Frequency Counter 
The counter within the HP  5005B provides totalize and frequency 

measurements to 50 MHz, and time interval measurements to 100 
nanosecond resolution. Intended to extend the digital troubleshooting 
capabilities of the Signature Analysis (synchronous measurements), 
the counter functions provide the ability tocharacterizeone-shots and 
timers through time interval measurement; test interrupt lines, reset 
lines, and asynchronous communication interfaces (RS-232) through 
totalize; and verify clock and clock driver circuitry through frequency 
measurement. 

Voltage Threshold 
Logic level degradation is a common and troublesome malfunction 

in digital products. Isolating this failure typically requires displaying 
and interpreting the waveform. The HP 5005B's peak voltage mea- 
surement mode provides a simple, direct method of measuring logic 
high and logic low voltage of active digital signals. 

The peak voltage measurement mode allows the HP  5005B to char- 
acterize and display either the greatest (positive peak) or the lowest 
(negative peak) voltage measured at  the probe. Selection of either 
positive peak or negative peak mode displays the appropriate mea- 
sured threshold for comparison against the specifications of the logic 
family. 

Multitunctlon Prok  
Several measurement functions incorporated into a single instru- 

ment can provide optimal troubleshooting efficiency only when each 
function is easy to use. The operator, when troubleshooting, must be 
able to measure the analog signal parameters and digital functional 
characteristics of a node without requiring time consuming and error- 
prone probe or instrument setup changes. The HP 5005B multifunc- 
tion probe solves this problem by providing automatic access to the 
Signature Analyzer, multimeter, and counter functions through a sin- 
gle probe. All signal multiplexing to the appropriate measurement 
function is accomplished inside the H P  5005B. 

This efficient probing scheme becomes particularly important in 
automatic applications. The HP 5005B takes advantage of the several 
functions available in the multifunction probe. A switch, located on 
the side of the probe, allows the operator to trigger automatic mea- 
surement. The instrument controller can then characterize both the 
analog parameters and functional digital operation of a circuit node 
while the operator probes the same point. This greater automatic 
measurement efficiency translates into increased troubleshooting pro- 
ductivity. 

HP-IB Programmability 
Complete programmability makes the HP  5005B an ideal choice 

for automatic digital testing and troubleshooting. Every HP 5005B 
measurement and control function can be programmed through the 
HP-IB interface. This flexibility allows the automatic test system de- 
signer full access to the many measurement functions in the instru- 
ment. 

Simplified programming enhances the automatic testing and 
troubleshooting productivity improvements inherent in the HP  
5005B. Straightforward commands and data output formats aid in 
accelerating test program development. A measurement trigger 
switch located in the probe allows direct operator communication to 
the controller. Audible feedback, supplied by the beeper in the HP  
5005B. can then indicate the completion of the measurement cycle. 
This closed-loop communication (controller-to-operator) aids in im- 
proving trouble-shooting efficiency. 



HP 50058 Specifications 

Signature 
Display: 4 digits. Characters 0-9. ACFHPU. 
Fault detection accuracy: 100% probability of detecting single-bit 
errors: 99.998% probability of detecting multiple-bit errors. 
Minimum gate Iength: 1 clock cycle (1 data bit) between START 
and STOP. 
Maximum gate length: no limit. 
Minimum timing between gates: 1 clock cycle between STOP and 
START. 
Data Prok  Timing 

Setup time: 10 ns (data to be valid a t  least 10 ns before selected 
clock edge.) 
Hold time: 0 ns (data to be held until occurrence of selected clock 
edge.) 

START, STOP, QUAL Timing 
Setup time: 20 ns (signals to be valid at  least 20 ns before selected 
clock edge.) 
Hold time: 0 ns (signals to be held until occurrence of selected clock 
edge.) 

CLOCK Timing 
Maximum cl&k frequency: 25 MHz. 
Minimum ~ u l s e  width: 15 ns in hiah or low state. 

Quality mod'e: allows data clock by an external signal. 
DATA probe input impedance -50 kQ to the average value of "0" 
and " I "  threshold settings ( a 6  V max); 15 pF. 
START. STOP, CLOCK. QUAL input impedance -100 M, 15 pF. 
Front panel indicators: flashing GATE light indicates detection of 
valid START, STOP, CLOCK conditions. Flashing UNSTABLE 
light indicates a difference between 2 successive signatures, and possi- 
ble intermittent faults. 

Frequency 
Display: 5 digits. 
Ranges: 100 kHz, 1 MHz, 10 MHz, 50 MHz, autoranged. 
Resolution: 1 LSD (1 Hz on 100 kHz range). 
Accuracy: +0.01% of reading A 1 count. 
Minimum pulse width -10 ns in high or low state. 
Gate time -1 s, fixed. 
lnput impedance -50 M to the average value of "0" and "1" thresh- 
old settings (+6 V max); 15 pF. 

Totalizing 
Display: 5 digits. 
Range: 0-99,999 counts. 
Resolution: 1 count. 
Maximum input frequency -50 MHz, with a minimum pulse width 
of I0 ns, and minimum pulse separation of 10 ns. 
Minimum START/STOP pulse width 1 2 0  ns. 
DATA input impedance -50 M to the average value of "0" and "1" 
threshold settings (+6 V max); I5 pF. 
START, STOP input impedance - I00 M, 15 pF. 

Time interval 
Display: 5 digits. 
Ranges: 10 ms, 100 ms, 1 s, 10 s, 100 s, autoranged. 
Resolution: 1 count (1 00 ns on 10 ms range). 
Accuracy: a0.01% of reading t 2  counts. 
Minimum STARTISTOP pulse width -20 ns. 
START, STOP input impedance 2. I00 kQ; 

Resistance 
Display: 4 or 5 digits, depending on range. 
Ranges: 30 kR, 300 M, 1 MQ, 3 MQ, 10 MQ, autoranged. 
Accuracy: (at 1 S°C-30°C). 

DC Voltage 
Display: 4% digits. 
Ranges: ~ 2 5  V, a250 V, autoranged; referenced to earth ground. 
Accuracy: (at 1 5°C-300C). 

+0.25% of reading a20 mV 10 rnV 1 1 a0.25'31 of reading +20 mV I 
Range 

lnput impedance -10 MR. 

Accuracy I Resolution 

Differential Voltage 
Reading: reads input voltage present at  the probe and displays differ- 
ence between it and voltage at  the time AV key was depressed. 
Specifications: same as for dcV. above. Voltage range is determined 
by larger of 2 compared voltages. 

Peak Voltage 
Display: 3'12 digits. 
Range: 0-* 12 Vp. 
Resolution: 50 mV. 
Accuracy: *2% of reading +5% of p p  signal a100 mV. 
Minimum peak duration -10 ns. 
Maximum time between peaks -50 ms. 
lnput impedance -100 M; 15 pF. 

25 V 

Signature Analyzer Logk Thresholds 
Preset thresholds: TTL, ECL, CMOS. 
Adjustable threshold.: each preset threshold can be adjusted. 

Range: +12.5 V, in 50 mV steps. 
Accuracy: +2% of setting. a.2 V 

Logic threshold circuitry is operative during NORM, QUAL, kHz, 
TOTLZ and ms measurements. 

General 
Data probe tip: acts as high-speed logic probe in the NORM, 
QUAL, kHz and TOTLZ modes. Lamp indicates high, low. bad-level 
and pulsing states. 
Minimum detected pulse width is 10 ns. 
Data Probe Protection 

Continuous Overload 
DCV, AV, kR modes o n b  a250 V ac/dc. 
All other modes: +I50 V ac/dc. 20 V rms at  input frequencies 
> 2  MHz. 
Intermittent overlo& a250 V acldc, up to 1 min, for all modes. 

Timing Pod Protection 
Continuous overload: a100 V ac/dc. 20 V rms at  input frequen- 
cies > 2  MHz. 
Intermittent ovcrlocld: a140 V acldc, up to 1 min. 
Auxiliary power supply: three rear-panel connectors supply 5 V at 
0.7A total for accessories (HP 5005A only) 
Operating temperature 0°C to +55OC. 
Power: selectable 100 V, 120 V, 220 V or 240 V ac line 
(+5%--lo%), 48-66 Hz, 35 VA maximum. 

Weight: Net: 5.5 kg (1 2.0 Ib.) Shipping: 8.7 kg (19 Ib.). 
Size: 133 H x 212 W x 432 mm D (5%" x 8%* x 17"), excluding 

handle. 

+0.1% of reading a2 mV 

Ordering Information 
H P  50058 Signature Multimeter 

Opt 910 Additional Manual 

1 rnV 

DWa 
Resolution 

1 Q 
10 R 
100 R 
1 kR 
10 kR 

lnput impedance -20 kR to a2 V 

Accuracy 
i1% of reading i2 R 
4% of reading 
+1% of reading 
40% or reading 
a1096 of reading 

RmF 
30 kR 

300 kR 
1 MR 
3 MR 
10 MR 

Full Scale 
29.999 kR 
299.99 kR 
999.9 kR 
2999. kR 
10000. kR 



DIGITAL CIRCUIT TESTERS 
Slgnature Analyzer, A Dlgltal Troubleshooting Tool 
HP 5006A 

Reduce warranty and service support costs 
Full at-speed testing of digital products 

Reduce comparisons to documentation with compos- 
ite signature 
Compare signatures in groups with signature memory 

:OORA SIGNATURF ANALYZFR . , 

HP 5006A Signature Analyzer Start, stop, q u a I H i ~  setup time: 20 ns with 0.2 V overdrive. 

The Technique (Data to be valid at  least 20 ns before selected clock edge.) Hold time: 
0 ns. (Data to be held until occurrence of selected clock edge.) 

Signature Analysis is a fast and accurate troubleshooting method ~ i ~ i ~ ~ ~  gate length: clock cycle data bit) between START and 
for digital circuits. Fault finding is reduced to tracing signal flow and S T ~ P ,  
comparing measured signatures to those recorded on paper or in a gate no limit. 
computer. Troubleshoot with Signature Analysis by probing the cir- Minimum timing between gates: clock cycle between STOP and 
cuit, reading the display and comparing to the known good signature. START. 
A signature is a cyclic redundancy code (CRC) used as an error de- 
tection check on blocks of data. Test patterns may be generated with- Input I m W a n m  
in a circuit or stimulated externally. Probe 50 kR to ground nominal. 

Programmability Means Efficiency Pod: 100 kR to ground nominal. 

The HP 5006A is completely programmable using the optional 
HP-IB interface. Upgrade production test and troubleshooting sys- Overload 
tems to include digital troubleshooting by adding the HP-IB option. *Is0 *20 

Signatures compress the necessary troubleshooting information of *250 V intermittent. +I40 V intermittent. 
a bit stream into 16 bits. Instead of entire bit streams, only signatures 250 Vac for 1 minute. + 140 Vac for 1 minute. 

need be compared to detect bit errors in the unit under test. CMOS sense: 20 Vdc maximum. 

Time Savers 
Composite signature and signature memory save time for the 

troubleshooter who does not have a computer-aided system. Compos- 
ite signature is the binary sum of individual signatures. The HP 
5006A computes it for any grouping of digital signals (i.e., bus or IC). 
Only one "composite" signature need be compared to documentation 
if all signals for that group are good. 

Signatures are stored in the HP  5006A memory after the probe 
switch is pushed. The memory stores the last 32 signatures probed. 
Individual signatures can now be compared in groups instead of after 
each probe by reviewing the memory in the RECALL mode. 

HP 5006A Specifications 
General 
Display: 4 digits. Characters 0-9, ACFHPU. 
Fault detection accuracy: 100% probability of detecting single-bit 
errors; 99.998% probability of detecting multiple-bit errors. 
Composite signature: maximum number of signatures: No limit. 

Sums all signatures, triggered by probe switch, following depres- 
sion of CLEAR key, or power-up. 
Signatun memory: signatures recallable by probe switch: The last 
32 signatures triggered by probe switch. 

TTL Thresholds 
Probe Logic one: 2 V + .2-.3. Logic zero: 0.8 V +.3-.2 
Pod: 1.4 V *.6 

CMOS Thresholds 
Logic one: 70% of sensed voltage. 
Logic zero: 30% of sensed voltage. 

Display and Indicators 
Signature four seven-segment digits with decimal point. 
Lamps: Key Status: Recall, edit, signature latch, unstable latch, 
qual~fy mode, timing polarities. Programmable: Remote, talk, listen. 
SRQ. (Option 040). Status: Composite signature, gate, unstable. 
Probe logic levels indicated: High, low, open and pulsing. Mini- 
mum pulse width: 10 ns. 

Other 
Selectable pow= 11 5 V + 10%-25% ac line, 48-440 Hz. 
230 V + 10-1 5% ac line, 48-66 Hz. 25 VA maximum. 
Operating environment: temperature: 0-55°C. Humidity: 95% 
RH at +40°C. Altitude: 4600 m (15,000 ft). 
Size: 89 mm H x 216 mm W 279 mm D (3-B in. x 8-Bin. x 11 in.). 
Net weight: 2.4 kg (5.3 Ib). Shipping weight: 4.1 kg (9 Ib). 

- ~ 

Timing 
Clock: maximum frequency: 25 MHz. Minimum clock time: 15 ns Orderlng Information 
in high or low state. H P  5006A Signature Analyzer 
P r o k  setup time: 10 ns with 0.2 V overdrive. (Data to be valid at  Opt 40 HP-IB Interface 
least I0 ns before selected clock edge.) Hold time: 0 ns. (Data to be Opt 910 Additional Manual 
held after occurrence of selected clock edge.) HP 5060-0173 Half Rack Mount Kit 

Price 
5 2,200 
+5300 

+S16.50 
585 



DIGITAL CIRCUIT TESTERS fl 
Logic Probe, Loglc Pulser, Digltal Current Tracer 

HP 545A, 546A, 547A 

HP 545A TTL/CMOS Logic Probe 
The HP 545A Logic Probe contains all the features built into other 

H P  probes, plus switch-selectable, multi-family operation and built- 
in pulse memory. Employing straightforward one-lamp display the 
HP  545A operates from 3 to 18 volts in CMOS applications or from 
4.5 to I5 Vdc supplies in the TTL mode while maintaining standard 
TTL thresholds. 

The probe's independent, built-in pulse memory and LED display 
help you capture hard to see, intermittent pulses. Just connect the 
probe tip to a circuit point, reset the memory, and wait for the probe 
to catch those hard to find glitches. 

The hand-held HP  545A is light, rugged, overload protected, and 
very fast: 80 MHz in TTL, 40 MHz in CMOS. It also employs handy 
power supply connectors that enable you to easily hook up to supply 
voltage almost anywhere in the unit under test. 

HP 545A Probe Specifications 

lnput current: 5 15 pA (source or sink). 
Input capacitance: 5 15 pF. 
Logic thresholds 

*TTL: Logic one 2.0 + 0.4, -0.2 V. Logic zero 0.8 + 0.2, -0.4 V. 
CMOS: 3- 10 Vdc supply 
Logic one: 0.7 X Vmmy a0.5 Vdc. 
Logic zero: 0.3 X VSuH, +0.5 Vdc. 
CMOS: 2 10-18 Vdc supply. 
Logic one: 0.7 X VmmY a 1.0 Vdc. 
Logic zero: 0.3 X V,* + 1.0 Vdc. 

lnput minimum pulse wMth: 10 ns using ground lead (typically 20 
ns without ground lead). 
lnput maximum pulse repetition fmqmncy: 

TTL. 80 MHz. CMOS, 40 MHz. 
lnput overload protection: a 120 V continuous (dc to 1 kHz); t 2 5 0  
for 15 seconds (dc to 1 kHz). 
Pulse memory: indicates first entry into valid logic level: also indi- 
cates return to initial valid level from bad level for pulse 2 1 ps wide. 
Power Requirements 

TTL: 4.5 to 15 Vdc*. 
CMOS: 3 to 18 Vdc. 
Maximum current: 70 mA. 
Overload protection: +25 Vdc for one minute. 

Accessory included: ground clip. 
*+5t10% Vdc power supply; us(lbbl0 +15 VdCwMI *IQM)YIfCfeWd IOgklOIItfKdIoW. 

HP 546A Logic Pulmr 
The Logic Pulser solves the problem of how to pulse IC's in digital 

circuits. Merely touch the Pulser to the circuit under test, press the 
pulse button and all circuits connected to the node (outputs as well as 
inputs) are briefly driven to their opposite state. No unsoldering of IC 
outputs is required. Pulse injection is automatic. high nodes are 
pulsed low and low nodes, high, each time the button is pressed. 

Automatic polarity pulse output, pulse width, and amplitude make 
for easy multi-family operation when you use the H P  546A Logic 
Pulser. But, the real surprise comes when you code in one of its six 
ROM-programmable output patterns (single pulses; pulse streams of 
either 1, 10. or 100 Hz; or bursts of 10 or 100 Hz; or bursts of 10 or 
100 pulses). This feature allows you to continually pulse a circuit 
when necessary, or it also provides an easy means to put an exact 
number of pulses into counters and shift registers. Used with our mul- 
ti-family IC Troubleshooters, the HP  546A acts as both a voltage and 
current source in digital troubleshooting applications. 

HP 546A Pulser Specifications 
Output 

TrdctiOutoutVott8w 1 

Power supply mquiremenh: TTL; 4.5 to 5.5 Vdc a t  35 mA, 
CMOS; 3 to 18 Vdc at  35 mA, protected to *25 Vdc for 1 min. 

Famlly 
TTUDTL 
CMOS 

L 

HP 547A Digital Current Tracer 
The H P  547A Current Tracer precisely locates low-impedance 

faults in digital circuits by locating current sources or sinks. For ex- 
ample, on a bad node the Tracer can verify that the driver is function- 
ing and also show where the problem is by tracing current flow to the 
source or sink causing the node to be stuck. The Tracer is designed to 
troubleshoot circuits carrying fast rise-time current pulses. The Trac- 
er senses the magnetic field generated by these signals in the circuit 
and displays transitions, single pulses, and pulse trains using a simple 
one-light indicator. Because it is not voltage sensitive, the Tracer op- 
erates on all logic families having current pulses exceeding 1 mA, 
including CMOS, where even lightly loaded outputs can have up to 2 
to 3 mA of instantaneous charging current. 

To use the Tracer, align the dot on its tip a t  a reference point, usu- 
ally the output of a node driver. Set the sensitivity control to indicate 
the presence of ac current activity. As you probe from point to point 
or follow traces, the lamp will change intensity; when you find the 
fault the Tracer will indicate the same brightness found at  the refer- 
ence point. 

HP 547A Current Tracer SpecMcations 

Output Currant 
5650 mA 

11W mA 

lnput 
Sensltlvltr: 1 mA to 1 A. 
Frequency responm light indicates single-step current transi- 
tions; single pulses 250 ns in width; pulse trains to 10 MHz (typical- 
ly 20 MHz for current pulses 210 mA). 
Risetime: light indicates current transitions with risetime 5200 ns 
at 1 mA. 

Power Supply Roquinmenh 
Voltage: 4.5 to 18 Vdc. 
lnput current: 575 mA. 
Maximum ripple 4 0 0  mV above 5 Vdc. 
Overvoltage protection: a 2 5  Vdc for one minute. 

Ordering Information Price 
H P  545A Logic Probe $260* 
H P  546A Logic Pulser $350= 
HP 547A Digital Current Tracer 1 6 6 3 0 s  
Accessories Available 
HP 00545-60104: Tip Kit for H P  546A Pulser, 545A S65 
Probe 
H P  10526-60002: Multi-Pin Stimulus Kit S 7 5 w  
H P  1250-1948 Adapter. Coax Str. $25 s For same day shipment, call HP DIRECT at 800-536-8787. 

Pulw Width 
20.5 rs 
25.0 ps 

HIGH 
23 Vdc 

>(V ,pply - 1 Vdc) 

LOW 
(0 8 Vdc 

(0.5 Vdc 



DIGITAL CIRCUIT TESTERS 
Logic Clip, Logic Comparator 
HP 548A & 10529A 

HP 548A Logic Clip 
The Logic Clip is an extremely handy service and design tool which 

clips onto dual-in-line package (DIP) ICs, instantly displaying the 
states of up to 16 pins. Each of the clip's 16 LEDs independently fol- 
lows level changes at its associated pin. Lit diodes are logic High, 
extinguished diodes are Low. 

The Logic Clips's real value is in its ease of use. It has no controls to 
set, needs no power connections, and requires practically no explana- 
tion as to how it is used. The clip has its own gating logic for locating 
ground and Vc= pins and its buffered inputs reduce circuit loading. 

The Logic C l ~ p  is much easier to use than either an oscilloscope or a 
voltmeter when you are interested in whether a circuit is in the high or 
low state, rather than its actual voltage. The Clip, in effect, is 16 bina- 
ry voltmeters, and the user does not have to shift his eyes away from 
his circuit to make the readings. 

The intuitive relationship of the input to the output-lighted diode 
corresponding a high logic state-greatly simplifies the troubleshoot- 
ing procedure. The user is free to concentrate his attention on his cir- 
cuits, rather than on measurement techniques. Also, timing 
relationships become especially apparent when clock rates can be 
slowed to about 1 pulse per second. 

When used in conjunction with the Logic Pulser, the Logic Clip 
offers unparalleled analysis capability for troubleshooting sequential 
Logic Devices used to inject pulses between gates allowing it to supply 
signals to the IC under test absolutely independent of gates connected 
to the 1C. All outputs may then be observed simultaneously on the 
Logic Clip. Deviations from expected results are immediately appar- 
ent as the Pulser steps the IC through its truth table. 

HP 548A Multi-Family Logic Clip 
Fully automatic and protected to 30 Vdc, and employing bright 

individual LEDs in its display, the HP  548A brings multi-family op- 
eration to the HP  line of IC Troubleshooters. The Clip can be exter- 
nally powered, if desired, using a simple power connector. 

HP 548A Speciflcations 
lnput threshold: (20.4 +0.06 x Supply Voltage) = Logic High. 
lnput impedance: 1 CMOS load per input. 
lnput protection: 30 Vdc for 1 minute. 
Supply voltage: 4-1 8 Vdc across any two pins. 
Auxiliary supply input: 4.5 to 20 Vdc applied via connector. Supply 
must be 2 1.5 Vdc more positive than any pin of IC under test. 
Supply current: <55 mA. 

Ordering Information Price 
H P  548A Logic Clip $320* 

For same day shipment, call HP DIRECT at 800-538-8787. 

HP 10529A Logic Comparator 
The HP 10529A Logic Comparator clips onto powered TTL or 

DTL ICs and detects functional failures by comparing the in-circuit 
test IC with a known good reference IC inserted in the Comparator. 
Outputs of the particular IC to be tested areselected via 16 miniature 
switches which tell the Comparator which pins of the reference IC are 
inputs and which are outputs. Any logic state difference between the 
test IC and reference IC is identified to the specific pin(s) on 14- or 
16-pin dual in-line packages on the Comparator's display. A lighted 
LED corresponds to a logic difference. Intermittent errors as short as 
300 nanoseconds (using the socket board) are detected, and the error 
indication on the Comparator's display is stretched for a visual indi- 
cation. A failure on an input pin, such as an internal short, will appear 
as a failure on the IC driving the failed IC; thus a failure indication 
actually pinpoints a malfunctioning node. A test board is supplied to 
exercise all of the circuitry, test leads, and display elements to verify 
proper operation. 
HP 10541A: twenty additional blank reference boards; identical to 
the 10 boards provided with the Logic Comparator. 
HP 10541 B: twenty preprogrammed reference boards. The 10541 B 
includes the following ICs: 7400,7402,7404,7408,7410,7420,7430, 
7440. 7451, 7454,7473, 7474, 7475, 7476, 7483, 7486, 7490, 7493, 
74121,9601. 

HP 10529A Specifications 
lnput threshold: I .4 V nominal (1.8 V nominal with socket board), 
TTL or DTL compatible. 
Test IC loading: outputs driving Test IC inputs are loaded by 5 low- 
power TTL loads plus input of Reference 1C. Test IC outputs are 
loaded by 2 low-power TTL loads. 
lnput protection: voltages < -1 V or > 7 V must be current limited 
to 10 mA. 
Supply voltage 5 V 4 % .  at  300 mA. 
Supply protection: supply voltage must be limited to 7 V. 
Maximum current consumption: 300 mA. 
Sensitivity 

Error sensitivity: 200 ns with reference board or 300 ns with socket 
board. Errors greater than this are detected and stretched to at  least 
0.1 second. 
Delayed variation Immunity: 50 ns. Errors shorter than this value 
are considered spurious and ignored. 

Frequency range: maximum operational frequency varies with duty 
cycle. An error existing for a full clock cycle will be detected if the 
cycle rate is less than 3 MHz. 
Accessories imludcd: I test board; 10 blank reference boards; 1 
programmable socket board; 1 carrying case. 

Ordering Information Price 
H P  10529A Logic Comparator Sl loo* 
Accessories Available 
H P  10541A: Twenty Blank Reference Boards f 1 7 0 w  
H P  10541R: Twenty Pre-programmed Boards S440* 



DIGITAL CIRCUIT TESTERS fl 

Complete multi-family kits 
a Stimulus-response capability 

In-circuit fault finding 

Logic Troubleshootlng Klts 
HP 501 IT,  5021A, 5022A, 5023A & 5024A 

In-circuit analysis 
Dynamic and static testing 
Multi-pin testing 

FAULT I SnMULUS I RESPONSE I TEST M N O D  
Pulse shorted node 1 Shorted o d e  I Pulse? I Current Tracer Follow current pulses to I I short 

Stuck Data Bus 

Signal Line Short 
to Vcc or Ground 

PUNK? 

Pulser 

Current Tracer 

Probe. 
Current Tracer 

Pulse bus Ilne(s) 
Trace current to device 

holdlna the bus In a 1 stuck cond~tqon 

Pulse and  robe test Dolnt 
s~multaneo'usl~ ' 

Short to Vcc or Ground 
cannot be overridden by 
puls~ng 
Pulse t a t  point, and 
follow current pulses to 
the short 

S u m  to Ground 1 
Remove power from clrcult 
under test 
Dlsconned ekctroMic 

Puker Current Tracer bypass capacitors 
Pulse across Vcc and ground 

uslng accessory connectors 1 I ~ r o v l d e d  ' 

I * ' ~ race  current to fault 

lnternallv I Pulse? I Robe I Pulse dev~ce in~utls) 

the lault I ;ul ;Tracer Solder Brtdge 
L~ght goes out when solder 
br~dge passed 

C~rcu~t clock deacttvated 
Use Pulser to enter des~red 

Segutnt~al Logrc number of pulses 
Fault ~n Counter Place Cl~p on counter or 
or Shltt Ren~ster shlft renlster and verify 

open IC' 

I dev~ce Guth table 

. A node Is an lnterconnectlon batween two w mora IC's. 

Probe output for response 

Pulse suspect I1Ile(s) 
Trace current ~ulses to 

. Use the Pulsar to provide stlrnulus or use m a 1  clrwlt slgnah, rrhlchsver h moat convenient. 

Accessories Available Price 
HP 0054S60104: Tip Kit for H P  545A Probe, and S 6 5 T  
546A Pulser 
HP 1052660002: Multi-pin Stimulus Kit for Logic $75 
Pulser 
HP 1052960006: External Reference Kit for H P  $440 
I O529A Comparator 
HP 10541A: Twenty blank reference boards for H P  5 1 7 0 s  
10529A Comparator 
HP 10541B: Twenty pre-programmed reference boards S 4 4 0 s  
for H P  10529A Comparator 

For same day shipment, call HP DIRECT at 800-538-8787 

Used individually, each of HP's IC Troubleshooters provide their 
own unique and important troubleshooting function. Together they 
become invaluable stimulus-response testing partners that help 
pinpoint faults and ensure fast non-destructive repair of digital cir- 
cuits. 

To help you take advantage of the usefulness of the IC Trouble- 
shooters, HP  has packaged them into kits which offer both ordering 
convenience, and cost savings. Also, applications information is avail- 
able, such as AN 163-2, "New Techniques of Digital Troubleshoot- 
ing", to help users derive maximum benefit from these instruments. 

The table shows a series of typical node and gate faults and the 
combination of tools used to troubleshoot the circuit. As with all so- 
phisticated measuring instruments, operator skill and circuit knowl- 
edge are key factors once the various clues or "bits" of information 
are obtained using the IC Troubleshooters. 

To accomplish troubleshooting at the node and gate level, both 
stimulus (Pulser) and response (Probe, Tracer. Clip and Compara- 
tor) instruments are needed. Moreover, instruments with both voltage 
and current troubleshooting capability help isolate electrical faults 
where the precise physical location is hard to identify. 

The HP 547A Current Tracer, the latest and most sophisticated of 
these troubleshooters, lets you "see" current flow on nodes and buses 
that otherwise appear stuck at  one voltage level. Used with the HP  
546A Pulser, stimulus-response testing is now also possible in the cur- 
rent domain. 

IC Troubleshooter Kits Ordering Information 

IC Troubleshooter Kits Selection Guide 
HP 

MODEL 

5023A Kit X X X X I X ( ~ 2 6 0 0 s  I 

5011T Kit 

5451 
TTLICMOS 

Probe 

5021A K I ~  1 X I X I 1 x 1  1 1 9 1 0 s  

X 

50244 Kit 

5461 
TTLICMOS 

Pulser 

X 

For same day shipment. call HP DIRECT 800-538-8787. 
X 

5471 
~ I C M O S  

Current 
Tracer 

X I X I s ~ ~ B  

X X 

5481 
m i c M o s  

Clip 

1S1220 

10529A 
TTL 

Canpanla PMIX 



300 General Information u Impedance Measurement 

Tabk 1 Component mel.unnnnt 8pplhtIons a d  HP products 
Nola: Refer to pago 232 lor complete informallon of the HP 4195A 

Tabk 2 HP component n1088urement product8 vs. test hwqwncy 
Note: Refer to page a2 for complete lnfonnatlon d the HP 4195A. 

Test Frequency 
DC 1Hz *I42 (MHz 1GHz 

I I I I I I 1 I I I 

XXWlHz I HP 4l95A 1500MHz 

Component Measurement 

1 0 ~ ~  1 trnpcdame 
HP 4l94A 

mz Ga~n 

An impedance-measuring instrument 
measures impedance characteristics of elec- 
tronic components, materials and circuits. 
H P  impedance instruments provide: 

1. A broad product line, to fit each appli- 
cation; 

2. Full evaluation of impedance charac- 
teristics under conditions of varying frequen- 
cy, test-signal level and DC bias. 

3. High-precision, high-resolution impe- 
dance measurement, with error correction 
for test-lead or test-fixture effects. 

~ M H Z  

Impedance-measuring instruments can be 
divided into two general categories: LCR 
meters and impedance analyzers. The LCR 
meter primarily measures the inductance, 
capacitance and resistance of a test device. 
The impedance analyzer, in addition to all of 
the functions of the LCR meter, measures 
the impedance and phase of the test device, 
and makes detailed analysis of the impe- 
dance measurement. 

The major applications of impedance- 
measurement instruments are in electronic- 
component materials manufacture and elec- 
tronic equipment manufacture (electronic 
component users). Table 1 shows the type of 
evaluation and the functions required ac- 
cording to instrument application. 

Impedance measurements can be divided 
into two general categories: 

1. Tests of whether the test device func- 
tions properly under application conditions 
and 

2. Tests under conditions stipulated by 
MIL or IEC standards. 

When type I measurements are conducted 
in an R&D department, the purpose is to 
shorten development time through careful 
evaluation. Therefore, a multi-function, gen- 
eral-purpose instrument for the measure- 
ment of many characteristics is required, 
such as an impedance analyzer or high-reso- 
lution LCR meter. 

Type 2 measurements are conducted for 
go/no-go tests in manufacturing or incoming 
inspection. The measurement data are fed 
back to vendors or manufacturing processes 
for correction and improvement. Because of 
volume, test costs must be minimized. There- 
fore, a high-speed, single-function instru- 
ment may be used. Sorting and interpreting 
test results may be required, so an LCR 
meter with a comparator option can be used. 

Table 2 shows HP's line of instruments ar- 
ranged according to measurement frequency 
and performance. Test frequencies of these 
instruments range from 5 Hz to 1 GHz, and 
some have fixed MIL/IEC standard frequen- 
cies between 1 kHz and 1 MHz. 

Since the time that H P  introduced the first 
digital LCR meter, the company has contin- 
ued to create high-performance impedance- 
measurement instruments. Because of this 
effort, it is now possible for virtually anyone 
to make the most difficult impedance mea- 
surements with ease and great accuracy. 

13MHz 

(MHz HP 4191A I 1 W z  

400hHz 1 HP 4193* 11OMnZ 

7 5 k ~ 1  HP 4285A I3rnHz 
20HZ HP 42846, I 1MHz 

Kmw 1 HP 4n5A I X)hlHZ 

loc+lZl HP 4274A I r n H Z  

%Hz IMHz 

X k M  1 HP 4277A 1 1 ~ " ~  

l m z l  HP 4276A bhnz Hp 

HP 4262A ?MHz 

nfr,* noHz 

HP 4261A 2mHz[ HP 4342A I 7MHz  

HP 4329A 
n . no* ** HP 422W 

DC *Hz 



Variety of available test fixtures and 
cables 

A variety of test fixtures and cables are 
available for the H P  LCR meters for many 
applications. Figure 1 is a compatibility 
chart for the test fixtures and cables and 
HP's LCR meters. Refer to the individual 
LCR meter data sheet for details. 

1: information given with cable length; 
connector type; recommended frequen- 
cy for use; max. applicable dc voltage. 

* 2: information given with recommended 
frequency for use; max. applicable dc 
voltage. 

* 3: information given with cable length; 
recommended frequency for use; max. 
applicable dc voltage; (shape of UN- 
KNOWN terminals). 

4: a cable with 7 mm connectors required. 

HP 16092A 
with HP 160858 

- - 
* 

HP 16093A 
wlth HP 16099A 

Noh: R.kr to tha ucllw of the HP 41841AlB and 4lOSlA 
for more intormath. 

I 16048E 1 3 . 8 ~  BNC: Sl5MHZ f300Vdc 

UP ROdUlS With 
Rate 

419% 
4 1 % ~  vlth 41941~1~ Adapter 

- 
M)99A 

7mm Connectar 

4131A 
4195~ vlm 41951~ 

HP Test F ix twu 

16034E S4CMHz: f4Wdc 
16047A sl3MHz f35Vdc 

16047C S4mH2: f35WC 

(6047D WOHz - 40MHz f4OVdc 

HP Tee1 F u t w n  M h  caWl +3 

Adapter L 16096~ apwox 0 . 6 ~  S ~ M H Z :  i 3 5 ~  

16334A a w o x  lm: s?SMHz: f42Wc flweeze?) 

164518 amox.  m: SISMHZ: f 4 m c  

HP R o d r t s  with 
HP Re1 FklwCILta6 

I 

Figure 1. HP instruments vs. acceslorkr 



COMPONENT MEASUREMENT 
ImpedanceIGaln-Phase Analyzer 
HP 4194A 

High Accuracy and Wide Range Flexible Measurement, Computation and Analysis Ca- 
Impedance Measurement: pabilities on a Color Graphic Display 

100Hz to 40MHz, 0.lmR to l.6MQ, 0.17.h Fully Programmable 
10 kHz to 100 MHz, 0.1R To lMR, 1.5% when 

used with the HP 41941A/B 
Gain-Phase Measurement: 

lOHz to 100MHz, -107dBm to +15dBm, O.ldB 
resolution r 
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HP 4194A with HP 41941A 

I 

Description 
The HP 41 94A Impedance/Gain-Phase Analyzer is an integrated 

solution for efficient measurement and analysis or go/no-go testing of 
components and circuits. Detailed impedance and transmission char- 
acteristics including secondary parameter derivations can be simply 
and quickly evaluated or tested. The HP 4194A can contribute to 
improving engineering productivity and reducing test cost. The ana- 
lyzer is flexible and has wide measurement capabilities in both impe- 
dance and transmission measurements, plus it is fully programmable 
using Auto Sequence Programming (ASP). Desired measurements 
and computations, including graphics analysis, can be programmed 
simply by storing front panel keystroke operations, allowing you to 
customi7e measurement, computation and analysis functions. The 
HP 4194A also features high accuracy and error elimination func- 
tions to ensure reliable measurements. 

Wide Range Accurate Measurement 
Featuring a wide test frequency range - lOOHz to 40MHz for 

impedance measurements (IOkHz to IOOMHz when using the HP 
41941A/B lmpedance Probe Kit) and lOHz to IOOMHz for gain- 
phase measurements - the HP 4194A satisfies a wide spectrum of 
needs. Realistic device characteristics can be analyzed under actual 
operating conditions by varying the test frequency, test signal level, 
and dc bias. The HP 41 94's high degree of measurement accuracy - 
0.17% for impedance measurements (1.5% when using the HP  
41941A/B) with an amplitude ratio of 0.1 dB - ensures that you'll 
improve the quality of your test devices. 

Quick Analysis 
The HP 4194A makes high speed measurements, (approximately 

3.7ms per point), displays results on a color CRT, and performs pa- 
rameter analysis of components and circuits quickly and efficiently; 

substantially reducing development and evaluation time. The analysis 
function not only provides you with impedance and transmission 
characteristics, but also allows you to determine secondary parame- 
ters. Using the marker and line cursor functions, you can obtain the 
resonating frequency of resonators and the pass band width of band 
pass filters quickly. 

Equivalent Circuit Analysis Function 
Using the HP  4194A's Equivalent Circuit Analysis Function, you 

can easily and quickly obtain those equivalent circuit constants that. 
until now, required a number of time-consuming, complicated calcu- 
lations. By using measured values, this unique function can approxi- 
mate the circuit constant values of five circuit models. For example, a 
resonator's equivalent circuit elements or a coil's self inductance. lead 
resistance, and stray capacitance can be easily obtained. 

The equivalent Circuit Analysis function also simulates the fre- 
quency characteristics of components by using derived circuit values 
or values you specify. By using approximation and simulation, you 
can compare design values to measurement values, and thereby, im- 
prove component design efficiency. 

Auto Sequence Program (ASP) 
The HP 4194A's ASP function, an internal programming feature, 

allows you to control all HP 4194A operations (measurement, dis- 
play, and analysis) without the need for an external computer. By 
using ASP and actual measurement values, you can readily calculate 
many secondary parameters that you may need to evaluate. You can 



then use the H P  4194A's powerful analysis functions to analyze these 
calculated parameters. 

You can also use ASP to enhance such H P  4194A functions as 
alternate sweep, sweep timing control, and marker tracking. Because 
ASP eliminates the need for external controller, thereby eliminating 
data transfer time, the HP4194A can quickly and efficiently perform 
production line go/no-go testing of components such as resonators 
and filters. All these features combine to increase your engineering 
and manufacturing productivity. 
Increased Capabilities With The HP 41941A/B 
lmpedance Probe Kit 

When using the HP 4194A with the H P  41941A/B Impedance 
Probe Kit, you can perform reliable impedance evaluations up to 
100MHz. Measurement errors due to residual impedance and stray 
admittance are eliminated by using the calibration standards fur- 
nished with the H P  41941A/B and the H P  4194A's automatic cali- 
bration function. This makes it possible to make highly accurate 
measurements (basic measurement accuracy 1.5 to 3%) over a wide 
measurement range of 100mR to 1 MR. Calibration accuracy is guar- 
anteed to the tips of the HP 41941A (1.5m) and H P  41941B (3m) 
impedance probes. 

The H P  41 941A/B can be used as a grounded probe to evaluate the 
impedance of in-circuit components such as printed circuit patterns, 
and the input/output impedance of circuits. In addition, you can con- 
nect an external dc bias source directly to the H P  41941A/B to per- 
form dc biased measurements up to + 150V/0.5A, to measure the dc 
characteristics of inductors, capacitors, materials, and semiconduc- 
tors. To perform swept dc bias measurements, use the H P  4194A's 
+40V internal dc bias source. 

Basic Measurement Accuracy: 0.17% 
Level Monitor: 

Specifications 
lmpedance Measurements 
Measurement Parameters: IZI, IY!, 13, R, X, G, B, L, C. D, Q. 20 
parameter combinations are available. 
Test Frequency: 100 Hz - 40 MHz (CABLE LENGTH: Om), 
100H7 - 15 M H z  (CABLE LENGTH: Im), ImHz resolution. 
OSC Level: IOmV -1Vrms ( I lOMHz) ,  lOmV -0.SVrms (> IOMHz) 
(LNKNOWN terminal open), 3 digit resolution 
DC Bias: 0 - +40V, lOmV resolution 
Measurement terminal: 4 - terminal pair configuration 
Measurement Range and Maximum Resolution: 

Gain-Phase Measurements 
Measurement Parameters: Tch/Rch (dB, Linear Ratio), Tch, Rch 
( V ,  dBm, dBV). H(degree, rad), 7 

Tch= Test Channel. Rch= Reference Channel. 7 = Grouo Delav 

Measurement 
Parameter 

/zI R . X  

IYI G.B 

Measurement ~requenc~: lOHz - 100MHz. lmHz resolution 
* 

Aperture Frequency Range (Group Delay Measurements): 0.5% - 
100'7, of frequency span - 

OSC Level: -65dBm - + I 5dBm. O.ldB resolution 
Measurement Range: 

Tch/Rch: 0 - +I  -70dB. 0.001dB resolution 
Tch, Rch: -1O7dBm - -5dBm (OdB Attenuator) 

-87dBm - +15dBm (20 dB Attenuator) 

Range 

lOmR to l00MR 
lOnS to ~ W S  

Frequency Range: 10 kHz - 100 MHz, 1 mHz resolution 
OSC Level: Opt. 350: 10 mV - 1.28 Vrms 

Opt. 375: 10 mV - 1.54 Vrms 
DC Bias: Internal: + 40V, + 20 mA 

External: + 150V. + 500 mA, max 25 W 
Measurement Range: 100 rnR - I MR 
Basic Measurement Accuracy: 

* 1.5'7 to 3% ( 2  I00 kHz), +3% to 6% (< 100 kHz) 
Cable Length: HP 41941A: 1.5 m, H P  41941B: 3 m 

Mu Resolution 

l00fl 
Ins 

Common Specifications 
Trigger Mode: Internal, External and Manual 
Sweep Capability: 

Sweep Parameter: Frequency. OSC Level, DC Bias (impedance 
measurements only) 
Entry: START/STOP or CENTERISPAN 
Sweep Type: LIN, LOG, ZERO SPAN (DC Bias: LIN or ZERO 
SPA\ only) 
Number of Measurement Points: 2 to 401 points 
Sweep Functions: Partial Sweep. Expand Markers Sweep. Pro- 
gram Points Measurement 

Display 
CRT: 7.5 inch color CRT 
Display Mode: Rectangular (X- A & B). Rectangular (A - B). Table 
Display Control: Autoscale, Superimpose and Storage 

Analysis 
Maker: Single, Delta, Double Makers 
Line-Cursor: Line-Cursor, Delta-Line Cursor 
Equivalent Circuit Function: Approximation, Simulation 
Arithmetic Operation 
Data Resister Manipulation: Use arithmetic operations and func- 
tlons to man~pulatc data registers. 
GO/No-Go Limits 

Programming 
Auto Sequence Program (ASP): Control the H P  41 94A's operation 
with an internal program language. ASP Programs can be entered 
using the front panel keys or downloaded from HP-IB. 

Program Memory Size: 2OkBytes of non-volatile memory 
Copy: Dump. Plot. Pr~nt  Mode 

General Specifications 
Operating Temperature and Humidity: 0 ° C  - 4 0 ° C  ( H P  
41941AlB. -20 - +65OC), 595%RH at 40°C 
Storage Temperature: -30°C - +60°C ( H P  41941A/B: -40 - 
+hS°C) 
Safety: Based on IEC - 348. UL - 1244 
Power: 100, 120,220V +lo%, 240V - 10% + 5%. 48 - 66Hz,4OOVA 
(max) 
Dimensions: 425 (W) x 375 (H)  x 620(D) mm 
Weight: Approximately 37kg (net) 

Reference Data 
Typical Measurement Speed: 

Impedance: Approximately 3.7ms/point 
Gain-Phase: Approximately 3.5ms/point 
lmpedance when used with the HP 41941A/B: Approximately 
h rns/po~nt 

Accessories Furnished 
HP 16047D: Direct Coupled Test Fixture 
HP 8120-1838: 30cm BNC Cable (2ea) (OPT.350) 
HP 04194-61640: 30cm BNC Cable (2ea) (OPT.375) 
HP 8120-1839: 60cm NNC Cable (OPT.350) 
HP 04194-61641: 60cm NNC Cable (OPT.375) 
HP 1250-0080: BNC Adapter 

0.OOldB resolution 
fk +18O0 (can display phase continuously with the phase scale ex- Accessories Available 

pansion function). 0.01 " resolution Refer to page 301 
r: 0. l ns - Is. 0. l ns resolution 

Basic Measurement Accuracy: Ordering Information 
Tch/Rch: 0. IdB, 0.5' 4194A Impcdance/Gain-Phase Analyzer 

Tch, Rch: 0.35dBm Opt 350': 50 Ohm Svstem 

8: 0.5" Opt 375.: 75 Ohm System 
Level Monitor Opt W30: Extended repair service. See page 723 

Opt 001: High Stability Frequency Reference 
impedance Measurements using the HP 41941A/B HP 41941A0 Impedance Probe Kit (1.5m) 

The specifications listed below are for the HP 4194A when used HP 419418' lmpedance Probe Kit (3 m) 
with the HP 41941A/B. *Must \elect e~thcr  OPT.350 or 375 

Price 



COMPONENT MEASUREMENT 
LF lmpedance Analyzer (5 Hz to 13 MHz) 
HP 4192A 

5 H z  to 13 M H z  variable measuring frequency Impedance measurement: I21 IYI 8 R X G 
Gain-phase measurement: amplitude, phase, group B * L * C e D * Q * A * A %  
delay Standard HP-IB 
Floating or grounded devices 

HP 4192A (shown with Opt. 907 handles) 

Description 
The HP 4192A LF lmpedance Analyzer performs both network 

analysis and impedance analysis on devices such as telecommunica- 
tion filters, audio/video electronic circuits, and basic electronic com- 
ponents. Both floating and grounded devices can be tested. 

Automatic Swept Frequency Measurement of 
All lmpedance Parameters 

The HP 41 92A can measure 1 1 impedance arameters ( IZ1, IY1,8, 
R. X, G ,  B. L. C .  D. Q) over a wide range IZP 0.1 mR to I M a  IYI : 
1 nS to 10 S). 

The built-in frequency synthesizer can be set from 5 Hz to 13 MHz 
with a maximum resolution of 1 mHz. This feature allows accurate 
characterization of high Q devices such as crystals. Test signal level is 
variable from 5 mV to 1.1 V with 1 mV resolution. Also, an internal 
dc bias voltage source provides +35 Va t  10 mV increments. Thus, the 
H P  4192A can evaluate components and entire circuits near actual 
operating conditions. 

Spccificati~ns (complete specifications on data sheet) 
Measuring signal (23 +S°C) 

Frequency range: 5 Hz to 13 MHz 
Frequency step: 0.001 Hz (5 Hz to 10 kHz). 0.01 Hz (10 kHz to 
I00 kH7). 0.1 Hz (100 kHz to 1 MHz), 1 Hz (I MHz to 13 MHz). 
Frequency accuracy: t 5 0  ppm 
OSC level: 5 mV to 1.1 Vrms variable into 50 R (amplitude-phase 
measurement) or open circuit (impedance measurement). 
OSC level step: 1 mV (5 mV to 100 mV). 5 mV (100 mV to 1.1 V). 
OSC level accuracy: 5 Hz to 1 MHz: a ( (5  + lO/f)% of setting + 2 
m\')  where f is in Hz. 1 MHz to 13 MHz: +((4 + 1.5 X F)% of 
setting + 2 mV) where F is in MHz. 
Level monitor (impedance measurement): current through or volt- 
age across sample can be monitored 
Control: spot and sweep via front panel or HP-IB 

Measuring Mode 
Spot measurement: at specific frequency (or dc bias) 
Swept measurement: manual or automatic sweep from START to 
STOP frequency (or dc bias) at selected STEP frequency (or dc 
bias) rate 
Sweep mode: linear or logarithmic (frequency only) 

Recorder outputs: output dc voltage proportional to each measured 
value. and frequency or dc bias. 

Maximum output voltage: + 1 V 
Output voltage accuracy: +(0.5% of voltage +20 mV) 

Key status memory: 5 sets of measuring conditions can be stored and 
recalled at any time. 
HP-IB data output and remote control: standard 
Self-test: automatic introspective testing 
Trigger: internal, external, manual or HP-IB 
Amplitude-Phase Measurement 
Parameter measured: relative amplitude B-A (dB) and phase 8 (de- 
grees or radians), B-A and group delay, absolute amplitude A (dBm 
or dBV) or B (dBm or dBV), and deviation (A, A%) of all parameters 
Reference amplitude 0 dBV = 1 Vrms. 0 dBm = 1 mW (with 50 R 
termination) 
OSC output resistan= 50 R 
Channels A and B: input impedance: 1 MR a2%, shunt capacitance: 
25 pF 2 5  pF 
Display Range and Resolution 

B-A: 0 to i I00 dB, 0.001 dB (0 to +20 dB), 0.01 dB (+20 to +I00 
dB) 
0: 0 to a180°. O.O1° 
Group delay: 0.1 ns to 19 s, max. resolution 4% digits 
A or 6: +0.8 to -100 dBV. 0.001 dB (>-20 dB). 0.01 dB (5-20 
dB), +13.8 to -87 dBm, 0.001 dB (>-20 dBm), 0.01 dB (5-20 
dBm) 

Measuring u c u r u y  (23 aS°C): specified at BNC unknown termi- 
nals after 30 minute warmup (test speed: normal or average) 
B-A (relative amplitude) and 8 (phase) Measurement 
Determined by sum of channel A and B accuracies given below (accu- 
racy of each channel changes according to absolute input level) 
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Impedance Measurement 
Parameter measund: IZI - 8, IYI - 8, R-X, G-B, L-D Q R G, 
C-D Q R G and deviation (A, A%) of all parameters 
Display: 4% digits, max. display 12999 counts, 19999 for L & C. 
Circuit mode: series equivalent circuit (e ) and parallel 
equivalent circuit ( ). Automatic selection available. 
Auto ZERO adjustment: automatic normalization of the readout off- 
set due to residuals of the test fixture by pushbutton operation (at spot 
frequency) 
Measuring range and accuracy (23 4°C) :  specified at BNC un- 
known terminals after 30 minute warmup when OSC level is more 
than 0.1 V and when auto ZERO adjust is performed (test speed: 
normal or average). Accuracy given below is only valid when the mea- 
sured value is equal to full scale of each range. 
IZI - 8, R - X measurement: range: lZl, R. X: 0.1 mR to 1.2999 MR; 
8: - 180.00° to + 180.00". Accuracy: R accuracy (D 2 10); X accu- 
racy ( D  < 1) 
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IYI - 8. Q - B menurement: range: IYI , G, B: 1 nS to 12.999 S; 8: 
- 180.00" to + 180.00". Accuracy: G accuracy (D > 1); B accuracy 
(D 5 0.1). 

L - D a. C - D a measurement: ~automaticallv calculated from 
measuredSz /~  values) 
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'Varlss rrlth meawrlng frequemy excspt for D(1IQ) 
"Accuracy of C ranged o w  100 mF Is not spscffled. 

Internal dc bin: standard (impedance measurement only) 
Voltage range: -35 V to +35 V, 10 mV step 
Setting accuracy (23 t5OC): 0.5% of setting +5 mV 
Bias control: spot and swept, using front panel controls or HP-IB 

General 
Measuring Time (high speed mode) 

B-A and 8, A or B: 88 to 127 ms ( 2  400 Hz) 
Impedance parameters: 58 to 91 ms (2 1 kHz) 

Test Level Monitor Range (impedance monument)  
Voltage: 5 mV to 1.1 V 
Current: 1 pA to 1 1  mA 

Operating temperature 0 to 55OC. 5 95% RH at 40°C 
Power: 100. 120. 220 V t lo%, 240 V + 5% to -lo%, 48 to 66 HZ, 
150 VA max. 
Size: 425.5 mm W x 235 mm H x 615 mm D (16.75" x 9 " x 22.6"). 
Weight: approx. 19 kg (41.9 Ib) 
Furnished -roriem and part.: HP 16047A test fixture. H P  
11048C 50 R feed thru terminations (2 ea.), power splitter, HP 
1 1 170A BNC cables (2 ea.), BNC adapter 

Ordering Information Price 
H P  4192A LF Impedance Analyzer $16,000 
Accessories 
H P  16095A Probe Fixture S 8 6 5 s  
H P  16096A 2-port Component Test Fixture S1,425* 
H P  16097A Accessory Kit 
H P  16047C Test Fixture 
H P  16048A Test Leads (BNC connector) 

$$:::f $330 

H P  16048C Test Leads with alligator clip S 4 3 0 s  
Refer To Page 301 s For same-day shipment, call HP DIRECT at 800-536-8787. 



COMPONENT MEASUREMENT 
RF lmpedance Analyzer 
HP 4191A 

1-1000 MHz variable test frequency with sweep High resolution-4lhdigit max 
capability Wide measuring range-1 m - 100 k ( lZI ) 
Direct reading of IZI - 8, IYI - 8, lrl - 8; Versatile, easy-to-use test fixtures 

L o C - R 0 G . D . Q  
R - X , G - B , ~ x - Q ,  

Measurina Mode 
Spot nkasurement: at specific frequency (or dc bias) 
Swept measurement: manual or automatic sweep from start to 
\top I'requcnc! (or dc bias) at step frequency (or dc bias) rate in 
llncar or logar~thmic form. 

HP 4191A (Shown with Opt 907 Handles) 

Description 
The H P 4 19 1 A R F  Impedance Analyzer measures 14 parameters 

with a maximum resolution of 4% digits. The internal synthesizer 
provides variable frequencies from 1 MHz through 1000 MHz cover- 
ing the UHF, VHF and video bands with automatic sweep capability. 
An internal dc bias supply with auto sweep function covers the volt- 
age range of +40 V in 10 mV steps. 

The H P  41 9 1 A permits reliable measurements over a wide measur- 
ing range. Its outstanding repeatability, frequency response and accu- 
racy are made possible by unique error correction capability and 
specially designed test fixtures. These features allow the HP  41 91A to 
be used in evaluation of electronic materials, components and circuit- 
ry. 

The internal synthesizer provides a maximum resolution of 100 Hz 
(Opt 002) with an accuracy of 3 ppm, allowing small changes in the 
resonant frequency of the device under test to be easily detected. The 
swept frequency capability aids in the analysis of frequency charac- 
teristics of the device. 

Two complete front panel settings (parameter selection and the 
sweep control) can be stored in a non-volatile memory and recalled at 
any time with a single key operation. This, together with the standard 
HP-IB interface, makes the HP  4191A extremely efficient either as a 
stand-alone or systems instrument. 

These unique features permit very wide applications in: (1) semi- 
conductor testing such as surface state evaluation at high frequencies 
(C-V/C-V and conductance (G/w-w) characteristics), and the input/ 
output impedance evaluation of diodes and transistors, (2) resonator. 
filter, and magnetic and dielectric materials testing. (3) evaluation of 
LCR components such as high frequency chip and leaded compo- 
nents, and (4) testing of communications related components such as 
cables, connectors, etc. 

SpccifiCati~nS (Refer to data sheet for complete specifications) 
Parameter measured: IZI - 8, IYI - 8, Irl- (3, R-X, G-B, rx-ry 

L - R * G * D 0 Q , C - R * G e D * Q  
Display: 4% digit, max display 19999 counts 
Deviation Measurement (deviation from stored reference) 

A - 19999 to + 19999 counts A%: - 1999.9 to + 19999.9% 
Measuring Signal (23 + 5OC) 

Frequency range: 1 MHz to 1000 MHz 
Frequency step: 

Standard: 100 kHz. 1-500 MHz 200 kHz, 500-1000 MHz 
Opt 002: 100 Hz, 1-500 MHz 200 HZ, 500-1000 MHz 

Frequency accuracy: +3 ppm 
Signal level (into 569): -20 *3 dBm 
Frequency control: spot and swept 

Auto calibration 
Automatic error compensation referenced to connected termina- 
tions (0 R, 50 fl, 0 S), 5 1 frequencies including start and stop fre- 
quencies. 

Electrical length compensation: automatic compensation for elec- 
trical length of test fixtures. (Range: 0 to 99.99 cm). 
Internal dc Bias: Voltage range: -40 to +40 V, 10 mV step 

Setting accuracy: 0.1% of setting + I 0  mV 
Bias control: spot and swept 

External dc Bias: Voltage range: -40 to +40 V 
Max allowable current: 100 mA 

Key status memory: 2 sets of measuring conditions can be stored and 
recalled at  any time. These conditions are kept in storage even when 
LINE is turned off. 
Ranging: Auto/Range hold Trigger: Internal. External or Manual 
Self-test: automatic internal program test 
HP-IB data output and remote control: standard 
11'1 - O / l ' x - 0  Measurement 
Measuring Range: Irl. r x ,  I'y: 0.0001 to 1 .0000 

0: 0" to *180.00° (0 to + rrad.) 
Irl,rx.ry resolution: 0.0001 

Reference Data (Not Speclfled) 
Temperature coefficient for Ikt 0.0001 /OC (23 + 5°C) 
Measuring time: <XOO ms or i25O ms (high speed mode) 
Frequency switching time: 5 200 ms 
1 r ~ ,  r,, r,. ACCURACY 

FREQUENCY (MHz) 

Qenerai 
Temperature: 0 - 55OC. < 95% RH 
Power: 100,120,220 V 10%. 240 V + 5% - 10%. 48 - 66 Hz. 150 
VA rnax. 
Size: 425.5 mm W x 230 H x 574 mm D (16.75" x 9" x 22.6"). 
Weight: approx. 24 kg (52.8 Ib) 
Accessories furnished: accessory case (with reference terminations 
included). 

Accessories Available 
H P  16091A Coaxial Test Fixture 
H P  16092A Spring Clip Test Fixture 
HP 16093A Binding Post Test Fixture 
HP 160938 Binding Post Test Fixture 
H P  16094A Probe Fixture 
Refer to page 301. 

Prices 
5570 
5550 
$224 
$238 
5208 

Ordering lnformatlon 
H P  4191A RF Impedance Analyser f 19,950 

Opt W30 Extended repair service. See page 723. +S465 
002: 100 Hz/2OO Hz resolution synthesizer +52,140 
004: Recorder Outputs +f 560 



COMPONENT MEASUREMENT 
Vector lmpedance Meter (400 kHz to 110 MHz) 

HP 4193A 

400 kHz to 110 MHz spot or swept frequency Fixtures include low-grounded probe, spring clip 
Measure impedance magnitude (10 mR to 120 kR) fixture and binding post fixture 
and phase (-180.0°to +180.0°) Standard HP-IB and analog outputs 
Test components in-circuit and out-of-circuit 

Partial sweep: linear sweep from selected START to STOP fre- 
quency. Number of steps is selected as 100, 1000 or "HIGH 
RESOLN". When "HIGH RESOLN" steps are selected, the oper- 
ator must also select "coarse", "medium" or "fine" resolution. 
EXT OSC: increase frequency resolution by connecting an external 
frequency synthesizer. 

lmpedance Measurement 8 iflcations 
Input configuration: low-grounrprobe (furnished) 
Digital display of impedance: 3M digits 

121: 0 to I999 counts (0 to I20 counts on 100 M range) 
8: - 1800 to + 1800 counts (- 180 to + 180 counts on I00 M range) 

Measurement trigger: internal, external, and manual 
4- I - -- -- -- - - Measurement range control: auto, hold, and manual 

Measurement Range 

0 HP 4193A iZ : Five decade ranges: 10 Q, 100 Q, 1 M, 10 kQ, 100 M 
minimum IZI (sens~tlv~ty): 10 mQ 
maximum IZI: I20 kQ 
(-): One range -1 80.0" to +180.0° 

HP 4193A Vector Impedance Meter 
The HP 4193A Vector lmpedance Meter measures impedance 

magnitude and phase. An internal oscillator provides test signals from 
400 kHz to 110.0 MHz. The test si nal is constant current between 
I0 pA and I00 pA, depending on ~Zfrange. 
Reliable and Accurate Impedance Measurement 

The HP 41 93A can measure and display impedance magnitudes 
from 10 mQ to 120 kR. Impedance phase is displayed from + I  80.0" to 
- 180.0". Accuracy is as good as 3.0% of reading (magnitude) and 
3.2" (phase). 

Also, the HP 4193A's 3E digit resolution makes it easy to see small 
changes in measurement results during adjustment procedures, for 
example. 
Frequency Sweep for Complex Component Testing 

When testing com~lex comwnents like ceramic resonators. it is 
useful ( I )  to s&ep f;equency io get the big picture and (2) idkntify 
critical impedance points such as the series resonant point. This re- 
quires both swept measurement and measurements at individual 
"spot" frequencies. The HP 4193A can do both. 

The HP 4193A can be tuned to any individual frequency from 400 
kHz to 110.0 MHz with maximum resolution of 1 kHz. If greater 
freauencv resolution is remired. it can be ~rovided bv connecting an 
extdrna~ synthesized sourde such as the HP 3335A or HP 8 6 5 6 ~  to 
the HP 4193A EXT OSC input. 

Flexible internal freauencv sweeD is an exciting HP 4193A feature. 
Frequency can be swept lindarly dver any port& of the HP 4193A 
frequency range-or swept logarithmically over the entire 400 kHz to 
110.0 MHz range. 
Test In-Circuit and Out-of-Circuit Components 

Several test fixtures help adapt the HP 41 93A to your device under 
test. For example, the handy L-ground probe is useful for in-circuit 
testing. The HP 16099A Test Fixture Adapter and three associated 
fixtures help connect to out-of-circuit devices of various sizes and 
shapes. 
Specifications (Refer to data sheet for complete specifications) 
Test Signal Output Specifications 
Test signal is output from the furnished low-ground probe. 
Frequency range: 400 kHz to 1 10.0 MHz 
Freauencv Resolution 

400 k ~ z - t o  9.999 MHz: 1 kHz resolution 
10.00 MHz t o  99.99 MHz: 10 kHz resolution 
100.0 MHz t o  110.0 MHz: 100 kHz resolution 

Frequency accuracy: + O . O l O !  of setting after calibration. 
Frequency stability: +I00 ppm per month (0 to 55 "C) 
Frequency Control 

Spot: spot frequency is set using coarse, medium and fine controls 
Full sweep: logarithmic sweep at 43 points over full range of 400 
kHz to 110 MHz 

Reference Data 
Test Signal Output 
Frequency settling time: 5 ms to 400 ms. Best case is when (Af/f)% 
is less than 107 (below 10 MHz) and less than 1% (above 10 MHz). 
Signal Purity 

Spurious: -60 dBc (dBc is dB below carrier) 
Harmonics: -30 dBc 
Residual FM: measured in a 100 Hz band centered on the carrier 

1 MHz t o  110 MHz: 100 Hz p-pFM 
Test level: constant current source 
lmpedance Measurement 
Residual Impedance of Probe (at  robe  ti^) . . . . 

~ e s i s t a n c e :  5 0.55 (1 
Inductance: <(4.9 + 10/Q nH where f is measuring frequency in 
M H 7  
Parallel Capacitance: 10.1 1 pF 

Measuring speed: assumes range is fixed; recorder output is OFF 
HI SPEED: approximately 150 ms per measurement 
NORMAL: approximately 1 s per measurement 

Ranging time: approximately 1.2s 
Temperature cuefficient at 23OC + 5OC 

IZi : ? rnf2/"C. (3: 0.02°/0C 
General 
Operatina temmxatun/humMitv: 0 to 55OC. ~ 9 5 %  RH GI 40°C. 
&;te thatmeasirement error in 0"-c to 55'C temperaturerange is 
typically double the error in the 23OC + S°C range. 
Power: 1001 1201220 V + 10%. 240 V - 10% to +5%, 48 to 66 Hz, 
150 VA max 
Size: 426 mm W x 178 mm H x 498 mm D, (16.75" x 7" x 19.6"). 
Weight: I8 kg (40 Ib) 
Accessories furnish& low-ground probe kit includes probe, spare 
pins. spare clips, BNC adapter, component mounting adapter, probe 
socket and accessory case. 
Ordering Information Price 
H P  4193A Vector Impedance Meter $10,500 
Accessories 
H P  16099A Test Fixture Adapter (used with HP SSOO* 
16092A and HP 16093A/B) 
H P  16092A Spring Clip Fixture (used with H P  $550- 
I h099A) 
H P  16093A Binding Post Fixture (used with HP $224* 
16099A) 
H P  16093B Binding Post Fixture (used with HP 
16099A I 

$238 * 
Refer toTpage 301. 

For sameday shipment, call HP DIRECT at 800-538-8787. 



COMPONENT MEASUREMENT 
Precision LCR Meters 
HP 4284A, 4285A 

20Hz to lMHz, with over 8600 test frequencies 75kHz to 30MHz in lOOHz steps 
0.05% basic accuracy, 6-digit resolution 0.1% basic accuracy 
Test signal level (Opt.OO1): 5mV to 20Vrms, 50pA to High speed measurements: 30ms/meas 
2OOmArms List sweep measurement capability 
10-bin component sorting - comparator 

HP 4284A, HP 4285A Precision LCR Meters 
The HP 4284A and HP 4285A precision LCR meters are cost- 

effective solutions for component and material measurement, which 
can be used to improve component quality by providing an accurate, 
high-throughput test solution. The wide 2OHz to I MHz test frequen- 
cy range and superior test signal performance allow the HP  4284A to 
test components to the most commonly used test standards, such as 
IEC/MIL standards, and under conditions which simulate the in- 
tended application. For demanding RF component tests, the H P  
4285A offers a higher test frequency range, from 75kHz to 30MHz. 
Whether in R&D, production, quality assurance, or incoming inspec- 
tion, the HP  4284A and HP 4285A will meet all of your LCR meter 
test and measurement requirements. 

Wide Range of Test Signal and dc Bias 
The test signal (voltage/current) is variable from 5mVrms to 

ZVrms, and from 50 pArms (100 p A m s  on the H P  4285A) to 
20mArms. The constant test signal level feature guarantees that the 
applied test signal level will remain constant for demanding tests. Op- 
tion 001 HP 4284A will allow you to vary the test signal level from 
5mVrms to 20Vrms and from 5O~Arms to 2OOmArms. offering a con- 
venient method of testing components over a wide range of working 
conditions. The dc bias is selectable from +lmV to +40V with an 
accuracy of 0. I % for applications which require accurate bias control, 
such as measuring the C-V characteristics of semiconductors. 

High Accuracy, Resolution, and Test Throughput 
The HP 4284A's wide impedance measurement range covers from 

lR to IOOMR full scale with O.OlmR minimum resolution and with an 
unmatched basic accuracy of 0.05% to 1 MHz. The HP 4285A covers 
a wide impedance range up to 10 MR with a basic accuracy of 0. I %, 
permitting more accurate component tests at RF  frequencies than 
previously available LCR meters. Six full digits of resolution for all 
measurement parameters allow you to determine even the smallest 
differences in materials or component performance. A dissipation fac- 
tor measurement resolution of 0.000001 is very useful when develop- 
ing low loss capacitors and inductors used in high performance 

electronic equipment. The measurement time needed to obtain the 
ootimum accuracv is onlv 190ms/meas. (IkHz). A selectable inte- r ~~~-~ 

&ation time permits hi&-throughput testing with a measurement 
time of only 40ms/meas (IkHz) for a slight tradeoff in accuracy. 

High Current Biasing for Power Inductor Evaluation 
Combining the HP 4284A precision LCR meter. HP 42841A cur- 

rent source, and HP 42842A/B current fixture gives you a high-per- 
formance power inductor and transformer test system, which enables 
the testing of inductors up to 1 MHz and at  high dc current levels, up 
to 20A (40A with two HP 42841A and the H P  428428) demanded 
for components used in advanced switching power supplies. To evalu- 
ate the inductors at  higher frequencies, the HP  4285A precision LCR 
meter, HP  42841A current source, and HP 42842C current fixture 
make measurements up to 30MHz and 10A. 

High 0 Measurements of RF Components 
The HP 4285A precision LCR meter together with the HP42851A 

precision Q adapter permits fast and accurate Q factor measurements 
up to 999.999 with the resonant measurement method. The automatic 
tuning. 5-digit display, and variable test level allow you to measure Q 
factors of RF  components and materials in a fraction of the time pre- 
viously required. 

Flexibility and Ease of System Integration 
The HP 4284As built-in comparator, advanced compensation, and 

optional handler and scanner interfaces permit easy integration with 
automatic component handling equipment. The 10-bin comparator 
allows for error free Go/No-Go testing by comparing a component's 
measured value with user selected test limits. The scanner interface 
provides control and compensation for up to 128 (HP 4284A) or 90 
(HP  4285A) multiplexed measurement channels. The list sweep fea- 
ture permits up to ten frequencies, test signal levels, or bias level 
points to be automatically measured. The high-speed HP-I9 interface 
and SCPl programming language are excellent for data logging and 
system applications. 



COMPONENT MEASUREMENT 
Precision LCR Meters 

HP 4284A, 4285A 

Simple Operation for Error-Frcc Measurement Setup Measurement Range 
The large, easy-to-read LCD screen displays the instrument set- 

tings and the measurement results. The new softkey and cursor opera- 
tion provides user-friendly front panel operation. The memory card O.OlmR to 99.9999MR 
allows storing and retrieving up to ten entire instrument setups, in- IYI. G. B O.OlnS to 99.99993 
cluding bin-limit information. It improves operator efficiency and 
minimizes setup errors. 

HP 4284A: 0.OlfF to 9.9999F 
HP 4285k 0.OlfF to 999.999rF 

Specifications 
(Refer to data sheet for complete specifications) 
Parameters measund: IZCO, IYCO, R-X, G-B 

C-D, Q, ESR, G, Rp 
L-D, Q. ESR, G, Rp 
Deviation and 7% deviation 

Measurement circuit modes: series and parallel 
Ranging: auto and manual 
Trigger: internal, external and manual 
Delay time: 0 to 60.000s in lms steps 
Measurement terminals: four-terminal pair 
Test cable length: 
HP 4284A: Standard: 0 and 1 m 

with Option 006: 0, I, 2 and 4 m 
HP 4285A: 0, I and 2m 
Integration time: short, medium and long 
Averaging: 1 to 256. programmable 
Test Signal: 
HP 4284A: 20Hz to 1 MHz * 0.01%, 8610 selectable frequencies 
HP  4285A: 75kHz to 30MHz + 0.01%. lOOHz steps 
Test signal modes: 

Normal: Programs selected voltage or current at  the measurement 
terminals open or shorted, respectively, and not at  the device under 
test. 
Constant: Maintains selected voltage or current at  the device under 
test independent of changes in the device's impedance. 

Test signal level 

HP 4284A Standard 

Normal *(lo% t 1mVrms) 
5OpArms to 2OmArms *(lo% + l0pArms) 
lOmVrms to lVrms 46% + ImVrms) 
100pArms to lOmArms 46% + 10pArms) 

Normal *(lo% + lmvrms) 

Constant lOmVrms to lOVrms i(108 + ImVrms) 

Normal 

dc bias 
HP 4284A standard : OV, 1.5V and 2V 
HP 4284A14285A Option 001 : OV to +40V 

Constant 

Resolution 
*(O.oOo to 4.000)V i(0.19'0 + 1rnV) 
+(4.002 to 8.000)V +(0.1% + 2mV) 
i(8.005 to 20.000)V +(0.1% + 5mV) 
i(20.01 to 40.00)V lOmV *(0.1% + 10mV) 

V 
I 
V 1 10mVrms to lvrms 1 46% + 0.2fmB t 1mVrms) 
I I 100pArms to 20mArms I 46% + 0.2fm% + 4OpArms) 

Display 
LCD dot-matrix display: displays measured values, control set- 

tings, comparator limits and decisions, list sweep tables, self-test 
messages and annunciations. 

fm: test frequency (MHz) 

Correction function 
Zero OPEN/SHORT: Eliminates measurement errors due to the 
test fixture's stray parasitic impedance. 
Lolld: Improves measurement accuracy by using a calibrated device 
as reference. 

Range 
5mVrms to 2Vrms 
2OOpArms to 2OmArms 

List swnp lunction 
A maximum of ten frequencies or test signal levels can be program- 

med. Single or sequential testing can be performed. When Option 001 
is installed, dc voltage bias testing can also be performed. 

Accuracy 
48% + 0.4fmB + 1mVrms) 
48% + lfm% t 4OpArms) 

Comparator 
Ten-bin sorting for the primary measurement parameter. 

IN/OUT for the secondary measurement parameter. 
Bin count: 0 to 999999 
List swnp comparatar: HIGH/IN/LOW decision output for 
each measurement point in the list sweep table. 

Other Functions 
STORE/LOAD: Ten instrument setups can be stored/ loaded from 
the internal non-volatile memory. Ten additional setups can also be 
stored/loaded from a memory card. 
HP-IB: All instrument control settings, measured values. cornpara- 
tor limits, list sweep table, and self test results. The memory buffer 
can store a maximum of 128 measurement results and output the 
data over HP-IB. ASCII and 64-bit binary data formats. 

Options 
Opt 001: 
H P 4284A: Increases the ac test signal to 20 Vrms/ 2OOmArms. Vari- 
able *40 Vdc bias. 
HP  4285A: Variable *40 Vdc bias. 
Opt 002: 
H P  4284A: Allows the H P  4284A to control the HP  42841A bias 
current source. 
HP 4285A: Allows the H P  4285A to control the HP  42841A bias 
current source and the HP  42851A precision Q adapter. 
Opt 006 (HP 4284A only): lncreases test cable length capability. 
Adds 2 and 4 m operaiion. 
Opt 109: Delete HP-IB interface 
Opt 201: Handler interface 
Opt 202: Handler interface 
Opt 301: Scanner interface. Provides control interface for operation 
w ~ t h  a scanner. OPEN/SHORT/LOAD correction data for each 
scanner channel is stored in non-volatile memory. 
HP  4284A: 128 channels at  three frequencies. 
HP  4285A: 90 channels at  seven frequencies. 



COMPONENT MEASUREMENT 
310 Precision LCR Meters (cont'd) 0 HP 4284A, 4285A 

General 
Power requinmenh: 100/120/220 V & 101, 240 V +5%/-101, 
47 to 66Hz 
Power consumption: 200VA max. 
Operating temperature and humidity: 0 to 55"C, 595% RH at 40°C 
Size: 177H X 426W X 498mmD 
Weight: Approximately 16kg 

HP 4284A Measurement Accuracy 
The following measurement accuracy is specified when all of the . . 

following condiiions are satisfied. 
1. Warm up time: 6 3 0  minutes 
2. Ambient temperature: 23 + 5°C 
3. Test signal voltage: 0.3 Vrms to 1 Vrms 
4. Test cable length: 0 m 
5. OPEN and SHORT corrections have been performed 
6. DS0.1 for C, L, X and B measurements 

QIO.1 for R and G measurements 
Accuracies are relative to calibrated standards. Absolute accura- 

cies are given as: (HP 4284A's relative accuracy + calibration uncer- 
tainly of standards). 

I z ~  C, L and D accuracies are shown in Figure 1. 
The accuracies are represented as; 
IZI, C and L: + (% of reading) 

D: * (D value) 

7mm 

tuni 

loam, 

mn* 

- 0  - e : - z  
X "5 :: 
E i n  - - d 

con, 

tn: 

lm"I1;- 

Ukn- 
20 100 lk rCr 1M 

Frequncy 1 Hz 1 

HP 4285A Measurement Accuracy 
The following measurement accuracy is specified when all of the 

following conditions are satisfied. 
1 .  Warm up time: 230 minutes 
2. Ambient temperature: 23 5°C 
3. Test signal voltage: 0.2 Vrms to 1 Vrms 
4. Test cable length: 0 m 
5. OPEN and SHORT corrections have been performed 
6. D10.1 for C, L, X and B measurements 

Q<O. I for R and G measurements 
IZI, C, L and D accuracies are shown in Figure 2. 

The accuracies are represented as; 
IZI. C and L: + (9% of reading) 

D: =t (D value) 

75k 100k 1M 10M 30M 

Frequncy [HZ] 

Figure 2. HP 4285A Measurement Accuracy 

Figure 1. HP 4284A Measurement Accuracy 



Supplemental Characteristics HP 42851A Precision 0 Adapter 
Measurement time: Typical measurement time from the trigger Used w~th  the HP 4285A for resonant Q measurements. 
command to the EOM (End of Measurement) output a t  the handler Parameters measured: Q-L, Q-C 
interface connector. Q measurement range: 5.00 to 999.99 

Basic Q accuracv: 5 ' ;  
HP 4284A Measurement time: 75ms to 1.5s 

'4 , * ,  

SMD Test Fixture 

20Hz 

SHORT 
MEDIUM 
LONG 

Option 001 dc Bias current output: lOOmA max 

30rns 
65rns 

200ms 

Accessories 
HP 42841A Bias Current Source 

Bias current output: (23 * 5°C) 

lWHz 

Range I Resolution I Accumy 
O.OOA to 1.00A I 0.01A I 4 1 %  of sett~nn + 5mA) 

Interface: Custom. directly controllable by the H P  4285A with Op- 

Output Voltage: 

lkHz 

Output Voltage , volt lo 35n , 
5 - - - - -  

SHORT 
M E D I U M  
LONG 

lOkHz to lMHz 

- *  : 
5 10 20 

Output Current l A ] 

270rns 
400rns 

1.040ms 

1,100rns 
1.320rns 
1.320rns 

Basic impedance accuracy: 1% when used with the H P  
4284A14285A. 
Interface: Custom directly controllable by the H P  4284Al4285A 
with Option 002. 

HP 42842A/B bias current test fixture 
Used with the HP 4284A and H P  42841A for high DC bias current 
measurements. 
HP 42842A: 2OA max 
H P  428428: 40A max 
HP 42842C bias current test fixture 
Used with the HP 4285A and H P  42841A for high DC bias current 
measurements. 10A max. 
HP 42843A bias current cable 
Used with the HP 4284A. HP 42841A (2 units) and H P  42842B for 
40A maximum applications. 

HF 4285A with HP 42851A 
w 

Orderin Information 
H P  42848 Precision LCR Meter 
H P  4285A Precision LCR Meter 

Opt 001 Power AmplifierIDC Bias (HP  4284A) 
dc Bias (HP  4285A) 

Opt 002 Bias Current lnterface (HP  4284A) 
Accessory Control Interface (HP  4285A) 
Opt 006 2m/4m Cable Length Operation (HP 4284A 
only) 
Opt 009 Delete Operation Manual 
Opt 109 Delete HP-IB lnterface 
Opt 201 Handler Interface 
Opt 202 Handler lnterface 
Opt 301 Scanner lnterface 
Opt W30 Extended repair service. See page 723. 

(HP  4284A) 
(HP  4285A) 

H P  42841A Bias Current Source 
H P  42842A Bias Current Test Fixture (20A max) 
H P  42842B Bias Current Test Fixture (40A max) 
H P  42842C Bias Current Test Fixture (10A max) 

Opt 001 SMD Test Fixture (HP  42842C only) 
H P  42843A Bias Current Cable 
H P  42851A Precision Q Adapter 

Opt 001 SMD Test Fixture 

tlon 002  rQar 

Opt 001: SMD Test Fixture 40ms 
190rns 
830rns 

Refer to page 301 for accessories 

30ms 
180rns 
820rns 

Price 
5 10,200 
5 12,900 
+$I,200 

+5920 
+$280 
+5280 
+$I80 

-580 
-5240 
+$280 
+$3 10 
+$600 

+S 190 
+$215 
$6,800 
$ 1,600 
$2,000 
$2,500 
+5430 
5 1,000 
54.850 
+$430 

HP 4284A with HP 42841A and HP 42842A 



312 Multi-Frequency LCR Meters u HP 4274A, 4275A 

Test frequencies - HP 4274A: 100 Hz to 100 kHz 0.1% basic accuracy 
HP 4275A: 10 kHz to 10 MHz High resolution - 5% digit; D-0.00001 

Test signal level - HP 4274A: 1 mV to 5 Vrms Measure L/C - D/Q/ESR/G; IZI - 8, 
HP 4275A: 1 mV to 1 Vrms R-X/B/L/C; ALCRZ, A% 

Description 
The HP 4274A and H P  4275A Multi-frequency LCR Meters. range of each instrument. This wide frequency range selection offers 

microprocessor-based impedance measuring instrumentation. Both evaluation of circuit design with a continuously variable test signal 
instruments offer LCR components, complex components, electronic over the range of 1 mV to 5 Vrms (to 1 Vrms for the HP  4275A). and 
circuits "tested under actual working conditions", and semiconductor with internal dc bias optionally available with 1 mV maximum resolu- 
materials. A measurement under conditions similar to the intended tion. The test voltage or current values can be monitored on the 3- 
use contributes to the improvements in quality and reliability of elec- digit display for accurately setting the actual conditions under which 
tronic components, devices and circuits. the device-under-test will operate. 

Reliable Measurements with 5% Digit Resolution 
The HP 4274A and H P  4275A measure only the value of the com- 

ponent and/or device under test, with 5% resolution and 0.1% basic 
accuracy by reducing the possibility of errors due to self or mutual 
inductance, stray capacitance and/or residual inductance in the test 
leads or test fixture used. This measurement is obtained by a state-of- 
the-art four terminal pair configuration and a built-in automatic' 
ZERO-offset capability to compensate for these errors. 

The fast measurement speed, high resolution, and high accuracy 
can make major contributions for the component manufacturer and 
user who is concerned about reducing his costs, improving quality, 
and throughput efficiency. In these areas, the H P  4274A and the HP  
4275A are ideal for D-measurements of film capacitors or insulation 
material (with the high resolution of 0.00001). the C-G measure- 
ments of semiconductors (with maximum resolutions of 0.01 fF, 
O.OlnS, respectively), and for the low impedance measurement of alu- 
minum electrolytic capacitors (with a maximum resolution of 0.001 

Multi-Frequency Capability 
To insure the high reliability in circuits and devices, it is most im- 

portant that they be tested and evaluated a t  test signals similar to 
those of actual operating conditions. 

The HP 4274A covers the wide frequency range of 100 Hz to 100 
kHz in 1 I spot frequencies and the H P  4275A has 10 spot frequencies 
from 10 kHz to 10 MHz, in 1-2-4 step sequence with 1-3-5 as an 
option. This feature products the frequency characteristics of compo- 
nents or devices. In addition, two optional special frequencies (for ex- 
ample. 455 kHz and 10.7 MHz) are available within the frequency 

Multi-Parameter Measurements 
The HP 4274A and HP 4275A measure equivalent series rcsis- 

tance (ESR), impedance (IZI), phase angle (e), reactance (X), sus- 
ceptance (B), and conductance (G), in addition to the conventional 
L,C,R,D and Q parameters in certain combinations with a dual 5% 
digit display, and an HP-IB standard for systems integration. 

This wide selection of I I parameters provides for more accurate 
evaluation of electronic materials or components with high measure- 
ment speed for most needed combined parameters; for example, the 
C-G measurement of semiconductors, an R-X measurement in circuit 
design, or the C-ESR or IZI -0 measurement of tantalum capacitors. 

In addition, a deviation measurement capability (A4%) for the 
L,C,R, and IZI functions displays the difference between the actual 
value and a stored reference, either as a difference value or in percent. 
Deviation applications include, for example, a temperature depen- 
dence measurement of devices in environmental tests. 

Automatk !3emiconductar a d  Compomnt 
Measurements with HP-IB 

Integrating the HP 4274A and the H P  4275A into an HP-IB con- 
trolled system is an excellent method for improving efficiency and cost 
savings both in the laboratory and on the production line. These auto- 
matic measurement systems are assembled by connecting the HP-IB 
cables between the instruments to be utilized for a specific task. 

For example, the evaluation of semiconductors based on the fre- 
quency dependence of its C-V characteristics that requires a wide 
range and fast measurement speeds is easily accomplished with these 
instruments. 



Specifications 
Refer to the HP 4274A & HP 4275A data shsa for daalls 
Parameters Measured 

L: Inductance 
C: capacitance 

R: resistance 
2: impedance 
D: dissmation factor 

Q: =1/D 
ESR: equivalent series 

resistance 
G: conductance 
X: reactance 
0: susceDtance 

e: phase angle 
A: deviation for L. C. 

A. 2. 
A%: % of dewation 

Measurement Range 
MODEL 

Measurement Accuracy 

HP 4274A 

C 
R. IZI. ESR. & X 

D 
Q (1fD) 

G & B  
0 

L I 100.00 nH - 1000.0 H 
1.0000pF - 1.00 F 

100.00 mR - 10.000 MR 
0.00001 - 9.9999 

0.01 - 9900 
1.000OrS- 100.00s 

0 - i180° 

I 1 kHz I C: 100 DF-100 mF. 0.1% + 3 1 L: 10 pH-1000 H. 0.1% + 3 I 

U / Q  
D-range: 0.00001-9.9999 
Q-range: 0.01-9900 (=l/D) 
(C & D accurac~es apply only 
when C: full scale and D: 5 0.1) 

L-WQ 
D-range: 0.00001-9.9999 
Q-range: 0.01-9900 (=1ID) 
(L & D accurac~es apply only 
when L: full scale and D: 5 0.1) 

HP 4274A 

2 kHz 

100 kHz 

D: 0.334 + 0.0008 + 1 

C: 100 pF-100 mF. 0.1% + 2 
D: 0.32% + 0.0007 + 1 

... --, -- 

D: 0.33% + 0.0013 + 1 

L: 10 pH-1000 H. 0.1% t 3 
D: 0.32% + 0.0012 + 1 

D: 0.34% + 0.b013 + 1 

C: lpF-1000pF. 0.1% + 3 
D: 0.33% + 0.0008 + 1 

10 kHz 

- 

X )  kHz 

40 kHz 

D: 0.31% + 0.0011 + 1 

L: 100 nH-10 H. 0.1% t 3 
D: 0.33% + 0.0013 + 1 

100 kHz 

200 kHz 

C: 10 pF-100 pF, 0.1% + 3 
D: 0.33% + 0.008 + 1 

C: 10 pF-100 pF. 0.1% + 2 
D: 0.32% + 0.0007 + 1 

C: 1 OF-10 uF. 0.14% + 1 

400 kHz 

L: 10 pK100H, 0.1% + 3 
D: 0.33% + 0.0013 + 1 

L: 10 pH-100 H. 0.1% + 3 
D: 0.32% + 0.0012 + 1 
L: 10uH - 100 H. 0.1% + 3 

C: 1 pF-IOpF. 0.1% t 3 
D: 0.33% + 0.0008 + 1 

C: 10 OF-10 uF. 0.1% t 2 

1 MHz 

2 MHz 

L: 1 pH - 10 H, 0.1% + 3 
D: 0.33% + 0.0013 + 1 

L: 1 UH - 1000 mH. 0.2% + 3 
D: 0.32% + 0.0007 t 1 

C: 1 pF-1000 nF. 0.14% + 1 
D:O34%+0.0009+1 

4 MHz 

Measurement Frequencies 
HP 4274A: I00 Hz-100 kHz. 1 l spots (100 Hz, 120 Hz. 200 Hz, 

400 Hz, 1 kHz, 2 kHz, 4 kHz, 10 kHz, 20 kHz, 40 kHz, 
I00 kHz; +0.01%) 

HP 4275A: 10 kHz-10 MHz. 10 spots (10 kHz, 20 kHz. 40 kHz. 
100 kHz. 200 kHz, 400 kHz, 1 MHz, 2 MHz. 4 MHz. 
10 MHz; *0.01%) 

Test Signal Level: 
HP 4274A: 4-ranges (1 mVrms-5 Vrms) continuously variable 
HP 4275A: 3-ranges (1 mvrms-l Vrms) continuously variable 
Test Signal Level Monitor: standard. 
Displays: dual 5I/>-digit and single 3-digit; maximum display 199999 
(full scale and overrange in high resolution mode), and 4Vz-digit: 
maximum display 19999 in normal mode. (Number of digits depends 
on measurement frequency, test level, and range). 
Circuit modes: series equivalent circuit and paral- 
lel equivalent circuit. Automatic selection available in AUTO mode. 
Deviation measurement: difference between recallable stored refer- 
ence and displayed is deviation value (count or percent). 
Ranging: AUTO or MANUAL (UP/DOWN). 
Trigger: internal, external or manual. 
Measurement terminals: four-terminal pair with guard. 
Auto zero adjustment: automatic normalization of the readout off- 
set due to residuals of the test fixture by pushbutton operation. 
Normalization range: C<20 pF. L<2000 nH, R<0.5R, G<5p!3. 
Self test: automatic operational verification check indicates pass or 
fail condition. 

D: 0.53% + 0.0023 + 1 
L: 1pH-lOOOmH.0.2% + 3  
D: 0.51% + 0.0021 + 1 - .. . -~ ~ 

C: 1 pF-1000 nF. 0.1% + 3 
D: 0.33% + 0 . W  + 1 
C: 10 OF-100 nF. 0.3% + 3 

- -. . . . . - - 

Reference Data 
Measurement time (typical) 140-180 ms (> 1 kHz); 140-210 ms 
_< I kHz (measurement time depends on range, sample value and off- 
set adjustment value). 
Z - O measurement time 170-2 10 ms > 1 kHz; 170-240 ms 1 
kHz. 
High resolution mode approximately 8 times the normal measure- 
ment time. 
Auto ranging time 100 ms - 300 ms per range change. 

L: 100nH-100mH,0.2%+3 
D: 0.55% + 0.0025 + 1 

L: 1 eH - 10 mH. 0.5% + 5 
D: 0.55% t 0.0025 + 1 

C: 1 pF-10 nF, 1% + M + 0.002 pF 
D: 3.3% + 0.01 + 1 

General Information 
Operating Temperature and Humidity: O°C - 55OC. 

D: 1.0% + 0.0033 + 1 

L: 1 pH - 10 mH. 1% + 5 
D: 2.0% + O.W3 t 1 

L: 100 nH - 1 mH. 2% + 7 
D: 3.1% + 0.002 + 1 

10 MHz 

695% RH at 40°C 
Power: 100,120,220V +lo%, 240V + 5% - 10%. 48 - 66Hz, 

135VA max. (HP 4274A); 165VA max. (HP 4275A) 
Size: 177H x 425W x 574Dmm (7" x 16.75" x 22.6") 
Weight: 18kg (39.61bs) 

Range: full scale range, accuracy: %of reading + counts (D accuracy: 
% of reading + absolute D value + count). 
(Condltlons: Warmup tlme 2 30 mlnutss, environment tmpaahrre: 23'C *Sac). 
Refer to technical data sheet for accuracy detalls. 

C: 1 pf-10 nF. 2% + 20 + 0.002 pF 
D4%+0.011+ 1 

Accessory Furnished 
H P  16047A: Direct coupled test fixture. 

Special Options 
One or two arb~trary test frequencies for each instrument are availa- 
ble. For more details, please contact nearest H P  sales office. 
Selectable Frequency Range 
H P  4274.4: 100 Hz to 100 kHz to *0.1%. If two frequencies are ad- 
ded, at least one frequency must satisfy the following equation: f = 
12OO/N kHz where N is an integer from 12 to 12000. 
H P  4275A: 10 kHz to 10.7 MHz *0.1%. 

Ordering Intormation Price 
H P  4274A Multi-Frequency LCR Meter 3 10,700 

Opt W30: Extended repair service. See page 723. +S260 
HP 4275A Multi Frequency LCR Meter 312,850 

Opt W30: Extended repair service. See page 723. +S260 
Opt 001: 0 to *35 internal dc bias, max resolution; 
1 mV steps +3965 
Opt 002: 0 to *99.9 V internal dc bias, resolution: 
100 mV steps. +S915 
Opt 004: Frequency steps in 1-3-5 sequence SO 

Accessory Available 
H P  16023B: dc Bias Controller, for control of dc bias 3 3 5 0 s  
Opt 001 or 002 Internal Bias Supply. 

For ~ ~ m b d a y  shipment, call HP DIRECT at 800-538-8787. 



COMPONENT MEASUREMENT 
1 kHz 1 1 MHz Capacltance Meter 
HP 4278A 

l Measurement Speed: 6.5ms/ 10ms/2 1 ms 
l Measurement Parameters: C-DoQoESRoG 
l C-D Measurement Accuracy: 

0.07%, 0.0005(lkHz, 21ms) 
0.05%. 0.0002(1MHz, 21ms) 

High Resolution: 6 digit, D:0.00001 
l intelligent Built-in Comparator: 10-bin Sorting 

F N T R I  

1 m r  

TRIGGER 

0 

Description 
The H P  4278A lkHz/lMHz Capacitance Meter is a high speed. 

highly reliable, precision test instrument aimed at  incoming/outgoing 
capacitor inspection applications on the production line and in quality 
control. The H P  4278A will improve test efficiency by performing 
comparative measurements of low to medium value capacitors (up to 
200 pF-a range that covers most ceramic and film capacitors) sever- 
al times faster than previously available capacitance meters. 

The H P  4278A's standard measurement frequencies and oscillator 
output levels are I kHz/ l MHz and from 0.1 V to 1 V in 0.1 V steps. 
respectively. The H P  4278A's ability to make precision capacitance 
measurements and to measure low dissipation values will give you an 
edge in improving the quality of your devices. 

The built-in comparator function of the HP  4278A gives you the 
ability to sort parts into ten bins. A high speed HP-IB interface and 
an optional handler interface are available for combining the H P  
4278A with an automatic handler and an external computer to build 
a total solution for automatic testing and data acquisition and analy- 
sis. 

HI h Speed Measurements 
8 n e  of the H P  4278A.s main features is its selection of high mea- 

surement speeds: 6.5ms (153 measurements/sec), lOms (100 mea- 
surements/sec), or 21 ms (47 measurements/sec), with a fast settling 
time. Additionally, the H P  4278A's built-in comparator and high 
speed HP-IB interface make it possible to construct a measurement 
system using an automatic handler and an external computer to mini- 
mize production test time, and, therefore, cost. 

High Accuracy and Rmlution 
lsslpatlon factor (D), the parameter measured to determine the 

quality of capacitors, can be measured with an accuracy of 0.0002 
(I  MHz) and 0.0005 (IkHz) with a resolution of 0.00001 without de- 
grading measurement speed. The HP 4278A has high capacitance 
measurement accuracy, 0.05% (I MHz) and 0.07% (I kHz) with 6 full 
digits of resolution in all measurement ranges, IpF to 2048 pF 
(I  MHz). and IOOpF to 100 pF (I kHz). 

The pushbutton zeroadjustment function is used to  compensate for 
stray impedance and admittance of the handler and test fixture. The 
auto calibration function, when used with a capacitance standard, can 
be used to calibrate the system up to the point of device connection. 

intelligent Built-In Comparator 
The ~ntelligent built-in comparator gives the H P  4278A the capa- 

bility to use nine sets of high and low capacitance values and one set of 
dissipation limits to sort capacitors into nine bins, according to their 
capacitance values and whether or not they meet the dissipation lim- 
its. Capacitors which are not within the capacitance limits or do not 
meet the dissipation limits go into the tenth or no-go bin. 

All comparator settings can be controlled and monitored using an 
external computer, and the results of the comparisons can be trans- 
ferred to a handler interface (optional). All control settings and com- 
parator parameters can be saved on the removable EEPROM 
memory module (memory card) to facilitate instrument setup and to 
minimize the chance of an instrument setup error. 



Specitications 
(refer to data sheet for complete specifications) 
Measurement Parameters C-DoQoESRoG 
Display: Dot-matrix LCD. Displays measurement values with 4,5, or 
6 digit resolution, control settings, comparator limits, the compara- 
tor's decision. self test messages and annunciations. 
Measurement Circuit Modes: Parallel and Series 
Test Signals: 

Frequency: l kHz and 1 MHz, ~ 0 . 0 2 %  
Signal Level: 0.1 to 1 Vrms, *lo% (C_<20pF), in O.1Vrms steps 

Measurement Time Modes: SHORT, MEDIUM, and LONG 
Measurement Times: 

Measurement time includes Sattllng. Integration (analog m a s u m t s ) .  Calculation, and Com- 

Mode 1 SHORT I MEMW I LONG 

parison times. 
No additional measurement time is required for measurements 

performed in an overload (shorted capacitor) condition. 
Measurement Range 

Measurement ] 1 KHz 1 1YHzNomldlYods 

T~rne* 

L I 

1. ]kHz Normal Mode: 7 decade ranges l00pF to 100pF full scale. 
100% overranging on all ranges. (max. 
200000 counts) when D 6 0.5. 

2. 1 MHz Normal Mode: 1 I binary ranges, 1 pF to 1024pF full scale. 
25% overranging on all ranges, when D 6 
1 .  

3. 1 MHz High Accuracy Mode: Measurement range is *30% of the 
user defined nominal value, maxi- 
mum 2048pF. When D 6 0.05. 

6 5ms lOms 

Measurement Accurrc 
It IS spec~tied at  the UN ~ ~ N O W N  terminals and at  the end of stan- 

dard I or 2 meter test leads under the following conditions. 
Refer to data sheet for details. 
I. Warm Up Time: L 10 minutes. 
2. Ambient Temperature is 23 + 5OC and variance is less than 

0.2"C/minute. 

21ms 

3. Test signal level is set to 1 Vrms. 
4. Test cable len th is 0, 1, or 2 meters (HP  16048A BID). 
5. Zero O P E N / ~ H O R T  compensation has been per ormed. 
6. D 60.05 for l MHz High Accuracy Mode. 

i 
D 60.1 for l kHz and I MHz Normal Modes. 

7. Accuracies are only valid when the measured value is equal to full 
scall of each range. 

8. Accuracy stated in the tables is given for MEDIUM (upper) and 
LONG (lower) integration times. 

9. Accuracy equations are read as follows: 
C: A (% of reading + % of full scale) 
D: + (% of reading + absolute D value) 
(C: + (% of reading + absolute C value) for Table 3) 

Table 1 1kHz Measurement Accuracy 
I C rants I c I D 1 

Table 3 1MHz High Atcuracy Mode Metnuremmt Accuracy 
Nominal C + Own Circuit C I C I D 

1024 - 2048pF I 0.11% I OW07 

Trigger M e  Internal, External. or Manual 
Measurement Terminals: Four-terminal pair, guarded 
Cable Length Compensation: 0, 1, or 2m 
Compensation Function 

Zero OPEN/SHORT: Compensation range:RS20S2, GS20pS. and 
unlimited C and L. 
Standard: lmproves measurement accuracy by using a standard 
capacitor as a reference. 
Offset: Arithmetic correction of measurement data. 

Comparator: Ten-bin sorting for capacitance, and go/no-go testing 
for D. 0, ESR, and G. 

Sorting Modes: Sequential sorting into un-nested bands with abso- 
lute limits, and tolerance sorting into nested bands with absolute or 
percent limits. 

Self Test: Checks the H P  4278A's basic operation. 
Memory Card: External memory for storing and recalling control 
settings and comparator limits. 

General 8 ifications 
Operating Cpera ture  and HumMiw 0-55"C, 95% R H  g 40°C 
Power: 100. 120. 220VAC a lo%, 240VAC +5 -10%. 48-66Hz. 
200VA max. 
Dimensions (in mm): Approximately 426(W by 177(H) by 498(D) 
Weight: Approximately lOkg (221b., standar d ) 
Reference Data 
Stability: LONG integration and constant operating temperature. 

C ; O.Ol%/dav 
- - . . . . - . 

Temperature ccdcfflcknt: LONG integration and 23*5OC. 
C 5 0.01?jo0C:~I kHz and 1MHz. 
D 5 0.000 / C l kHz and 1 MHz Normal Mode. 
D 6 0.00004/"C: I MHz High Accuracv Mode. 

HP-IB Data output Speed: &ximum 160 bytes/ms, typically 3ms 
for handshake. depending on the system controller. 

Accessories Available 
HP 16270A: Memory Card Set 5280 
HP 16334A: Tweezer-type Test Fixture for Chip 5440 
Com~onents 
HP 1 6 0 4 7 ~  Direct-coupled Test Fixture 
HP 16047C: Test Fixture 
HP 16048A: Test Leads, BNC (Im) 
HP 160488: Test Leads. SMC (I m) 
HP 16048D: Test Leads. BNC (2m) 
HP 16380A: Standard capacitor se t  (Refer to page 
321.) 
HP 16380C: Standard Capacitor Set (Refer to page 
321.) 

l%F 

1 0 0 ~ ~  - 101~ 

Table 2 lMHz 
C range 

256 - 1024pF 

0.13% t 0.3% 
0.07% t 0.025% 
0.1% t 0.058 
0.05% t 0.025% 

0.2% t 0.002 I located close to those of other test units 
0.1% t 0.0005 Opt 009 Delete Manual 

O D ~  101 HP-IB comvatibilitv 

4 - 128pF 

2PF 

0.2% t 0.02% 
0.05% t 0 02% 

IPF 

0.13% t 0.003 
0.065% t 0.0025 

0.1% t 0.001 
0.05% t 0.0005 

~ - . .- . .~~ 

O D ~  202 Handler lnterface 
0.2% t 0.03% 
0.05% t 0 03% 

Orderin Information 
HP 42788 lkHz/lMHz Capacitance Meter 

Normal Mode Measurement Accuracy 

I C D 
0.2% t 0.02% 
0.1% t 0.028 

opt 201 Handler lnierface - 

T For same-day shipment, Call HP DIRECT at 800-538-8787. 
0.2% t 0.068 
0.05% t 0 06% 

Opt W30 Extended repair service. See page 723 
57840 
+5 180 

Opt 001 I kH7 test frequency only -$830 
Opt 002 I MHz test frequency only -5360 
Opt 003 1% frequency shift: prevents possible test 50 
slpnal interference when component test contacts are 

0.2% t 0.004 
0.1% t 0.001 

. --." 
opt 301 Scanner Interface +5600 



COMPONENT MEASUREMENT 
318 LC2 Meters 3 HP 4276A, 4277A 

3-digit frequency setting: 
100 Hz to 20 kHz (801 spots) 
10 kHz to 1 MHz (701 spots) 

High speed measurements 

Measure L/C-D/Q/ESR/G, IZI - 8, high speed L/C 
10-bin component sorting-comparator (OPT. 002) 
0.1% basic accuracy over impedance range of 100 mR 
to 10 MR (HP 4276A), lOR to 1 MR (HP 4277A) 

Description 
HP's 4276A and 4277A LCZ Meters are general purpose impe- 

dance measuring instruments designed to measure circuit compo- 
nents such as capacitors and inductors using frequency and dc bias 
conditions identical to those of the intended application. Both HP  
4276A and HP 4277A feature variable test frequency (100 Hz - 20 
kHz and 10 kHz - 1 MHz respectively), optional dc bias variable 
from 0 to * 40 V, multiple parameters (L C IZI D Q ESR G 
8) with fully automatic high speed measurements, and 4% digit reso- 
lution. The H P  4276A has an impedance range of 100 mR to 10 MR 
and the HP  4277A 10 R to 1 MR. 

Both instruments are ideal for production line, quality control, and 
circuit design applications, and are versatile enough for stand-alone 
use or systems use under HP-IB control (standard). An optional com- 
parator for 10-bin sorting with measurement time of less than 100,ms 
make the HP 4276A/4277A a good choice for production line testing 
of discrete components. 

Specifications (Refer to data sheet for complete specifications) 
Common to HP  4276A and H P  4277A 
Parameters measured: C-D Q ESR G L-D Q ESR G 

high speed L, high speed C 
IzC €3 and A (deviation for any parameter) 

Display: 4'/2 digits (max), maximum display 19999 
Measurement circuit mod= Auto, Parallel, and Series 
Frequency control modes: SPOT, COARSE (10 freq./decade), 
and FINE (max. freq. resolution). 
Test Signal Level (unknown terminal open) 

Test frequencies: 
HP 4276A - 100 Hz to 20 kHz + 0.01% (801 points) 
HP 4277A - 10 kHz to 1 MHz + 0.01% (701 points) 

Measurement accuracy and range: specified at  the front panel un- 
known connectors when all of the following conditions are satisfied: 

( I )  warmup time 2 30 min. 
(2) test signal level is set to HIGH (1 Vrms) 
(3) measurement speed mode: MED or SLOW 
(4) ambient temperature is 23°C + 5OC 
(5) cable length switch is set to 0 m (HP 4277A) 
(6) OPEN and SHORT adjustments have been made 
(7) D 5 0.1 

n P  4276A 

HP 4277A 

C Measurement B n k  Accuracy: 
HP 4276A: 0.1% + 17 counts to 3% + 2 counts 
HP 4277A: 0.1% + 17 counts to 3% + 4 counts 

DC Bias 
Internal dc bias (opt.): 0 to +40 V 

Reference Data 
Measurement S p e d  (Typical): (Circuit mode: AUTO, test signal 
level: HIGH, display digit: 3 digits. FAST mode) 

Measurements HP 4276A @ lknz HP 4277A @ 1MHz 

C-D ESR Q 
L-D ESR (3 

80 ms 
High Speed C 35 ms 40 ms 

nKW 

1 Vrm8 t 10% @ lknz 

1 Vrnn f 10% 

General Specifications 
Operating temperature and humklity: O0 to 55OC. 5 95% R H  at 
40°C. 
Power requirements: 100/ 120/220 Vac +lo%, 240 V + 5% - 10%; 
48 to 66 Hz. 
Power consumptian: 65 VA max (HP 4276A); 
7.5 VA max (HP 4277A). 
Size: 188 mm H x 426 mm W x 422 mm D (7v" x 163/4" x 169"). 
Weight: approx. 8.5 kg (18.7 Ib). 
Special Options 
HP 4276A Opt HOS: 1 kHz C-D measurement only (lV/IOOmV) 
HP 4276A Opt H06: 1 kHz C-D measurement only (lV/300mV) 
HP 4276A Opt H07: 1 kHz C-D measurement only (1V/500mV) 
HP 4277A Opt H03: Programmable dc bias for high speed C-V mea- 
surement (I V/20mV, l MHz only) 
HP 4277A Opt H04: Programmable dc bias for high speed C-V mea- 
surement (500mV/20mV, l MHz only) 
HP 4277A Opt H07: High accuracy dc bias 
Contact your nearest HP  sales office for more information. 
Accessories 
Furnished accessorhm H P  16047A Direct Couvled Test Fixture 

LOW 

50 mV f 20% (CP only) @ lkHz 

20mv t 15% 

Accessories Available 
HP 16064A: Retrofit Kit for Comparator (HP  4276A/HP 
Opt 002) 
Ordering Information 
H P  4276A LCZ Meter 
H P  4277A LCZ Meter 

Opt 001 Internal dc bias, 0 to +40 V 
Opt 002 10-bin sorting for L/C/IZI and go/no-go test- 
ing for D/Q, interfaceable with component handler. 
Opt W30 Extended repair service. (HP  4276A) See 
page 723. 
Opt W30 Extended repair service (HP 4277A) See 
page 723. 

Prices 
$5,400 
57,440 
+5234 
+$8 15 



COMPONENT MEASUREMENT 
lMHz C-V Meter 

HP 4279A 

Built-in programmable dc bias sweep source with a 0.1% basic accuracy and 6 digit resolution for C mea- 
voltage accuracy of 0.1% surement 
High speed C-V measurements: lOms, 20ms, and Automatic dc bias polarity control 
30ms/meas point High reliability for production testing 

Description 
The HP 4279A l MHz C-V Meter offers the optimum solution for 

increasing quality and throughput when measuring the capacitance 
vs bias voltage characteristics of semiconductors. The H P  4279A 
measures capacitance over a range of 0.0000 1 pF to 1280.00pF with a 
basic accuracy of 0.1% and a 6 digit display resolution, while sweep- 
ing the dc bias voltage. An internal, programmable dc bias sweep 
source with a 0.1% voltage accuracy throughout the +38V range as- 
sures very low measurement error due to bias voltage uncertainty. It 
makes the HP  4279A ideal for the precise characterization and test- 
ing of varactor diodes, MOS diodes, etc.. Measurement time can be 
selected from three modes of IOms, 20ms and 30ms/meas to maxi- 
mize productivity. The HP 4279A's very fast ranging and high speed 
HP-IB data transfer capabilities reduce test time. The automatic bias 
polarity control feature allows quick selection of the correct polarity 
bias voltage for the device under test. This new function eases manual 
testing of samples in incoming/outgoing inspection and provides a 
simple method of polarity control for automatic test systems. 

Measuring range and accuracy 
C-D measurement range: 0.00001 pF to 1280.00pF; 

0.00001 to 9.99999D 
C measurement accuracy: Specified at  the front panel unknown ter- 
minals and the ends of standard Im or 2m test leads ( H P  
16048A/B/D) when all of the following conditions are satisfied: 
(1) Ambient temperature is 23°C +5"C and temperature variance 
5 0.2"C/min 
(2) Warmup time 2 10min. 

Specifications 
Parameters measurad: C-D*Q*ESR*G 
Display: 4, 5.  6 digits. selectable. maximum display 999999 
Measurement circuit modes: Series and parallel. 
Ranging modes: Auto. Manual and Program 
Measurement frequency: 1 MHz *0.02% 
Test signal level (unknown terminal open): 2OmV, 50mV. 100mV. 
200mV. 500mV and 1 Vrms, selectable 
Measurement terminals: 4-terminal pair 
Test cable length compensation: Om, Im and 2m 
Error-correction: OPEN and SHORT adjustments and STD and 
temperature compensation functions 

(3) OPEN, SHORT and temperature compensations have been made 
(4) D 5 0.1 

Accuracies for C measurements in MEDIUM mode are given in 
Table I and are read as +(% of reading + % of full scale value). 
(Refer to the H P  4279A data sheet for complete accuracy specifica- 
tions. including DIOIESRIG accuracies.) 

Measurement time: Mode I SHORT I MEDIUM I LONG 
Time 1 lOms [ 20ms ( 30ms 

DC bias 
Internal dc bias: OV to +38V 

nw 
1024oF 

Ranging time: Less than 3ms in program mode (unspecified) 
Trigger: Internal, External and Manual 
Delay time: 0 to 1000ms. programmable in Ims steps 

General 
Operating temperature and humidity: O°C to 5S°C, I 95%RH at 
40°C 
Power: 1001 120/220V + 10%. 240V +5% -10%: 48 to 66Hz; 200VA 
maximum 
Size: 177mmH x 426mmW x 498mmD (7" x 16.8" x 19.6") 
Weight: Approximately 15kg 

Test signal Iml 

- ,  

Accessories Available 
Refer to page 301. 

20mv 

+(8 005-20 000)V 

Ordering information Price 
HP 4279A 1 MHz C-V Meter $9700 

Opt W30 Extended repair service. - See page 723 $215 
Opt 003 1% frequency shift $0 
Opt 009 Delete manual -S36 

WmV I 1OOmV 1 200mV-1V 
I I I 

5mV a(O 1% of settlng +3mV) 

t(20 01-38 OO)V 

Bias voltage sweep: Max. 5 1 sweep points can be programmed via 
HP-IB 
Auto bias polarity control: Completed within 4ms after triggered 
(unspec~fied) 
External dc bias: OV to 100V via rear panel connector 
HP-IB: Standard. Remote control and ASCII or binary data output 
(packed data output when swept bias measurements are made.) 

lOmV +(O 1% of sett~ng t1OmV) 



COMPONENT MEASUREMENT 
Dlgltal LCR Meters 
HP 4261A, 4262A 

Automatic balancing, ranging & circuit mode selection Versatile accessories and options 
Test frequencies: HP 4261A, 120 (100) Hz and 1 kHz High reliability 

HP 4262A, 120 (100) Hz, 1 kHz and 
10 kHz 

- 

I -  - 
HP 4262A with Opt 004 

Description Deviation measurement (HP 4262A): displays the difference be- 
~h~ ~p 4261A and ~p 4262A are 3% digit LCR meters that meet tween a stored value (that is, measured value when LCR switch is 

today's requirements for component measurements. Both instru- depressed) and subsequent measured data. 
ments feature fully automatic operation over wide measuring ranges. Offset djurtments (HP 4262A): front panel adjustments to corn- 
Simply select the measuring functions and one of the test frequencies, Pensate for stray capacitance (C: 0 to 10 PF) and residual inductance 
then insert the device to be measured. The instrument does the (L: O f iH) of the test 

rest-automatically selecting the proper measuring range and Self-test (HP 4262A): automatically checks basic functions. 
eauivalent circuit mode. 

In addition to automatic measurements, the HP  4261A and H P  
4262A provide high accuracy (0.2% reading), internal dc bias, and 
series and parallel equivalent circuit modes. 

These relatively low cost and easy-to-use LCR meters are capable 
of a wide range of applications - measuring electrolytic/ceramic ca- 
pacitors, filter coils, pulse transformers, internal resistance of dry 
cells and semiconductor junction capacitance, as well as ordinary 
LCR components. Extended features of these reliable instruments in- 
cludeoptionally available HP-IB (HP 4262A) and BCD (HP 4261A) 
data output capabilities and a comparator option which is convenient 
for production line applications. 

SpecWicrtions (refer to data sheet for complete specifications) 
Measurement ranges and accuracies: see table on this page. Accuracy 
appliesover a temperature rangeof 23°C *S°C (at 0" to 5S°C, error 
doubles). 10 kHz and Q specifications are given only for the HP  
4262A. 

aenerai 
Measuring tlme (typkal): for a 1000 count measurement on a low 
loss component on a fixed range: 

1 kHz, 10 kHz: C/L 220-260 ms, R 120- 160 ms 
120 (100) Hz: C/L  900 ms, R 700 ms 

Ranging Time 
1 kHz, 10 kHz: 180 ms/range step 
120 (100) Hz: 670 msfrange step 

Reading rate: INT (internal trigger) approximately 30 ms between 
end of measurement cycle and start of the next cycle. EXT (external 
trigger) measuring cycle is initiated by a remote trigger input. 
Accessories available HP 16061A: test fixture, direct couple, 5-ter- 
minal; H P  16062A: test leads with alligator clips. 4-terminal (for low 
impedance measurements); HP 16063A: test leads with alligator 
clips, 3-terminal (for high impedance measurements). 

Ordering Information (HP 4261A *1 )  
H P  4261A Digital LCR Meter 

Opt 001 BCD Output (L/C/R and D simultaneously) 
Opt 002 BCD Output (LID, C/D, R alternately) 
Opt 003 BCD Remote Control 
Opt 010 100 Hz Test Frequency 

H P  16061A Test Fixture, RadialfAxial Lead devices 
H P  16062A Test Leads, 4-wire 
H P  16063A Test Leads, 3-wire 
' 1 Opt~ons 001 and 002 are mutually exclusivs. 

Ordering Information (HP 4262A +2) 
H P  4262A Digital LCR Meter 

Opt 001 BCD Output 
Opt 004 Digital Comparator 
Opt 010 100 Hz Test Frequency 
Opt 101 HP-IB Interface 

HP 16061A Test Fixture for Radial/Auxial Lead 
Devices 
H P  16062A Test Leads, 4-wire 
H P  16063A Test Leads, 3-wire 
'2 Opt~on comblnatlon(l101/001 and 1011004 cannot be ordared. 



COMPONENT MEASUREMENT 
Q Meter 
HP 4342A 

Frequency range: 22 kHz to 70 MHz 
Q range: 5 to 1000 

I-. 

Description 
The direct-reading expanded scale of the HP  4342A permits mea- 

surement of Q from 5 to I000 and readings of very small changes in Q 
resulting from variation in test parameters. The HP 4342A is solid 
state with the elimination of specially matched, fragile thermocouple 
components. 

The HP 4342A will measure dissipation factor and dielectric con- 
stant of insulating materials. The Q meter can measure coefficient of 
coupling, mutual inductance, and frequency response of transform- 
ers. RF  resistance, reactance, and Q of resistors and capacitors can 
also be determined. 

Pushbutton operation of frequency range and Q/AQ range selec- 
tion provides straightforward measurement. Automatic indication of 
meter scales, frequency dials and frequency multipliers are featured. 
adding to simplicity and reading speed. 

Specifications 
RF Characteristics 
RF range: 22 kHz to 70 MHz in 7 bands: 22 to 70 kHz, 70 to 220 
kHz. 220 to 700 kHz, 700 to 2200 kHz, 2.2 to 7 MHz, 7 to 22 MHz. 
22 to 70 MHz. 
HP 4342A Opt 001: 10 kHz to 32 MHz in 7 bands: 10 to 32 kHz. 32 
to 100 kHz, I00 to 320 kHz, 320 to I000 kHz, I to 3.2 MHz, 3.2 to I0 
MHz, 10 to 32 MHz. 
RF accuracy: * 1.5% from 22 kHz to 22 MHz; +2% from 22 MHz to 
70 MHz; +I% at "L" point on frequency dial. 
HP 4342A Opt 001: +I 3 %  from 10 kHz to 10 MHz; &2% from 10 
MHz to 32 MHz; *I% at "L" point on frequency dial. 
RF increments approximately 1% resolution. 

Resonating Capacitor Characteristics 
Capacitor range: main dial. 25 to 470 pF, vernier dial. -5 to +5 pF. 
Capacitor accuracy: main dial, + I  '% or I pF, whichever is greater; 
vernler dial. *0.1 pF. 
Capacitor increments: main dial, 1 pF from 25 to 30 pF, 2 pF from 
30 to 200 pF. 5 pF from 200 to 470 pF; vernier dial, 0. l pF. 

Q Measurement Characteristics 
Q range: 5 to I000 in 4 ranges: 5 to 30, 20 to 100, 50 to 300. 200 to 
1 000. 
Q accuracy: % of indicated value: (at 25°C) 

General 
Rear Panel Outputs 

Frequency monitor: 170 mV rms min. into 50 R. 
Q analog output: 0 to 1 V +50 mV dc after 15 minutes warmup, 
proport~onal to meter deflection. Output impedance approximately 
1 kl2. 

Q F n 9  
5-300 

Over limit signal output: contact closure at  the rear panel. Relay 
contact capacity 0.5 A115 VA. 
Over limit display time: selectable, 1 s or continuously on, after 
limit excccdcd. 

Temperature range: 0°C to 50°C. 
Power: 1 15 or 230 V +lo%. 50-400 Hz, approximately 40 VA. 
Size: 138 mm H x 425 mm W x 414 mm D (57/~6" x 16)/4" x 16716"). 
Weight: net, 14 kg (31 Ib); shipping, 18.45 kg (41 Ib). 
Accessories Available 
HP 16014A series loss test adaptor: designed for measuring low- 
value ~nductors and resistors and high-value capacitors. 
HP 16451A Dielectric Test Adapter: designed for measuring the di- 
electric constant. capacitance and dissipation factor of insulating 
materials. 
HP 16462A Auxiliary Capacitor: designed to extend the Q and L 
measurement capability of the HP  4342A Q Meter. It is especially 
useful for measuring small inductors at  low frequencies. 
HP 16470A Reference Inductors: A range of 20 inductors (any of 
which can be supplied separately) which can be used with the HP  
4342A Q Meter when measuring the RF  characteristics of capacitors, 
resistors, or insulating materials. 
HP 164708 Stable Inductors: A set of 4 inductors (any of which are 
separately available) which can be used to compensate indicated Q 
values and/or instrumental variation in the maintenance of the HP  
4342A Q Meter. They are usable over a range of 800 kHz to 50 MHz 
with excellent long-term temperature stability. 

HP 434211 & HP 434U Opt 001 

22 k H ~ 3 0 M b  
i7 

HP 434U 
30 MHz-70 MHz 

*I0 

1 600-1000 Options and Accessories Price 
Q increments: upper scale, 1 from 20 to 100; lower scale, 0.5 from 5 Opt Frequency Range ( I 0  kHz - 32 MHz) +$335 
to 30. HP 16014A Series Loss Test Adaptor $173 
AQ range: 0 to 100 in 4 ranges: 0 to 3 .0  to 10.0 to 30.0 to 100. HP 16451A Dielectric Test Adapter $7 15 
AQ accuracy: + 10% of full scale. HP 16462A Auxiliary Capacitor $660 
AQ increment.: upper scale, 0.1 from 0 to 10; lower scale, 0.05 from HP Reference Inductors, set 20 $3 155 
0 to 3. HP 164708 Stable Inductors, set of 4 51730 

LIP 16470C Complete set of 24 Inductors (HP 16470A $4890 
Inductance Measurement Characteristics + HP 16470B) 
L range: 0.09 pH to 1.2 H. direct reading at  7 specific frequencies. 
L accuracy: +3% after substitution of residuals (approx. 10 nH). HP 4342A Q Meter $7,200 

t15 t20 



Mllliohmmeter/Hlgh Resistance Meter 
HP 4328A, 4329A 

20 resolution on 1 mfl range 
Four terminal measurement 
Low test voltage 

- 
RANGE BATT. TEST I 

: a 

Description 
HP's 4328A Milliohmmeter is a high sensitivity portable instru- 

ment for measurement of low resistances. The 1 mR to 100 R measur- 
ing range and 20 pR resolution make the HP  4328A ideal for 
measuring the contact resistance of switches, relays, and connectors 
and the resistivity of conductors and semiconductors. Series reac- 
tances of up to twice the full scale resistance will not affect the accu- 
racy. The maximum voltage across a sample, with the instrument at 
the proper range, is less than 200 pV peak. Even at incorrect range 
settings, the voltage across the sample will not exceed 20 mV peak. 

The special probes that allow four-terminal measurement in two 
probes are furnished with the HP  4328A. 

The basic H P  4328A is line operated but Opt 001 permits opera- 
tion from rechargeable batteries for 15 continuous hours. 

Specifications 
Range: 0.001 to I00 ohms full scale in a 1, 3 sequence. 
Accuracy: +2% of full scale. No additional error is caused by series 
reactance of samples up to two times full scale. 
Measuring frequency: 1000 Hz + 100 Hz. 
Voltage across sample: 200 pV peak at full scale. 
Maximum voltage across sample: 20 mV peak. 
Superimposed dc: 150 V dc maximum (external source). 
Recorder output: 0.1 V dc output at full scale, output resistance ap- 
prox. 1 kQ. 
Applied current (mA): constant by range, 150/(full scale value in 
milliohms). 

General 
Power requirements: 1 151230 V *lo%, 50 to 60 Hz, 1.5 VA. 
Weight: 3.2 kg (7 Ib). 
Size: 155 mm H x 130 mm W x 280 mm D (6'/32" x 5'1~" x I I "). 
Accessories turnishcd: HP 16005A Probe, HP  16006A Probe, H P  
16007A/B Test Leads and HP 16143A Probe Cable. 

Ordering lnformation 
H P  4328A Milliohmmeter 

Opt 001 Rechargeable battery operation 

Price 
$2.400 
+$I32 

Wide range: 500 kfl to 2 X 1018 52 
Selectable test voltages: 10 V to 1000 V 

Description 
The HP 4329A is a solid-state insulation resistance meter designed 

for easy, accurate and direct readings of the very high resistance val- 
ues typically found in synthetic resins, porcelain, insulating oils and 
similar materials. It is also useful for measurements in electrical com- 
ponents such as capacitors, transformers, switches and cables. Seven 
fully regulated dc test voltages (between 10 and 1000 Vdc) are pro- 
vided as test sources. 

The HP 4329A is instantly convertible from ungrounded-to- 
grounded-sample operation via a simple relocation of the front panel 
ground strap from "guard" to "+" position. 

The HP 4329A also has a current measurement capability. Minute 
currents as low as 0.05 pA can be readily measured. 

The HP 16008A Resistivity Cell, designed for use with the HP  
4329A. can safely. rapidly and conveniently measure the volume and 
surface resistivity of sheet insulation materials (maximum sample 
size: 125 mm W x 125 mm D x 7 mm H). 

Specifications 
Resistance Measurement 
Range: 500 kR to 2 X 10'' 9. (Depends on the test voltage). 
Accuracy: total accuracy is determined by test voltage and range 
used. At low resistance end of each scale, accuracy is *3%, near 
center scale 4 % .  and near the specified upper limit on the meter 
scale (a quarter of full scale). accuracy is +lo%. Accuracy is not 
specified above these limits. On all voltage ranges, if multiplier is set 
to Rmax., an additional +3% is included. 
Test voltages: 10 V, 25 V, 50 V, 100 V, 250 V, 500 V and 1000 V 
+3%. 

Current Measurement 
Range: 5 X 1 0-l4 to 2 X lo-' A in 8 ranges. 
Accuracy: 23% of full scale deflection (there can be an additional 
+ 3 %  error at  the top decade). 

General 
Recorder output: 0 to 100 mV dc, proportional to meter deflection; 1 
kt1 output resistance. 
Power: 115/230 V +lo%, 50-60 Hz, approximately 3 VA. 
Size: 155 mm H x 198 mm W x 204 mm D (6'/2" x 72712" x 82732"). 
Weight: 3.5 kg (7.7 Ib). 
Accessory turnishcd: HP 161 17A Low Noise Test Leads. 
Accessory available: HP 16008A Resistivity Cell. 

Ordering lnformation 
H P  16008A Resistivity cell 
H P  4329A High resistance meter 

Price 
$1.120 
$2,950 



COMPONENT MEASUREMENT 
Standard Capacitor Set and Decade Capacitor 

HP 16380A, 16380C, 44406 

HP 16380A, HP 16380C Description 
The HP 16380A and HP 16380C are precision standard capacitor 

sets that cover the range of 1 pF to IpF in decade steps. The HP 
16380A consists of four discrete air-dielectric capacitors with nomi- 
nal values of 1 pF. 10 pF. 100 pF, and 1000 pF. Similarly, the HP  
16380C consists of four discrete capacitors, but with solid dielectrics 
and with nominal values of O.OlpF, 0.1 pF, and 1 pF. 

Both the HP  16380A and HP 16380C are furnished with test certi- 
fication of 0.01% calibration accuracy. Capacitance stability with re- 
spect to time varies from capacitor to capacitor but is in the range of 
+/-50 or +/-300 ppmlyear. 

The HP 16380A and HP 16380C both have the four-terminal pair 
configuration to allow direct connection to any of Hewlett-Packard's 
many four-terminal pair impedance measuring instruments. The HP 
16380A/C can be easily adapted to two-, three-, and five-terminal 
configurations. 

HP 16380A, 16380C Specifications (valid at 1 kHz, 
2 3 A ° C )  
HP 16380A 

I Capaciatmw I 1v I 10v I lWpF I 1Ooov 1 
Nominal Accurrcy 

Calibration Accuracy 
Stabilitv 

.Supplemental performance characteristics. 

+0.1% 

*0.01% 

<300 oomlvr* 

Dissipation Factor 

Dimenrionc 

Weight 

I Nomlnrl Accurm I +O 1% I 

10.0001 

112 mm (H) x 142 mm (W) x 88 mm (D) 

8 0 kn l~ncludes case) 

Calibration Accuracy 

Stability 
Dissiptlon Factor 
Dimensions 

HP 44408 Description 
The Hewlett-Packard 44408 Decade Capacitor is a high accuracy 
instrument providing usable capacitances from 40 pF to 1.2 pF. Its 
0.25Oh accuracy makes it an ideal aid for circuit design or as a work- 
ing standard. 

The use of silvered-mica capacitors in all four decades provides 
higher accuracy, lower dissipation factor and good temperature coef- 
ficient. An air capacitor vernier provides 100 pF (from 40 pF to 140 
pF) with resolution of 1 pF. Capacitors are housed in a double shield 
in such a way that increased capacitance from two terminals to three 
terminals is held to 1 pF. 

i 0  01% 

550 ppmlyr 
so0004 1 ~ 0 0 0 0 5  1 ~ 0 0 0 0 7  

117 mm (H)x142 mm(W)x88 mm(D) 

Weight 

44408 Specifications 
Capacitance: 40 pF to 1.2 pF  in steps of 100 pF with a 40 pF to 140 
pF variable air capacitor providing continuous adjustment to better 
than 2 pF between steps. 
Direct reading accuracy: *(0.25% +3  pF) a t  I kHz for three-termi- 
nal connection. 
Resonant frequency: typical values of the resonant frequency are 
450 kHz at 1 pF, 4 MHz at 0.01 pF  and 40 MHz at 100 pF 
Dissipation factor: for C 21040 pF, 0.001 max. at  1 kHz. 

for C < 1040 pF, 0.005 max. at  1 kHz. 

6.3 kg (~ncludes case) 

Temperature coefficient: < + 7 0 . ~ ~ m / "  C. 
Insulation resistance: 5 GQ minimum. after 5 minutes at 500 V dc. 
Maximum voltage: 42 Vdc or 30 Vrms. 
Weight: net. 2.5 kg (5% Ib); shipping. 3.6 kg (8 Ib). 
Size:76mm H x 264mm W x  152mmD(3"x  l l R x 6 " ) .  

Ordering Information Price 
H P  16380A Standard Capacitor Set (I pF, 10 pF, 100 $3.010 
pk., I000 pF) 
H P  16380C Standard Capacitor Set (0.01 pF, 0.1 pF, 54,585 
I r F )  
HP 44408 Decade Capacitor 5 1,800 



LIGHTWAVE TEST EQUIPMENT 
General lnformatlon 

Probably the most remarkable fact about 
the evolution of fiber optics has been their 
rapid market growth. Design work began 
some twenty years ago, with trial projects 
carrying live telephone traffic being installed 
ten years later. Today, optical fibers are 
mass-produced for many applications world- 
wide. 

Technical Background 
In general, all fiber-optic systems inwrpo- 

rate the following elements: transmitters, fi- 
bers, repeaters, and receivers, all of which 
are linked by connectors and/or splices. 

Today, size, lifetime, reliability and rug- 
gedness are major factors in the choice of 
sources and receivers for ootical communica- 

tasks. These tasks range from physical mea- 
surements. such as fiber geometry or numeri- 
cal aperture, to system performance tests in 
the time or frequency domain. 

HP  offers the following basic lightwave 
test instruments. 
HP  8140A optical loss test set 

Modular design 
Sources and sensors for all common 
wavelength ranges 

H P  8 145A optical time domain reflectometer 
Easy-to-learn 
softkey-guided menu concept 
Up to 28 dB dynamic range 
Non-volatile memory for more than 100 
waveforms 

H P  8 15 1 A pulse power meter 

83810A lightwave signal analyzers combine 
HP's microwave and RF  spectrum analyzers 
with a sensitive, wide-bandwidth optical con- 
verter to produce off-the-shelf instruments 
for analyzing the modulation on lightwave 
systems and components. With the H P  
708 10A module, you can measure modulated 
light on single-mode optical fibers from 1200 
to 1600 nm or 750 to 870 nm with modula- 
tion rates up to 22 GHz. A fully calibrated 
display shows optical modulation and noise. 
You can accurately characterize semicon- 
ductor lasers, modulators, detectors, or any 
other device involved in modulated light. 

tion links. Peak and average power measurements 
Sources employ LEDs or LDs (laser di- O /E  trmsducer capability Lightwave Converter 

odes) to generate the ootical outbut. while HP  8153A lightwave multimeter With the HP-developed high-speed PIN 
APDS o r k ~  diodes ark used to be tk t  the Power sensor modules and source mod- photodetector and wide bandwidth pream- 
incident optical power on the receiving side. ules can be combined in any configura- plifier, the new H P  11982A converter offers 

tion unsurpassed performance and flexibility. 

Optical Sources 
LEDs are primarily used in short distance 

systems (<lOkm) with data rates below 
100MHz. A limiting factor is their broad 
spectral width and the low coupling efficiency 
compared with an LD. Advantages are their 
simpler drive electronics, a higher reliability, 
and the lower price. 

LDs, on the other hand, feature a small 
spectral width, an excellent coupling efficien- 
cy, and reach data rates up to 2 GHz. Thus 
LDs enable repeaterless data transmission 
over great distances (up to 150km). 

Optical Fibers 
Inside the fiber, light is guided by total re- 

flection at  the core/cladding boundary due to 
corresponding differences in the refractive 
indices. Single-mode fibers are dominating 
today. 

Optical Receivers 
To convert light back into an electrical sig- 

nal for further processing, PIN diodes serve 
as receiving detectors when high data rates 
are required. This property is combined with 
favorable linearity and high stability. When 
increased sensitivity is of major concern, 
APDs are preferred. Due to their non-lineari- 
ty. APDs are used only for purely digital a p  
plications, while PIN diodes can be used in 
both analog and digital systems. 

Lightwave Test Equipment 
HP's line of lightwave test equipment of- 

fers new measurement capabilities for design 
and production engineers in a wide range of 
different application areas, from computer 
networks to high-speed, long-distance tele- 
communication links. 

Installed application software for long- 
term monitoring, fast data logging, fiber 
alignment and loss measurements 

HP  8 154B LED source 
Stability + 0.003 dB/12h 
External modulation up to 1 MHz 

H P  81 55A laser source 
Stability 0.03 dB/12h 
External modulation up to 850 MHz 

HP 81 57A optical attenuator 
High resolution of 0.01 dB 
> 36 dB typical return loss 

HP  8158B optical attenuator 
High resolution of 0.01 dB 
Suited for both multimode and single- 
mode fibers 

High-speed lnstrumentation 
In addition to the basic tools for making 

lightwave measurements. HP  offers two 
high-speed lightwave instruments designed 
to measure lightwave modulation. 

In most lightwave systems today, informa- 
tion is transmitted via an intensity modulated 
light carrier. HP's high-speed instrumenta- 
tion consists of a lightwave signal analyzer, 
which measures the intensity modulation it- 
self, and a lightwave component analyzer, 
which measures the modulation transfer 
function of lightwave components. 

In addition to supporting the traditional 
modulation schemes, the high-speed instru- 
mentation also has applications in state-of- 
the-art coherent communication systems. 

Lightwave Signal Analyzers 

This converter is dc-coupled and operates to 
beyond 15 GHz. It can be combined with 
high-speed oscilloscopes, spectrum analyz- 
ers, or as a general-purpose O/E  converter 
for both digital and analog modulation. 
Time-on frequency-domain measurements 
can be easily made with built-in gain and op- 
timized pulse response, extinction ratio, im- 
pulse response, eye diagrams, SONET, 
FDDI, and others. 

Lightwave Component Analyzer 
A fiber-optic transmission system is made 

up of lightwave components ranging from la- 
sers, photodiodes, and fiber to electrical am- 
plifiers and transmission lines. As the 
information bandwidth of lightwave svstems - 
increases, it becomes important to character- 
ize the modulation transfer function of each 
of these lightwave components. For example, 
the relaxation oscillation frequency of a laser 
limits the highest frequency it will pass, and 
the bias of a pin photodiode directly affects 
its speed. 

The HP 8702B/8703A lightwave compo- 
nent analyzer and the HP  83420A lightwave 
test set (combined with an HP  microwave 
network analyzer) provide the ability to mea- 
sure all of these lightwave components. Mea- 
surements are made at  fixed wavelengths 
(850 nm. 1300 nm, 1550 nm). while the mod- 
ulation frequency is swept from 300 kHz to 
as high as 20 GHz. In this way, the modula- 
tion transfer function of a laser, the modula- 
tion bandwidth of a fiber, and the  
demodulation transfer function of a photodi- 
ode can be measured. 

The lightwave coupler allows the system to 
make reflection measurements such as opti- 

Until now, the-only way to measure modu- cal return loss of a photodiode or connector. 
Basic Test lnstrumtntlltion lation on optical signals has been to use a cus- The frequency domain information is used to 

Designers, manufacturers, and end-users tom optical design. But these custom systems calculate the time domain impulse response, 
of fiber-optic components, modules, or sys- are difficult to calibrate and often have poor allowing the location of multiple discontinui- 
tems face a large variety of measurement sensitivity. The HP 71400C. 71401C, and ties as close as I cm apart. 





LIGHTWAVE TEST EQUIPMENT 
324 Lightwave Multimeter u HP 8153A 

Power sensor modules and source modules can be Installed application software for long-term monitor- 
combined in any configuration ing, fast data logging, fiber alignment and loss mea- 
Traceable to NlST and PTB for accurate absolute pow- surements 
er measurements Dump-to-plotter for easy documentation 

HEWLETT 
PACKARO 

I a s 1  JG OUTPUT ANALOG OUTPUT 

HP 8153A Lightwave Multimeter Power Sensor Modules Offer High Accuracy 
and Sensitivity 

[-'our differen; power sensor modules, with sensitivities from 
High Flexibility through Modular Design -70 dBm down to -1 I0  dBm, cover the 450 nrn to 1700 nrn wave- 

The HP 8153A mainframe offers two slots for plug-in modules. length range. Each is individuallv calibrated over its entire wave- 
Since all power sensor modules and laser source modules can be com- length range and is traceable to NIST and PTB for precise optical 
bined in any configuration, the instrument can be used as a oneltwo- power measurements. The excellent linearity and the high stability of 
channel power meter, as a loss test set or even as a oneltwo-channel the laser source modules provide the basis for precise determination 
laser source. of optical losses. 

' At the following r e t e r m  conditions: 
- power level: -20dBm 
- continuous wave (CW) 
- liber 50 pm graded-index, NA-0.2, tulfy exciIed 
-ambient temperature 23 a5'C 
-connector Diamond HMS-101HP 
-at day of calibration 

Sawor Module SpreMerHons 

'At the following operating wndltlons - power range as stated under linearity 
-fiber <50 pm. NA 50.2 
-lor NA>O.2 add 1% 
-ambient temperature 0 to 55% 
-connector HMS-1OIHP. FCIPC, DIN 47256. ST. 

for Blonic add 1% 
- withln 1 year after calibration 

'As ' except parallel beam Instead 01 
fiber. 3mm diameter on detsctor. 

S8nrorelmnent 
Wmlmgth range 
Power range 
Display molutlon (dB) 
Dlsplay resolution (Watt) 
Applicable fiber type 
Accuracy (at ref cond.) 

Total UncerWnly 

11- 
18" to 2E°C, const. temp. 
PC to 55T, const. temp. 

' At the following operating conditions: 
-power range a i  stated under linearity 
- oarallel beam 3mm diameter on detector 

HP 81530A 
4 

450-1020nm 
t 3  to -1lOdBm 

-ambient temperature 23a5"C 
- with~n one year after callbration 
For tobm appl~cnloon~ uw swclflc Cn and 

HP 81536A 

add 0.5% uncertaintv for the 850 +50nm 

0.001dBm. 0.001dB 

1300 a5Onm and lSj0 AOnm r a k .  
' 

'add 0.012dB per 'C between 40 and 55'C 

HP 81531A 

0.0lpW I l00pW 

InGaAs 
800-1 700nm 

t 3  to -7WBm 1 t 3  to -90dBm I t 3  to -1IWBm 

HP 81532A 

1 Pw 

SI 
450-1020nm 

t10 to -100dBm 

Ge 
900-1700nm 

t 3  to -80dBm 

HP 815331 
t81520A 

0.0lpW 
91125 to 1001140. (NAt0.3) 

HP 81533A 
t815218 

*2.58 
(600-1020nm)' 
+5% +0.5pW 

(600.1020nm)' 

a0.015dB t0.3pW 
+O.O5dB +0.5pW 
(0 to -9OdBm) 

parallel beam, 91125 to 1001140, (NAt0.3) 
0.lpW 

a2.2% 
(600.1020nm)' 
+48 +0.5pW 

(600-1020nm)' 

+O.lMB +0.5pW 
(+I0 to -80dBm) 

l@w 

+2.2% 
(1000-1650nm)' 

t 4 8  +50pW 
(1000-1650nm)' 

+O. 15dB a0.5pW 
( t 3  to -6OdBm)' 

+2.5% 
(10001650nm)' 

+58 t50pW 
(1000-1650nmY 

t0.01MB +30pW 
t0.05dB +50pW 
(0 to -50dBm) 

i 5 8  t l5pW 
(1000-1650nrn)' 

+0.015dB alpW 
+0.05dB +1.5pW 
(0 to -7WBm) 

4 %  +O.SpW 
(lOW1650nm)' 

a0.015dB *0.3pW 
+0.05dB t0.5pW 
(0 to -9OdBm) 



Laser Source Modules Offer High Stability Compatible with HP 8152A Optical Average Power 
The source modules have very good short-term and long-term sta- MeterIHP 81520Al21B 

bility. The high output power can be internally attenuated up to 6 dB H P  81 5ZA/2I B optical headscan also be used in combination with 
for accurate adjustment to the measurement requirements. A dual- the H P  81533A optical head interface module. The HP 8153A 
wavelength source module for 1310 nm and 1550 nm enables device lightwave multimeter is software compatible to the H P  8152A optical 
testing at  both wavelengths. All sources output CW or pulse-modu- average power meter so that existing test programs can be utilized. 
lated light (internal modulation at 270 Hz, I kHz or 2 kHz). 

Central wml. (nm) 
Fiber type 
Spectr. bmdwMh (RMS) 
Output power (dBm) 

Built-in Software for Advanced Applications 
Without an external controller, long-term power level monitoring 

up to I00 hours or fast data sampling with 50 measurements per sec- 
ond can be performed. For easy documentation, the measured curves 
can be dumped to any HPGL-plotter. Automatic loss measurements 
can be made simultaneously at  two wavelengths, and procedures to 
optimize the amount of coupled light are supported as well. 

Mainframe Specifications 
Power: ac 100-240 Vrms, *lo%, 48-66 Hz. 35VA max. 
Size: 8.9H x 2 12.3W x 355mmD (3.5"x8.36"x14.0") 
Weight: net, 2.5kg (5.51b); shipping, 4.5kg (9.91b) 

HP 81520A Optical Head with HP 8153A Optical Interface 
Module 

Ordering Information 
H P  8153A mainframe 

Opt 907 front handle kit 
Opt 908 rack flange kit 
Opt 916 additional operating and programming man- 
u;11 

Power sensor modules4 
H P  81530A Si. +3 to -1 I0 dBm, 450-1020 nm 
H P  81531A InGaAs, +3 to -90 dBm, 800-1700 nm 
H P  81532A InGaAs, +3 to - 1 10 dBm, 800- 1700 nm 
H P  81536A InGaAs, +3 to -70 dBm, 800-1 700 nm 

Opt 916 additional operating manual' 

Price 
$2600 
+f 5 1 
+$51 
+$65 

f 2450 
$2600 
$4300 
$1900 
+$ 30 

Optical heads5 
H P  81533A optical head interface module2 $820 

Opt 916 Add. Operating Manual +$30 
H P  81520A optical head, Si, + 10 to - 100 dBm, $1850 
450- 1020 nm 

Opt W30 Extended repair service. See page 723. 
Opt W32 Calibration service. See page 723. 
Opt 916 Additional operating manual3 

H P  81521B optical head, Ge, +3 to -80 dBm, 
900- 1700 nm 

Opt W30 Extended repair service. See page 723. 
Opt W32 Calibration service. See page 723. 
Opt 916 Additional operating manual3 

Laser source modules4 
H P  81551MM 850 nm. multimode 
H P  81552SM 13 10 nm, single-mode 
H P  81553SM 1550 nm, single-mode 
H P  81554SM 13101 1550 nrn, single-mode 

Opt 916 Additional operating manual' 
' dtlferent manuals for each module 
' required to connect an optical head to tha mainframe 
'same manual for both optical heads 
o n e  connector ~nterface (HP 81000xT) pn module requlred. See page 330 
"or requlred lenses and adapters, see page 331 



LIGHTWAVE TEST EQUIPMENT 
Optical Attenuator 
HP 8157A, 81588 

High resolut ion o f  0 .OldB C u s t o m e r - e x c h a n g e a b l e  c o n n e c t o r  in t e r f aces  (8157A) 
S h o r t  se t t l ing  t i m e  (typ. 8 0 m s )  > 3 6 d B  typical r e tu rn  loss (8157A) 
Suited for  mul t imode  a n d  s ing le -mode  fibers (8158B) 

HP 81588 option 002 option 0 1  1 

HP 81588 Optical Attenuator 
The HP 8158B optical attenuator is a fully programmable and 

highly flexible test instrument. Due to its state-of-the-art fiberless de- 
sign, all applications employing fibers with a numerical aperture up to 
0.3 are covered with one instrument. Multimode and single-mode 
(Options 002, 01 1 and 013 only) measurements can thus be easily 
performed. 

HP 81588 Specifications 
All specs. are measured with Diamond HMS-lO/HP connectors 

Optical Characteristics 
Wavelength range: 600-1200nm (opt. 001). 

1200- 1650nm (opt. 002) 
Applicable fiber type: all fiber types with an NA50.3 
Attenuation range (excluding insertion loss): 60.00dB 
Insertion loss (incl. both connectors) 

worst case <4 OdB <Z.OdB 
typ~cal 2.OdB l.OdB 

'option 002 only 

Linearity: <*0.4dB for single-mode. <*0.2dB for multimode 
Return loss (incl. connectors): 14dB (fresnel) 

HP 8157A Optical Attenuator 
The 8 157A is a high performance single-mode attenuator for the 

1200-1650nm wavelength range. Its excellent linearity, very high re- 
turn loss and polarization insensitivity make it the ideal attenuator for 
bit error rate tests on optical systems for high data rates. 

HP 81 57A Specifications 

Optical Characteristics 
All specifications are measured with Diamond HMS-IO/HP connec- 
tors. 
Wavelength range: 1200- 1650nm 
Applicable fiber type: single-mode fiber 
Attenuation range (excluding insertion loss): 60.00dB 
Insertion loss (incl. two HMS-1O/HP connectors): 54.0dB 
Linearity: *0.2dB (typical += 0.05dB) 
Return loss >33 dB (HMS-lO/HP), >55 dB internal 
Typical return loss: 

HMS. IO IHPI  PC I DIN47256 1 ST IBICONICI  FC I D4 I SC 

,36 dB I >30dB I >33 dB I >30dB 1 >30 dB I cl4 dB I >40 dB I >33 dB 

. L 

HP 8157A shown with user exchangeable 
connector interfaces (in the foreground) 

HP 8157A/HP 8158B Specifications 
Display 
Display range: 0.00 to 64.00dB 
Display resolution: O.OldB (min. step size) 
Repeatability (of attenuation after a max. of 6 matings with same 
conncctor): 

single-mode (9pm): <O.2dB 
multimode (50pm): <O.ldB (HP 8158B only) 

General 
HP-IB Capability 
All modes and parameters can be programmed 
Listen (time to receive, verify and set up parameter) 
Output disable/enabk, attenuation, X: <20 to 55Oms (HP 8 157A), 
< 2 0  to 400ms ( H P  8158B) (depending on actual  se t -  
ting/programmed parameter) 
HP-IB literface  unction code: SH I ,  AH I, T6, L4, SR I, RLI , 
PPO. DC I .  DTO. CO 
Recalibration period: 1 year 
No warm-up time required if previously stored within operating tem- 
perature range. 
Environmental 

Storage Temperature -40°C to +70°C 
Omratina Temmratun: O°C to +55OC 
~umidity: <95$ R.H. from O°C to +40°C 
Power: 1001 120/220/240Vrms, +lo%. 48-400Hz, 90VA max. 

Battery back-up (for non-volatile memory): with instrument 
sw~tched off. all current modes and data will be maintained for at  
least I0 years after instrument delivery 
Size: 89H x 212.3W x 345D (3.5" x 8.36" x 13.6") 
Weight: net, 5.3kg (1 1.71bs); shipping, 9.6kg (21.21bs) 
Ordering Information Price 
H P  8158B Optical Attenuator 52,400 

Opt 001 600-1200nm (multimode only) 54,150 
Opt 002 1200-1650nm 54.1 50 
Opt 01 1 Diamond HMS-IO/HP connector* $710 
Opt 012 FC/PC connector* (multimode only) 5 1,020 
Opt 013 DIN 47256 connector* $1,020 
Opt 014 ST  connector* (multimode only) 51,020 

H P  8157A Optical Attenuator 1200- 1650nm 59,050 
H P  R I O A I  Diamond HMS-IO/HP connector inter- 5260 
faces 
H P  81000FI FC/PC connector interfaces 5260 
H P  81000GI D4 connector interfaces 5260 
H P  81000KI SC connector interfaces 5260 
H P  81000SI DIN 47256 connector interfaces 5260 
H P  81000VI ST  connector interfaces 5260 
H P  81000WI Biconic connector interfaces 5260 

Opt 907 Front handle kit 5 5 0 w  
Opt 908 Rack flange kit 5 5 0 s  
Opt 916 Additional operating manual %3 1 

H P  5061-9701 Bail handle kit 538= 
'not exchangeable 
For Interface adapters, cables and accsssorles sae "Lightwave Test A D X W X W "  on pegs 330. = For same-day shipment, call HP DIRECT at 800-538-8787. 



LIGHTWAVE TEST EQUIPMENT 
Optlcal Loss Test Set/Power Meter 

HP 8140A 

Modular design Large measurement range for loss and power 
Sources and sensors for all common wavelength Customer-exchangeable connector adapters 
ranges 

HP 8140A with 81401A sensor module and 81412A LED source  module 

HP 8140A Optical Loss Test Set 
The H P  8 140A is a compact and lightweight instrument for handheld 
operation in installation and maintenance of optical links and compo- 
nent characterization. It may be configured as power meter, stand- 
alone source, or loss test set. In all configurations, it will provide per- 
formance and accuracy, usually only found in larger bench-type in- 
strumentation. 

As a power meter, it is an ideal tool for the measurement of the 
output power of transmitter modules. of power levels at the fiber end 
and the check for "dark" fibers. 

The HP 8 140A in a stand-alone source or loss test set configuration 
covers all wavelengths that are commonly used in datacom LANs and 
telecommunication networks. Power level stability and dynamic 
range meet the stringent requirements of long-distance links. 

Its main applications include the insertion loss of optical passive 
components and the total link loss to check for power budgets. 

To support all measurement needs in the field and on the bench, the 
HP  8140A loss test set features a modular and flexible design with 
exchangeable sensors, LED sources and connector interfaces. 5% 
measurement uncertainty and direct traceability to national standard 
laboratories such as NIST and PTB is guaranteed. A minimum set of 
keys ensure ease of operation. 

Specifications 
power meter/sensor HP 81400A HP 81401A 
Wavelength range 400-1100nm 750.1700nm 
Fiber type up to 100/140um up to 100i140um 
Mearuremmt n m e  t I 0  to -70dBm t 3  to -70dBm 

IpW to lOmW 1pw to 2mW 
N o l r  floor <3PWPP <~PWPP 
Menuremrnt uneabinty +5% +5% 
Callbnted malength 6601780/820/8Mnm 820/850/1300/1550nm 
Sensor element SI InGaAs 

Loss test set/ sourn HP 81411A HP 81412A HP 81413A 
Wavelength [nm] 850a10 1300i20 1550a20 
Spectral bandwidth [nmKFWHM) < 50nm <140nm t200nm 
Output power (Into 501125pm)' >-17dBm >-20dBm >-25dBm 
Dynamic range (Into 501125j1m)' >53dB >MdB >45dB 
Stability (15m1n consl temp, 0 to 40C)": i0.03dB a0 03dB +0 03dB 
' )  typically 20dB less into single-mode fiber 
")  alier 5 min warm-up 

Specifications apply to optical input signals emerging from optical 
fibers terminated with FC/PC type connectors. Accuracy specifica- 
tions are measured with CW signals at -2OdBm and 2 3 4 ° C  and 
" Z E R O  enabled prior to measurement. 

Display: LCD. 4 digits, dB(rel), dBm, W, wavelength, low battery 
indication, backlit 

Display resolution: 0.01 dB (dB/dBm), 0.1 % to 1 % (W) 

Averaging: 3 readings/s when OFF, floating average over 10 read- 
ings when ON 

Hold: to hold actual measurement value 

Manual: to hold selected range in Watt mode 

Zero: to zero out all electrical offsets 

Auto power OW 9 minutes after last key stroke (if internal batteries 
used) 

Size: 185 H x 8 1 W x 41mm D (7.2"x3.2"x1.6") 

Weight: net, 600g (incl. source, sensor, 4 batteries and 2 connector 
interfaces) 

General 
Recalibration period: 1 year 
Storage temperature: -40°C to +70°C 
Operating temperature: -lO°C to +55OC 
Humidity: 195'; R.H.  from 0°C to +40°C 
Mains adapter: covering 100-250V 
Batteries: 4 x AA (UM3). Alkaline Manganese, 1.9Ah 
Operating hours (typ.): 20h (power meter mode)/8h (loss mode) 

Ordering Information Price 
H P  8140.4 optical loss test set (mainframe) S 5 8 0 s  
H P  81400A optical sensor 400- 1 100nm S 3 7 O s  
H P  81401A optical sensor 750-1 700nm 5 7 7 0 s  
H P  8141 1A LED module 850nm $790= 
H P  81412A LED module 1300nm $1,350* 
H P  81413A LED module 1550nm S I , 9 0 0 s  
H P  810(H)AI/FI/CI/JI/KI/SI/VI/WI connector $130 
interface (each) 
H P  8 1 4 0 d ~  ca;rying case Sl l o w  

For same-day shipment, call HP DIRECT at 800-538-8787. 



LIGHTWAVE TEST EQUIPMENT 
Optical Time Domain Reflectometer 
HP 8145A option 002 (1300nm). option 003 (1550nm), option 023 (1300nm/l550nm) 

Dynamic range of 28 dB (1300 nm)/26 dB (1550 nm) Easy-to-learn softkey-guided menu concept 
with single-mode fiber Non-volatile memory for more than 100 waveforms 
Customer-installable laser modules (1300 nm or Rugged and light-weight 
1550 nm) 

The HP 8145A is a high-performance optical time domain reflec- 
tometer for field maintenance and bench applications. A unique data 
correlation technique increases the dynamic range to more than 
28 dB at 1300 nm (26 dB at 1550 nm, regardless, whether the 1300 
nm module is installed) single-mode and drastically reduces the mea- 
surement time. 

For field maintenance, the H P  8145A features lightweight and rug- 
ged design. It can be operated on batteries ( I2  to 30 V dc), due to its 
low power consumption, or mains (90 to 260 V ac). Display resolution 
is 0.01 dB and lm over the entire range of 200 km. 

You no longer need unhandy dataloggers and external disk drives, 
which are sensitive to temperature changes, humidity, and dust. A 
plug-in non-volatile memory module (HP  81450A) stores more than 
100 traces, each with all related measurement information. If imme- 
diate documentation is required, any data set can be directly printed 
or plotted out using a Thinkjet printer. Quietjet printer, or any HP-IB 
plotter without a controller. 

For bench applications. including performance tests on optical fi- 
bers and cables in design and production, the HP 8145A OTDR of- 
fers an excellent set of features. 

Any previously taken trace can be recalled as reference and com- 
pared against the presently sampled one. This ensures fast and easy 
detection of inhomogeneities and attenuation changes. 

The HP 8145A has an easy-to-learn softkey guided operating con- 
cept. The user can blank unwanted keys for even easier operation. 
The OTDR is also fully HP-IB programmable. 

By means of two optional laser modules the HP  8145A operates at  
either of the wavelengths 1300 nm, 1550 nm or both. The laser mod- 
ules are user-installable. 

Several exchangeable connector options are available, which allow 
easy access to the optical output for cleaning. 



HP 8145A Specifications 

Optical Characteristics (single-mode fiber) 

Wavelength 

Dynamic range 
one way 
backscatter 
(SNR=I)  

Fresnel 
reflection (4%) 

Both wavelength options are user-installable. If both are installed in 
the HP 8 145A. they are switch-selectable. Dynamic range figures are 
independent of number of options installed. 
Measurement time: 22dB dynamic range after 10 seconds (16 dB 
after I second) at 1300nm on fiber without end reflection (worst case 
condition for break detection) 
Pulsewidth: 125/250/500 ns/ 1/2/4/8 ps 
Output connector: customer-exchangeable connector interfaces. 

General 
Horizontal Parameters CRT: 15 cm (6"). green 
Start-km: 0.000 - 199.500 km (see "Resolution") 
Span: 0.500 km - 200.000 km (see "Resolution") Laser safety class: Class 1 

Center-km: 0.250 km - 199.750 km (see "Resolution") Recalibration period: 1 year 

Resolution: Im in all three cases for parameter setting and distance 
rc;~d-out HP-IB Capability 
Accuracy: +8 m, uncertainty of fiber refractive index not included. All modes and parameters can be programmed 
for 1 2.5 ns pulsewidth HP-IB interface function codes: S H  I, AH I, T5. L3, SR I .  RL I ,  
Refractive index: 1.4000 - 1.5999, in steps of 0.0001 settable PPO, DCI. DTI. C0 
Length correction: 1.000 - 4.000, in steps of 0.001 settable. Serves to Environmental 
enter actual ratio of fiberlcable length into the OTDR Storage temperature: -40°C to +70°C 
Length unit: switch-selectable between km. miles and feet Operating temperature: -20°C to +6S°C (-10°C to +5S°C to meet 

specs) 
Vertical Parameters Humidity: 9 5 8  R.H. from O°C to +40°C 
Vertical scale: 0.20 - 5.00 dB/div Power 
Resolution: 0.01 dB for parameter setting, 0.001 dB for attenua- dc: 12 - 30 V dc. 80 Wmax 
tlon/loss read-out ac: 1001 120/220/240 Vrms + 10%. 90 VAmax, 48-400 Hz 
Linearity: 0.05 dB/dB Battery back-up (for non-volatile memory): with instrument 
Zoom: All combinations of horizontal and vertical parameters can be switched off. all current modes and data will be maintained for at 
entered while the instrument is running. Serves to zoom in on any least I0 years at 2S°C temp. 
point of the waveform and allowing close examinations without inter- Dimension% 190 H, 340 W. 465mm D (7.5" x 13.5" x 18.3") 
rupting the averaging process. Weight: net, 16 kg (35.3 Ibs); shipping. 22 kg (48.5 Ibs) 

Documentation Ordering Information 
Waveform memory: I2 waveforms and related instrument settings HP 8145A optical time domain reflectometer $13,100 
can be stored ~n the HP 8145A in non-volatile memory and recalled. Opt 002 1300 nm $10,800 
More than 100 waveforms and related instrument settings can be Opt 003 1550 nm $14,800 
stored in each HP 8 1450A Memory Module and recalled. The mod- Opt 023 1300 nm/ 1550 nm $2 1.800 
ules contain non-volatile memory and plug into the rearpanel of the Opt 050 dc power cable $1 I0 
HP 8145A. HP 81450A Memory module $1,100 
ID codes: An identification code of up to 38 alpha-numerical charac- The connector-~ntertaces areavailableasadditional acaruories. 
ters can be entered for each memory location. All ID codes are dis- For adapter cables and other accessories see "Lightwave Test Acamorles on page 331. 

played when the directory is called up. 
Compare mode: Presently displayed waveform can be compared 
against any previously stored one, if the horizontal parameters are 
identical. Zooming capability is provided. 
Hard copy: Any displayed or previously stored waveform can be out- 
put directly to a Thinkjet or Quietjet printer, or any HPGL plotter. 
Instrument settings: storage and recall of 9 user-selectable instru- 
ment settings, recall of 1 standard setting. 

wvvw. hparchive.com 

option 002 

1300+30 nm 

28 dB 

42 dB 

option 003 

1540*30 nm 

26 dB 

40 dB 

option 023 

both wavelength 

28/26 dB 

42/40 dB 



LIGHTWAVE TEST EQUIPMENT 
Light Sources, Optical Isolators, Accessories 
HP 8154B,8155A, 81210LI,81310LI 

Light Sources Optical Isolators 
High stability Optical isolators offer very high peak-isolation of >60dB and a re- 
User-exchangeable Connector Interfaces turn loss of >60dB. Their polarization dependency is <0.2dB, and 

External modulation up to 850MHz (HP 8155A) their insertion loss is <3dB. Isolators are available either with pigtails 
(standard version) or with connectors (see options). 

Ordering Information Price 
H P  81210LI 13 10*20nm wavelength range $4,350 
H P  81310LI 1550+20nm wavelength range $4.350 

Opt 001 input: bare fiber. +$430 
output: Diamond HMS-IO/HP 
Opt 010 input: Diamond HMS-IO/HP, +$430 
output: bare fiber 
Opt 011 input and output: Diamond HMS-IO/HP +$870 
O D ~  002 input: bare fiber. outout: PC +$430 
opt  022 input: PC, output: PC +$870 

* @Y 4.b M .nr M 

HP 81310LI AF 
HP 8155A, option 002 

HP 81548,8155A Light Sources 
The HP 8 154B high-performance LED source is the ideal stimulus 

for every precise measurement on multimode fibers and components. 
It offers internal modulation at 270Hz and can be externally modu- 
lated up to I MHz. 

The HP 8155A is a highly stable laser source with external digital 
modulation capabilities up to 850MHz for performance tests on fast 
telecommunication links. 

HP 81548 LED Source Slmlfiutions 
- ---- - 

Option 001 Option 002 Option 003 
Wavelennth I 850130nm 1300+40nm 1550i40nm 
Fiber T* 501125pm 501125pm 501125pm 
Output Power >-17dBm >-20dBm >-23dBm 
Stability (12h) i0.03dB L i0.02dB i0.02dB 

HP 8155A Laser Source Spacifkations 

Fiber Type 91125pm 91125j1rn 
>-4dBm >-4dBm 

Ordering Intormation: 
H P  8154B LED source mainframe* 

Opt 001 85Onm central wavelength 
Opt 002 1300nm central wavelength 
Opt 003 1550nm central wavelength 
Opt W30 Extended repair service. See page 723. 
Opt W32 Calibration service. See page 723. 

H P  8155A laser source mainframe* 
Opt 002 1300nm central wavelength 
Opt 003 1550nm central wavelength 
Opt W30 Extended repair service. See page 723. 

Options tor both instruments 
Opt 907 Front handle kit 
Opt 908 Rack flange kit 
Opt 914 Extra operating and service manual 
Opt 916 Add. operating and programming manual 

'One connector interlace (HP 81MH)xl) per mainframe required, sea right column. 

Price 
$2.500 

+$1,400 
+$3,200 
+$4,500 

+$50 
+$200 
$2,950 

+$9,100 
+$I 1,000 

+$65 

+$50 
+$SO 

+$I10 
+$30 

Accessories f 

Bare Fiber Adamten 
The HP ~ I O O O ~ B  bare fiber adapters can be screwed onto the in- 

struments/modules so that bare fibers can be directly connected to 
them. They are not suited for the HP 8158A attenuator and for the 
HP 8 1000AS/BS power splitters. 

High Return-Lms Interface 
This accessory can be used with all sensor modules for the 

HP 8153A lightwave multimeter or the HP 8140A loss test set. It 
eliminates the 4% Fresnel reflection at the fiber end and offers a typi- 
cal return loss of 36dB with Diamond HMS-IO/HP connector. One 
connector interface (HP 81000x1) is required. 

Connector Interfaces 
User-exchangeable connector interfaces enable easy cleaning of 

the instrument's front-end connector and also different connector 
types can be used with the same instrument. 

Connector Interfaces HP 81000RI 

Through Adapter 
Connect, two patchcords with Diamond HMS-IO/HP connectors 

Cleaning Kit 
This kit contents all accessories you need to clean connectors, 

lenses or other optical surfaces. It is supplied in a rugged carrying 
case. 

Ordering Information 
Bare fiber adapters 
HP 81000AB Diamond HMS-IO/HP 
H P  81000FB FC/PC 
H P  81000VB ST 
H P  81000WB Biconic 
Connection interfaces 
H P  81000RI High Return-loss interface 
H P  81000AI Diamond HMS-I0 
H P  81000FI FC/PC 
H P  81000CI D4 
H P  8100051 SMA (multimode only) 
H P  81000UI SC 
H P  81000SI DIN 47256 
H P  81000VI ST 
H P  81000WI Biconic 
Other 
H P  81000AM Through Adapter 
H P  15475A Cleaning Kit 

Price 

$210 
$210 
$210 
$210 

$590 
$130 
$130 
$130 
$130 
$130 
$130 
$130 
$130 

$360 
$720 



HP Optical Power 8 litters 
 he optical power spkters are mode and polarization insensitive, 

their split ratio is approximately 10:l. The H P  81000AS/BS accept 
single-mode and multimode fibers with a maximum numerical aper- 
ture of NA=0.3 and have factory-installed connector options. The 
H P  81010BS accepts single-mode fibers only and offers high return- 
loss for physical contact connectors. Typical values are 36dB for Dia- 
mond HMS-IO/HP. 33dB for DIN 47256 and 30dB for PC. 

LIGHTWAVE TEST EQUIPMENT 
Accessor les 

Attenuatin Lens Adapter 
With the F?P 81 220FL mounted onto an H P  815218 optical head. 

the output power of LED or laser chips, up to 20mW, can be mea- 
sured precisely before the pigtail is attached. Antireflection coating 
on all optical surfaces guarantees minimum back reflections. The 
maximum acceptable numerical aperture is NA=0.5 in the wave- 
length range from 1200nm to 1650nm. 

Fixed Filter 
To measure higher power levels, this 10dB-filter can be inserted 

between optical head and lens. Its wavelength range is 450nm to 
1700nm. 

Filter Holder 
This filterholder accepts all standard filters with one inch diameter 

and can be inserted between optical head and lens. 

Lenses 
These lenses are required for H P  81 520A/21B in combination with 

a connector adapter. They are not required if the signal is transmitted 
in parallel beam or if the HP  81220FL attenuating lens adapter is 
used. 

OPTICAL HEAD FILTER LENS ADAPTER 

Adapters for HP 81520A/21B Optical Heads 
Connector adapters are necessary to use the HP 81520A/21B to- 

gether with connectorized fibers. The HP 81000BA/CA bare fiber 
adapters allow you to measure light emitted by a bare fiber, with typi- 
cally 0.02dB repeatability. 

Fiber Optics Handbook 
This book is an excellent introduction and valuable reference guide 

to fiber-optic technology and measurement techniques. It offers basic 
information about optical components and systems, and it discusses 
methods for evaluating performance. It lists and illustrates the most 
important technical terms and helps in answering many qucc!ions. 

Ordering information 
Power solitters 
H P  8 1 0 0 ' 0 ~ ~ '  600-1 200nm wavelength range 
H P  81000BS1 1200-1650nm waveleneth ranee 

Opt 01 1 Diamond HMS-IO/HP cohectors 
Opt 012 FC/PC connectors (multimode only) 
Opt 013 DIN 47256 connectors 
Opt 014 ST  connector (multimode only) 

H P  81010BS2 200- 1650nm. single-mode 
Lens Adapter 
H P  81220FL Attenuating Lens Adapter 
Filter/holder 
H P  81001FF fixed filter 
H P  81001AF Filterholder 
Lenses 
H P  81050AL 450- 1020nm, multimode, NA<0.3 
H P  81050BL 900-1700nm. multimode. NA<0.3 
H P  81010BL 900-1700nm. single-mode NA=O.I 
Adapters tor optical heads 
H P  81000AA Diamond HMS-I0 
H P  81000BA Bare Fiber Adapter, 50/125um 
H P  81000CA Bare Fiber Adapter, 1001 140um 
H P  81000DA Radiall VFO-DF3 
H P  81 000FA FC/PC 
H P  81000GA NEC D4 
H P  81000JA SMA 
H P  81000LA F&G 3702 
H P  81000NA Stratos 430 
H P  81000RA Non-Reflective Adapter4 
H P  81000SA DIN 47256 
H P  81000VF ST Adapter 
H P  Rl000WA Biconic 
H P  81000YA Diamond HFS-1 
H P  81000ZA Blank Adapter (to be customized by 
user) 
Handbook 
H P  5952-9654 Fiber Optics Handbook 
' Select one connector optlon per HP BlOOOASlBS 
' Two connector ~nterfaces (HP 81000x1) required 
' For VFO-DF-slant singlamode connectors use lens HP 81050BL 
' One connector interface (HP 81OM)xl) requlred 

Price 

Radial VFO-DF slant 
stralght 

NEC D4 
Amphenol 906 SMA 
AMP-SMA 
F&G 3702 
Stratos 430 
PC 
DIN 47256 
ST 
Biconic 
barnnnrl HFS-l 

Patchcords 
One end of the 2m optical cable has the standard Diamond HMS-IO/HP connector. The other end can be selected from the following table. 

C W m  Con- 
D~arnond HMS-lO/HP 
Bare F~ber 
FC 

Me 10/12km 
2.5mm Ferrule Rkr 

HP 8llOlAC $630 
HP 8llOlBC $380 
HP 8llOlFC $630 

Cable 50/125pm 
2.5mm Ferrule klw 
HP 81501AC $580 
HP 81501BC $345 
HP 81501FC $580 

Cable 62.5/125gm 
2.5mm F m l e  Rkr 

HP 81621AC $ 580 
HP 81621BC $345 

- - 

Me 100/140pm 
2.5mm Femle Rkr 

HP 81991AC $580 
HP 81991BC $ 345 

- - 



LIGHTWAVE TEST EQUIPMENT 
Lightwave Component Analyzer 
HP 87026,8703A 

300 kHz to 20 GHz Modulation Frequency 850, 1300, or 1550 nm Operation 
Calibrated measurements of high-speed optical, Reflection measurements with <lmm resolution 
electro-optical, and electrical components. up to 50 dB optical dynamic range. 

HP 87028 & 8703A 

Lightwave Component Analyzer 
As the transmission rate or bandwidth of fiber optic systems is 

pushed upward, high frequency design considerations become key. 
Both the HP  8702B and 8703A measure each of the elements that 
transmit these wide bandwidths. They make calibrated measure- 
ments of lasers or LED transmitters, photodiode receivers, optical fi- 
bers, and the electrical components they work with. The lightwave 
component analyzers operate with a swept modulation frequency to 
precisely characterize how these components operate on the high- 
speed, information-bearing signal. Information on how each compo- 
nent responds independent of the others provides insight into how sys- 
tems can be predicted and improved. 

Both the H P  8702B and 8703A operate at  a fixed wavelength and 
sweep the frequency of the intensity modulation signal over the 
bandwidth you select. The HP 87028 has transducers (lightwave 
source and receivers), which allow it to operate at  850, 1300, and 
1550 nm. The HP 8703A can operate at  1300 and 1550 nm. These 
sources and receivers come with calibration data to allow calibrated 
measurements of the electro-optical components. 
Measure Optical Components 

Measurements can be made of such components as connectors. 
splitters, couplers, and lenses, as well as fiber itself. This yields modu- 
lation bandwidth, insertion loss, length, and optical return loss. In the 
distance-time domain, reflections can be located without the dead 
zone typical of OTDR type measurements. Transmission measure- 
ments can be also be displayed in the distance-time domain to view 
the impulse or step response of the component. Delay and dispersion 
are easily viewed in this manner. 
Measure Electro-Optical Components 

Often the limiting elements in a fiber optic system are the electro- 
optical components (e.g., lasers. APD's, PIN photodiodes, and modu- 
lators), which convert the electrical information to optical or vice 
versa. The conversion efficiency or responsivity of these devices is a 
function of many variables. The characterized lightwave source and 
receiver in the lightwave component analyzer allows each of these 
devices to be uniquely tested. Data can be displayed in the frequency 
domain as the modulation frequency response or in the time domain 
as the step response. 
Measure Electrical Components 

When used to measure linear electrical components such as ampli- 
fiers, filters, and transmission lines, the lightwave component analyz- 
ers have the full measurement capability of a microwave network 
analyzer. Typical measurements are bandwidth, insertion loss/gain. 
phase, impedance, match, and group delay. 
Measure Both Transmission and Reflection 
Characteristics 

Complete characterization on component behavior depends on 
knowing how the signal is transmitted through it and how it is re- 

flected back. For optical reflections, the lightwave component analyz- 
ers use a lightwave directional coupler to make the reflection mea- 
surements. Data can be presented in the modulation frequency 
domain or in the distance-time domain to locate and measure the 
source of the reflection. Because of the wide measurement bandwidth, 
single reflections can be located with <I mm of resolution and up to 50 
dB optical dynamic range and 100 dB electrical dynamic range. For 
electrical reflection measurements, the analyzer uses a test set to per- 
form the measurement. Results, such as impedance, can then be dis- 
played. 

HP 87028 Lightwave Component Analyzer 
Standard configuration requires an HP 8702B. an RF interface kit, 

a lightwave source. lightwave receiver, and fiber cable. For reflection 
measurements, a lightwave coupler is required. 

HP 87028 Accessories 
Lightwave Source Modulea 

All with directly modulated Fabry-Perot lasers. 
HP  83400A, 300 kHz-3 GHz, 1300 nm, 91125 um fiber 
HP  83401A, 300 kHz-3 GHz, 1300 nm, 501125 um fiber 
HP  83402A. 300 kHz-6 GHz, 1300 nm, 91125 um fiber 
H P  83403A. 300 kHz-3 GHz, 1550 nm, 91125 um fiber 
H P  83404A1, 300 kHz-3 GHz, 850 nm, 501125 um fiber 
Lightwave Receiver Modules 

All with PIN photodiodes. 
H P  83410B. 300 kHz-3 GHz, 1300/ 1550 nm, 62.51125 um fiber 
HP  8341 IA, 300 kHz-6 GHz, 13001 1550 nm, 91125 um fiber 
HP  8341 lB, 300 kHz-6 GHz, 13001 1550 nm, 91125 um fiber 
HP  83412A. 300 kHz-3 GHz. 850 nm. 62.51125 um fiber 
Lightwave Directional Couplers 

A 3-port, directional coupler for making reflection measurements 
and monitoring transmission signals. The couplers have a nominal 
3 dB coupling factor. 
H P  1 1890A 9/ 125 um fiber 
HP  11891A 501125 um fiber 
RF Interface Kit 
HP 11 889A 

This kit contains the R F  accessories required to operate the 
H P  8702 when a test set is not used. Contains a power splitter, a 20 
dB pad, SMA accessories and adapters for the analyzer. 
High Frequency Probe 
HP 85024A 

Performs in-circuit measurements. It's high impedance (0.7 pF in 
shunt with 1 Ma) permits high frequency probing without adversely 
loading the circuit under test. See Page 239 for more information. 
 h he follodng alcker s p p ~ ~  to the HP 83404A: 



S Parameter Test Set 
HP 85046A 300 kHz-3 GHz 
HP 85047A 300 kHz-6 GHz 

These test sets provide the capability to measure impedance and 
transmission characteristics of two port electrical devices in either 
forward or reverse direction with a single connection. The 
HP 85047A is required for 6 GHz operation. 
Calibration Kit 
HP 85033C 3.5 mm 

Contains precision 3.5 mm standards used to calibrate the HP 8702 
for electrical measurements of components with 3.5 mm or SMA con- 
nectors. 
Fiber Optic Cable 
HP 1187 lA PC Fiber Cable, 91125 urn, 1 meter 
H P 1 187 1 B ST Fiber Cable, 91 125 um, 1 meter 
HP 1 187 1C Biconic Fiber Cable, 911 25 um, 1 meter 
HP 1 1886A lnterconnect Cable Kit. 911 25 um 
HP 11887A lnterconnect Cable Kit, 501125 um 
Upgrade Kit 
HP l lX76A 

For upgrading an HP 8753A or 87538 network analyzers to an 
HP 8702A lightwave component analyzer. 

Ordering lnformation 
HP 8702B Lightwave Component Analyzer 

Opt 006 6 GHz receiver operation 
Opt Ol l Delete time domain 
Opt 802 Add Disk Drive & Cable 

HP 83400A Lightwave Source 
HP 83401A Lightwave Source 
HP 83402A Lightwave Source 
HP 83403A Lightwave Source 
HP 83404A Lightwave Source 
HP 834108 Lightwave Receiver 
HP 8341 IA Lightwave Receiver 
H P  8341 18  Lightwave Receiver 
H P  83412A Lightwave Receiver 
HP 11890A Lightwave Coupler 
HP 11891A Lightwave Coupler 
HP 11871A PC fiber cable ' 
HP 11871B ST fiber cable 
HP 11871C Biconic fiber cable 
HP ll886A lnterconnect cable kit 
HP l1887A lnterconnect cable kit 
HP 11889A RF Interface Kit 
HP 85024A High Frequency Probe 
HP 85046A S parameter test set 
HP 85047A S parameter test set 
HP 11876A Upgrade Kit 

HP 8703A lightwave component analyzer 
130 MHz to 20 GHz Modulation Frequency 
1300 and 1550 nm operation 
FP and DFB lasers - 

Price 
$33,600 
+$3,000 
-$4.800 
+$1,545 
$12,700 
$12,700 
$14,700 
$1 2,700 
$12,700 

$5,000 
$3,600 

$1 2,000 
$5,000 
$3,900 
$3,900 

HP 8703A Lightwave Component Analyzer 
Standard configuration includes an internal 1300 nm Fabry-Perot 

(FP) laser and one 1300/ 1550 nm receiver. Optional 1300 or 1550 
nm DFR internal laser sources are also available. The external 
lightwave source input (option 100) is used with the HP 83424A or 
83425A' Lightwave CW Sources for additional 1550 or 1300 nm 
DFB wavelength flexibility. 

HP 8703A Accessories 

20 GHz lightwave test set, source, modulator and 
receiver 

HP 83420A. 83421A, 83422A, 83423A 
HP 83420A Lightwave Test Set 

Includes a 1300 nm FP laser, modulator, receiver, and directional 
coupler. Basic lightwave component analyzer tests from 130 MHz- 
20 GHz can be made when the HP 83420A is combined with an ex- 
ternal controller and an HP 8510, HP 8720/H80, HP 8719/H80 or 
HP 8757 microwave analyzer system. 
20 GHz lightwave sources and receivers 
HP 83421 A Lightwave Source 
HP 83422A Lightwave Modulator 
HP 83423A Lightwave Receiver 

For standalone applications, these instruments have modulation 
frequency ranges of 130 MHz-20 GHz. 

Ordering lnformation 
HP 8703A Lightwave Component Analyzer 

Opt 01X Select optical connector 
Opt 100 External lightwave source input 
Opt 210 1550 nm DFB laser 
Opt 220 1300 nm DFB laser 
Opt 300 Additional lightwave receiver 
Opt 802 Add Disk Drive & Cable 
Opt 830 Add HP 3.5mm Cal Kit & Cable 

HP 83424A Lightwave CW Source- 1550 nm 
Opt 100 External lightwave source input 

HP 83425A Lightwave CW Source-1300 nm 
Opt 100 External lightwave source input 

HP 83420A Lightwave Test Set 
Opt 01 X Connector option 
Opt 100 External lightwave source input 
Opt 210 1550 nm DFB laser 
Opt 220 1300 nm DFB laser 

HP 83421A Lightwave Source 
Opt 01X Connector option 
Opt 100 External lightwave source input 
Opt 210 1550 nm DFB laser 
Opt 220 1300 nm DFB laser 

HP 83422A Lightwave Modulator 
Opt 01X Connector option 

HP 83423A ~i~h twave .~ece ive r  
Opt 01X Connector option 

I - Opt 300 Additional lightwave receiver 

2 ~ h e  following sticker applies to the HP 83425A 

2 2 .  
I I  -- 

HP 8703A 

Price 
$105.100 

$0 
+$2,800 

+$15,000 
+$10.500 
+$10.900 

+$ 1.545 
+$5.100 
$27,500 
+$2,800 
$24.100 
+$2,800 
$47.500 

$0 
+%2.800 

+$15.000 
+$10.500 

$29.500 
$0 

+$2,800 
+$15.000 
+$10,500 

$20.000 
$0 



LIGHTWAVE TEST EQUIPMENT 
Lightwave Slgnal Analyzer for 800, 1300, 1550 nm 
HP 71400C, 71401C, 1198OA 

Calibrated measurement of intensity modulation Referencsrecelver capabiilty 
100 kHz to 22 GHz bandwidth Customer-exchangeable connector adapters 
Single-mode flber-optic input High-performance electrical spectrum analyzer 

HP 71400C 
Option 850 

Calibrated Measurement of Intensity Modulation to 
22 GHz 

The HP 71400C combines a high-performance microwave spec- 
trum analyzer with a wideband, highly sensitive optical receiver. This 
system measures modulated light on single-mode optical fibers simply 
and accurately from 100 kHz to 22 GHz. Optical modulation, noise, 
and average power are presented on a fully calibrated display. The 
system characterizes semiconductor lasers, laser transmitters, optical 
modulators, and detectors. With the addition of the H P  1 1980A fiber- 
optic interferometer and a gateable source, the system will measure 
linewidth and FM characteristics of distributed-feedback (DFB) and 
other single-mode lasers. 

In addition to being a lightwave signal analyzer, this system also 
functions as a microwave spectrum analyzer with all the capability of 
the H P  71210C. And because the lightwave signal analyzer is part of 
the HP  70000 modular measurement system, its measurement capa- 
bilities can be expanded easily. One possibility, for example, is the 
addition of a tracking generator module for modulation response 
measurements to 18 GHz. (See pages 189 to 193 for more informa- 
tion.) 

The H P  71400C system measures intensity modulation up to 22 
GHz and operates over the wavelengths from 1200 nm to 1600 nm or, 
with option 850,750 to 870 nm. It can achieve an optical sensitivity of 
better than -60 dBm. The analyzer also offers average-power mea- 
surement, displayed as both a real-time vertical power bar and as a 
digital readout. Full calibration of both average power and modula- 
tion power makes this system a reference receiver for measuring and 
characterizing optical detectors and receivers. 

For lower-frequency applications, the HP  7 1401 C has an upper 
frequency limit of 2.9 GHz and the same functions and features as the 
HP  71400C. Both the HP  71400C and 71401C share three modes of 

operation: lightwave optical, for display of optical watt or decibel 
units; lightwave electrical, for display of the fiber-optic input in 
equivalent electrical units; and microwave, for electrical spectrum 
analysis. 

Lightwave Mwsurement wlth the HP 70010A Module 
The HP 708 10A lightwave section is a I/$-width lightwave-receiv- 

er module for the HP  70000 modular measurement system. The 
HP 70810A offers a built-in average power meter and an attenuator. 
It has a wavelength range of 1200 nm to 1600 nm, a detected modula- 
tion bandwidth of 100 kHz to 22 GHz, and a built-in RF amplifier of 
32 dB that provides an optical sensitivity of -60 dBm in a 10-Hz 
bandwidth. The module also features both optical- and electrical-in- 
put capability. 

The HP 70810A may be used in stand-alone applications as a 
lightwave receiver housed in an H P  70000 mainframe. In this config- 
uration, the electrical output is the detected intensity modulation in 
its amplified and uncorrected state. 

If the lightwave module is ordered for an existing HP 70000 system 
that includes the H P  70908 or 70904 R F  (input) section, option 20 
offers extended system calibration and adjustment. In this case, the 
two modules are mated, tested, and calibrated together at  the factory 
for optimum optical and electrical specification and amplitude flat- 
ness. 

New Option tor 750 to 870 nm Meesurement 
For applications that require high-speed measurements in the 800 

nm range, there is the new HP 708 10A option 850. This option retains 
all the capabilities of the standard module but has a wavelength range 
of 750 to 870 nm. It is ideal for analysis of GaAs lasers or other high 
speed devices. Option 850 can be ordered for a system or as a 
standalone module. 



LIGHTWAVE TEST EQUIPMENT 
Llghtwave Signal Analyzer, 1200 to 1600 nm 

HP 83810A, 11980A Accessory 

Portable Optical marker function 
9 kHz to 22 GHz bandwidths interferometer for laser chirp measurements 
Calibrated measurement of optical modulation power Exchangeable connector adapters 

@ $Mi+ SYSTEMS 

HP 83810A Portable Lightwave Signal Analyzer 
This low-cost system has a wavelength range of 1200 to 1600 nm 

and bandwidths of 9 kHz to 22 GHz. It displays optical modulation 
power as a function of frequency and also measures and displays in- 
tensity modulation, distortion, and laser intensity noise. Maximum 
optical sensitivity is -54 dBm at 100 MHz and -39 dBm at 22 GHz. 
Frequency response is +2.2 dB at 100 MHz and +3.2 dB at 22 GHz. 
An optical marker function allows measurements to be expressed in 
optical or electrical units. logarithmic or linear. Frequency-response 
corrections and optical power are calculated automatically. 

The HP 838IOA consists of a fully functional HP  8593A portable 
microwave spectrum analyzer, the HP 11982A amplified lightwave 
converter, the HP 1 1982A option 001 lightwave frequency-response 
corrections and menus. an interface cable. and a t v ~ e - N  to SMA . . 
adapter. I 

The amplified lightwave converter combines a PIN photodetector 
with a low-noise preamplifier to improve the sensitivity of the mea- 
surement system. Conversion gain is 300 volts/watt and input optical 
reflections are 0.05%. The frequency response corrections included 
allow you to observe and measure changes in noise floor and distortion 
products when a laser is modulated, thus enabling you to predict the 
effects of laser noise. 

Adding the HP  1 1980A fiber-optic Mach-Zehnder interferometer 
to the lightwave signal analyzer allows you to make linewidth, chirp, 
and frequency modulation (FM) measurements of single-line lasers. 

Input Connectors 
An important feature of H P  lightwave analyzers and accessories is 

their versatile input-connector system. A variety of optical screw-on 
connector interface adapters and patch cords for other connector sys- 
tems are available. See ordering information on page 336. 

HP 11980A 
Option 005 

HP 11 980A Fiber-optic lnterterometer 
This accessory for use with any of the HP  lightwave signal analyz- 

ers is a Mach Zehnder interferometer of fixed delay for measuring 
and characterizing single-linewidth lasers. Using a technique devel- 
oped by Hewlett-Packard, the HP 1 1  980A and an HP  71 400 series or 
83810A lightwave signal analyzer measure chirp and FM compo- 
nents on DFB lasers. They also make traditional measurements of 
laser linewidth. Together the interferometer, lightwave signal analyz- 
er, and a gateable R F  source permit the display of true power spec- 
trum of single-frequency lasers. including intensity modulation 
linewidth and components of chirp caused by the intensity modula- 
tion. 

The new option 005 replaces the standard 0.76 km of delay with 5.2 
km to measure laser line width down to 30 kHz. 



336 Llghtwave Slgnal Analyzer and Interferometer u HP 71400C, 71401C, 7081OA, 83810A 

Specifications 
HP 71400C 

For general analyzer and electrical-mode specifications, refer to 
data sheets for the HP 71 210C. 
Optical 

Wavelength range: I200 nm to 1600 nm 
lnput return loss (characteristic): >33 dB (optical). 

Frequency 
Frequency range: 100 kHz to 22 GHz 
Span: 1 Hz to 22 GHz plus 0 Hz 

Amplitude (at 25" C) 
Maximum input average power: +30 dBm (optical); 
Modulated power: + I  5 dBm (optical) 
Average power accuracy (at 1300 or 1550 nm): *0.65 dB (opti- 
cal), +0.5 nW, +connector losses 
Modulated power accuracy (relative to average power) at 100 
MHz: + 1.0 dB (optical) 
Frequency response (relative to 100 MHz): 100 kHz to 22 GHz, 
* 1.0 dB (optical) 
Displayed average optical noise level, optical dB (10 Hz Res 
BW, 0 dB input attenuation): -51 dBm, 100 kHz to 1 MHz; -57 
dBm, 1 MHz to 10 MHz; -62 dBm, 10 MHz to 100 MHz; -66 
dBm, I00 MHz to 16 GHz; -60 dBm, 16 GHz to 22 GHz 

Inputs 
Optical: Choice of Diamond', PC/FC. ST, Biconic or DIN single- 
mode fiber connectors (see Ordering Guide) 
Electrical: SMA for optical bypass. 100 Hz to 22 GHz (see 
HP 7 1210C data sheet for other system inputs) 

HP 71401C 
Specifications for the H P  71401C are identical to those of the 

H P  7 1400C with the following exception: 
Frequency range: 100 kHz to 2.9 GHz 

HP 71400C/71401C Option 850 
Specifications for these systems are identical to the standard sys- 

tems with the following exceptions. 
Wavelength range: 750-850nm 
Noise equivalent power: Exactly 4 dB greaterlrange than standard 
system 

HP 83810A 
Optical 

Wavelength range 1200 to 1600 nm 
lnput return loss !charachristlc): >33 dB 

Frequency range: 9 kHz to 22 GHz 
Amplitude 

Optical frequency mponse, absolute, 10 dB attenuation, 
20-30 C 

9 kHz-12.8 GHz +2.2 dB 
12.4 GHz-19.4 GHz +3.0 dB 
19.1 GHz-22.0 GHz +3.2 dB 

Displayed average optlcal noise level, characteristic, 1 kHz 
RBW, 30 Hz VBW, 0 dB attenuation 

400 kHz-6.4 GHz -54 dBm 
6.0 GHz-12.8 GHz -48 dBm 
12.4 GHz-19.4 GHz -44 dBm 
19.1 GHz-22 GHz -39 dBm 

Harmonic distortion: >25 dB below fundamental with modulated 
power < I20 dBm 
Maximum safe optical input power, average: 10 mW 
Maximum operating optical lnput power, peak: 1.5 mW 
Optical input connectors: Single-mode fiber connectors such as Di- 
amond HMS-IO/HP, FC/PC, ST, Biconic. DIN 
HP 70810A 
Optical 

Wavelength r a m  1200 nm to 1600 nm 
Responsivitr: determined for each instrument to *20%; typical 
value: 1200 V/W 
lnput return loss (characteristic): > 33 dB (optical) 

Frequency 
Frequency range: 100 kHz to 22 GHz 

Amplitude 
Maximum lnput average power: +30 dBm (optical) 

Modulated power: + 15 dBm (optical) 
Frequency response, corrected, relative to 100 MHz: 100 kHz to 
2.9 GH7, f2 .0  dB; 2.9 GHz to 22 GHz, +5.0 dB 
Uncorrected: typically < 25 dB roll-off 100_kHz to 22 GHz 
Noise equivalent power (optical dBmlv'Hz): -55, 100 kHz to 10 
MH7; -66. I0 MHz to 100 MHz; -70,100 MHz to 16 GHz; -64, 
I6 GHz to 22 GHz 

Inputs 
Optical: Choice of Diamond", PC/FC, ST, Biconic or DIN single- 
mode fiber connectors (see Ordering Guide) 
Electrical: SMA for optical bypass 

HP 70810A option 850 
Specifications for this module are identical to those of the standard 

HP 708 IOA with the following exceptions: 
Wavelength range: 750 to 870 nm 
Responsivity, characteristic: 500 V/W nominal value at 100 MHz 
Amplitude 

Noise equivalent power (optical d l m l f i ) :  -5 1, 100 kHz-I0 
M HI; -62, 10 to 100 MHz; -66, 100 MHz to 16 GHz; -60, 16 
GHz to 22 GHz 

HP 11980A 
This accessory is a Mach Zehnder interferometer for use with the 

HP 71400C. 71401C, and 83810A. 
Wavelength range: I250 nm to 1600 nm 
Optical insertion loss: <8 dB (optical) at 1300 and 1550 nm 
Delay time: typically 3.5 psec; option 005, 25 psec 
Inputs 

Optical: Choice of Diamond', PC/FC, ST, Biconic or DIN single- 
mode fiber connectors (see Ordering Information). 

Ordering Information 
H P  71400C lightwave signal analyzer, 100 kHz to 
22 GHz 
Order must also include one of connector options 01 1 to 
01 5 below. 

Opt 850 
H P  71401C lightwave signal analyzer. 100 kHz to 
2.9 GHz 

Opt 850 
H P  83810A lightwave signal analyzer, 9 kHz to 
22 GHz 

Opt 001 frequency response correction/menus 
Opt 004 precision frequency reference 
Opt 301 AM/FM demod/TV sync triggerlfast time 
domain sweep 

H P  70810A lightwave section, 100 kHz to 22 GHz 
Order must also include one of the connector options 
01 1 to 015 below. 

Opt 850 
Opt 020 System adjustment and calibration (use 
H P 7 1400A specifications) 
Opt 098 or 099 System LO firmware upgrade 

H P  11980A fiber-optic interferometer 
Order must also include one of the connector options 
01 1 to 015 below. 

Opt 00s 
Connector Options for the HP 71400C, 70810A, and 
1198OA 

Opt 01 1 Diamond HMS- I O/HP connector 
interface 
Opt 012 FC/PC connector interface 
Opt 013 DIN 47256 connector interface 
Opt 014 ST connector interface 
Opt 015 Biconic connector interface 

Additional Interface Connectors 
H P  81000 A1 Diamond" HMS- IO/HP 
H P  81000 FI FC/PC 
H P  81000 SI DIN 47256 
H P  81000 WI Biconic 
H P  81000 VI ST 
H P  15475A Cleaning Kit for Optical Surfaces 

For sameday shipment, call HP DIRECT at 800-538-8787 

Price 
$99.950 

SO 
$69.1 20 

$0 
537,605 

+$800 
+$2,050 
+$2,300 

$1 8,800 

SO 
+2,000 

SO 
$6,450 

S3.300 

$0 

$0 
$0 
$0 
$0 

5 1 3 0 s  
$ 1 3 0 S  
5 1 3 0 s  
5 1 3 0 s  
$ 1 3 0 S  
$120 



Optical-to-electrical converter 
Bandwidths from dc to 15 GHz 

LIGHTWAVE TEST EQUIPMENT 
- - -  

Amplified Lightwave Converter, 1200 nm to 1600 nm 
HP 11982A 

High sensitivity 
Frequency- and time-domain measurements 

II OPTICAL 

HP 11 982A Amplified Lightwave Converter 
This wide-bandwidth, sensitive optical-to-electrical converter is 

ideal for characterizing lightwave systems and components. The con- 
verter combines a PIN photodetector with a low-noise dc-coupled 
preamplifier to create a general-purpose front end. It can be used with 
oscilloscopes, spectrum analyzers, and network analyzers. Measure- 
ments can be made in both the lightwave time and frequency do- 
mains. 

The HP 11982A covers wavelengths from 1200 to 1600 nm and 
bandwidths from dc to 15 GHz. With 300 volts/watt conversion gain 
and 0.05% input optical reflections, it significantly improves the sensi- 
tivity of the measurement system. Each converter comes with a cali- 
bration chart of instrument-specific data for frequency response and 
responsivity. This enables you to make corrected, accurate measure- 
ments. 

Frequency Domain Measurements 
Used with an electrical spectrum analyzer, the HP  11982A dis- 

plays optical modulation power as a function of frequency. Intensity 
modulation, distortion, and laser intensity noise can also be displayed 
and measured. Using frequency-response corrections, you can predict 
and observe the effects of laser modulation on a system. 

The option 001 memory card for the HP  11982A programs an 
HP 8591A RF or 8593A microwave spectrum analyzer with the fre- 
quency-response corrections and menus of the lightwave converter. 
This allows you to make easy, accurate. and corrected measurement 
to 22 GHz. A complete lightwave signal analyzer containing the 
lightwave converter and an HP 8593A spectrum analyzer is available. 
See page 335 for details. 

Using this lightwave signal analyzer and an HP 11980A interfe- 
rometer, you can measure linewidth with a gateable modulation 
source. Measurements of chirp and frequency modulation of single- 
line lasers can also be made. See page 335. 

Time Domain Measurements 
Combining the dc-coupled HP 11982A with an HP  54120 series 

digitizing oscilloscope gives you capability for optical eye-pattern, ex- 
tinction-ratio, and impulse-response measurements. Use the results to 

verify optical and opto-electronic components, optical system level 
performance, and standards testing (such as SONET/SHD, FDDI, 
and ISDN) on telecommunications systems. The HP 11982A pro- 
vides dc coupling--essential to extinction-ratio measurements--with 
20 dB electrical gain and 15 GHz bandwidth. The HP 54120 series 
has a wide range of bandwidths, low jitter, and the averaging and 
persistence features needed for time domain measurements. 

Specifications 
Wavelength (characteristic): I200 to 1600 nm 
Bandwidth (characteristic): dc to 15 GHz (optical) 
Full width halt maximum: 29.4 ps 
Conversion gain (dc responsivity): 300 V/W, nominal 
Noise equivalent power (characteristic): 30 p W / d H z  
Input return loss (characteristic with HMS 10/HP connector): 
> 2 3  dB 
Aberrations (characteristic): <20% peak to peak 
Corrected frequency response, dc to 22 GHZ: +2.2 dB at 20-30 C 
Harmonic distortion (output <-lo dBm): >41 dB below funda- 
mental 
Maximum safe optical input power, average: 10 mW 
Maximum operating optical input power, peak: 1.5 mW 
Output voltage range (into 50 ohms): >700 mW 
Output offset voltage (into 50 ohms): < l mV 

Ordering Information 
HP 11982A amplified lightwave converter 

Opt 001 frequency response correction/menus 
Connector options 

Opt 01 1 diamond HMS-I0 
Opt 012 FC/PC conn interface 
Opt 013 din conn interface 
Opt 014 st conn interface 
Opt 015 biconic connector interface 
Opt 910 extra user manual 

Price 
S 12,500 

+S 800 
so 
$0 
so 
so 
so 
so 

+S90 



TRANSCEIVER TEST EQUIPMENT 
Automated Test Systems 
HP 8953A, 8955A, 8957s  

Transceiver Test Systems 
Hewlett-Packard's transceiver test product line was designed to of- 

fer maximum flexibility, modularity and expandability to the mobile 
communications market. All systems are based on three "designed for 
systems" instruments: the HP 8656B Synthesized Signal Generator, 
the HP  8903B Audio Analyzer, and the HP  8901A/B Modulation 
Analyzer. These products together perform the majority of in-chan- 
nel tests on any AM or FM transceiver. Combining these three basic 
building blocks, together with a programmable interface for system 
integration, creates a modular solution that is flexible enough to meet 
your needs today and tomorrow. These systems then can be auto- 
mated using one of the many software packages available for the Se- 
ries 300 and Vectra computers. 

Based on the three basic measurement instruments and our system 
interface product line, Hewlett-Packard has created three separate 
test systems: the HP  8953A Transceiver Test Set, the HP  8955A RF 
Test System and the H P  8957s Cellular Radio Test System. From 
these beginnings, you can add or change instruments depending on 
your requirements. 

HP 8953A 
The HP 8953A Transceiver Test Set is Hewlett-Packard's lowest- 

priced system. It combines the measurement power of the three basic 
measurement instruments with the HP  8954A Transceiver lnterface 
to create a solution capable of performing the majority of in-channel 
tests and expandable enough to meet all but the most demanding of 
testing requirements. 

Ordering Intormation Price 
H P  8953A Transceiver Test System (consisting OF) 53 1,900 

H P  8901A Modulation Analyzer 
Opt 001 RF output connectors on rear panel only 
Opt 002 High stability time base 

H P  8656B Synthesized Signal Generator 
Opt 002 R F  output connectors on rear panel only 

H P  8903B Audio Analyzer 
Opt 001 R F  output connectors on rear panel only 
Opt 010 400 Hz high pass filter 
Opt 051 CCITT weighting filter 

H P  8954A Transceiver lnterface 
H P  8498A Attenuator 

Opt 030 25 watt, 30 dB 
Cables and connectors 

HP 8955A 
The HP 8955A R F  Test System is a powerful and versatile system 

developed for designers, manufacturers and users of R F  communica- 
tion equipment. It provides a flexible combination of instruments for 
testing transmitters, receivers, subassemblies and modules in the fre- 
quency range from 150 kHz to 1000 MHz. The basic system consists 
of the three basic measurement instruments and the HP  436A Power 
Meter for increased measurement accuracy. The instruments are 
then integrated using the HP  8956A System Interface. The system 
also includes a cabinet, side table and comprehensive documentation. 

Before a system is shipped, it is assembled and tested at the factory. 
This includes installing the instruments into the rack and thoroughly 
testing them as a system, ensuring that the HP  8955A meets its speci- 
fications. 

Ordering Information Price 
H P  8955A R F  Test System (consisting of:) 561.150 

H P  890lA ~odu la i ion  ~ n a l ~ z e r  - 
Opt 001 RF connectors on rear panel only 

H P  8656B Synthesized Signal Generator 
Opt 001 high stability time base 
Opt 002 RF connectors on rear panel only 

H P  89038 Audio Analyzer 
Opt 001 RF connectors on rear panel only 
Opt 010 400 Hz high pass filter 
Opt 051 CCITT weighting filter 

H P  8956A System Interface 
H P  436A Power Meter 
H P  8482A Power Sensor 
System Cabinet 
Cables and connectors 

HP 89575 
The HP 8957s Cellular Radio Test System combines the three ba- 

sic measurement instruments with the HP  8958A Cellular Radio In- 
terface. This system will perform all signaling necessary to test 
AMPS and TACS compatible cellular radios. By adding the HP  
1 1799A Signaling Box, the system's capabilities can be increased to 
include NMT cellular radios. 

Ordering Information 
H P  8957s Cellular Radio Test System (consisting of:) 

HP  8901B Modulation Analyzer 
Opt 001 RF connectors on rear panel only 
Opt 002 high stability time base 

H P  8656B Synthesized Signal Generator 
Opt 002 RF connectors on rear panel only 

H P  8903B Audio Analyzer 
Opt 001 R F  connectors on rear panel only 
Opt 010 400 Hz high pass filter 
Opt 051 CCITT weighting filter (for TACS only) 
Opt 053 C-Message weighting filter (for AMPS 
only) 

H P  8958A Cellular Radio Interface 
H P  6024A Power Supply 
H P  1 1804A Accessory Kit 

Price 
50 

5 14.650 
+5240 
+5825 
$6,300 
+5200 
56,320 
+f 105 
+5215 
+5215 
+.Ti215 

51 2,300 
f 2,025 
52,785 



Automated Transceiver Test 
Hewlett-Packard's transceiver test solutions are flexible combina- 

tions of instrumentation and software for automatically testing radio 
transmitters and receivers. This approach to transceiver test provides 
comprehensive, expandable solutions for a wide range of applications, 
allowing you to choose the right combination of hardware and 
software to fit your needs today and in the future. 

An integral part of Hewlett-Packard's transceiver test product line 
is the wide variety of software application test packages that are 

System Software 

the program. Clear instructions, easy-to-read graphics, and helpful 
program prompts guide you through every step of the program. 

Utility programs are also among the powerful capabilities of the 
H P  1 1805A software package. The System Interconnection Verifica- 
tion program is designed to ensure that all instruments are responding 
to the computer controller. The System Calibration program mea- 
sures all the path losses from the radio through the interface. These 
path losses are then accounted for in the measurement test routines, 
increasing the accuracy and repeatability of the test results. 

available to meet your testing needs. These packages offer a broad 
spectrum of solutions ranging from basic in-channel measurements to HP 11798A Cellular Radio Software 
f h l  radio characterization.-with test times typically measured in NMT Cellular Radio S o h a n  
seconds, these packages quickly and accurately measure transceiver The HP 11798A Cellular Radio Test Software provides the com- 
performance. prehensive RF  and signaling tests required for testing cellular mobile 

HP 11 805A Transceiver Test Software ;adios conforming to-the 4?0 and 900 MHz standar2s of the Nordic 
Mobile Telephone (NMT) system. With user-written software, the 

Exceptional Flexibility and Expandability system is also capable of simulating a mobile station for base station 
The H P  1 1805A transceiver test software package is a comprehen- signaling tests. 

sive solution for automatically testing radio receivers and transmit- Tests can be selected and run in any order. giving you complete 
The HP 11805A package provides quick and easy control of your test routines. These routines include call processing 

testing with full softkey operation, concise graphics, and easy-to-read functions such as origination, origination reorder and paging. ~h~ re- 
test results. sults are then displayed in a concise format with Pass/Fail limits, al- 

The software consists of a main executive program and a separate lowing you to quickly verify your radios performance. ~h~ HP 
series of measurement test packages. You purchase only the measure- 1 1798A is an excellent solution to your NMT cellular radio testing 
ment capability you need; you can expand with full compatibility lat- needs, 
er. This new approach to software development allows the HP  Additional features of the H P  11798A include a calibration utility 

1805A fit any testing dependent On the capable of measuring and correcting for the insertion and path losses 
measurement capability purchased. If you have a specialized a ~ ~ l i c a -  in the system and a special Manual mode which allows you to manu- 
tion, the software can easily be. modified. It is written in BASIC Ian- ally control the test instruments from the computer controller. 
guage. The HP 11805A tests multiple channel radios and, for 
standard FM and AM radios, can encode and decode Continuous Ordering Information Price 
Tone Controlled Squelch (CTCSS) and Digital Coded Squelch HP 11805A Software Application Pac $0 
(DCS) tones automatically. In addition, the test packages allow all Opt 001 Operating System Executive 5 1,650 
tests on all channels, selected prime channels, or selected Opt 100 North American FM Tests +$525 
testlchannel combinations. Opt 101 Extended North American FM Tests +58 15 

For cellular radio applications the H P  1 1805A offers test packages Opt 200 European c$M Tests +$525 
that are fully compatible with the AMPS, TACS and EIA-800 cellu- Opt 201 Extended European I$M Tests +5800 
lar radio test standards. In addition, there are application packages Opt 300 AM Radio Tests +$525 
capable of fully testing AM and SSB-SC radios. Opt 400 SSB-SC Radio Tests +$815 

Pass/Fail limit testing allows you to quickly verify your radio's per- Opt 500 AMPS Cellular Radio Tests +%815 
formance. Optimized for speed and repeatability, the HP  11805A in- Opt 510 TACS Cellular Radio Tests +$8 15 
creases productivity and efficiency. With the optional bar code Opt 520 EIA-800 Cellular Radio Tests +$8 15 
reader, radio parameters can be entered in seconds and stored on disc Opt 530 TACS with AMPS Bus Cellular Radio Tests +$815 
for future use. In addition, a Manual Mode allows you to manually Opt 540 E-TACS Cellular Radio Tests +$790 
control test instrument settings through the computer without leaving HP 11798A NMT Software Application Pac $1,130 

T p o f  ndioc 
M d  

BASlC I - I 50 I BASIC BASIC BASIC BASIC BASIC BASIC BASIC BASIC BASIC BASIC BASIC 
Supported 5.0 5.0 5 0 5 0 5.0 5 0 5.0 5.0 5.0 5.0 5.0 

HP 11798A HP Model NO 

Contrdh 
Supported' 

FM 

HP 118(MA 

200 
300 

Vectra 

M ~ w r s  
Squekh 

Extended 
FM 

cenmta 
Squelch 

' HP 8 9 5 3 ~  system must include Opt~on 100 
' HP 11799A 1s also required 

200 
300 

Vectra 

CTCSS 
DCS 

Numberoftests 
Performed 

I 

Opt100 

PM 

I I 

CTCSS 
DCS 

Opt500 Opt101 

200 
300 

Vectra 

CTCSS 
DCS 

' Only s a k t e d  con~uralions are supported 

20 

Opt520 Opt510 Opt200 

Edended 
PM 

CTCSS 
DCS 

Opt300 Opt201 

200 
300 

Vectra 

CTCSS 
DCS 

9 

Opt400 Opt530 

AM 

CTCSS 
DCS 

CTCSS 
DCS 

Opt540 

200 
300 

Vectra 

CTCSS 
DCS 

17 

SSB-SC 

200 
300 

Vectra 

8 

AMPS w/ 
AMPS Bus 

200 
300 

Vectra 

17 

TACS 

200 
300 

Veclra 

16 

EIA-800 
AMPS wlo 
AMPS Bus 

200 
300 

Vectra 

35 

TACS w/ 
AMPS Bus 

200 
300 

Vectra 

20 

E-TACS NMT 

200 
300 

Vectra 

19 

200 
300 

29 21 21 



TRANSCEIVER TEST EQUIPMENT 
RF Interfaces 
HP 8954A, 8956A, 8958A, 11799A 

HP 8954A Transceiver Interface HP 8958A Cellular Radio Interface 
The HP 8954A is Hewlett-Packard's lowest priced transceiver test The HP 8958A Cellular Radio Interface gives your system the ca- 

interface. It is fully programmable and uses microwave switches and pability to fully test a cellular radio. With the flexible Channel Simu- 
hardware in all RF  paths. Designed for dc to 18 GHz measurements, lator, you can simulate cell-site operation, verify signaling protocol, 
the HP 8954A Transceiver lnterface provides the flexibility needed or perform highly complex and sophisticated tests using an external 
for most AM, FM and SSB receiver and transmitter testing. controller to generate and analyze data content. 

HP 8954A-H03 Transceiver Interface 
The HP 8954A Option H03 Transceiver Interface is a full-duplex 

version of the standard HP  8954A. The standard R F  switching hard- 
ware is replaced with a power divider network that is designed for 10 
MHz to 1500 MHz use. The HP 8954A Option-H03, when used with 
the HP  11 799A Signaling Unit, is part of the recommended configur- 
ation for testing NMT (Nordic Mobile Telephone) cellular radios. 

HP 8956A System lnterface 
The HP 8956A System Interface. with its multiple paths and con- 

nections, provides added flexibility in the designing of systems in the 
frequency range from dc to 1000 MHz. It has two R F  test ports for 
duplex testing, stimulus/response testing and reduced connect/ 
disconnect times. A built-in, switchable 120 watt 30 dB attenuator 
can be inserted for transmitter testing and removed for receiver test- 
ing, increasing receiver measurement range. 

Additional functions of the HP  8956A include current drain and 
timing measurements. 

HP 1 1799A Signaling Unit 
For testing cellular radios compatible with the 450 and 900 MHz 

protocols of the Nordic Mobile Telephone (NMT) system, Hewlett- 
Packard supplies the HP 11799A Signaling Unit. 

When used with the three basic transceiver test instruments and a 
duplex interface, the HP  1 1799A simulates a base station and mobile 
exchange for over-the-air R F  and signaling tests of cellular mobile 
radios. 

Ordering Information 
HP 8954A Transceiver Interface 
HP 8954A-HO3 Transceiver lnterface 
HP 8956A System lnterface 
HP 8958A Cellular Radio lnterface 
H P  11799A Signaling Unit 

Price 
54,425 
57,425 

$14,700 
$1 2,300 
$14,400 

(  umber of RF port, 1 4  1 4  6  1 6  I 

System lnterface Comparison 

Frequency Range 

Number of Audio Pork 

Number of UUT Porb 

Duplex CapabllHla 

HP 89541 

DC to 18 GHz 

Typical Applicatlonr 

2 

1 

NO 

HP 8954A-HO3 

10 to 1500 MHz 

'Requires the HP 11799A Slgnsllng Unit 

AM. FM. OM. 
SSB 

2 

1 

YES 

HP 8956A 

DC to 1000 MHz 

AM. FM, OM. 
SSB, NMT' 

HP 8958A 

10 to 1500 MHz 

4  

2 

YES 

2 

1 

YES 

AM, FM. OM, 
SSB 

AMPS, TACS. 
NMT1 



TRANSCEIVER TEST EQUIPMENT 
0.3 GMSK Modulation Measurement Software 

HP 11836A 

Global measurement of GSM digital cellular radio Peak phaseerror accuracy - <l.OO peak 
transmitters 
rms phase error accuracy - greater of 0.1 rms or 5% of 
reading 

I Id 

HP 11836A 0.3 GMSK Modulation Measurement 
Software 

The H P 1 1836A software package is an easy-to-use, accurate solu- 
tion for testing transmitters designed for the Groupe Special Mobile 
(GSM) Pan-European Digital Cellular Radio System. By digitizing 
the signal and performing mathematical calculations. it measures 
transmitter carrier frequency accuracy, modulation phase error 
(peak and rms), and amplitude envelope, and it recovers the data 
along with a measuring the spectrum of the signal over a single time 
slot. This technique is often referred to as the global method. 

The software digitally reconstructs the actual transmitted data, 
and from it, computes the phase trajectory from a theoretically per- 
fect 0.3 Gaussian Minimum Shift Keying modulator. It also uses the 
recovered data to very precisely regenerate the data clock, to use to 
synchronize the data stream. By subtracting the actual phase trajec- 
tory from the calculated ideal trajectory, the phase error is obtained 
and frequency error, rms phase error and peak phase error can be 
determined. 

G L O B A L  TEST - PHASE ERROR 
FREQ=- .9429  R M S = . 5 9 2  P E A K = 1 . 4 9  

2 . 0 ,  1 

- - - - -  
BIT NUMBEP 

Sample  software output 

0.3 GMSK Modulation Measurement System Block Diagram 
(Global Method) 

Ordering Information Price 
H P  11836A 0.3 GMSK Modulation Measurement 5 10.300 
Software 
Associated equipment 

Required: 
H P  70001A System Mainframe 55,6 10 
tIP 70700A Digitizer Module $7,800 
H P  7091 2A Downconverter Module 53.605 

Local Oscillator (one of the following): contact HP  
HP X642A/B, HP 8644A. HP  864SA. HP  8656B. 
HP  X657A/B, HP 8662A. HP  8663A, or HP  8665A 
Controller: The software requires BASIC 5.13 on 
an HP 9000 Series 200/300 or the BASIC 
Language Processor (HP  82300B) for the HP  
Vectra Personal Computers. Due to the extensive 
computations done by the software, the HP  9000 
Model 340 or HP 9000 Model 332 (with Opt. 882) 
is recommended. 
Memorv: At least 2 Mbvte RAM 

~ ~ t i o n a l & u i ~ m e n t :  . 
Printers: H P-I B Printers such as the HP  ThinkJet 5495 
Modular Measurement System Graphics 
Displays: 
t i  P 70205A Graphics Display 55.100 
H P  70206A System Graphics Display 57,140 



TRANSCEIVER TEST EQUIPMENT 
~ / 4  DQPSK Modulation Measurement Software 
HP 11847A 

Characterization of North American Digital Cellular Measurements on I-Q baseband drive signals 
Transmitters Option 001 for Japanese Digital Cellular 

@ The HP 11847A r / 4  DQPSK Modulation Measurement Software 

HP 11847A ~ / 4  DQPSK Modulation 
Measurement Software 

The HP 1 1  847A ~ / 4  DQPSK modulation measurement software 
allows accurate verification of the R F  performance of cellular trans- 
mitters conforming to TR 45.3 committee recommendations. It 
builds on the success for the H P  1 1836A 0.3 GMSK modulation mea- 
surement software for the Pan European GSM Digital Cellular sys- 
tem by implementing similar measurements for the North American 
Digital Cellular System. The software package uses digital signal 
processing (DSP) techniques to demodulate R F  signals, recover the 
data and measure the modulation accuracy. These patented DSP 
techniques result in unequaled modulation measurement accuracy 
and repeatability. The H P  1 1847A measures: carrier frequency error, 
modulation phase and amplitude error, and error vector magnitude. 
In addition, many valuable graphs of the demodulated signal can be 
viewed. These graphs include I and Q channel EYE diagrams, the I-Q 
diagram, phase and amplitude graphs, and the error vector magni- 
tude graph. Other supplied measurements include measurements of 
the TDMA am~li tude  characteristics and FFT measurements of the 
error vector magnitude data. 

The r / 4  Differential Quadrature Phase Shift Keying (7r/4 
DQPSK) signal to be measured is downconverted from the 800 MHz 
band to an IF  through the H P  70912A. The signal generator (recom- 
mended unit is the H P  8657A synthesized signal generator) supplies 
the Local oscillator signal to mix down the signal. The IF  output of 
the H P  70912A is sent to the input of the HP 70700A. The digitizer 
samples the incoming signal and converts it into digital data, which is 
sent to the Series 300 controller for processing. The H P  1 1847A then 
computes the desired measurement parameters. 

Ordering Information 
HP I I847A r / 4  DQPSK modulation 
measurement software. 
Opt 001 Japanese Digital Cellular. 

Associated Equipment 
Rcquircd: 
HP 70001A system mainframe 
HP 70700A digitizer module 
HP 709 12A downconverter module 

Local Oscillator (one of the following): 
HP Xh41A/R, HP R644A. HP 8645A. H P  86568. 
HP X657A/B, HP 8662A. HP 8663A. or HP 8665A 
Controllet: The software requires BASIC 5.1 3 
on an HP 9000 Series 300. Due to the extensive 
computations done by the software, the HP 9000 
Model 340 or Model 332 (with Opt. 882) is recom- 
mended. 
Memory: At least 3 Mbyte RAM. 

Optional: 
Printers: HP-IB Printers such as the 
H P ThinkJet 
Modular Measurement System graphics 
displays: 
H P  70205A graphics display 
HP 70206A system graphics display 

Price 
5 10,300 

$6.750 
5 7.980 
$3.605 

contact H P  



Provides filtered baseband I-Q outputs 
Designed for North American Digital Cellular 

TRANSCEIVER TEST EQUIPMENT 
~ / 4  DQPSK I-Q Generator 

HP 11846A 

<2.8% Error Vector Magnitude 
Option 001 for Japanese Digital Cellular 

@ The HP 1184614 with HP 8.80. 

HP 11846A ~ / 4  DQPSK 1-0 Generator 
The HP 1 1  846A r / 4  DQPSK I-Q Generator is designed to pro- 

duce the filtered I and Q baseband signals needed to create the modu- 
lation format used by the North American Digital Cellular System. 
When used with an I-Q signal generator such as the HP  8780A vector 
signal generator, the HP  11846A can provide accurate r / 4  DQPSK 
modulated signals for testing these digital cellular receivers. 

The r / 4  Differential Quadrature Phase Shift Keying ( r / 4  
DQPSK) modulation chosen for the North American Digital Cellu- 
lar system uses two data bits to define a symbol with one of four possi- 
ble I-Q plane locations. Odd symbols are rotated in the I-Q plane by 
r / 4  or 45 degrees. In order to generate this modulation, digital data 
must first be differentially encoded to derive baseband I and Q sig- 
nals. The I and Q signals must then be filtered to reduce the signal 
bandwidth to an acceptable level. The required filtering must have a 
linear phase response and square root raised cosine (root Nyquist) 
frequency response. Once the I and Q signals have been filtered, they 
can be applied to the 1 and Q inputs of a signal generator to create the 
modulated RF  signal. 

The H P  11846A provides I and Q baseband signals that fully con- 
form to the requirements for the North American Digital Cellular 
System as specified by the EIA document IS-54. The HP 11846A 
requires serial data input and a 48.6 kHz clock signal to generate */4 
DQPSK I and Q baseband drive signals. The serial data is internally 
converted to two-bit parallel form and then differentially encoded in 
preparation for input to the filter section. The required filtering is dig- 
itally implemented to provide excellent accuracy and long-term sta- 
bility. The error for both the I and Q outputs is less than *2.8% from 
the ideal response as defined by EIA IS-54 (typically less than 1.88). 
The I and Q outputs have 50 Q impedance and provide peak signals of 
0.35 volts (an internal jumper can be set to increase the I-Q output 
signals to 5 volts). 

HP 11846A Specifications 
I-Q baseband output format: 714 DQPSK 
Clock input frequency: 48.6 kHz (*I kHz) 
Premodulation filter: Square Root Raised Cosine (Root Nyquist), 
roll-off factor n 0 . 3  
1-0 error vector m a g n i t w k  <2.8% from ideal 714 DQPSK base- 
band waveforms in EIA document IS-54 (typically 1.8%) 
I-Q output level: 0.35 volt peak output into a 50R load (symmetrical 
about ground and non-adjustable 
Symbol clock output: TTL levels, rear panel BNC 

Option 001 Specifications 

Japanese Digital Cellular compatible 
Clock input frequency: 42 kHz (+ 1 kHz). 
Premodulation filter: Square Root Raised Cosine (Root Nyquist), 
roll-off factor n = 0.5. 

General 
Operating temperature range: 15" C to 35" C 
Storage temperature range: -55" C to 75" C 
Power requirements: 90 to 264 Hz volts from 48 to 66 Hz; 75 VA 
max~mum 
Weight: Net 6 kg (1 3.2 Ib); shipping. 1 1  kg (24.2 Ib) 
Size: X R  H x 425 W x 346 D mm (3.5" x 16.75" x 13.6 ") 

Ordering Information 
HP 1 1846A r / 4  DQPSK I-Q Generator. 

Opt 001 Japanese Digital Cellular. 

Price 
$5,000 

$0 



Noise Measurements 

What is Noise Figure? 
Modern receiving systems must often pro- 

cess very weak signals. Noise added by the 
receiving system components often deter- 
mines whether or not an input signal can be 
processed properly. Unlike other ways to 
measure receiver noise (minimum discern- 
able sensitivity, tangential sensitivity, etc.) 
noise figure is an objective measure, it does 
not depend on the judgement of the person 
measuring. In addition, noise figure is univer- 
sal; it may be determined for transistors, am- 
plifiers, and mixers as well as entire systems. 

Noise figure can be expressed as the ratio 
of total output noise power (at a source tem- 
perature of 290K) compared to the output 
noise power if there were no noise added by 
the device under test (DUT). 

Noise figure is typically measured by a p  
plying two known noise powers to the test de- 
vice input and measuring the corresponding 
output powers. Assuming the device is linear, 
it can then be characterized with respect to 
total output noise power for all values of in- 
put noise power. Noise figure is calculated 
(ratio of total output noise power versus out- 
put noise power assuming no device noise) 
assuming an input noise power generated 
from a 290K thermal noise source. 

To learn more about noise figure basics 
and measurement, read H P  Application 
Note 57-1 (see Literature on this page). 

Single-and Double-sideband Noise 
Figure Measurements 

There are both advantages and disadvan- 
tages to single- and double-sideband mea- 
surements. 

Double sideband microwave measure- 
ments are easy. The most basic set-up re- 
quires only a mixer and local oscillator. 
However, the resulting noise figure is the av- 
erage of the test device performance at  the 
two down-converted frequencies. If the de- 
vice characteristics vary rapidly with fre- 

quency, such as transistors or amplifiers with 
narrow passbands, double-sideband mea- 
surement can introduce significant error. In 
addition, spurious and harmonically-related 
signals can also render double-sideband mea- 
surement data invalid. 

Single-sideband measurements eliminate 
double-sideband problems. Double-sideband 
problems like image, spurious, and harmonic 
signals are removed by pre-selecting the de- 
sired noise sideband before mixing. Single- 
sideband measurements, however, require 
accurately designed filtering systems (like 
temperature-compensated YlG filters) 
which are difficult to design and maintain. In 
spite of its difficulties, single-sideband is the 
only way to make a standard, down-convert- 
ed noise figure measurement - its measured 
value does not depend on the device charac- 
teristics. 

Dev~ce 
Noise 

Response 

Downconverted 
4 S~debands 

Freq 
Actual 
Value 

Device 
Noise 

Response 

(224 Noise input to mixer 
Down-converted noise 

Noise Figure Measurement 
Applications 

Hewlett-Packard's noise figure measure- 
ment equipment is exceptional in applica- 
tions like these: 
Amplifiers: 1 ) Simultaneous noise figure and 
gain measurement, 2) Results automatically 
corrected for ENR variations, ambient tem- 
perature, and mixer, LO, and IF noise contri- 
butions. 3) Real-time, swept, corrected 
output to oscilloscope for easy tuning (dis- 
play is digitally stored), 4) Single-test-port 
calibration and measurement from 10 MHz 
to 26.5 GHz (with HP  8970 S /U systems). 
Transistors: All the benefits of measuring 
amplifiers plus: I)  Easy real-time tuning for 
best noise figure and gain, 2) real-time tun- 
ing to actual transistor Fmin without second 
stage effects, 3) Broadband (10 MHz to 26.5 
GHz) single-sideband measurement (with 
the HP 8970S/U system), 4) Low mismatch 
effects (the HP 346A features virtually iden- 
tical impedance for Th and Tc), 5) Easy to 
program for automatic systems. 
Receivers and mixers: 1) Simultaneous 
measurement of gain (conversion loss) and 
noise figure, 2) Tunable and swept IF  from 
10 to 1600 MHz (with the HP  8970B) and 
10 MHz to 26.5 GHz  (with the H P  
8970S/U). 3) No external IF gain needed, 4) 
Automatic ENR correction, even for broad- 
band sweeps, 5) Effects of LO power, IF 
power, and IF frequency changes on noise 
figure are easily observed. 6) Easy to pro- 
gram. 

Literature 
Product Note 89708/S-2, Applications 
and Operation of the HP 89708 Noise Fig- 
ure Meter, describes the HP 89708 and 
many of its applications in more detail. It is 
both an introduction to the HP  8970B and a 
summary reference manual. 
Product Note 8970B/S-3, Noiw Parama 
ter Measurement using the HP 89708 
Noise Figure Meter and the ATN NP4 
Noise Parameter Test Set, describes noise 
parameter measurement on transistors. 
Application Note 57-1, Fundamentals of 
RF and Microwave Noise Figure Measun- 
ments, explains the theory behind noise fig- 
ure and its measurement. This note includes 
an extensive glossary of noise related terms. 
Application Note 57-2, Noise Figure Mea- 
surement Accuracy, discusses considera- 
tions for making accurate noise figure 
measurements and for determining the accu- 
racy of noise figure measurements. 
Product Note 89708/S-4, Displaying 
HP 89708 Noise Figure Meter Measure- 
ments on the HP 8757 Scalar Network An- 
alyzer, shows how to use a single display for 
noise and scalar parameters in production 
test situations. 

Device Noise 
Under Figure 

Test Meter 

Slngle sideband noise measurement sys- 
tem. 



NOISE FIGURE METER 
Automatic Noise Flgure Meter 

HP 89708 

10 MHz to 1600 MHz. Displays both noise figure and gain. 
Accurate and simple, swept or CW measurements. Calibrated display on oscilloscope, recorder, or plot- 
Second stage correction. ter. 

Powerful special function enhancements. 

HP 89708 Noise Figure Meter and gain. You can easily change the noise figure display from noise 

With the HP  89708 Noise Figure Meter, noise figure measure- toeffective temperature (Te) Or 

ments are easy, accurate, and repeatable. Automatic second stage 
correction makes accurate noise figure readings possible even for low Front Panel and Special Functions 
gain devices. The HP 8970B's dynamic range allows gain measure- The HP 8970B front panel keys control the number entry, calibra- 
ments of at  least 40 dB (higher in some cases) or loss measurements to tion, and measurement functions, STORE, RECALL, and SEQ keys 
-20 dB, with attenuation Or amplification' The HP allow up to 9 front panel settings to be stored and sequenced automat- 
8970B can store up to 4 ENR (Excess Noise Ratio) noise source Cali- ically or manually to save set-up time. Smoothing INCREASE and 
bration tables. It also properly interpolates ENR values at  each mea- DECREASE keys are used to average up  to 5 12 readings before dis- 
surement frequency. play. This increases accuracy and eliminates display flicker. 

Microprocessor and Controller Functions 
The HP 89708 takes the mystery out of noise figure measurements. 

It uses a microprocessor to make the calculations and corrections nec- 
essary for truly accurate, convenient, and flexible noise figure mea- 
surements. The meter also controls external local oscillators (such as 
the HP  8671173 series synthesizers, HP  8340 or H P  8360 series syn- 
thesized sweepers, or the HP  8350 sweep oscillator) and the 
H P  8971B Noise Figure Test Set. This makes accurate. broad-band 
microwave measurements of amplifiers, mixers, and transistors as 
simple as RF measurements. 

Virtually all of the HP  8970B's front panel keys and functions are 
accessible over HP-IB, Hewlett Packard's enhanced version of IEEE- 
488. The meter has an independent System Interface Bus (SIB) to 
control the HP  8971 B and local oscillator. This additional bus frees 
you from having to write computer code to control an instrument on 
the SIB (like the local oscillator) when used in an automated set-up. 
Pass-through capability allows other instrument controllers to send 
messages through the meter to any other instrument on the SIB. 

Simple Calibration and Second Stage Correction 
Noise figure measurement accuracy is enhanced because the meter 

measures its own noise figure (and that of the rest of the measurement 
svstem) at  uv to 181 ~oints .  It stores this information, interpolates 
\;here 'necessary, and'corrects for it when displaying the device- 
under-test noise figure. The HP 89708 also measures the test device 
gain. 

Display 
The HP 8970B's front panel LEDs display frequency, gain, and 

noise figure. Rear panel BNC connectors allow swept display of noise 
figure and gain versus frequency on an oscilloscope or x-y recorder. 
You can also get the noise figure and gain vs. frequency display sent 
to a digital plotter over the HP 8970B's System Interface Bus. All 
display modes are easily and accurately scaled to the desired resolu- 
tion from the meter's front panel. The swept oscilloscope display al- 
lows you to optimize your test device in real time for both noise figure 

  or those who need greater measurement power than that provided 
by the HP  8970B's simple front panel, there are more than 200 spe- 
cial functions selected by pressing a numerical code and the special 
function key. Two examples are hot-cold measurements and automat- 
ic compensation for losses at  the input of the test device. One of the 
special functions is a catalog that quickly shows you the current spe- 
cial functions being used. Three pull-out cards serve as a mini- 
reference manual for the instrument. They include most of the special 
functions, the HP-IB formats and codes, error messages, and typical 
measurement set-ups. 

HP 89708 Partial Specifications 
(See technical data sheet for complete specifications) 

Noise figure (gain) measurement range: 0 to 30 dB (-20 to at  least 
40 dB). 
Noise figure (gain) instrumentation uncertainty: aO.l dB for 0 to 
55" C (*.I5 dB). 
Noise figure resolution: 0.01 dB (0.001 dB over HP-IB). 
Gain resolution: 0.01 dB (0.001 dB over HP-IB). 
Frequency range: tunable from I0 to 1600 MHz. 
Tuning accuracy (from 10 to 40°C): a (1 MHz + 1% of frequency), 
6 41H7 maximum. 
Frequency resolution: 1 MHz. 
Noise figure (tor input power levels below -60 dBm): <7 dB + 
0.003 dR/MHz. 
Maximum operating input power: -10 dBm. 
Maximum net external gain: >65 dB between noise source and 
H P  8970B RF input. 
Noise source drive: 28.0 + 0.1 volt. 
Operating temperatun: O°C to 55°C. 
Storage temperature: -55" to 75°C. 
Power: 100. 120. 220, or 240 V (+5%, -10%); 48-66 Hz; 150 VA 
maxlmum. 
Dimensions: 143 H x 425 W x 476 mm D (5.68" x 16.75" x 18.38"). 
Weight: Net, 15.5 kg (34 Ib). Shipping, 18.5 kg (40 Ib). 



NOISE FIGURE METER 
Noise Figure Measurement System 
HP 8970S/U, 8971C 

10 MHz to 26.5 GHz 
Fully specified system 
Removes double-sideband inaccuracies 
As easy to operate as the HP 8970A or B 

HP 8970S/U Microwave Noise Figure 
Measurement Systems 

Until now, there was no standardized way to make microwave noise 
figure measurement so users had to design and support their own mi- 
crowave systems. Measurements crossing from RF to microwave 
were difficult because they required multiple system configurations. 

Hewlett Packard's answer to these problems is the HP  89703 and 
HP 8970U noise figure measurement systems. Each system consists 
of the HP  8970B Noise Figure Meter, the new H P  897IC Noise Fig- 
ure Test Set, and a synthesized local oscillator. (The recommended 
LOs for the HP  8970s are listed in the HP  89708 Partial Specifica- 
tions; the HP  8970U uses the HP  86736 Synthesized CW Generator 
as its local oscillator.) 

The HP 8970SIU system eliminates the tedious job of designing 
the measurement system and selecting components. The HP 8970B 
acts as the controller, so all system operation is transparent to the 
user. To insure specified performance, the HP  8970S/U systems are 
given specifications just like an RF  noise figure meter (i.e HP  8970B). 

HP 8970S/U Partial Spcclficatlons 
(See HP  89703 technical data sheet for complete specifications) 
Frequency range: 10 MHz to 26.5 GHz. 
Noise figure measurement range: 0 to 30 dB. 
Noise figure instrumentation uncertainty: (for a 14 to 16 dB ENR 
noise source in a 10 to 40°C environment and for device under test 
noise figure plus gain greater than IOdB). 
10 MHz to 18 GHz: +0.2 dB (Plus typical drift of +0.015 dB/OC) 
18 to 26.5 GHz: +0.4 dB (Plus typical drift of +0.08 dB/OC) 
Gain instrumentation uncertainty: +0.28 dB (Plus typical drift of 
*0.05 dB/"C, 10 MHz to 18 GHz 
*0.07 dB/OC. 18 to 26.5 GHz 
Noise figure (max): 10 to 30 MHz: 18 dB 
30 to 100 MHz: 13 dB 
0.1 to 12 GHz: 10 dB 
12 to 18GHZ: 11.5dB 
18 to 26.5 GHz: 14 dB 
lnput SWR: 10 MHz to 18 GHz: 2.25 
18 to 26.5 GHz: 2.7 
Recommended local oscillators: H P  8671B. 8672A, 8673B/ 
C/E/G, 83408,8341 B, 83620A. 83622A. 83640A and 83642A. 

HP 8971C Noise Figure Test Set 
The HP 8971C Noise Figure Test Set brings the simplicity of 

double sideband measurements and the accuracy of single sideband 
measurements together in one package. Careful design and high per- 
formance components, including a stable YIG filter, allow broadband 
single-sideband measurements from 10 MHz to 26.5 GHz with a sin- 
gle calibration and sweep. A low noise preamplifier built into the 
Noise Figure Test Set lowers the second stage noise figure thereby 
reducing a major source of measurement uncertainty. 

Measurement modes in the HP  8970B allow for double down con- 
version using the HP  8971C as the second down-converter. These 
modes can be used for millimeter-wave measurements of amplifiers 
and transistors and measurements of receivers and mixers with IFs 
above 1.6 GHz. 

HP 8971C Partial Specifications 
(See HP 89708 technical data sheet for complete specifications) 
Frequency range: 10 MHz to 26.5 GHz. 
lnput SWR: 10 MHz to 18 GHz: 2.25 
18 to 2 6 .  GHz: 2.7 
Image and odd-harmonic rejection: 20 dB. 
Accessories supplied 
1 LO-to-HP 897 1 B cable - SMA(f), 300 mm 
1 HP 897 1 B-to-HP 8970B cable - N(m). 190 mm 
1 N(m)-to-SMA(m) adapter 
2 HP-IB cables - .5 m 



HP 346A/B/C Broadband Noise Sources 
The ideal companion to the HP's noise figure meter and systems is 

the HP 346 family of noise sources. Since they are broadband 
(IOMHz to either 18 or 26.5 GHz), they eliminate the necessity for 
several sources at different frequency bands. Each source has individ- 
ually calibrated ENR values at specific frequencies. The calibration is 
printed on its label (see illustration) for easy loading into the HP 
8970B. The low SWR of each noise source reduces a major source of 
measurement uncertainty - re-reflections of test signals. In addition. 
the variety of connectors available reduces the need for degrading ac- 
curacy with connector adapters. 

The H P  346 family of noise sources are designed for a broad range 
of measurement applications. The H P  346C covers the broadest fre- 
quency range. 10 MHz to 26.5 GHz. The HP 346B's high ENR, low 
SWR, and variety of connectors make it a general purpose noise 
source. The H P  346A is designed especially for accurate characteri- 
zation of input-impedance-sensitive devices (like GaAsFETs and 
many UHF amplifiers). Its very small change in reflection coefficient 
(<0.01) from ON to OFF minimizes errors when measuring noise 
figure and gain as a function of input impedance. 

Example label of HP 3468 Noise Source 

HP 346 A/B/C Partial Specifications 
(See technical data sheet for complete specifications.) 
Frequency range: 10 MHz to 18 GHz for HP 346A/B; 10 MHz to 
26.5 GHz for HP 346C. 
Excess noise ratio (ENR) limits: HP 346A: 5 to 7 dB; 
HP 346B: 14 to 16 dB; HP 346C: 12 to 16 dB (10 MHz to 12 GHz) 
and 14 to 17 dB ( 1  2.0 to 26.5 GHz). 
Maximum SWR (reflection coefficient) on and oft 
HP 346A/B: 10 to 30 MHz - 1.3 (0.13); 30 to 5000 MHz - 

1.15 (0.07); 5 to 18 GHz - 1.25 (0.1 1). 
HP 348C: 10 MHz to 18 GHz - 1.25 (0.1 I); 18 to 26.5 GHz 

- 1.35 (0.15). 
Power required: 28* 1 Vdc. 
Dimensions: 140 H x 21 W x 30 mm D (5.5" x 0.8 x 1.2"). 
Weight: net, 0.108 kg (3.5 oz). Shipping. 0.5 kg (1 Ib). 
Standard connector: APC - 3.5(m) 

NOISE FIGURE METER 
Noise Sources 

Models HP 346 AIBIC, RlQ3478 

HP R & Q347B Solid-state Noise Sources 
The performance and reliability you have come to expect from 

Hewlett-Packard RF and microwave solid-state noise sources, is now 
extended to millimeter-wave frequencies with the HP R347B (26.5 to 
40 GHz) and HP Q347B (33 to 50 GHz) noise sources. A new GaAs 
avalanche diode specifically designed for high noise output and long 
term reliability was developed for the HP R/Q347B Noise Sources. 
This results in excellent E N R  stability over time. In turn, this insures 
long recalibration cycles and very accurate noise figure measure- 
ments. 

HP 346C Option KO1 Broadband Noise Source 
This new coaxial noise source features coverage from 1 to 50 GHz 

with the 2.4mm coaxial connector. ENR is nominally 20dB at 1 GHz 
and 7dB at 50 GHz. Contact HP for technical specifications. 
HP R a 03476 ~ 0 i . c  Sources 
(See technical data sheet for complete specifications) 
Frequency Range: R347B - 26.5 to 40 GHz 

Q347B - 33 to 50 GHz 
Excess Noise Ratio (ENR) Range: 

HP R347B: I0 to 13 dB 
HP Q347B: I0 to 13 dB (33 to 42 GHz) 

6 to 12.5 dB (42 to 50 GHz) 
Max. SWR (reflection coefficient): 

HP R347B: < 1.42 (.17) 
HP Q347B: < 1.57 (.22) 

Supplemental Characteristics 
ENR Variation with temperature c.009 dB/C 
E h R  Variation with time: 

R 347B: 0.1 5 dB typ. (over 2000 hrs.) 
Q 347B: 0.15 dB typ. (over 2000 hrs.) 

Ordering Information 
H P  8970B Noise Figure Meter 

Opt HI8  Increases upper frequency from 
1800 MHz 
Opt 907 Front panel handle kit 
Opt 908 Rack mounting flange kit 
Opt 909 Both options 907 and 908 
Opt 700 External mate translator 

H P  8971C Noise Figure Test Set 
Opt 001 Add L.O. Power amplifier 
Opt 002 Delete R F  preamplifier 

H P  89708 Noise Figure Measurement Svstem 

Price 
61 1.300.00 

1600 to + $350.00 

+ 6 5 5 . 0 0 m  
+ $ 3 2 . 5 0 w  
+ $ 80.00 

+ 67,055.00 
620,500.00 
+$4,500.00 
-%3,500.00 

I See HP8970S - 
Ordering Guide 

H P  8970U Noise Fiaure Measurement 
System (10 MHz to56.5 GHz) 665,300.00 
H P  346A Noise Source S 1,650.00 
H P  3468 Noise Source S1,550.00 
H P  346C Noise Source S2,lOO.OO 
H P  346 Opt. KO1 Noise Source f 3,600.00 

Opt 001 (HP 346A/B only): Type N (m) $0 
connector 
Opt 002 (HP 346A/B only): APC-7 connector + $25.00 
Opt 004 (HP 346A/B only): Type N (0 $0 
connector 

H P  R347B Noise Source $2.350.00 
H P  Q347B Noise Source 52,950.00 

For samaday shipment, call HP DIRECT at 800-538-8787 



MICROWAVE TEST ACCESSORIES 
Microwave Measurements and Accessories 

and test data is stored and tracked with statistical quality control 
techniques to ensure that we continually improve the products we de- 
liver to you. On many products, you can order actual test data to 
further reduce measurement uncertainties. 

The Key to Better Measurements 
Your test area is a tough environment. Large test volumes put 

great stress on the measurement components. A worn and non-re- 
peatable adapter significantly degrades system directivity. A lossy 
cable decreases the dynamic range of a measurement. A non-repeat- 
able switch or step attenuator introduces random insertion errors. 
For these reasons, H P  components and accessories are designed to 
help ensure long life and repeatability under very demanding condi- 
tions. 

When you use these products, you take advantage of Hewlett- 
Packard's experience. Microwave testing is our business, and H P  
components must meet standards to ensure that our own instru- 
ments meet our stringent specifications and reliability goals. 

Technology For Better Measurements 
Hewlett-Packard believes that technology creates the performance, 

quality, and cost that is necessary for a competitive edge now and in 
the future. This means using precision machining and processes that 
meet exceptionally tight tolerances in order to allow for the design 
and manufacture of a 50 GHz 2.4mm coaxial connector that mates 
with a 65 GHz 1.85mm connector. Also, this means using HP plating 
and chemical milling facilities to produce connector mating surfaces 
that have exceptional electrical performance at  mm-wave frequencies 
and that are environmentally rugged for extended life. 

HP's solid state technology permits us to build the components and 
accessories such as Planar Doped Barrier (PDB) diodes and Mono- 
lithic Microwave Integrated Circuits (MMICs). PDB diodes are the 
key to a new family of detectors that provide excellent flatness and 
sensitivity to 50 GHz in coax, and to higher frequencies in waveguide. 
MMICs are the heart of new amplifier and probe products that in- 
creasingly find their way into the component building blocks you will 
need to design even more sophisticated test systems. 

Confidence in Component Performance 
You can depend on our specifications because our components are 

not merely sampled; every component is 100% tested, usually on auto- 
matic test systems. We use the latest test equipment and techniques, 

Hewlett-Packard as Your Partner 
Hewlett-Packard will help integrate your measurement systems. 

For instance, we will integrate an entire series of coaxial switches to 
create custom automatic test system (ATS or ATE) switch matrixes 
for your specific requirements. And we will also characterize and doc- 
ument the performance of the switch matrix. For a higher level of 
system integration, we will help integrate the entire measurement sys- 
tem - switch matrixes, instruments, and controlling computers. 

Hewlett-Packard wants to work with you to optimize your test sys- 
tems. We encourage you to call us with your special requirements 
when existing products might not meet your exact needs. 

Microwave Test Accessories Catalog 
Configuring a microwave measurement system for the device you 

are testing requires many precision accessories. We know that low 
reflection adapters, high directivity couplers and bridges, repeatable 
switches, and rugged cables all have as great an impact on measure- 
ment accuracy as the measuring instruments themselves. 

The HP Microwave Test Accessories catalog is designed to help 
you find these precision accessories. I t  offers a broad selection of 
accessories in coax to 50 GHz, waveguide to 110 GHz, and high 
impedance probes to 3 GHz. The catalog is HP literature number 
5952-2843. 



MICROWAVE TEST ACCESSORIES 
Transmission Reflection Test Sets, Power Splitters, Power Dividers 

HP 8721A, 85044A/B, 118SOC/D, 11667A/B/C, 11636AIB 

Description 
Accurate broadband measurements of transmission and reflection 

parameters are highly dependent on the device used to separate sig- 
nals for the measurement. Some devices separate the reflected and 
transmitted signals and some split power for ratio and comparison 
measurements. 

HP 8721A Directional Bridge 
HP 8721A Option 008 75 Ohm Version 
Frequency range: 0.1 - 1 10 MHz. 
Directivity: >40 dB, 1 - 110 MHz, typically >30 dB, 0.1 - 1 MHz. 
Load port match: >30 dB (VSWR < 1.07). 
Transmission arm: Nominal loss, 6 dB. Frequency response. 

<O.2 dB. 
Coupling arm: Nominal coupling, 6 dB. Frequency response, 

~ 0 . 6  dB. 
Maximum input power: +20 dBm. 
Weight: net, 0.55 kg (0.25 Ib); shipping, 1.1 kg (0.5 Ib). 
Size: 59 H x 39 W x 123 mm D (1.5 x 1 x 3.13 in.). 

HP 85044A 50 Ohm Transmission Reflection Test Set 
HP 850448 75 Ohm Transmission Reflection Test Set 

The HP 85044 contains a power splitter and directional bridge that 
permits simultaneous transmission and reflection measurements with 
over 30 dB directivity from 300 kHz to 3.0 GHz. Detailed specifica- 
tions on the HP  85044A and HP 850448 appear on page 241. 

HP 11850C 50 Ohm Power Splitter 
HP 11850D 75 Ohm Power Splitter 

These three-way power splitters are designed for ratio measure- 
ments from dc to 3.0 GHz (1 1850C) or 2 GHz (1 1850D). Oneoutput 
port provides the reference and the other two output ports can be used 
for independent transmission measurements. They provide 0.25 dB 
tracking and >20 dB output match. Detailed specifications are on 
page 243. 

HP 11667A Power Splitter (Type N) 
HP 116678 Power Splitter (3.5 mm) 
HP 11667C Power Splitter (2.4 mm) 

These two-way. two-resistor splitters provide good input and out- 
put source match in ratio measurement and source leveling applica- 
tions. The HP 11667A operates from dc to 18 GHz with output 
match > 17 dB and tracking <0.25 dB. The H P  11 667B operates from 
dc to 26.5 GHz and has output source match >18 dB and tracking 
<0.4 dB. The H P  11667C operates from dc to 50 GHz and has an 
output source match > 12 dB and tracking <0.4 dB. Detailed specifi- 
cations are on page 225. 

HP 11636A/B Power Dividers/Combiners 
The HP 11636A/B are two-way, three-resistor power dividers for 

non-ratio measurements. They can also be used as power combiners 
for combining two independent signals. They are ideal for fault loca- 
tion measurements with HP  8757s and H P  85016A software. 
Frequency range HP 1 1636A: dc to 18 GHz. 
HP 116368: dc to 26.5 GHz. 
Impedance: 50 ohms nominal. 
Insertion loss: 6 dB nominal. 

DC-10 QHz 
lnput SWR 
HP 11636A < 1.25 
HP 11636B < 1.22 
Output SWR 
(non-ratio measurements) 
HP  11636A < 1.25 
HP 11636B < 1.22 
Output Tracking 
(between output arms) 
HP 11636A <0.4 dB 
HP 11636B <0.25 dB 
Typicai Phase Tracking 
(between output arms) 
HP  11636A 2" 
HP  11636B 2 O 

Maximum lnput Power 
HP I l636A +30 dBm 
HP 11636B +27 dBm 
Connectors 
HP 11636A: Type N male input port, female output ports. 
HP  11636B: APC-3.5 female on all ports. 
Dimensions 
HP 11636A: 42 H x 45 W x 18 mm D (1.64 x 1.75 x 0.69 in.) 
HP 116368: 40 H x 47 W x 10 mm D (1.6 x 1.9 x 0.4 in.) 
Weight 
HP I 1636A: net, 0.14 kg (0.31 Ib); shipping, 0.45 kg (1 Ib) 
HP  11636B: net. 0.06 kg (0.13 Ib); shipping, 0.14 kg (0.3 Ib) 

Orderina Information Price 
H P  8721 Directional Bridge 

Opt 008 75 Ohm Version 
HP 85044A 50 Ohm Transmission Reflection Test Set 
H P  850449 75 Ohm Transmission Reflection Test Set 
H P  11850C 50 Ohm Power Splitter 
H P  11850D 75 Ohm Power Splitter 
HP 11667A Power Splitter (DC - 18GHz) 

Opt 001 Type N Male Input, Type N Female 
Outputs 
Opt 002 Type N Female Input, APC-7 
On Outputs 

HP 116679 Power Splitter (DC - 26.5 GHz) 
H P  11667C Power Splitter (DC-50 GHz) 
H P  11636A Power Divider (DC - 18 GHz) 
H P  116369 Power Divider (DC - 26.5 GHz) 

For same-day shipment, call HP DIRECT at 800-538-8787 



MICROWAVE TEST ACCESSORIES 
Coaxial Fixed Attenuators, Gage Kits, Blocking Capacitor, Alr Llne Extenslons, 
Harmonic Mixers 
HP 8490 Series, 11581/2/3,11752 Series, 11742A, 11566/7A, 11970 Series d 

HP 8490D, 8491A/B, 8492A, 8493A/B/C Fixed 
Attenuators 

Hewlett-Packard coaxial fixed attenuators provide precision atten- 
uation, flat frequency response, low SWR over broad frequency 
ranges (dc-50.0 GHz) at  low prices. Attenuators are available in 
nominal attenuations of 3-dB and 6-dB, also 10-dB increments from 
10 dB to 60 dB. These attenuators are swept-frequency tested to en- 
sure meeting specifications at  all frequencies. Calibration points are 
provided on a nameplate chart attached to each unit. 

HP 11581A, 11582A, 11583A/C Attenuator 
Sets 

A set of four Hewlett-Packard attenuators-3, 6, 10 and 20 
dB-are furnished in a handsome walnut accessory case. The 
H P  11581A set consists of HP  8491A Attenuators; the HP  11582A 
set, HP  84918 Attenuators; the HP  11583A set. HP  8492A Attenu- 
ators; and the H P  11583C set. HP  8493C Attenuators. The set in- 
cludes calibration reports certified traceable to the National Institute 
of Standards and Technology, containing both the attenuation and 
the reflection coefficients for each attenuator at  the frequencies indi- 
cated under "Option 890" calibration data on the next page. Thus it is 
not required to specify Option 890. 

These sets are ideal for calibration labs or where precise knowledge 
of attenuation and SWR is desired. 

HP 8498A High Power Attenuator 
The HP 8498A Option 030 is designed to meet the needs of high 

power attenuation applications in the R F  and microwave frequency 
range. It is specified from dc to 18 GHz at 25 watts average, 500 watts 
peak, from dc to 5.8 GHz and 125 watts peak from 5.8 to 18 GHz. 
Available only in a 30 dB model (option 030). the unit offers low 
SWR (<1.30at 18 GHz) and good accuracy (+1 dB at 18 GHz). The 
unit also features 'human engineered' cooling fins that prevent opera- 
tor burns even under continuous maximum input power conditions. 

Option 890 Calibration Data 
Extensive calibration data is available on H P  attenuators at  low 

cost. When option 890 is specified for the fixed attenuators or micro- 
wave step attenuators, standardized calibration data in frequency 
steps no larger than 500 MHz is provided over the frequency range of 
the units. This data is generated from measurements made on an 
H P  8510 Automatic Network Analyzer and features excellent accu- 
racy (traceable to NIST) and low cost. Data is given for attenuation 
and the SWR (reflection coefficient for the HP  8493C) of each port 
and is provided in a protective plastic envelope. 

Calibration data has important uses in applications such as R F  
substitution measurements and test system verification. Using the ac- 
tual calibration data rather than data sheet specifications allows the 
attenuation uncertainty to be reduced 60% or more. Also, the calcu- 
lated mismatch uncertainty for a test system is lower if the actual 
SWR data for the attenuators is used. 

HP 11742A Blacking Capacitor 
The HP 1 1742A is a high performance outside blocking capacitor. 

It features broadband performance, low SWR (1.2 from .O1 to 
26.5 GHz) and low insertion loss (.6dB from .01 to 26.5 GHz). The 
HP 11742A comes with 3.5 mm connectors. It is ideal for use with 
high frequency oscilloscopes and in bias circuits for the attenuation of 
low frequencies and blocking D.C. voltages up to 50V. 

HP 11752C/D/E Coaxial Connector Gage Kits 
With SMA connectors or with the newer 2.4, 2.92, or 3.5mm 

connectors, pin depth and dielectric control are critical to ensure re- 
peatable measurements and to prevent connector damage. The 
HP 11752C SMA Connector Gage Kit is designed to measure pin 
depth or setback and dielectric protrusion. Each gage kit is supplied 
to make both measurements, on either male (option 001) or female 
(option 002) connectors. All gages feature rugged mechanical indica- 
tors graduated in 0.0001-inch increments for accurate adjustment of 
center conductor pin depth and dielectric protrusion. 

The HP 11752D is used for measuring center conductor pin depth 
on 3.5mm connectors and the H P  1 17528 measures 2.92 and 2.4mm 
connectors. Each of these kits contain a male and female gage plus 
their respective gage set masters. Each kit is supplied with a hand- 
some walnut case and a comprehensive user's manual. 

HP 11566A, 11 567A Air Line Extension 
Impedance: 50 ohms. 
Frequency: dc-18 GHz. 
Reflection coefficient: 0.018 + (0.001 x frequency in GHz). 
Connector: APC-7. 
Length: 1 1566A, 10.21 cm (4 in.); 11567A, 20.21 cm (8 in.) 
Shipping weight: 0.45 kg (I Ib). 

Ordering Information 
HP 11752C SMA Connector Gage Kit 

Opt 001 Male Pin Depth & Dielectric 

Price 

S1.200 
opt 002 Female Pin Depth & Dielectric $ 1,200 

HP 11752D 3.5mm Connector Gage Kit 
HP 11752E 2.92 & 2.4 mm Connector Gage Kit $1,400 
HP 11742A Blocking Capacitor 

$ 1 9 3 0 0 s  
5 1 7 0 s  

HP 11566A Air Line Extension $365 
H P  11567A Air Line Extension $400 

HP 1 1970 Series Harmonic Mixers 
Although designed for operation with H P  spectrum analyzers, 

these broadband mixers also serve a wide variety of general-purpose 
uses for the frequency bands from 18 to 110 GHz. Such uses include 
down-conversion for noise figure and network analysis measurements. 

As down-conversion mixers for test receivers, the HP  11970s offer 
flat response, low SWR, and low conversion loss without requiring 
bias. These mixers can also serve as harmonic generators with input 
signals from 2 to 6.1 GHz. Outputs are at  the band specified, and each 
mixer is individually calibrated for conversion loss over its complete 
band. 

HP 11970 Series Specifications 

For same-day shlpment, call HP DIRECT At 800-538-8787. 



HP 8491A/B series 
Ordering Example 
Include approprtatc frequency range/connector and attenuation des- 
ignations from the ordering example below with every attenuator or- 
der. 

Calibration Data 
Include "Option 890" in ad- 
dition to attenuation option 
when ordering calibration 
data. 
1 

A 
84918 Option 010 Option 890 
7 - 

1 

Connectors and Frequency Range 
OD: 2.4mm (m,f). dc-50.0 G H 7  
1A: Type N (m,f). dc-12.4 G H z  
lB: Type N (m,f), dc-18 GHz 
2A: APC-7, dc-18 GHz 
3A: S M A  (m.f). dc-12.4 GHz 
38: S M A  (m,f), dc-18 GHz 
3C: 3.5mm (m,f), dc-26.5 GHz 
8A: Type N (m,f), dc-18 GHz 
8498 is available in a 30 dB model only 
* Not available for HP 8493AIB 

**  Not available for HP 8493AIBIC and HP 8490D 

Attenuation 

003: 3 dB 
006: 6 dB 
010: I0 dB 
020: 20 dR 
030: 30 dB 
040: 4 0  dB* 
050: 50 dB** 
060: 60 dB** 

HP 8 4 9 2  series 

HP 8490D 
HP 8493A/B/C series 

hp CALIBRATION R E P O R T  
.> ,  .... ,,... , a .  ,.., ..... .., , ... ,. ., .' . . .. . % .... ,. ., .." . , 

Option 8 9 0  . ~ .  " ,% . .  ... , ,...  .., , . .  
Example ,," . . . , , , , . ,, .. , 

, . 
, , . , , , "  . . , ,  ~ . , , .  . .  
,&. ., .. , c  . ,.. , ,  . ,,. " .,.. . , .< . ,  
! . . , ,  " . .  ., ~ . . . .  " .  ,"* . , a ,  . . . ,., ... 9 0.. b .  2 6 .  .. 3 ,... ,. . , " .  , ,.# . 

Ordering Information 
HP 11581A 3.6 .  10.20 dB HP 8491A set 
HP 11582A 3.6 ,  10.20 dB HP 8491B set 
HP 11583A 3.6 .  lo,  20 dB HP 8492A set 
HP 11583C 3.6 ,  10.20 dB HP 8493C set 

Price 
$450 
$550 

5 1,050 
$950 

2 GHz to 18 0 GHz In 200 MHz steps 

* 

* 
s 

* 
* 
* 

HP 8490D, 
HP 
Model 
(OEM Model) 

84900 
(333400) 

8491A 
3-30 dB 
4060 db 

84910 
3.30 dB 

4060 dB 
849211 

3.30 dB 

4060 dB 
8493A 

3-20 dB 
(33340A) 

30 dB 
84930 

3.20 dB 
(333400) 

30 dB 
8493C 

(3334OC) 
84981 
Option OM 

8493C 1.5 GHz to 26.5 GHz in 250 MHz steps I +$40 I 

8490D 
8491A. 8493A 

Frequency 
Range 
GHz 

dc-50.0 

dc-12.4 

dc.18 

dc-18 

dc.12.4 

dc-18 

dc-26.5 

dc-18 

8493A/B/C, 8498A, Option 890 Specifications 

s For samaday shipment. call HP DIRECT at 800-538-8787. 

Connrctor 

2.4 mm 
(m.f.1 

N(m,f) 

N(m.f) 

APC-7 

SMA (m.f) 

SMA(m.l) 

3.5 mm 

(m.f) 

N(m1) 

I W o n  

8491A/B, 8492A, 
SWR 

Maximum 
(CHI) 

1 15, dc-26.5 
1.25. 26.5-40 
1.45, 40-50 

dc-8 GHz: 1.2 
8-12.4 GHz: 1.3 

dc-8 GHz: 1.2 
8-12.4 GHz. 1.3 
12 4-18 GHz: 1.5 

dc-8 GHz: 1.15 
8-12.4 GHz: 1.25 
12 4-18 GHz: 1.35 

dc.8 GHz: 1.2 
8-12.4 GHz: 1.3 

dc-8 GHz: 1.2 
8-12.4 GHz: 1.3 
12.4-18 G H r  1.5 

dc-8 GHz. 1.1 
8.12.4 GHZ. 1.15 
12.4-26 5 GHz. 

1.25(1.27 Opt. 006) 

dc.8 GHz: 1.15 
8-12.4 GHz: 1.25 
12 4-18 GHz: 1.30 

HP 

Prlm 
(SWI 
optlo? 

$375 

$125 

f175s 

$150 

m* 
$275 

1340s 

$120 

$145 

$250 ' 

$975 

890 Prlee 

3 dB 
(Option 003) 

-0 9 
dc-26 5GHz 

-0 5 

t l , 8  
26.550 GHz 

-0 5 
i 0  3 dB 

- 
t0.3 dB 

dc-12.4 GHz 
t0.4 dB 

12.4-18 GHz 

i 0 .3  dB 
dc-12.4 GHz 

+0.4 dB 
12.4-18 GHz 

t0.3 dB 

- 
10.3 dB 

dc-12.4 GHz 
i0 .4 dB 

12.4-18 GHz 

t0.5 dB 
dc-18 GHz 
t l .O dB 

18-26.5 GHz 
- 

0 4 GHz to 50 GHz ~n 400 MHz steps 
.2 GHz to 12 4 GHz In 200 MHz steps 

Maximum 
input 
Power 

2W Avg. 
100 W Peak 

2 W Avg. 
100 W Peak 

2 W Avg. 
100 W Peak 

2 W Avg. 
100 W Peak 

2 W Avg. 
100 W Peak 

2 W Avg. 
100 W Peak 

2 W Avg. 
100 W Peak 

25 W Avg. 
500 W Peak 
(dc-5.8 GHz) 
125 W Peak 

(5 6-18 GHz) 
500 watt-us 

max, per pulse 
Models 

Attenuation 
20 dB 

(Option 020) 
-0 9 

dc-26 5 GHz 
-0 8 

+1.7 
26.5-50 GHz 

-0.8 
i 0  6 dB 

- 

i0.6 dB 
dc-12.4 GHz 

i l O  dB 
12.4-18 GHz 

t0.6 dB 
dc-12.4 GHz 

t1.0 dB 
12.4-18 GHz 

t0.6 dB 

- 
t0.6 dB 

dc-12 4 GHz 
t l .O dB 

12 4.18 GHz 

t0.5 dB 

i0 .6 dB 

- 

Callbration 
+$50 
t f 20  

6 dB 
(Option 006) 

'0 9 
dc-26 5 GHz 

-0 6 

t1.8 
26.5-50 GHz 

-0 6 
i 0  4 dB 

- 
i 0 4  dB 

dc-12.4 GHz 
i 0  5 dB 

12 4-18 GHz 

t0.4 dB 
dc-12.4 GHz 

t 0  5 dB 
12.4-18 GHz 

10.4 dB 

- 
40.4 dB 

dc-12.4 GHz 
t 0  5 dB 

12.4-18 GHz 

i0.6 dB3 

i0.6 dB 

- 

10 dB 
(Option 010) 

-0 9 
dc-26 5 GHz 

-0 6 

+1.3 
26.5-50 GHz 

-0.6 
t 0  6 dB 

- 

30.6 dB 

t0.6 dB 

i0 .6  dB 

- 

i 0  6 dB 

i0.3 dB 

iO.5 dB 

- 

Accuracy 
30 dB 

(Option 030) 
-1 3 

dc-26 5 GHz 
-0 8 

-1.7 
26.5-50 GHz 

-0.8 
*1 dB 

- 

t 1  dB 

- 

t l  dB 

- 

- 

tl dB 

- 

*I dB 
t0.7 dB 

i 1  0 dB 

+ I  dB 

Frcquenclm (MHz) 

40 dB 
(Option 040) 

t1.5 
dc.26 5 GHz 

-0.8 

t1.5 
26.5-50 GHz 

-0.8 
- 

t1.5 dB 

- 

4 . 5  dB 

- 

t1.5dB 

- 
- 

- 

- 
i1 .0  dB 

t1.3 dB 

- 

5OdB 
(Option 050) 

- 

- 

t1.5 dB 

- 

t1.5 dB 

- 

4 . 5  dB 

- 
- 
- 

- 

- 

- 

6OdB 
(Option 060) 

- 

- 

t 2  dB 

- 

t 2 d B  

- 

t 2 d B  

- 

- 

- 

- 

- 

- 



MICROWAVE TEST ACCESSORIES 
Coaxial Step Attenuators 
HP 355 Series, 8494/5/6/7 Series, 11716 Series, 33320 Series 

Excellent repeatability 
Manual and programmable 

Calibration data available 
Five million cycles per section reliability 

DC-1000 MHz Programmable and Manual Step 
Attenuators. HP 355C/D/E/F 

Precision attenuation from DC to 1000 MHz 
355C/E provide 0-12 dB in 1 dB steps 
355D/F provide 0-120 dB in 10 dB steps 
All standard models use standard BNC R F  connector 
Programmable models (EIF) use 7-pin connector 

DC-26.5 GHz Programmable and Manual 
Step Attenuators 
HP 8494A/B/G/H (0-11 dB, 1 dB steps) 
HP 8495A/B/D/G/H/K (0-70 dB, 10 dB steps) 
HP 8496A/B/G/H (0-110 dB, 10 dB steps) 
HP 8497K (0-90 dB, 10 dB steps) 

Hewlett Packard attenuators offer exceptional repeatability and 
reliability in a wide range of attenuation, frequency, and connector 
options. 

SMA (0, Type N (f), APC-7 mm (f), and 3.5 mm R F  connectors 
DC-4 GHz, DC-18 GHz, and DC-26.5 GHz models 
Permanent magnet latching design and automatic DC current in- 
terrupts simplify programmable model drive circuit design 
The convenient matrix on the facing page shows the complete 
model/option lineup. 
Each attenuator contains three or four cascaded attenuator sec- 

tions; edge-line contacts insert and remove attenuator sections as 
needed. Precision gold plated leaf springs ensure long life (over 5 mil- 
lion cycles) and very high attenuator repeatability (typically 0.01 
dB). Programmable models (G, H, K suffixes) feature fast-switching 
solenoids; attenuation programming is done through a 12-pin connec- 
tor. 

To improve measurement accuracy in manual and automated test 
systems, NIST traceable calibration data (SWR and attenuation) is 
available as Option 890. Generated on an H P  85 10 network analyzer, 
this o ~ t i o n  offers sweDt data for each attenuator step in 250 MHz 
steps 'from 1500 MHZ to 26.5 GHz (upper frequincy varies by 
model). 

To simplify connecting programmable attenuators to the drive cir- 
cuit, each unit is supplied with a five-foot cable assembly. With an H P  
1 17 13A Attenuator Driver, or an H P  706 1 1 Driver for MMS based 
systems, the attenuators are easily integrated into a Hewlett-Packard 
Interface Bus (HPIB) automated system. 

. - - 10 dB M dB 
'-SPOT / 4OdB 

Figure 1. 70 d B  plus SPDT. 

- 
Input - 1 , 1T i i iFL  -1 0UlPUt 

~ ~ 2 -  

Figure 2. Dual transfer switch showing device #2 Inserted in sig- 
nal path. 

Custom Attenuator and Switch Combinations 
Custom step attenuatorlswitch combinations are possible with the 

H P  8494151617 attenuator family. Examples can be as simple as ad- 
ding a SPDT switch section to a standard 70 dB attenuator (figure 1) 
or creating a dual transfer switch (figure 2). See the H P  Microwave 
Test Accessories Catalog for more information. 

HP 11716NB Interconnection kits 
Quickly and conveniently connect 1 dB step and 10 dB step attenu- 

ators together to achieve greater dynamic range with 1 dB steps. The 
11716A/B interconnect kits contain a rigid R F  cable, mounting 
bracket, and necessary hardware to connect any pair of H P  
8494151617 attenuators in series (see photo above). Attenuators 
must be ordered separately. 

Ordering Information 
HP 11716A Interconnect Kit (Type N) 
HP 11716B Interconnect Kit (7mm) 

Price 
$200 
$290 

HP 33320 Series OEM Step Attenuators 
The HP 33320 series step attenuators are compact versions of the 

H P  84951617 benchtop attenuators. They offer the same specifica- 
tions, but are configured to easily fit into microwave systems and in- 
struments. Both manual and programmable versions are available; 
the manual version occupies less than 1.5 square inches of panel 
soace. OEM auantitv discounts are available for the H P  33320 series: 
the HP  33320series6as a five million cycles per step reliability guar: 
antee. 

Programmable models are supplied with a five-foot cable, fitted 
with a round 12-pin Viking connector that mates with the H P  11 71 3 
AttenuatorISwitch Driver. A flat ribbon cable with a DIP-type con- 
nector, compatible with a standard 14-pin DIP IC socket, is also 
available. For further details, request the RF  and Microwave Design- 
er's Catalog from your nearest HP  sales representative. 



How to Order the HP 8494/5/6/7 Series Attenuators 
Each order must include basic model number, suffix letter, and connector option. 

I Optional calibration data. 

HP 8494 A Option 001 Option 890 

I 
T T  7 

1 
1 4 (IdB step, 1 1  dB max) I I A (Manual, d c 4  GHz) I 001 (N-Female) 1 

5 (10 dB step, 70 dB max) B (Manual, dc-18 GHz) 002  (SMA Female) 
6 (10 dB step, 110 dB max) D (Manual, dc-26.5 GHz)* 003  (APC-7) 
7 (10 dB step, 90 dB max) G (Programmable, d c 4  GHz) 004 (3.5 mm Female)* 

H (Programmable, dc-18 GHz) Option 004 is only available 
K (Programmable, dc-26.5 GHz)* on 'D' and 'k' models. 

rn 
s 
s 
s 
s 
s 

* 
* 
s 

s 
s 

s 

* 

HP 355 
HP Model 

m d  
(Swltchln Modr 
OEM MJ~I  NO.^ 
355C 
(Manual) 

355E 
(Programmable) 

3550 
(Manual) 

355F 
(Programmable) 

M94A 

13";:;o"l) 

8494G 

[;;03y&";mable) 
84948 

[3"i2"0"1) 

W94H 

[JPgyq?;mable) 

U95A 

13";:;o"Z) 

8495G 

[;;o3y&anmable) 
84958 

[3"ii2"1"1) 

8495H 

[;gy;;mable) 
84950 

[Y:i2";#) 

8495K 

[;gy;;mable) 
84%A 

[Yii2"2"II) 

84966 

[;gy;;mable) 
84968 

13"::2"2"1) 

84%H 

[;gy;;mable) 
8497K 

[;;03y;;mable) 

wvvw. hparchive.com 

Series, 

F x T  
(GHz) 

dc- 1 

dc-1 

dc-4 

dc-18 

dc-4 

dc-18 

dc-26.5 

dc-4 

dc-18 

dc-26.5 

mat%' Dm 

Note 1: 355ClDlElF connector 
Option 001 N(f 
Optton 005 TNL(I) 
Opt~on 007 Trans~stor protection 

8494/5/6/7 

lncmnmtll 
Athnwtlon 

(dB) 
0-12 

1 dB steps 

0-120 
I 0  dB steps 

0-1 l 
1 dB Steps 

0-1 1 
1 dB steps 

0-70 
10 dB steps 

0-70 
10 dB steps 

0-70 
I 0  dB steps 

0-110 
10 dB steps 

0--110 
I 0  dB steps 

0-90 
10 dB steps 

opnon I)#) 

DC to 4 GHz 

Opt~on 004 3 5 mm (HP 8495DIK. 8497K only) N/C 

For same-day shipment. call HP DIRECT at 800-538-8787. 

Series 

SIlR 
Wulmum 

(¶O R Nornln*) 
dc-0 25 GHz 1.2 
dc-0 5 GHz 1 3 
dc-l 0 GHz 1.5 

dc-0.25 GHr 1.2 
dc-0.5 GHz. 1.3 
dc-1 0 GHr 1.5 

1.5 

dc-8 GHz: 1.5 
dc-12.4 GHz: 1.6 
dc-18GHz 1.9 

1.35 

dc-8 GHz: 1.35 
dc-12.4 GHz: 1.5 
dc-18 GHz: 1.7 

dc-6 GHz: 1.25 
6-12.4 GHz: 1.45 
12.4-180 GHz: 1.6 
18.0-26 5 GHr 1.8 

1.5 

dc-8 GHr 1.5 
dc-12 4 GHr 1.6 
dc-18 GHz: 1.9 

dc-6 GHz: 1.25 
6-12.4 GHz: 1.45 
12.4-180 GHz: 1.6 
18.0-26 5 GHz: 1.8 

Fnpumcy L# (MHz) 

Models: add $25 
add $25 

add $35 
add $35 
add $50 

NIC 
N/c 

add $50 

100. 300, 500, 700.900, 1000. 1250. 1500. every 500 MHz 2 to 16 GHz 
1750.2000.2500. 3000.3500.4000 every 250 MHz 16 to 26.5 GHz 

DC to 18 GHz Models: 
Same as above to 4000 MHz. every K)(1 MHz to 16000 
(plus 12400 MHz). every 250 MHz from 16MM to 18000. 

8495AIG. 33321AG 

8494BM. 84%B/H. 33320BlH. 33322BM 
6495BIH. 33321BtH 
849501K. 8497K 

Specifications 

Imuthl 
L o u  

(0 dB wttlq) 
0.11 dB t 
1 39 dB/GHz 

0 11 dB + 
1.39 dBtGHz 

0.6 dB + 
0 09 dBtGHz 

0.6 dB + 
0.09 dBtGHz 

0.4 db + 
0.07 dBtGHz 

0.4 dB + 
0.07 db1GHz 

0.6 dB + 
0 09 dBtGHz 

0.6 dB + 
0.09 dBlGHz 

0.6 dB + 
0 09 dBtGHz 

0.6 dB+ 
0.09 dBtGHz 

DC 

optlons (BNC (1) standard) Prlce 
add $25 
add $10 

(355ElF only) add $55 

Amnurtian 
Accuracy 

+0.1 dB @, 1030 Hz 
+0.25 dB dc-0 5 GHz 
+0.35 dB dc-l 0 GHz 

t0.3 dB @ 1000 Hz 
t l . 5  dB to 90 dB. and 
+3 dB to 120 dB 
@ I GHz 

t0 .2  dB: 1-2 dB 
i 0 .3  dB: 3-6 dB 
+0.4 dB: 7-10 dB 
+O5dB. I 1  dB 

dc-12.4 GHx 
+0.3 dB 1-2 dB 
t0.4 dB: 3-4 dB 
tO.5 dB. 5-6 dB 
+0.6 dB. 7-10 dB 
+O 7 dB. 11 dB 
dc-18 GHz 
-0 7 dB 1-5 dB 
+O 8 dB 6-9 dB 
t o 9  dB. 10-11 dB 
tl 7 8  of settlng or 
t0 .4  dB. wh~chever 
IS greater 

+3% dc-12.4 GHz 
t 48 :  dc-18 GHz 
% ~n dB from 
Atten. Sett~ng 

t0.3 dB at 6 GHz 10 dB 
attenuation to +2.8 dB 
at 26 5 GHz 90 dB atten- 
uat~on. See Data Sheet 
5952-8278 for detatls 

t1.7'70 of setting or 
t0.4 dB. wh~chever 
1s greater 

+3% dc-12.4 GHz 
+40:dc-18 GHz 
% ~n dB from 
Atten. Sett~ng 

t0 .3  dB at 6 GHz 10 dB 
attenuatton to t2 .8  dB 
at 26 5 GHz 90 dB atten- 
uatlon. See Data Sheet 
5952-8278 for detalls 

to 26.5 GHz Models 

Note 2: 8494151617 orders must spec~fy connector option. See ordering example above. 
Optlon 001 N(f) 
Opt~on 002 SMA 1) 
Option 003 APCS 

P m r r  
Ratlng. 

Mlnlmum 
Llfo 

0.5 W avg 
350 W peak 
0 3 
m~ll~on 
cycles per 
sectton 
0 5 W avg 
350 W peak 
0 3 
mlll~on 
cycles per 
section 

I W avg 
100 W peak 
10 r s  max 
5 m~lllon 
cycles per 
sectcon 

l W avg 
100 W peak 
10 ps max 
5 m~ll~on 
cycles per 
sect~on 

1 W avg 
100 W peak 
10 ps max. 
5 mlll~on 
cycles per 
secton 

1 W avg 

Solrnold 

"$3 
Power 
- 

15-10 V 
<65 ms 
3 0 W  
- 

15-10 V 
4 5  ms 
3 0 W 
- 

20-30 V 
<20 ms 
2 7 W  

- 

20-30V 
<20 ms 
2.7 W 

- 

20-30 V 
<20 ms 
2.7 W 

- 

S l U  

%2$? 
67 H x 70 W i 152 mm D 
(2 6" x 2 75" x 6") 

1.4 kg(3 lb) 

67 H x 70 W x 152 mm D 
(2.6" x 2 75" x 6") 

1.4 kg (3 Ib) 

43 H x 73 W x 159 mm D 
(1.7" x 2 . 9  x 6.2") 
0.9 kg (2 Ib) 
43 H X 73 W 142 mm D 
( 1 . 7 " X 2 9 X 5 . 6 " )  

4 3 H x 7 3 W x 1 5 9 m m D  
(1.7" x 2.9" x 6.2") 
0.9 kg (2 Ib) 
43 H x 73 W x 142 mm D 
(1.7" x 2 . 9  x 5.6") 

43 H x 73 W x 130 mm 0 
(1.7" X 2 . 9  X 5.1") 
0.9 (2 Ib) 
43 H x 73 W x 114 mm D 
(1.7" X 2 . 9  X 4.5") 

43 H x 73 W x 130 mm 0 
100 W peak 
10 ps max. 
5 mllllon 
cycles per 
section 

(1.7" x 2 . 9  x 5.1") 
0.9 kg(2 Ib) 
43 H x 73 W x 114 mm D 
(1.7" X 2 . 9  X 4.5") 

43 H x 52 W x 159 mm D 
(1.7" x 2.1" x 6 .2)  
0'9 Ib) 
43 H X 52 W X 168 mm D 
(1.7" X 2.1" X 66") 

43 H x 73 W x 159 mm D 
(1.7" x 2 . 9  x 6.2") 
0.9 kg (2 Ib) 
43 H x 73 W x 142 mm D 
(1.7" x 2 . 9  x 5.6") 

43 H X 73 W x 159 mm D 
(1.7" x 2 . 9  x 6.2") 
0.9 Ib) 
43 H x 73 W x 142 mm D 
(1.7" X 2 9 X 5.6") 

43 H x 52 W x 143 mm D 
(1.7" X 2.1" x 5.6") 

0.9 kg (2 Ib) 

849WG. 33320AIG. 33322AIG 

20-30 V 
<20 ms 
2 7 W 

con- 
opClan 
Avalhblr 

BNC (0 
See Note 1 

BNC (0  
See Note 1 

001 
002 
003 

See Note 2 

001 
002 
003 

See Note 2 

001 
002 
003 

See Note 2 

Rlcr 

$645 

$995 

$645 

$995 

$620 

$845 

$915 

$1.220 

$515 

$720 

001 
002 
003 

See Note 2 

004 
3.5 mm 

See Note 2 

001 
002 
003 

See Note 2 

001 
002 
003 

See Note 2 

004 

3.5 mm 

See Note 2 

1 W avg 
100 W peak 
10 US max 
5 m~ll~on 
cycles per 
sect~on 

$670 

$920 

$875 

$1,170 

$620 

$845 

$915 

$1.220 

$1.320 

TP' 

- 

2030 V 
<20 ms 
2 7 W 

1 W avg 
100 W peak 
10 r s  max 
5 m~llfon 
cycles per 
section 

- 

20-30 V 
~ 2 0  ms 
2 7 W 

1 W avg 1 - 
100 W peak 
10 r s  max 
5 m~li~on 
cycles per 
sectton 

20-30 V 
<20 ms 
2 7 W 

1 W avg 
100 W peak 
10 US max. 
5 m~ll~on 
cycles per 
sectton 

5 V or 

24V 

Models 

8494AIG. 



MICROWAVE TEST ACCESSORIES 
High Performance Programmable Step Attenuators 
HP 84904/6/7K/L 

High Perfortnantx! Coaxial Attenuators cables (HP  11764CID) with a 10 pin DIPsocket (f) and a 14-pin DIP 
The HP 849041617 family of programmable step attenuators offers plug for easy connection to standard 14-pin DIP IC sockets, a 5-foot 
unmatched attenuation performance to 40 GHz. The new K family Interconnect Cable (HP 11764A) with 10-pin DIP socket (f) and a 
brings superior accuracy and reliability to 26.5 GHz, and the L fami- "Viking" cable for the HP  11 71 3 driver, and a 5-foot Interconnect 
ly offers unparalleled performance to 40 GHz. Cable (HP 11764 B) with a 10-Pin DIP socket (f) and bare leads for 

Both families offer the selection, performance, and reliability ex- applications. 
pected from HP attenuators: attenuation range of 11.70. or 90 dB. 1 
dB and 10 dB step sizes, 5 million cycles per section, better than 0.03 
dB repeatability, connector size options, and now the choice of male Ordering information 
(plug) or female (jack) connectors. Connector choices include preci- Attenuatom 
sion 3.5 mm or 2.92 mm on the 26.5 GHz K model. and orecision 2.4 HP 84904L 0-1 1 dB, 1 dB stel's, 40 GHz 
mm or 2.92 mm on the L model. While the 2.92mm'connhctor/ormat H P  84904K 0-1 1 dB, 1 dB steps. 26.5 GHz 
is compatible with both 3.5 mm and S M A  connectors, Hewlett Pock- H P  84906L 0-90 dB, 10 dB steps. 40 GHz 
ard recommends the more ruaaed 2.4 mm and 3.5 mm connectors. H P  84906K 0-90 dB, 10 dB steps, 26.5 GHz 

Price 

-- 
HP 84907LO-70 dB, 10 dB steps, 40 GHz 

Other Features $2200 
H P  84907K 0-70 dB. 10 dB steps. 26.5 GHz 

Same drive circuits and solenoids as H P  8494151617 family 
5 1675 

Opt 100 Male 2.4 mm connector +$75 
Switching time under 20 milliseconds (includes settling time) Opt 104 Male 3.5 mm connector +575 
Permanent magnet latching design; attenuators will withstand over Opt 106 Male 2.92 mm connector +5125 
10 g shock without perf~rmance~de~radation opt 006 Female 2.92 mm conn 

a Automatic DC circuit interrupts cut power consumption and sim- Opt 890 Atten & SWR data 
~ l i f v  drive circuit desien Attenuator Accessories 
iEq;ipped with I O - ~ ~ ~ ~ I P  plugs (m). Optional cables with 10-pin H P  1 1 7 6 4  I n t ~ ~ o n n e c t  Cable with I o - ~ i n  socket (f) $35 
DIP socket (f) connectors are available; see below. to "Viking" connector for HP  11713A 
NlST traceable attenuation and SWR data (Option 890) H P  11764B Interconnect Cable with 10-pin DIP socket $10 

( f )  and bare leads 
Drive options include the H P  11713A Attenuator/Switch driver, HP 11764C Interconnect Cable- 203-mm (8") ribbon $5 
which permits users to easily integrate the attenuator into HP-IB cable, 10-pin DIP socket. 14-pin DIP plug 
compatible automatic test systems and the new HP 7061 1 MMS At- H P  11764D Interconnect Cable-406-mm (16") ribbon $5 
tenuator/Switch driver. Cabling options include 8 or 16-inch ribbon cable, 10-pin DIP socket, 14-pin DIP plug 

HP 84904/6/7K/L Specifications 

A M h h ~  
b26.5 GHz 26 .54  C L  

0.4 dB: 1 dB 0 6 dB. 1 dB 
0.5 dB. 2 dB 0 6 dB. 2 dB 
0.7 dB: 3 dB 0.7 dB: 3 dB 
0.7 dB: 4 dB 0.7 dB: 4 dB 
0.7 dB: 5 dB 0.7 dB: 5 dB 
0.7 dB: 6 dB 0.8 dB: 6 dB 
0.8 dB: 7 dB 0.9 dB: 7 dB 
0.8 dB: 8 dB 0.9 dB: 8 dB 
0.85 dB: 9 dB 1.0 dB: 9 dB 
0.9 dB: 10 dB 1.1 dB: 10 dB 
1.10 dB: 11 dB 1.2dB: 11 dB 

0.5 dB: 10 dB 
0.6 dB: 20 dB 
0.7 dB: 30 dB 
1.0 dB: 40 dB 
1.2 dB: 50 dB 
1.6 dB: 60 dB 
1.9 dB: 70 dB 
2.3 dB: 80 dB 
2.7 dB: 90 dB 

m 
Ynlmum lnvrllon Conlmctof 

HP Frqumcy ImmrmM (3Onnomind) Lou opHW 
(0dBratn"E) ?:%? 

Power Rating: 1W Ave. 5WY Peak. 10 US Max pulse width 
M~n~murn L~fe: 5 m~ll~on cycks per sectton 
Solenold Voltage/SpeedlPower: 2030V 1 t20 ms 12.7 W 

Modrl Rango 
HP 849041 dc40 GHz 
(333241) 

HP M W K  dc-26.5 GHz 
(3332410 

HP 849081 dc40 GHz 
(333261) 

HP M W K  dc-26.5 GHz 
(3332610 

HP 849071 d c 4  GHz 
(33327L) 

HP M907K dc-26.5 GHz 
(3332710 

Sensitivity Power dBldBNaH (Temperature dBldBI°C): 0.001 (0.0001) 

Attmuatlon Std 6 (Opt 006) 
0-11 dB dc-12.4 GHz 1 3 (1.5) 0.8 dBt004 dBIGHz 291g 
1 dB steps 12.434 GHz, 1.7 (1.9) (10 3 02) 

344 GHz 1.8 (2 0) 

090  dB dc-12.4 GHz: 1.3 (1.5) 0.8 dBt0.04 dBIGHz 291g 
(10 3 01) 10 dB steps 12.434 GHz: 1.7 (1.9) 

3440 GHz. 1.8 (2.0) 

0-70 dB dc-12.4 GHz: 1.25 (1.4) 0.6 dBt0.03 dBIGHz 229g 
10 dB steps 12.434 GHz: 1.5 (1.7) (8 1 02) 

344 GHz: 1.7 (1.9) 

Avall~bh Rkr 
2.4 mm std $2400 
Opt 100 +$75 
Opt 006 tS75 
Opt 106 6 1 2 5  
Opt 890 +$65 
3 5 mm 
Opt 104 t f 75  
Opt 890 t f 65  

2.4 mm std $2400 
Opt CC6 t f 75  
Opt 100 tS75 
Opt 106 +$I25 
Opt 890 tS65 
3 5 mm 
Opt 104 tS75 
Opt 890 t f 65  
2 4 mm std $2200 
Opt 006 6 7 5  
Opt 100 t f75 
Opt 106 +$I25 
Opt 890 tS65 
3.5 mm 
Opt 104 tS75 
Opt 890 6 6 5  



MICROWAVE TEST ACCESSORIES 
Custom Switch Matrixes 

HP70611/12/13,11713A 

Q 

HP 70611A Switch/Attenuator Driver tor MMS 
The HP 7061 IA is a 118 MMS module capable of driving up to 

248 electromechanical switches or attenuator switch sections. The 
HP 7061 1A is MSIB, SCPI, and HB-IP compatible. In addition to 
being programmable, the HP  7061 1A features an extremely user- 
friendly manual interface via the HP 70004 color display. The high- 
light of the manual interface is the operator's ability to custom config- 
ure groups of switch control lines and their settings, then identify 
these switch configurations with a user defined alphanumeric label. In 
this manner, end-users of the HP 7061 1A can define custom menus 
with their own identification labels for simplified manual control. 

The HP 7061 1A controls switches or attenuator sections in banks 
of 31 (8 banks total) through individual 110  cards which are, in turn. 
directly wired to the switches or attenuators. Option 001 of the 
HP  7061 1A includes one 110 driver card. The HP 7061 IA, option 
001, is capable of driving 31 switches or attenuator sections. Addi- 
tional drive capacity can be added through the purchase of supple- 
mentary 110 driver cards, HP  part number HP  84940A. 

For additional information on the HP  7061 IA, see the Modular 
Measurement System (MMS) Section of this catalog on page 189. 

HP 70612 and HP 70613: MMS Interface Boxes 
In addition to custom interface boxes, HP offers off-the-shelf inter- 

face solutions in MMS-compatible modules. 
The HP 70612 (1x6) and 70613 (2x5) are common-highway 

switch matrixes available in 218's MMS modules, with integrated 
controllers. They are equipped with front panel indicators to facilitate 
manual use and an internal controller with all of the capabilities of 
the HP 7061 1A Switch/Attenuator Driver. 

A variety of options are available in both these products including 
performance to 26.5 GHz, terminated or unterminated ports, on- 
board attenuation, and choice of port locations. 

For more detailed descriptions of these products, refer to the Mod- 
ular Measurement System section of this catalog, page 189. 

Custom MMS interface box solutions are also available from 
Hewlett-Packard. Please call your local HP  sales representative for 
more information. 
Switch Driving Options 

The HP 8760 series of switches are designed to be driven by a varie- 
ty of switch and attenuator drivers. For more information on those 
listed refer to other sections of this catalog. 

Ordering Information Price 
HP 11713A Attenuator/Switch Driver $1750 
HP 11717A Attenuator/Switch Rackmount Support $55 
Kit 
HP 11761A HP 8765A/HP 11713A Adapter Cable $35 
HP 11764A HP84904/6/7 t o H P  11713A Drivecable $35 
HP 117648 HP 849041617 to 5-foot ribbon cable with $10 
14-pin DIP connector 
HP 34530T Microwave Switch terminal block for $325 
HP 3235A. Holds up to 4 HP  $7621314 switches 

HP 44476B microwave switch module for HP  3488A. 
Holds up to 3 HP  87621314 OPT011 switches 
HP 70611A MMS switch controller 

Opt 001 add switch driver card 
HP 70612A (1x6) and 70613A (2x5) MMS 18 GHz 
switching modules w/controller and wberminated 
switches 

Opt 001 Delete Controller Card 
Opt 003 Unterminated switches replace standard 
Opt 004 Add 0- l l dB Step Attenuator 
Opy 005 Add 0 - 110 dB Step Attenuator 
Opt 007 Rear Panel output connector 

HP 70612C (1x6) and 7061X (2x5) MMS 26.5 GHz 
Switching modules w/controller and wtterminated 
switches 

Opt 001 Delete Controller Card 
Opt 003 Unterminated switches replace std. 
Opt 004 Add 0- I 1  dB step attenuator 
Opt 005 Add 0 - 90 dB step attenuator 
Opt 007 Rear Panel output connector 

Custom Switch Matrixes 
HP microwave switch matrixes are custom configured to provide 

multiple path routing of signals under computer control, and often 
can include calibration paths for checking system instruments and 
switching. Hewlett-Packard can also include other components re- 
quired to build a high-performance solution, including step attenu- 
ators, mixers, couplers, power splitters, detectors, power sensors, and 
noise sources. Each HP matrix is fully documented with a general 
description, RF and dc schematics, interior parts identifier photos, 
parts list, drive logic, and operation data. 

More information on how to specify and order a custom matrix 
from Hewlett-Packard is available in Product Note 8760-1 (HP liter- 
ature number 5959-7860). 

HP 11713A Attenuator/Switch Driver 
The HP 11713A attenuator/switch driver provides HP-IB control 

of up to two programmable attenuators of the HP 84941516 or 
HP  333201112 series and concurrently up to two electromechanical 
switches (e.g., HP  8761 or HP  8762 series). The HP 11713A can also 
supply +24V common and ten pairs of current sinking contacts (total 
current less than 1.25A) to control up to ten relays. No external pow- 
er supply is needed. The HP 1 17 13A includes an integral power sup- 
ply (with short circuit protection) that can provide 125 milliamps at 
24 volts to all contacts for control of the attenuators and switches. 
Each HP 1 1  7 13A is provided with two plug-in drive cables for the 
programmable attenuators. 

The HP 11713A also features convenient front-panel control for 
manual activation of individual attenuation sections and switches in 
local mode. Switching time for the drivers is less than 10 milliseconds. 



MICROWAVE TEST ACCESSORIES 
Coaxial Switches 
HP 8761A/B, 8762/3/4,8765,8766/7/8/9 Series 

Coaxial Switches 
HP coaxial switches feature low SWR, low insertion loss, and ex- 

cellent isolation. All HP  switches ps latching solenoids and break- 
before-make switching circuits. 
The HP 8781AlB is an SPDT switch for dc to 18 GHz use. Each port 
has six connector options plus a 50 R termination, making it useful for 
switching between components with different connector types or for 
making switch "trees". 
The HP 8762A, HP 87628 and HP 8762C switches (dc - 4 GHz, 
dc - 18 GHz and dc - 26.5 GHz) are also SPDT type. They feature 
exceptional isolation of 90 dB to 18 GHz and internally switched 
50 R loads so that all ports maintain a 50 R match. The internal loads 
are rated for 1 watt average or 100 watts peak ( I 0  pS pulse width). 
The HP 87821314 switches all use latching solenoids and have dc cir- 
cuit interrupts to cut off solenoid current when switching is complete. 
The HP 8783A. HP 87838 and HP 8783C switches (dc - 4 GHz, 
dc - 18 GHz and dc - 26.5 GHz) are used for transfer switching. They 
can be used to insert or remove a component from a signal path. They 
can also be used as the intersection switching elements in a larger 
microwave matrix. They include one internal 50 R switched load. 
The HP 8784A. HP 87648, and HP 8764C switches (dc - 4 GHz, 
dc - 18 GHz and dc - 26.5 GHz) are five port switches with essentially 
the same internal structure as the HP 8762 switches. Elimination of 
the internal load makes it possible to utilize the extra ports for a varie- 
ty of purposes, such as adding external high power loads to extend 
power handling capability or reversing signal path. 
The HP 8765 series switches are single-pole double-throw switches, 
which offer outstanding performance with a life of 5 million cycles 
(HP 8765A. dc - 4 GHz; HP 87658, dc - 20 GHz; HP 8765C. 
dc - 26.5 GHz). They are designed for long life and high reliability. 
Unlike the HP  8762 switches, they do not have internal switched 
loads or dc current interrupts. Voltage options cover the complete 
range from 4.5 Vdc to 30 Vdc. The standard HP  8765 comes with a 
ribbon cable and .025 square inch pins in a single inline connector for 
convenient connection to the HP  1 1761A adapter cable or to any oth- 
er Berg single inline connector package. Solder terminals are also 
available. Other features include magnetically latching solenoids and 
configurable solenoid control. 

HP 8766/7/8/9K Series Single-Pole Multi-throw 
switches 

The HP 8766/7/8/9K series switches are modified versions of the 
coaxial edgeline design (dc - 26.5 GHz) for applications requiring 
single-pole, 3-throw, 4-throw. 5-throw, or 6-throw coaxial switch. 

These compact switches offer the same reliability, repeatability 
(typically 0.01 dB), and long life (5 million switching cycles per sec- 
tion) as the HP  8494/5/6/7K series step attenuators from which they 
are derived. 

The switches are also available with flat ribbon cables and DIP- 
type connectors compatible with standard 14-pin DIP JC sockets. 

Isolation and Insertion Loss vary with frequency and depend upon 
the port selected on the HP  8866/7/8/9 switch. For applications 
where isolation and insertion loss is critical, it is suggested that you 
obtain a copy of the data sheet for further application information. 
Ask your H P  Sales Representative for the da ta  sheet 
"HP 8766,7,8,9K Microwave Single-Pole Multi-throw Switches" 
(PN 5959-7831 ). 

HP-IB Compatible 
All of the HP  8760 series of switches can be remotely controlled by 

the HP-IB interface bus with the HP  11713A AttenuatorJSwitch 
Driver, the HP  3235A. H P  3488A. or H P  E1700A. For the 
HP  70000 Modular Measurement System, the HP  7061 IA is availa- 
ble to drive up to 3 1 switches. 

Price Ordering Information 
HP 8761A/B Coaxial Switch 

Specify voltage and connectors (including built-in 
50-ohm terminations) by alphabetic suffix on the switch 
model number and the appropriate three-digit option 
number. Specify all connectors. 
H P  8761A I2 - 15 volt solenoids 5360 
H P  87618 24 - 30 volt solenoids $360 
Connector options (Port 1, Port 2, Port C) 
Option 
code Connector type Option code Connector type 

0 N ( n  4 APC-7 for UT-250 coax 
I N(m) 5 
2 APC-7 6 SMA(m) 

SMA(f) 

wlthreaded sleeve 
3 APC-7 7 50 R termination 

w/coupling nut 
HP 8782A/BIC, HP 8763AlBIC, HP 8784AlBlC Coaxial 
Switches 

Specify the frequency and voltage by the alphabetic 
suffix and option number. The standard model has 24V 
solenoids. 
H P  8762A SPDT, dc - 4 GHz $ 4 3 0 1  
H P  8762B SPDT, dc - 18 GHz $ 4 8 0 1  
H P  8762C SPDT, dc - 26.5 CHz $ 5 5 5 1  
H P  8763A 4-Port, dc - 4 GHz $ 4 8 0 1  
H P  8763B 4-Port. dc - 18 GHz $ 5 3 0 3  
H P  8763C 4-Port, dc - 26.5 GHz $605 1 
H P  8764A 5-Port, dc - 4 GHz $ 4 8 0 3  
H P  8764B 5-Port, dc - 18 GHz $ 5 3 0 3  
H P  8764C 5-Port, dc - 26.5 GHz $605 3 

Opt 01 1.5 Vdc Solenoids $0 
Opt 015, 15 Vdc Solenoids $0 

HP 8765AlB/C Coaxial Switches 
A voltage option must be ordered with the main- 

frame. Specify frequency, voltage, dc connectors, and 
ribbon cable extension options by alphabetic suffix and 
option number. 
H P  8765A SPDT. dc - 4 GHz $ 1 9 0 a  
H P  8765B SPDT. dc - 20 GHz $2202  
H P  8765C SPDT, dc - 26.5 GHz $ 2 7 0 3  

Opt 005 5 Vdc solenoids $0 
Opt 010 10 Vdc solenoids $0 
Opt 015 I5 Vdc solenoids $0 
Opt 024 24 Vdc solenoids $0 
Opt 100 Solder terminals $0 
Opt 108 8-inch ribbon cable extension +$I0 
Opt 116 16-inch ribbon cable extension +$ 10 
Opt 890 Calibration data 

for HP  8765A +%25 
for HP  8765B +%35 
for HP  8765C +$50 

HP 8786K. HP 8787K. HP 8768K, HP 8789K Coaxial 
Switches 

Specify RF  connectors (and frequency), solenoid 
voltages. dc connectors by option number. Standard 
unit IS 24 Vdc, 3.5 mm(f) RF  connectors (dc - 26.5 
GHz)and viking-type dc connector. 
H P  8766K SP3T multi-port switch $ 6 3 0 1  
H P  8767K SP4T multi-port switch $6901  
H P  8768K SP5T multi-port switch $7501  
H P  8769K SP6T multi-port switch $9003  

Opt 002 Replace 3.5mm (f) w/ SMA(m) connectors -$25 
Opt 008 8-inch ribbon cable w/DIP connector -$SO 
Opt Ol l 5 Vdc solenoids $0 
Opt 015 15 Vdc solenoids SO 
Opt 016 16-inch ribbon cable w/DIP connector -$50 
Opt 890 Calibration data $35 

For Same day shipment, call HP DIRECT at 800-538-8787 



SPDT RF SWITCH 
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MICROWAVE TEST ACCESSORIES 
Coaxlal Switches 

HP 8760 Series Product Specifications 

HP 87$1A/B, 8762/3/4A/B/C, 8765A/B/C, 8768/7/8/9K Specifications 
Modd F?!$q SIR ImnWon Srlhhlng RF HxWxD 

(OEM MOM) (GHZ) 50 o w o m ~ r ~ l  LOU hdrtkn Sped  connector^ (mm) (grams) ~ k r  
"""" ?%? 

HP 8761A dc.18 t1.2 to 12.4 GHz 0.8 dB (a' 18 GHz >50 dB to 12.4 GHz 35-50 mS See table 41x38~38 300 
SPOT t1.25 to 18 GHz 

$360 
>45 dB to 18 GHz on page 356 

HP 87618 dc-18 t1.2 to 124GHz 0.8 dB @ 18 GHz >50 dB to 12.4 GHz 35.50 mS See Table 41x38~38 300 
SPOT c1.25 to 18 GHz >45 dB to 18 GHz on page 356 

$360 

HP 876211 dc-4 GHz t1.1 to 2 GHz t0.2 dB @ 2 GHz ,100 dB to 4 GHz c30 mS SMA(1) 54x53~14 2 m  
SPOT c1.2 to 4 GHz c0.25 dB @ 4 GHz 

$430 * 
(33311A) 
HP 87628 dc-18 c1.10 to 2 GHz t0.2 dB @ 2 GHz >90 dB to 18 GHz t30  mS SMA(fl 54x53~14 220 

SPOT t1.2 to 12.4 GHz t0.5 dB @ 18 GHz 
w T 

(333118) t1.3 to 18 GHz 

HP 8762C dc-26.5 t1.15 to 2 GHz t0.2 dB @ 2 GHz >90 dB to 18 GHz t30  mS 3.5 mm(9 54x53~14 220 
SPOT t1.25 to 12.4 GHz t0.5 dB Q 18 GHz >50 dB to 26.5 GHz 

$555 * 
(33311C) t1.4 to 18 GHz t1.25 @ 26.5 GHz 

t1.8 to 26.5 GHz 
HP 87631 dcd  GHz t1.1 to 2 GHz t0.2 dB @ 2 GHz ,100 dB to 4 GHz c30mS SMA(9 54x53~14 

t1.2 to 4 GHz t0.25 dB @ 4 GHz 
220 w * 

(AR2"A) 
HP 87630 dc-18 t1.10 to 2 GHz t0.2 dB @ 2 GHz >90 dB to 18 GHz c30mS SMA(fl 54x53~14 220 

w o r t  t1.2 to 12.4 GHZ to.5 d~ Q 18 GHZ 
$530 

(333128) t1.3 to 18 GHz 
HP 8763C dc-26.5 t1.15 to 2 GHz t0.2 dB @ 2 GHz >90 dB to 18 GHz t30 mS 3.5 mm(f) 54x53~14 

t1.25 to 12.4 GHz t0.5 dB @ 18 GHz >50 dB to 26 5 GHz 
2 m  ~ 6 0 5  

(AR2"c) ~ 1 . 4  to 18 GHZ ~1 .25  @ 26.5 GHZ 
c1.8 to 26 5 GHz 

HP 8764A dcd  GHz c l .1  to 2 GHz t0.2 dB @ 2 GHz ,100 dB to 4 GHz c30 mS SMA(O 54x53~14 
t1.2 to 4GHz t0.25 dB @ 4 GHz 

220 w * 
(;!??A) . . 
HP 87648 dc-18 t l .10 to 2 GHz c0.2 dB @ 2 GHz >90 dB to 18 GHz t30mS SMA(O 54x53~14 

c1.2 to 12.4 GHz t0.5 dB @ 18 GHz 
220 $530 T 

o%%) 4 . 3  to 18 GHz 
HP 8764C dc-26.5 t1.15 to 2 GHz t0.2 dB @ 2 GHz >90 dB to 18 GHz c30mS 3 5 mm(9 54x53~14 

t1.25 to 12.4 GHz tO.5 dB Q 18 GHz >50 dB to 26.5 GHz 
220 $605 * 

t1.4 to 18 GHz t1.25 dB @ 26.5 GHz 
t l . 8  to 26.5 GHz 

HP 8765A dc-4 c1.2 to 4 GHz t0.3 dB @ 4 GHz >110dBto4GHz < I5  mS SMA(9 14x33~45 
SPDT 

200 $190 * 
. . 
HP 87658 dc-M c1.2 to 4 GHz t0.3 dB @ 4 GHz ,110 dB to 4 GHz t15 mS SMA(O 14x33~45 200 

SPOT c1.35 to 12.4 GHz (0.7 dB @ 20 GHz >75 dB to 20 GHz 
$220 * 

(333148) t1.45 to 18 GHz 
<i.7 to m GHZ - - 

HP 876X dc-26.5 c1.25 to 4 GHz t0.3 dB @ 4 GHz >110dBto4GHz c l5mS 3.5mm(f) 14x33~45 
SPOT t1.45 to 18 GHz t o  75 @ 20 GHZ >68 dB to 20 GHz 

200 $270 s 
(33314C) c1.7 to 26.5 GHz c1.0 dB @ 26.5 GHz >50 dB to 26.5 GHz 
HP 8766K dc-26.5 t1.3 to 8 GHz Port 1. 

SP3T or dc-18 t1.5 to 12.4 GHz 0.2 dB t 0 05 dB/GHz Consult Technical t 20  mS 3.5 mm(0 45x82~23 178 
(HP 3336310 for opt. 002 t1.6 to 18 GHz Data Sheet 

1630 

t1.8 to 26 5 GHz Port 2: 
HP 8767K dc-26.5 c1.3 to 8 GHz 0.2 dB t 0.M dBIGHz t20  mS 3 5 mm(0 45x105~23 235 

SP4T or dc-18 c1.5 to 12.4 GHz 
$690 

(HP 3336410 for opt. 002 t1.6 to 18 GHz Port 3: 
c1.8 to 26.5 GHz 0.2 dB t 0.08 dBIGHz 

HP 8768K dc-26.5 t1.3 to 8 GHz t20  mS 3.5 mm(O 45x133~23 292 
SP5T or dc-18 t1.5 to 12.4 GHz Port 4: 

$750 % 
(HP 33365K) for opt. 002 t1.6 to 18 GHz 0.2MB t 0.095 dBIGHz 

t1.8 to 26 5 GHz 
HP 876% dc-26.5 c1.3 to 8 GHz Port 5: t 20  mS 3.5 mm(f) 45~160x23 

SP6T 
349 

or dc-18 t1.55 to 12.4 GHz 0.25 dB t 0.108 dBIGHz 
$900 s 

(HP 3336610 for opt. 002 c1.8 to 18 GHz 
c2.05 to 26.5 GHz Port 6: 

0.25 dB t 0.12 dB/GHz 

For same-day shipment, call HP DIRECT at 800-538-8787. 



MICROWAVE TEST ACCESSORIES 
Coaxial and Waveguide Detectors 
HP 4238,8470 Series, 422 Series, 83036C 

'f' 

HP 8474 Series 

Low-Barrier Schottky Diode Detectors 

HP 423B, HP 8472B, HP 8473B/C 
These LBSD detectors have been widely used for many years in a 

variety of applications including leveling and power sensing. They of- 
fer gocd performance and ruggedness. Matched pairs (option 001) 
offer very gocd detector tracking. A video load option (option 002) 
extends the square-law region to at least 0.1 mW (-10 dArn). 

Planar-Doped Barrier Detectors 

HP 8471 D/E 
The HP 8471D and H P  8471E are economy detectors based on the 

planar doped barrier diodes. The PDB diodes give them superior fre- 
quency response, square law response, and temperature performance. 
The HP 8471 D has a BNC(m) input connector and a frequency range 
of 100 KHz to 2 GHz, making it ideal for use in R F  and low micro- 
wave applications. The HP 8471E has an SMA(m) input connector 
and an SMC(m) output connector. Its frequency range is 10 MHz to 
12 GHz. Both models come standard with a negative output, a posi- 
tive output can be specified as an option (option 103). An optimal 
square law load (option 102) and 75-ohm input impedance (option 
175) is also available on the H P  8471D. 

HP 8473D/E Planar-Doped Barrier Detectors 
The HP 8473D and 8473E detectors were the first gallium arse- 

nide, planar-doped barrier diodes introduced. They feature broad- 
band performance and excellent flatness vs. frequency. along with 
superior temperature stability. The HP 8473D is available with a 
3.Smm (m) RF  connector and a BNC output connector. The HP 
8473E features a 2.4mm (m) RF  connector with a BNC output con- 
nector. 

HP 8474A/B/C/D/E Hlgh Performance Planar-Doped 
Barrier Detectors 

These detectors are the newest addition to the H P  family of high- 
performance detectors. Utilizing a gallium arsenide, planar doped 
barrier diode as the detecting element, these detectors offer superior 
performance when compared to earlier detector designs. They feature 
extremely flat frequency response over their entire band of operation 
(typically better than & I  dB to 50 GHz) and very good frequency 
response stability versus temperature. For applications where broad- 
band frequency coverage is not required, octave band options are 

available in specific bands, usually with improved frequency response 
specifications. 

The HP 8474 detectors are available with APC-7 (0.01-18 GHz), 
Type-N (0.01-18 GHz), 3.5mm (mates with SMA, 0.01-33 GHz), 
2.92mm (0.01-40 GHz), or 2.4mm (0.01-50 GHz) connectors. These 
detectors are offered with options for optimal square-law loads (op- 
tion 102) and for positive polarity output (option 103). Because the 
unit-to-unit frequency response tracking of these devices is typically 
better than *0.3 dB, no matched response option is offered. 

Waveguide Detectors 
In addition to coaxial detectors, Hewlett-Packard offers a line of 

waveguide detectors that cover a portion of the millimeter frequency 
band. The HP Q422A (33 - 50 GHz) and HP U422A (40 - 60 GHz) 
are silicon, low barrier schottky diode detectors. The HP K422C (1 8 - 
26.5 GHz) and the HP  R422C (26.5 - 40 GHz) are GaAs, Planar 
Doped Barrier diode detectors. All four models have a negative out- 
put polarity as the standard; the H P  Q422A and HP U422A are also 
available in a positive polarity option. 

Broadband Directional Detector 

HP 83036C 
The HP 83036C is a broadband microwave power sampler, which 

operates in much the same way as a directional coupler and detector 
combination. The HP 83036C is comprised of a resistive bridge and 
PDB diode, which yields a very broadband device with excellent fre- 
quency response, superior temperature response, and square law re- 
sponse characteristics. With a 10 MHz to 26.5 GHz frequency range, 
a single HP  83036C can be used in many applications where two di- 
rectional couplers and detectors were once required, such as in broad- 
band power monitoring and source leveling. 

The HP 83036C has a maximum SWR of 1.7 above 50 MHz on 
both the input and output ports. Directivity of 14 dB matches that of 
most miniature couplers currently available. The maximum insertion 
loss is 2.2 dB. 

The HP 83036C can be used as the monitoring element inside an 
instrument's ALC loop, the monitoring element for external leveling 
of a microwave source, or for forward and reverse power monitoring. 



MICROWAVE TEST ACCESSORIES 
Coaxial and Wavegulde Detectors 

HP 8470 Series, 420 Series, 83036C 
Planar-Doped Barrier Diode Detectors (OEM Equivalent Model No.) 

om 
002/102 

h l m u m  Shw(.Tm Optimum Opttat 003/103 
F- F n p w m l  SWR Input Mulmum Square Posnlw 

HP R m  - Walmwn Lor lml (Perk or input b w  Polarfly 
W (GHz) (dB) (Wll IYom.) Sendtlrftr Average) ( < I  Mln.) Lord Output 

lnpn 
Olh*dplaa Can- Rla 

HP 8471) 0.0001-2 a0.2 to 1 GHz t1.23 to 1 GHz >0.5mVirW 100mW 0.7 Watt Yes  Yes Opt 175: 75 ohms BNC(m) $110 s 
(HP 333310) a0.4 to 2 GHz t1.46 to 2 GHz 

HP 8471E 0.01-12 a0.23 to 4 GHz t1.2 to 4 GHz >O.hV/pW lWmW 0.7 Watt No No 
(HP 33331E) t0.6 to 8 GHz t1.7 to 8 GHz 

SMA(m) $155 w 
a0.85 to 12 GHz t2.4 to 12 GHz 

HP 847313 0.01-33 a0.25 to 12 4 GHz t1.2 to 14 GHz >O.hV/pW 200mW l Watt Note 2 Note 3 
(HP 333300) a0.40 to 26.5 GHz t1.36 to 26.5 GHz 

3.5mm(m) $430 s 
4 .25  to 33 GHz 4 %  to 33 GHz 

HP 8473E 0.01-50 s0.25 to 12.4 GHz t1.4 to 26.5 GHz >O.hVlpW MOmW 1 Watt Note 2 Note 3 
(HP 33330E) a0.40 to 26.5 GHz t1.9 to 40 GHz 

2.hm(0 $625 s 
t0.6 to 40 GHz t 2  3 to 50 GHz 
4 . 0  to 50 GHz 

HP 04741 0.01-18 a0.25 to 12.4 GHz ~ 1 . 3  to 15 GHz >O.hV/pW 200mW .75 Watt Note 2 Note 3 Octave @mds APC-7 $285 
*0.35 to 18 GHz t1.4 to 18 GHz (See Data Sheet) 

HP 84748 0.01-18 a0.35 to 18 GHz c1.3 to 18 GHz >O.hV/pW 200mW .75 Watt Note 2 Note 3 Octave Bands Type N(m) $285 
(HP 333348) (See Data Sheet) 

HP 8474C 0.01-33 a0.45 to 26.5 GHz t1.4 to 26.5 GHz >O.hV/pW MOmW .75 Watt Note 2 Not 3 Octave Bands 3.5mm(m) $265 
(HP 33334C) a0.70 to 33 GHz t2.2 to 33 GHz (See Data Sheet) 

HP 84740 0.0140 4 3 5  to 26.5 GHz c1.3 to 26.5 GHz >O.hVlpW 200mW .75 Watt Note 2 Note 3 Octave Bands 2.92m(m) $385 s 
(HP 333340) t0 .6 to 40 GHz t1.8 to 40 GHz (See Data Sheet) (SMA Compatible) 

HP 847bE 0.01-50 a0.4 to 26.5 GHz t1.2 to 26.5 GHz >0.4mVIpW 200mW .75 Watt Note 2 Note 3 Octave Bands Z.hm(m) $360 
(HP 33334E) a0.6 to 40 GHz t1.6 to 40 GHz (See Data Sheet) 

a1.0 to 50 GHz t2.8 to 50 GHz 

Directional Detector 

!E Walmum % Thru Line 
w m m  YPlmucn 

HP F w m  F- wtntmum lnput Input 
Yodrl RyrS  R- Maximum Maximum Lou Lor lml Dllactlvlly (Into50 ohm lod) (Into Opm) 

Inpnl 

(OEM EqulvaM No.) (GHz) (dB) (50 Nom.) (50 Nom.) (dB) SmdtMty (dB) With a 2:l SMa Match Connectof Rla 
outpn 

HP 83036C 0.01.26.5 t 1  0 17  17  2 2 18uVIpW 14 32 dBm 21 dBm 3 5mm(f) $785 
(HP 33336C) 

Low-Barrier Schottky Diode Detectors 
W l m u m  Short.Tmn 

m Opknm yew3 
lnput Mulmum OpHon 001 Optimum 

lnplt 
FWW F ~ u r m ) .  Flange 

HP Ray@ R W  Maxlmum Lor lml (Peak or Input MlhW Squamln  Polrrfty (Equivalmt 
Wodd (CHI) (dB) (50n Nom.) SensitMiy Averrge) ( < I  Mln.) Retponr Lord Output Wne!gui&) Rla 

HP 4238 0.01-12.4 iO.2ioctave t1.15 to 4 GHz >O 5mVipW 200 mW 1W (Typ~cal) t 0  2 dB to Yes  Yes NtmJ 
to 8 GHz c1.3 to 12.4 GHz 12 4 GHz 

3B 
t0.3 overall 

HP 84708 0.01-18 4.2/octave t1.15 to 4 GHz >O.SmV/pW 200 mW 1W (Tywcal) a0.2 dB to Yes Yes APCd 
to 8 GHz 4 . 3  to 15 GHr 12.4 GHz 

$335 * 
4 . 3  to 12.4 GHz t1.4 to 18 GHz t0.3 to 

HP 04708 Opl012 a0.6 to 18 GHz 18 GHz N(m) $325 s 
HP 84728 0.01-18 t0.2/octave t1.2 to 4.5 GHz >O.SrnVlrW 200 mW IW (Typical) t0.2 dB to Yes Yes SMA(m) 

to 8 GHz t1.35 to 7 GHz 12.4 GHz 
1325 s 

t0.3 to 12.4 GHz t1.5 to 12.4 GHz t0.3 to 
t0.6 to 18 GHz c1.7 to 18 GHz GHz 

HP 84738 0.01-18 t0.2Ioctave t1.2 to 4 GHz >O.SmVIpW 200 mW 1W (Typical) a0.2 dB to No Yes 3.5mm(m) $335 s 
(333308) to 8 GHz t1.5 to 18 GHz 12.4 GHz (Mates w/SMA) 

a0.3 to 12.4 GHz t0.3 to 
a0.6 to 18 GHz 18 GHz 

HP 847% 0.01-26.5 Same as 84738 ~ 1 . 2  to 4 GHz >0.5mV/pW 200 mW 1W (Typical) t0.2 dB to No Yes 3.~mm(m) $360 s 
to 8 GHz t1.5 to 18 GHz 12.4 GHz (Mates wlSMA) 

(-) a1.5 from a t2.2 to 26.5 GHz t0.3 to 
-3.3 dB slope 18 GHz 

from t0.5 to 
18 to 26.5 GHz 26.5 GHz 

Waveguide Detectors 
HP K422C 18-26.5 GHz t0.6 t1.78 >0.42 mV/pW 100 mW 1W (Typ~cal) Note 1 Note 2 Note 3 UG595lU $800 

MlL-W4511-102 
(EIA WR42) 

(MIL-F-3922154C-001) 
HP R422C 26.540 GHz t o  6 t1.78 >0.42 mV/pW 100 mW 1W (Typcal) Note 1 Note 2 Note 3 UG-599lU 

MIL-W-8513Xl8 
$800 

(EIA WR-28) 
(M1L.F-3922156003) 

HP Q4W 33-50 GHz t1.5 <2.0 >0.25 mVlpW 100 mW 0.5W Note 1 Note 2 Yes UG-383lU f 1.200 
M1L.W-8513.010 

(EIA WR-22) 
(MIL-F-3922167a) 

H P U 4 W  4060 GHz t1.5 c2.0 >0.20 mV/pW 100 mW O.5W Note 1 Note 2 Yes UG-383lU (mod.) $1.500 
MIL-W-8513.014 

(EIA WR-19) 
(MIL-F-3922167B-007) 

Note 1: Not appllceble for HP K422C and R422C. Avcrllabb 08 a W a l  option tor QIU422A. For same-day shipment call Hp DIRECT at 800-538-8787 
consun an HP rep remta th .  
Note 2: Available as a rpeclal option on request. Consun ycur HP r w w m a l v e .  
Note 3: Available as a special optlon on request. Conwlt your HP representallve. 



MICROWAVE TEST ACCESSORIES 
Modular Microclrcult Package 
HP 83040 Series 

Microcircuit design and test package 
Streamline design cycles 
Off-the-shelf delivery, convenience 

Excellent repeatability 
Flexible modular design 
0.635 & 0.254-mm (0.010 & 0.025-in) thick substrates 

0.63knm (0.02Un) 
Substntm Yodrl Number P l h  
Starter kit HP 830408 $975 a 
Evaluation klt  HP 830408 Opt 001 $500 3 
Reorder kHr 

- 

H P 8 3 0 4 0  series 

HP 83040 Series Modular Microcircuit Package 
This unique new package bridges the gap between custom model 

shop microcircuit packages and chip test fixtures. It offers flexibility 
and delivery not normally available with model shop packages, cali- 
bration methods usually associated with test fixtures, and prices to 
beat both. Off-the-shelf availability and modular design mean no 
model shop lead times or setup charges. Pre-designed launches and 
package parts let you spend time designing circuits. 

The H P  83040 series is compatible with many of the HP vector 
network analyzer calibration techniques such as Adapter Swap. 
Adapter Removal, Port Extension, Normalization. Gating, De-em- 
bedding. and TRL, each fully described in Product Note 83040-2. 
Typical performance: 0.5 dB insertion loss (thru 1 launch), 20 dB 
return loss, 30 dB repeatability, and 40 dB source match to 26.5 GHz. 

Unlike most test fixtures, this is a microcircuit package. Build cir- 
cuits, test them, then seal them up for use as stand-alone components. 
No bulky vises or complex spring loaded pins to worry about and keep 
track of. 

Applications 
Breadboard design package 
Combine circuit modules; build sub-circuit libraries 
Sample test MMlC devices 
"Connectorize" chips and circuit components for use as stand- 
alone components in microwave chains 

3 5 mm Prec~rmn 
Launch Connectot 

S~ngle end blocks (wlcrrcu~t) 
Double end blocks 
Center sectlons 

1 of each length 
I-mm center section 
2.mm center sectton 
5-mm center sectton 
10-mm center sectlon 
20-mm center sectton 

Through l~ne clrcults 
1 of each length 
I-mm through lhne 
2-mm through l~ne 
5.mm through lhne 
10-mm through lhne 
20-mm through lhne 

Launch Clrcult 

HP 830038 Opt. 100 
HP 830438 Opt. 001 
HP 830438 Opt. 002 
HP 830438 Opt. 005 
HP 830438 Opt. 010 
HP 830438 Opt. 020 

HP 830458 Opt. 100 
HP 830458 Opt. 001 
HP 830458 Opt. 002 
HP 830458 Oot. 005 
HP 830458 Opt. 010 
HP 830458 Opt. 020 
HP 830468 

0.254.mm (0.01Wn) 
Subsmta M o d  Numkr  Rkr 
Starter kit HP 83040(: $1250 1 
Evaluation klt  HP 83040C Opt. 001 $500 
Reorder kits 

Slngle end blocks (wlcircuit) HP 83041C 54% 
Double end blocks HP 83042C $350 
Center sectlons 
I of each length 
1-mm center section 

HP 83003C Opt. 100 
HP 83043C Oot. 001 

2-mm center sect~on HP 830438 Opt 002 
5-mm center sectlon HP 830438 Opt 005 
10-mm center section HP 830438 Opt 010 
20-mm center sectlon HP 83043C Opt 020 

Through lhne c~rcu~ts 
1 of each length HP 83045C Opt 100 
I-mm through lhne HP 83045C Opt 001 
2-mm through llne HP 83045C Opt 002 
5-mm through lhne HP 83045C Opt 005 
10-mm through lhne HP 83045C Opt 010 
20-mm through lhne HP 83045C Opt 020 

Launch clrcult HP 83046C 

Both substrate thicknesses 

Sb l iw  Klt Camnb Evrlumion Klt Contents 

QummrIW 
Single end blocks 2 
(w~th c~rcuits) 
Double end blocks 1 
I-mm center section 1 
2-mm center section 1 
5.mm center section 1 
lOmm center sectlon 1 
20-mm center sectlon 1 
Cover 1 
I-mm through line 1 
2-mm through line 1 
5-mm through line 1 
10mm through line 1 
20-mm through lhne 1 
Launch clrcults 2 
Clamo klt 4 

2 Clamps 2 Clamps 

For same day shipment, call HP DIRECT at 800-538-8787 



MICROWAVE TEST ACCESSORIES 
Coaxial and Waveguide Terminations, Coaxial Shorts & Opens 

HP 908,909,910,914,920,921,11511,11512,11565,85138,85140/1 

HP 908A, 909A/C/D/E/F, 85138A/B Coaxial Fixed 
Terminations (50 and 75 Q) 

The HP 908A. 909A and 909D Terminations are low reflection 
loads for terminating 50 R coaxial systems in their characteristic im- 
pedance. The HP 909C (50 R) and HP 909E (75 R) are precision 
ultra low reflection terminations intended for use as calibration stan- 
dards. 

HP 908A. 909A/C/D/E/F, 85138A/B Specifications 
HP 

Model 

HP 908A 
HP 909A 

HP 909A 
Opt 012 
Opt 013 

HP 909C 

HP 909C 
opt 012 
Opt 013 

HP 909C 
Opt 200 

opt. 011 I I I  

dc4 
dc.18 

HP 909D 

HP 9090 
opt O l l  
HP 909D 
Opt 040 

HP909E 

Frequency 
Range (GHz) 

dc-2 

dc4.2 

I I I 1.016:34 GHz I r I I - 

Impedance 
(ohms) 

M 
50 

dc-26.5 

dc-2 

Opt. 201 
HP 909F 

HP 909F 
Opt 012 

Prim SWR 

50 

50 

1.05 
1.05: 0-4 GHz 

1.1: 4-12.4 GHz 

50 

75 

dc-6 

dc4 

HP 909F 
Opt 013 

HP 85138A 

. I  n 
a HP X910B 

HP 920C, 921A Waveguide Shorts 
The HP R920C. Q920C and U920C are low-loss movable shorts 

for waveguide systems operating from 26.5 to 60.0 GHz. 
The H P R92 1 A, Q92 1 A and U92 1 A are fixed shorts for waveguide 

systems. 

HP 920C. 921A Smcifications 

Power 
Rating 

1.25: 12.4-18 GHz 
1.06: 0 4  GHz 

1.11. 4-12.4 GHz 
1.3. 12.4-18 GHz 

1.005 

1.01 

52 dB to 
200 MHz 

HP 851386 

EIA 
R920C I 26 5-400 I movable I WR28 I $800 

Connector 
b W avg. 
1 kW pk 
2 W avg. 
300 Wok 

1.02: dc3 GHz 
1.036: 3-6 GHz 

1.12: 6-26.5 GHz 

1.02:dc-4 GHz 
1.036:M GHz 

1.12:6-26.5 GHz 
101 

50 

50 

dc-50 

Q920C 1 33 0-50 0 I movable I WR22 1 $800 

Y W avg. 
I00 W pk 

Y W avg. 
100 W pk. 

1.22: 0 5 0  GHz 

N(m) 
APC-7 

2 W avg. 
I00 W pk 

Y W avg. 
100 W pk. 

1.005:dc-5 GHz 
1.01:56 GHz 

1.007:dc-2 GHz 
1.01:2-3 GHz 

50 

HP 91 OA/B/C, 914B/C Waveguide 

U920C 
R921A 

0921A 

- Opt. 012 
N (m) 

Opt. 013 
N (f) 

APC-7 

Opt. 012 
N (m) 

Opt. 013 
N (f) 

Must be 
ordered with 

. . 

2.4 mm 
(1) 

Fixed and Movable Terminations 
The HP 9I0A/B/C are fixed terminations for waveguide systems. 

The HP 91 4A/ B are similar to the HP  9 1 0A/B/C, except that their 
absorptive elements are movable and locking plungers control the po- 
sition of the elements. HP 914C models use micrometer adjustment. 

$130 
$180 

-$I5 

$310 

-125 

$0 

N(m) 
3.5 mm (m) 

'Opt .011 
3.5 mm (1) 
3.5mm(m) 

N(m) 

Y W 
100 W pk. 
Y W 

100 W pk. 

1.07 dc-26.5 GHz 
1.12: 26.5-40 GHz 

$525 

40 MO.0 
26 5 4 . 0  

33 0-50 0 

s = 

U914C 1 40.0600 1 1.01 1 H watt I sl~dlng I WR19 1 $875 

HP 11511A, 11512A, 11565A Coaxial Shorts & 
Opens 

These shorts and opens are used for establishing measurement 
planes for known reflection phase and magnitude in 50 R and 75 R 
coaxial systems for various connectors. 
Ordering Information Price 
H P  1151 IA N-(f) short (50 ohm) ~ 6 0 s  
H P  1250-1531 N-(f) short (75 ohm) $44* 
H P  11512A N-(m) short (50 ohm) $60= 
H P  1250-1530 N-(m) short (75 ohm) $55 = 
H P  11565A APC-7 short (50 ohm) SllO= 
H P  0960-0054 SMA-(f) short (50 ohm) $22.50* 
H P  0960-0055 SMA-(m) short (50 ohm) $ l l =  
H P  11652-60001 BNC (m) 50 ohm Termination 5 1 2 0 s  
H P  85138A 2.4mm (m) 50 ohm Termination $475= 
H P  851388 2.4mm (f) 50 ohm Termination $525= 
H P  85140A 2.4mm (m) short $250= 
H P  851408 2.4mm (f) short $275 = 
H P  85141A 2.4mm (m) open $275= 
H P  851418 2.4mm (f) open $300= 

For same-day shipment, call HP DIRECT at 800-538-8787. 

Q910A 

U910A 
V910C 

$230 

$0 

+ $ I 5  

$300 

APC.7 

N(m) 

LI W 

movable 
f~xed 
f~xed 

s 
w 

$325 

-125 

33.0-500 
4 0 M 0 . 0  
50 0-75.0 

N(f) 

2.4 mm 
Im) 

WR19 
WR28 
WR22 

-$25 

$475 

$8 10- 

1 85 
S 75 

1.03 

1.04 
1.025 

1 watt 
1 watt 

0.3 watt 

f~xed 
f~xed 
l~xed 

WR22 
WR19 
WR15 

$275 

$275 
6650 



MICROWAVE TEST ACCESSORIES 
382 Coaxial Slngle-and Dual-Directional Couplers, 90" Hybrid Coupler 0 HP 770 Series, 11691D,11692D,87300 B/C, 87301D,87310B 

HP 87300 Series Directional Couplers 
Hewlett-Packard offers a line of compact, broadband directional 

and hybrid couplers that are designed for signal monitoring or, when 
combined with a coaxial detector, signal leveling. The HP 87300B is 
supplied with SMA (f) connectors, the HP  87300C had 3.5 mm 
(f) connectors. the HP  87301 D has 2.4 mm (f) standard or optional 
2.92 mm (f) connectors. 

The HP 87310B is a 3 dB hybrid coupler intended for applications 
requiring a phase difference of 90 degrees between signals. The 
HP 873 10B features SMA (f) connectors. 

HP 773D Directional Coupler & HP 772D Dual- 
Directional Coupler 

The H P 772D and 773D are high-performance couplers designed 
for broadband swept measurements in the 2 to I8  GHz range. The 
HP 773D is ideal for leveling broadband sources when used with an 
HP  84748 detector. (See also the HP  83036C directional detector). 
For reflectometer applications, the HP  772D is the best coupler to use 
with HP  power sensors and power meters (such as the HP  438A dual 
power meter). Forward and reverse power measurements on trans- 
mitters, components, or other broadband systems are made simpler 
by using the HP  772D. The broadband design allows using a single 
test setup and calibration for tests spanning the entire 2 to 18 GHz 
frequency range. 

HP 87300 Series Spechtionr 

HP 774D - 778D Dual-Directional Couplers 
The economical HP  774D-778D couplers cover frequency spreads 

of more than 2:I, each centered on one of the important VHF/UHF 
bands. With their high directivity and mean coupling accuracy of 
k0.5 dB, these are ideal couplers in reflectometer applications. The 
close tracking of the auxiliary arms make these couplers particularly 
useful for reflectometers driven by sweep oscillators such as the 
HP  8350B with its appropriate plug-in. Power ratings are 50 W aver- 
age, 10 KW peak. 

HP 772-779D, 11691D, 11692D S ifkationr 
Muimum 

Fnqumy Nmnhul Coupling Mlnlmum Primary LIna 

UP 772D 2 18 109  2124 30 2124 13  $2350 
124 18 27 12 4 18 1 4  

HP 7730 2-18 t o 9  2-12430 I? $1250 
12418 27 

UP 
Modd 

ImUtbn 
Lou 

Frequency 
Ranne 

Pika 

HP 779D 

HP 116910 

UP 7720 Standard Connectors 
Pr~mary L~ne: APC.7. APC-7: Auxiliary Arms: N(f) 
Ot4 001 Prtmaw Line. N(n. N(f) 

Nominal 
~ o u ~ l i n n  6 

1.7-12.4 

HP 11692D 

I UP 774D777D Standard connectors I 

2-18 

Pr~mary Llne N(m). N(f) 1 Auxhlharv Arm: N(fl. Nlfl 

Minimum 
Dir~tivitY 

20 t 0.5 

2-18 

UP 778D Standard connectors 
Pr~maw Llne: Nlm). N(fk Auxiliaw A m :  N(n. Nfn 

SWR 
Wximum 

22 

. .  , .  
Opt 0l'l ~ r 1 m a 4  ~ 1 n e . ' ~ k - 7 .  ~(i) + $25 
Opt 012 Pr~mary L~ne, N(m). N(f) $0 

UP 7790 Standard connectors 

22 

I Pr~mary L~ne N(m) Input. N(f) output; auxiliary arm N(f) 
Opt 010 Pr~mary Line N(f) tnput. N(m) output; auxiliary output N(f) 
Other oot~ons APC-7 on anv or all wrts tnntrt  HP 

t0.75 

1 . 0  

UP 11691D and 773D Standard connectors 
Pr~mary Ihne: APC-7. APC-7; Auxtl~ary Arm: N(f) 
0111 M)1 All NIfl 

1.74 GHz: 30 
412.4 GHz: 26 

1.2' 

tl incident 
to test port 

opt 00s (11691~  only) AII APCJ + iis 
UP 11692D Standard connectors 

Pr~mary Ilne. NU). APC-7; Auxiliary Arms: N(f). N(f) 
Opt 001 Pr~mary L~ne. N(f). N(f) - $15 
Opt 002 Pr~mary L~ne. N(f), N(m) - $15 

$1.300 

2 4  GHz: 30 dB 
6-18 GHz: 26 dB 

'Maxlmum auxiliary ann tracking: 0.3 dB fa HP 776D:O.S dB for HP 777D 
'30 dB. 0.1 l o  2 G M .  input port. 
'24 dB wlth Type N connector on the test port. 
'Apparent SWR at the output pwt of a carpla wha used in a closed-bop W i n g  ay@m 

2-8 GHz: 30 
a 1 8  GHz: 26' 

1 .T $1,895 

2-12.4 GHz: 1.3 
12.4-18 GHz: 1.4 

$3.225 



MICROWAVE TEST ACCESSORIES 
Frequency Meters, isolators and Waveguide Directional Couplers 

HP 365 Series, 532 Series, 537A, 752 Series 

HP Q532A 
HP 752 Series Waveguide Directional Couplers 

The HP 752  series Couolers are swcified to meet a wide varietv of 
microwave applications. Every coupler has a minimum directivity of 
30 dB over its entire frequency range. Each coupler is swept-frequen- 
cy tested to ensure that the main guide SWR and directivity specifica- 
tions are accurate. Performance characteristics are unaffected by 
humidity, temperature, and time, making these units especially useful 
in microwave "standards" measurements. 

The HP R752AS/CS/DS, Q/U752A/C/D, and V/W752C/D 
use a split block design, allowing for very close control of critical 
dimensions, which results in the high performance of these couplers. 

The HP 752 Couplers are an essential part of many waveguide 
measurement systems. Attenuation measurements, reflectometer set- 
ups. power measurements, source leveling and network analysis are 
just a few areas in which these couplers are used. 

HP 752 Series Specifications 

HP 365A Millimetre-Wave Waveguide Isolators 
The HP Q and U365A Isolators use a Faraday-rotation-type de- 

sign consisting of a section of waveguide containing low-loss ferrite 
material and impedance matching elements. A permanent magnet 
supplies the external magnetic bias field to the ferrite core. This re- 
sults in excellent broadband isolation ratios of at least 25 dB along 
with low SWR and insertion loss. 

HP 365A Waveguide Isolator Specifications 

HP 532 Series, 537A Frequency Meters 
These direct-reading frequency meters measure frequencies from 

33.0 to 60.0 GHz in waveguide and from 3.7 to 12.4 GHz in coax 
quickly and accurately. Their long scales and numerous calibration 
marks provide high resolution which is particularly useful when mea- 
suring frequency differences or small frequency changes. Frequency 
is read directly in GHz so neither interpolation nor charts are re- 
quired. 

The instruments comprise a special transmission section with a 
high-Q resonant cavity which is tuned by a choke plunger. A 1 dB or 
greater dip in output indicates resonance; virtually full power is trans- 
mitted off resonance. Overall accuracy of each frequency meter in- 
cludes allowance for 0 to 100 percent relative humidity and 
temperature variation from 13 to 33°C. 

I 

HP 
Modal 

HP 532 Series, 537A Specifications 
I I I I I W I G h x  I 1 

1 Maxi- I I I I 1 
F W w n V  

Range 
(GHz) 

HP 
Model 

5371 

SWR 
(Max.) 

Q532A 

U532A 

Fmquency 
Range 
(GHz) 

3 7 1 2 4  

mum 
Insertion 

Lass 
(dB) 

33.0-50.0 

40.0-60.0 

Overall 
Accuracy 

(%) 
0 170 

Mink 
mum 

kolatlon 
(dB) 

0.12 

0.15 

CIllbnNon 
Increment 

(MHz) 
10 

h l m u m  
Input 

Pa*nr(Aq) 

20 

~~ulvalent  
Flange 

(Connector) 

Coax 

W~VO#IIY L 
Equivalent 

Flange 

Wca 
$2195 

Type N(f) 
WR-22 

UG-383lU 
WR-19 

UG.383lU (Mod.) 

Wca 

$2525 

$2658 



MICROWAVE TEST ACCESSORIES 
Waveguide Variable, Fixed Attenuators, Stands, Filters 
HP 382 Series, 362 Series, 370 Series, 11540 Series, 373 Series 

HP 382 Series Waveguide Attenuators 
Operation of these HP 382 series rotary-vane, continuously-varia- 

ble attenuators depends on a mathematical law rather than on the 
resistivity of the attenuator card. They are direct-reading and provide 
accurate attenuation from 0 to 50 dB regardless of temperature and 
humidity. 
HP 382 Series Specifications 

HP 11540 Series Waveguide Stand, 
Waveguide Holders 

The HP 1 1540A Waveguide Stand locks H P  waveguide holders at 
any height from 70 to 133 mm (2.75 in. to 5.25 in.). The waveguide 
holders are offered in five sizes to hold waveguide covering frequen- 
cies from 22 to 40 GHz. 
Ordering information Price 
H P  11540A Waveguide stand $80 
H P  1154SA X-Band, 11548A R-Band Waveguide each $75 
holders 
HP 11546A P-Band. 11547A K-Band, Waveguide each f 75 
holders 

HP 362 Series Waveguide Low Pass Filters 
These Hewlett-Packard low-pass filters facilitate microwave mea- 

surements by eliminating undesirable signals (such as harmonics) 
from the measurement system. Suppression of such signals is particu- 
larly important in applications such as broadband reflection and 
transmission measurements or slotted line measurements where har- 
monics generated by the signal source could otherwise impair mea- 
surement accuracv. 

HP 370A/B/C Millimeter-Wave Fixed Attenuators 
The HP Q and U 370 Fixed Attenuators offer precise attenuation, 

flat frequency response, and low SWR. Their ruggedness, reliability, 
and small size make them ideal for bench systems applications. They 
are also useful for general-purpose applications, such as reduction of 
power levels to sensitive components and systems. 

HP 370A/B/C Fixed Attenuator Specifications 
0 - .  

Fmucnel 
Range 
(CHI) 

33.50 

.5W Avg. 

U370B 4060 1.2 lWW Peak 6dB I t0.6dB UG-3831U (Mod.) $575 

U370C lOdB 1 +0.6dB 

HP 373D/G Millimeter-Wave Fixed Attenuators 
The HP R, Q, U, V, and W 373 Precision Fixed Attenuators offer 

very precise attenuation, flat frequency response, very low SWR, and 
low attenuation drift with age. The split block design offers this excel- 
lent performance in a rugged, reliable package. Intended for use on 
the bench in applications requiring very precise signal reduction, or 
where a precise attenuation standard is needed. Available in 20 and 
50 dB values. 

HP 373D/G Fixed Attenuator Specifications 
Frequency Max. Attenu. Attenu. Wmguldr k 

HP Range SWR Input A m l c  atlon ation Equlv8lent 
Modal (CHI) (Max) Power atlon Accuracy Variation flange Pfke 

R373D 26 5-40 105 .5W Avg. 20dB * 7dB - 7dB WR28 $700 - 
R373G lWW Peak 50dB UG-599lU 

Q373D 33-50 1.05 .5W Avg. 20dB a.7dB i.7dB WR22 $700 - 
Q373G lWW Peak 50dB UG-383lU 

U373D 4060 1.05 .5W Avg. 20dB t.7dB +.7dB WR19 $750 - 
U373G lWW Peak 50dB UG.383lU(mod) 
V373D 5B75 1.08 .3W Avg. 20dB +l.OdB a.7dB WR15 $750 - 
V373G 60W Peak 50dB UG-385lU 
W373D 75.110 1.08 .2W Avg. 20dB +l.OdB t.7dB WR18 $750 - 
W373G 40W Avg. 50dB UG-387lU(mod) 

HP 362 waveguide Low Pass Filter Specifications 



MICROWAVE TEST ACCESSORIES 
Adapters, Bends, Twists, Straights, Mismatches 

HP 281A/B/C, 292A/B, 11515/16A1 897A/B, 898A/B, 899A/B 

HP 281A/B/C, 292A/B, 11 5 1  5A116A Coax and 
Waveguide Adapters 

IIP 28 I A/ B/C rugged waveguide-to-coax adapters cover frequen- 
cies from 2.6 GHz to 60 GHz. Coaxial connector types include Type 
N, APC-7, 3.5 mm, 2.4 mm, and 1.85 mm. 

HP 292A/B waveguide-to-waveguide adapters connect waveguide 
sizes with overlapping frequency ranges. 

HP  1 15 15A/ 16A adapt circular waveguide flanges to rectangular 
flanges in K-band and R-band. 

HP 281A/B/C Specifications 

HP 
Modd 
S281A 

I P  292A/B1 11515A, 1 lSl6A Specifications 

HP 894,896,897,898,899 
Millimetre-Wave Waveguide Accessories 

Waveguide accessories. such as E- & H-Plane bends, twists, and 
straight sections. are necessary and useful for assembling waveguide 
measurement systems. 

HP offers HP R/Q/U/V/W 897A/B E-Plane and H-Plane bends 
of 90 degrees. HP R/Q/U/V/W 898A/B twists can be specified for 
either right rotation (A-Model) or left rotation (B-Model) of 90 de- 
grees. And, finally, several HP R/Q/U/V/W 899A/B straight sec- 
tions are available in 2.5 and 5.0 cm lengths to fill  out the proper 
dimensions of complicated test set-ups. 

Network analysis calibration is verified by measuring a precise and 
traceable reference impedance. HP's R/Q/U/V/W 896 standard 
sections and R/Q/U/V/W 894 standard mismatches are this kind of 
references. 

They have very low SWR, less than 1.016. Impedance is NlST 
traceable using laser interferometry to accurately measure waveguide 
dimensions. 

The HP Q/U896 have a unique precision flange design. When mat- 
ing with a standard MIL-spec flange, this design improves 
repeatability by about a factor of two (when mating two HP precision 
flanges, repeatability is improved by a factor of five). 

- -  

RQ292A 

OU292A 

HP 897A/B, 898A/B, 899A/B Waveguide 
Accessories S~ecifications 

Rla 
$ 275 

$345 

$275 

$275 

$275 

HP 
Model 

HX292B 

MX292B 

MP292B 

NP292A 

NK292A 

SWR 
1.25 

- ~ -  

33.040.0 

40.0-50.0 

CoaW 
Connector 

N(f)  

Frequency 
Range 
(CHI) 

F rsguency Range 
(GHz) 

8.2-10.0 

10.0-12.4 

12.4-150 

15.0-18.0 

18.0-22.0 

Frequency 
Range 
(GHz) 

2.60-395 

1.15 

1.15 

WIG 
Flange 
UG.0 U 

584 

Wavegulda 
She 
EIA 

WR284 

w r l *  
and HP Modd 

Bends 

SWR 
1.05 

1.05 

1.05 

1.05 

1.05 

Rla 
$395 

W/G Sin lo W/C S l a  
Flange Flmge 

WR 112 WR 90 
UG-51lU UG-39lU 
WR 75 WR 90 
Cover UG-39lU 
WR 75 WR 62 
Cover UG-419lU 
WR 51 WR 62 
Cover UG419lU 
WR 51 WR 42 
Cover UG-595lU 
WR-28 WR-22 

UG-381lU UG-383lU 
WR-22 WR-19 

WR 

$470 

$500 

WIG 
Equl*. 
Flanb Rla 



DIMENSIONAL MEASUREMENTS 
Laser Interferometry Measurement Systems 
HP 55278,5528A. VMEbus, 5501A 

High accuracy and resolution 
High stability and repeatability 
Fast axis velocity 

- 

H P  55278 system with the  new HP 5517C laser head, 55078 
electronics, HP 10780C receiver and the 10780F remote 
receiver. 

Precision Positioning Products 
Hewlctt-Packard  recision ~ositionine. systems combine Michelson 

interferometery with a highly stabilize& iwo-frequency HeNe laser 
to measure linear distance. pitch, roll and yaw, flatness, straightness, 
squareness and parallelism. These systems also have the capability to 
compensate for changes in the refractive index of air. The resolution 
is I0 nm to 2.5 nm (0.4 to 0.1 microinches). Hewlett-Packard's pat- 
ented two-frequency design makes measurements over distances up to 
80 meters (260 feet). 

These systems offer a wide selection of measurement optics and 
electronics that include the new HP 10780F Remote Receiver. The 
high sensitivity receivers permit measurements in six degrees of free- 
dom. Applications range from OEM precision positioning stages such 
as IC wafer stepper systems, IC inspection and repair systems, and 
flat panel systems, to optical and magnetic servo track writers, as well 
as precision cutting and measuring machines, to general-purpose me- 
trology. 

Each system is made up of optics. electronics and laser heads. The 
optics are common to all systems. The electronics of the HP 5527B. 
VMEbus, and HP 5501A are designed to be built into precision posi- 
tioning systems. 

The HP 5528A Laser Measurement System is a single axis, easy- 
to-use, transportable measurement system with a wide range of appli- 
cations. Examples of its use are fabrication (calibration of machine 
tools and coordinate measuring machines), manufacturing (precision 
alignment and positioning), R&D (non-contact measurements), and 
metrology (calibration of scales, gauges and surface plates). 

System Components 
HP laser transducer systems use common optics. Only the laser 

heads and the electronics. differ between systems. Outputs available 
are position, position error, A quad B, up/down pulse, and motor- 
drive. The technical data sheet for each system provides detailed in- 
formation. 

The optics and laser head for the HP  5528A are unique to that 
system but are compatible with the transducer system for special ap- 
plications. 

Laser Heads 
Four laser heads are recommended for HP  transducer systems; 

these are the H P  5517A. HP  5517B (500 mm/second axis velocity). 
55 17C (700 mm/sec) and HP 5501 B. 

The total accuracy of a transducer system is the sum of the errors 
from the laser head, the choice of optics, and the effects of the envi- 
ronment. All HP  laser heads have a vacuum wavelength accuracy of 
*O. lppm (+0.02ppm with factory calibration to MIL-STD 45662A) 
and a demonstrated MTBF greater than 50.000 hours. 

Multiple optics 
Automatic compensation 
Remote sensing with fiber optics 

3- 
--t 

HP 10895A VME laser axis board. 

Optics 
A variety of optics are available to optimize optical layout for a 

system. The HP 10702A Linear Interferometer is the basic measure- 
ment optic, and it is used with the HP 10703A Retroreflecter. The 
smaller HP 10705A Single Beam lnterferometer and the HP 10704A 
Retroreflector are used where space is limited and low mass is re- 
quired. 

Plane mirror interferometers are normally required for X-Y stages 
and offer twice the resolution, at half the axis velocity of linear and 
single beam interferometers. The HP 10706B High Stability Plane 
Mirror lnterferometer is insensitive to thermal effects and thus offers 
excellent stability. The HP 1071 5A Differential lnterferometer offers 
the highest thermal stability. 

The HP 10716A High Resolution Plane Mirror interferometer of- 
fers twice the resolution (2.5nm) with half the axis velocity of the 
other plane mirror interferometers. 

Electronics 
The electronics are the most significant differentiator of the trans- 

ducer systems. Four basic outputs are available. Both open-loop mea- 
surement data and position error data for custom closed-loop 
positioning are available from all three transducer systems. A-quad-B 
with up/down pulse outputs, are available with the HP 5501A Trans- 
ducer System's electronics. Closed-loop in the form of +10V, PWM, 
and 16-bit binary, are available to drive motor amplifiers. These out- 
puts are found on the HP  10936B Servo-Axis Board which is part of 
the HP 5527B Transducer System's electronics. Real-time 32-bit po- 
sition output is available from the HP  10932B Axis Board - also part 
of the HP 5527B electronics. The new HP 10780C Receiver and the 
new HP 10780F Remote Receiver each work with all three systems. 

Improving Accuracy and Repeatability 
Maximum accuracy and repeatability requires compensation for 

certain parameters. HP laser interferometer systems depend on the 
high accuracy of the laser's wavelength. However, the wavelength of 
light in air depends upon the air's refractive index, which is a function 
of air temperature, pressure, and composition. In addition to the 
wavelength of light effects, errors can result from thermal expansion 
of the workpiece. To take full advantage of Hewlett-Packard's high 
wavelength stability, the HP 10717A Wavelength Tracker compen- 
sates for changes in the air's refractive index. and the new HP 10780F 
Remote Rece~ver eliminates thermal erects due to the receiver elec- 
tronics. Product Note 5527A-2, describes in detail how to achieve 
maximum accuracy and repeatability. Further details on the trans- 
ducer systems are provided on the following pages. 



High axis velocity 
Electronic system test 
Multiple axes measurements 

HP 55278 Laser Position Transducer System 
The HP 5527B offers improved system performance with finer res- 

olution, faster axis velocities, remote sensing receivers, and complete 
servo-control capability. It can be configured for closed or open-loop 
control, multi-axis capabilities, automatic compensation, and special 
prototyping abilities for custom electronics. 

Electronics 
The HP 5527B system electronics combine superior performance 

with greater ease of use and full EMC compliance. The system is con- 
trolled with HP-IB, and three outputs are available, depending on the 
boards used. The HP 5507B with the HP  109328 Axis Board pro- 
vides open-loop measurements and position data for custom closed- 
loop positioning. These outputs are available in 32-bit digital format 
and via HP-IB. The HP 5507B with the HP  10936B Servo-Axis 
Board provides open-loop measurements (same as the H P  10932B 
Axis Board) and closed-loop outputs for various types of motor ampli- 
fiers. These closed-loop outputs are + 10V analog, 16-Bit digital, and 
pulse width modulated. The HP 10941A Prototyping Board provides 
the capabilities for custom electronic designs. The HP 10946C Auto- 
matic Compensation Board works with the HP  10717A Wavelength 

DIMENSIONAL MEASUREMENTS 
Laser Interferometry Measurement Systems 

HP 55278, VMEbus 

UP 5517AiBlC 
LASER HEAD 

INTERFEROMETER 

SERVO TRACK WRITER APPLICATION 

Servo-loop positioning 
Multiple outputs 
Atmospheric compensation 

Tracker or the HP  10751A Air Sensor and the HP  10757A Material 
Temperature Sensor to automatically compensate for the wavelength 
of light and temperature effects. The HP 10780C Receiver enables 
the system to have up to six measurement axes. 

Sewo Electronics 
The HP 109368 Servo-Axis Board provides closed-loop outputs for 

precision positioning. It is a software-programmable digital servo 
with built-in motion control algorithms, and it allows the down-load- 
ing of custom algorithms. A built-in trace function speeds and simpli- 
fies servo loop characterization and position control unique to each 
system. 

VME Electronics 
The new HP 10895A Laser Axis Board, compatible with VME 

Rev. C.I. provides capability similar to the HP  10932B Axis Board. 
Outputs are position data, in 32-bit format, for closed-loop position- 
ing systems. This VME solution permits easy, cost-effective integra- 
tion of laser electronics into VMEbus systems. 

INTERFEROMETER 

System Specifications 
HP 55278 VMEba HP 5501A 

Accuracy 
Vacuum 0.1 ppm 0.1 ppm 0.1 ppm 
With MIL STD 45662A 0.02 ppm 0.02 ppm 0.02 ppm 

Maximum Resolution 
L~near opt~cs 10 nm 10 nm 10 nm 
Plane mlrror optics 5 nm 5 nm 5 nm 
High resol. optics 2.5 nm 2.5 nm 2.5 nm 

Maximum Axis Velocity 
L~near opt~cs 700 mm/s 700 mm/s 500 mmls 
Plane mlrror optics 350 mmls 350 mm/s 250 mm/s 
Hlgh resol. optlcs 175 mm/s 175 mmls 125 mmls 

Maximum Range 4 0 m  40 m 4 0 m  
Maximum Data Output Rates 

Pos~l~on/po~~t~on error 3.3 MHz 3.3 MHz 300 KHz 
A quad B (Available late 91) N/A 1.6 MHz 
Up/down pulse (Ava~lable late 91) N/A 22.5 MHz 
Motor-drive 8 KHz N/A N/A 



DIMENSIONAL MEASUREMENTS 
Laser Interferometry Measurement Systems (cont'd) 

Ordering Information 
System Component 

Laser Heads 
H P  5517A Laser Head 
H P  5517B Laser Head 
H P  5517C 
H P  55018 Laser Head 

(HP 5501A System) 
Electronics 

H P  5507B Transducer 
Electronics 

Opt 032 Axis Board, 1 per axis 
Opt 036 Servo-Axis Board. 1 

per axis 
Opt 046 Automatic 

Compensation Board 
H P  10932B Axis Board, 1 per 

axis 
H P  10936B Servo-Axis Board, 1 

per axis 
H P  10941A Prototyping Kit 

Board 
H P  10895A Laser Axis Board for 

VMEbus 
Receivers 

H P  10780C High Sensitivity 
Receiver 

H P  10780F Remote Receiver - 
2m fiber optic cable* 

Optkr 
H P  10700A 33% Beam Splitter 
H P  10701A 50% Beam Splitter 
H P  10702A Linear 

Interferometer 
H P  10702A 

Opt 001 Linear Interferometer 
/windows 

H P  10703A Reflector 
H P  10704A Reflector 
H P  10705A Single Beam 

Interferometer 
H P  10706A Plane Mirror 

Interferometer 
H P  10706B High Stability Plane 

Mirror 
Interferometer 

H P  10707A Beam Bender 
H P  10710A Adjustable Mount 
H P  10711A Adjustable Mount 
H P  10715A Differential 

Interferometer 
H P  10715A 

Opt 001 Differential 
Interferometer turned 
configuration 

H P  10716A High Resolution 
Interferometer 

H P  10716A 
Opt 001 High Resolution 

Interferometer turned 
configuration 

H P  10722A Plane Mirror 
Converter 

H P  10723A High Stability Plane 
Mirror Converter 

Price Ordering Information Price 
55278 VMEbus System Component 55278 VMEbus 

HP 10724A Plane Mirror X X 5575 
X X $6700 Reflector 
X X $6630 Compensation 
X X $6950 H P  10751A Air Sensor - 5m X 54400 

cable, 1 per system 
$6630 H P  10751B Air Sensor - 15m X $4500 

cable 

X $4400 
H P  10757A Material Temp. X $970 

Sensor, 5m cable, 2 
per system 

32040 H P  10757B Material Temp. X 
$4000 Sensor, 10m cable 

H P  10757C Material T c m ~ .  X 
$1840 Sensor. 2Om cable 

H P  10717A Wavelength Tracker X $6730 
X $2450 (requires HP  10780C 

receiver) 
X $4200 H P  10946C Automatic X $2240 

Compensation Board 
X $500 Cabling 

H P  10790A Receiver Cable 3m X X $130 
X $2750 cable, 1 per rcvr 

H P  10790B Receiver Cable 1 Om X X $160 . - ~ ~ 

cable 
X $660 H P  10790C Receiver Cable 20m X X $210 

cable 

X X $770 H P  10791A Laser Head Cable 
3m cable 

H P  10791B Laser Head Cable 

X X 7m cable 

X X 
H P  10791C Laser Head Cable 

$550 
X $510 

20m cable 
X X f2040 H P  10793A Laser Head Cable X X 5230 

3m cable, 1 per sys 
H P  10793B Laser Head Cable X X $255 

1 Om cable 
H P  1079X Laser Head Cable X X $360 

20m cable 
Support Literature 

H P  5527B Designer's Guide $100 
Manual 

H P  5501A Technical Data Sheet SO 
H P  5527B Technical Data Sheet $0 
A N  325-10 Sub-Micron $0 
Positioning with the 
HP  5527A/B Laser Positioning 
System 
AN 325-1 1 Disk Drive Servo $0 
Track Writing with Laser 
Interferometers 
AN 325-12 non-contact 
measurements using laser 
interferometers 
P N  5527A-1 Rapid Data SO 
Collection with the H P  5527A 
System 
PN 5527A-2 Achieving SO 
Maximum Accuracy and 
Repeatability with the 
HP 5527A/B System 
PN 5527A/&3 Advanced $0 
Measurement Techniques Using 
the H P  5527A/B System 
NOTE: For complete detalled system conRguratlMls uae the appropriate technical date shed for 
each system. For complete ~nformatlon on HP 5501A system, ask for technical data sheet PIN 
5952-7993. 

Addltlonal length cabled are available. 



Transportable 
Stand Alone 
Easy-to-use 
PC-compati ble software 

DIMENSIONAL MEASUREMENTS 
Laser Interferometer Measurement Systems 

HP 5528A 

Optimized for machine tool calibration 
Acceptance testing of new machines 
Multiple measurements 
Long distance measurements 

Machine tool calibration with the  HP 5528A 

HP 5528A Laser Measurement System 
The HP 5528A Laser Measurement System quickly detects and 

easily measures critical errors in positioning and geometry of preci- 
sion machines. These measurements include distance and velocity, 
pitch and yaw, flatness, straightness, squareness and parallelism. The 
system can be used for machine tools, and it is also used to calibrate 
coordinate measuring machines, printed-circuit board fabrication 
equipment, and other precision equipment. Because it does not de- 
grade from wear or aging, the HP 5528A system makes an ideal ref- 
erence length standard for metrology labs and various R&D 
applications (non-contact measurements). 

Using the HP 5528A Laser Measurement System to completely 
characterize machines provides the following benefits: 

- ensures new machines meet their specifications 
- reduces scrap, rework, and inspection cost by increasing the abili- 

ty to produce repeatable accurate parts. 
- reduces preventative maintenance cycles. 

Measurement Versatility Through Modular Design 
Although the basic HP 5528A measures distance and velocity, ad- 

ditional measurement optics are available for measurement of pitch, 
yaw. flatness, straightness, squareness, and parallelism. The basic sys- 
tem consists of the HP 5508A Measurement Display, HP  5518A La- 
ser Head, H P  10793A Laser Head Cable, and applicable 
measurement optics. The following measurement optic kits are avail- 
able: 

HP  55280A Linear Measurement Kit (distance and velocity) 
HP  55281A Angular Optics Kit (pitch and yaw) 
HP 55282A Flatness Accessory Kit (surface plate flatness) 
HP  55283A Straightness Measurement Kit (straightness and par- 
allelism) 
HP  10777A Optical Square (squareness) 
This modular design allows the HP  5528A system to be configured 

to meet present needs while offering economical expansion in the fu- 
ture. 
Measurement and Analysis 

The addition of a personal computer and metrology software great- 
ly enhances the capabilities of the HP  5528A system. H P  10754A 
Dimensional Metrology Analysis Software provides complete data -. 

collection. storage, analysis, and print out fo; system measurements. 
This software oDerates on the HP Vectra PC family of computers and 
others that are 'compatible with the IBM PC-XT and AT.' 

The HP 10754A metrology software greatly increases the efficien- 
cy of machine tool calibration and other measurements with the La- 
ser Measurement System. The time saved over manual data 
collection and calculation reduces machine downtime and increases 
productivity. 
Improved Accuracy and Repeatability 

With automatic and manual compensation, the H P  5528A system 
provides increased measurement accuracy and repeatability. The 
manual compensation consists of measuring air temperature, pres- 
sure, and relative humidity, finding the compensation factor that cor- 
responds to these measurements in a look-up table, and then entering 
this number into the HP 5508A measurement display. Automatic 

compensation is provided by the H P  10751A Air Sensor. This device 
measures air temperature and pressure, calculates the compensation 
factor and automatically updates the HP  5508A measurement dis- 
play. Automatic compensation assures maximum measurement accu- 
racy and repeatability in changing environments. 

Material temperature compensation is also available to correct for 
errors induced by thermal expansion of the measured object. Materi- 
al temperature can be manually entered into the HP  5508A measure- 
ment display, or automatically monitored and updated by one to three 
HP  10757A Material Temperature Sensors. 

Specifications 
General 

Laser: two frequency HeNe. 1.0 mW maximum power output. 
Power: 100, 120. 220,240 Vac (+5%, - 10%). 48-66 Hz, 175 VA 
maxlrnum. 
Display update rate: 40 Hz nominal 

Distance 
Accuracy: +0.1 parts per million (ppm) in vacuum 
-0.07 pprn in vacuum with factory calibration to MIL-STD 45662 
+l .7  ppm with HP 10751A Air Sensor (15-25 C)  
Resolution: 0.01 pm (1.0 pin.) 
Measurement range: 40m (130 ft), 80m (260 ft) with C01-5518A 
Long Range Special 
Measurement velocity: 27.4 m/min (1080 in./min) 

Pitch and Yaw 
Resolution: 0.1 arc-sec. 
Measurement range: *3600° arc-sec. (+ 1 degrees) 

Straightness 
Resolution: 0.01 pm (1.0 pin.) using short range optics 
0.1 urn ( 10.0 pin.) using long range optics 
Measurement range: *I .5mm (0.060 in.) 
Axial range: 0.1-3.0 m (0.3-10 ft) using short range optics 
1 .O-30 m (3.0-100 ft) using long range optics 

Ordering Information Price 
H P  5508A Measurement Display $7040 
H P  5518A Laser Head $7040 
H P  C01-5518A Long Range Special $1500 
H P  10751A Air Sensor $4400 
H P  10753A Tripod $ 1430 
H P  10754A Dimensional Metrology Analysis Software $ 1.200 
H P  10757A Material Temperature Sensor $970 
H P  10777A Optical Square 34500 
H P  10793A Laser Head Cable $230 
H P  55280A Linear Measurement Kit $4400 
H P  55281A Angular Optics Kit $4900 
H P  55282A Flatness Accessory Kit $2900 
H P  55283A Straightness Measurement Kit $7400 
For detailed information, ask for the following literature: 
HP  5528A Data Sheet 
HP  10754A Data Sheet 
Application Note 325-2 Machine Tool Calibration with the Laser 
Measurement System 



Quartz Pressure Probe, Quartz Pressure Set, & Pressure Signal Processor 
HP 2813E/D, 2816A 

0.001 psi resolution (6,9 Pa) 
High performance 

HP 2813E Quartz Pressure Probe 

HP 2813E/D Quartz Pressure Probe and 
Pressure Set 

The quartz technology that Hewlett-Packard first introduced to the 
oil- and gas-well industry in 1970 is still the standard for pressure 
measurement applications requiring extremely high accuracy, resolu- 
tion and repeatability. These features, combined with its rugged con- 
struction, make the 2813E probe ideally suited for petroleum 
applications, oceanographic research and subterranean hydrodynam- 
ic studies. 
High Precision, Resolution and Repeatability 

Capable of sensing wellbore pressure changes as small as 0.001 psi, 
the probe's measurements can be instantly observed and recorded on 
the surface. With an accuracy better than +1.0 psi plus *0.01% of 
the pressure reading, the HP  2813E/D gives you confidence in the 
precision of your measurements. Also, with a repeatability of 0.4 psi 
over the full calibrated pressure range (200 - 11,000 psia) at constant 
temperature, you can be confident that changes in successive mea- 
surements are due to changes in the well, not probe measurement er- 
ror. 
Advanced Calibration Procedures 

Advanced calibration procedures also contribute to the probe's 
high performance, with each probe being checked at 105 discrete cali- 
bration points over its full operating pressure and temperature range. 
The calibration data is processed by computer to yield coefficients of 
an equation that describe the relationship between frequency output. 
applied pressure and temperature. 
Faster Thermal Restabilization 

Based on the earlier Model HP 28 13B/C. the HP  2813E thermally 
restabilizes four to ten times faster than the HP  281 3B/C. This per- 
formance, due to a redesigned mechanical package, shortens costly 
test time. 
Higher Temperature Range 

improvements in the sensor crystal's processing have increased the 
probe's temperature range from 302°F to 350°F. 
Rugged and Reliable 

T'hough a precision instrument, the HP  2813E is rugged and reli- 
able in an oil field environment. Housed in a 17/16 inch OD case made 
of Nitronic 50 stainless steel. the probe can withstand pressures of up 

Rugged and reliable 
Simple operation 

to 12.000 psia and temperatures bf up to 350" F. 
Easy to Use and Sewict 

The simplicity of the HP 2813E's mechanical design makes it easy 
to use and service in the field. 
Quick Factory Service 

Your probe receives immediate attention when we receive it. An 
exchange set of the reference crystal, sensor crystal and electronics pc 
board is available, reducing repair time to one week. Standard re- 
calibrations and repairs take four weeks or less. 

HP 2813D Quartz Pressure Se t  
Adapt to Ywr Own Instrumentation System 

The reference crystal, sensor crystal and electronics pc board are 
available as matched components in the HP 281 3D Quartz Pressure 
Set. This enables designing the essential pressure-measuring compo- 
nents of the HP  2813E into your own downhole instrumentation 
package. 
How It Works 

The essential pressure-measuring components of the HP  28 1 3E 
Quartz Pressure Probe are its sensor crystal, reference crystal and 
electronics pc board. The sensor crystal, which is in direct fluid com- 
munication with the well, changes the frequency of its oscillations in 
response to pressure. The reference crystal, which is protected from 
applied pressure, subtracts the effects of temperature changes from 
the sensor crystal's frequency. 

The resulting frequency is then transmitted by the electronics pc 
board through a center conductor, armored-electric line to the sur- 
face. A processor may be used to condition the pressure-related signal 
to drive a frequency counter. Or, the signal may be fed directly to a 
high resolution counter. The counter's signal can then be converted to 
a pressure reading when processed with the calibration data in a 
desktop computer. 

The sensor crystal's high resolution is essentially constant and in- 
dependant of operating pressure and temperature. Its stability mini- 
mizes hysteresis and zero drift, thus eliminating the need for frequent 
recalibration. 
HP 2813E/D Specifications 
Operating Environment 

Calibrated pressure range: 200-1 1,000 psi (1.38-75.8 MPa). 
Calibrated temperature range: 95-350°F (35-1 77OC). 

Static Measurement (pressure and temperature are constant) 
Accuracy: * [ I  .O psi (6.9 kPa) (due to curve fit error) + 0.01% of 
actual pressure (due to calibration system error)]. 
Repeatability: a l . O  psi (6.9 kPa) over the entire calibrated pres- 
sure and temperature range; or, +0.4 psi (2.76 kPa) over the entire 
calibrated pressure range with temperature held to a single value. 
Aging: Error due to aging of sensor and reference crystal pair is 
typically less than +0.5 psi (3.45 kPa) per year. 
Temperature uncertainty error: (AT) * (0.28 psi + 0.02% of ac- 
tual pressure in psi) for temperature in degrees F. 
Resolution: 0.001 psi (6,9 Pa) when sampling for I second. 
Sensitivity: 1.4583 Hz/psi ( 15,2 Hz/kPa) nominal 

Non-Operating Characteristics (HP 28131) 
Outside diameter: I '/ln in. (37 mm.). 
Length: 39.3 in. (998 mm.). 
Weight: l l Ib (5 kg). 
Static Tensile Pull Strength: >20,000 Ib (9070 kg) 
Steel Case Material: Nitronic 50 high strength. 

Ordering Information Price 
HP 28131: Quartz Pressure Probe $26,400 
H P  2813D Quartz Pressure Set $20,600 



HP 2804A Quartz Thermometer 
The HP 2804A Quartz Thermometer allows you to easily measure 

temperature with exceptionally high accuracy and resolution. Abso- 
lute accuracy is *40 millidegrees Celsius over the range of -50°C to 
150°C. NIST traceable to ITS-90. The useable resolution of 
0.0001 OC allows you to measure temperature changes that could not 
be detected by other digital thermometers. 

The HP 2804A can be used with one or two temperature sensing 
probes. The temperature of either probe, or their difference, can be 
measured and displayed under pushbutton control. Display resolution 
is selectable from 0.01 to 0.0001 "C (0.1 to 0.001 OF) by pushbuttons. 
An internal switch allows you to easily select measurement in the Cel- 
sius or Fahrenheit temperature scale. 

Temperature is measured and displayed automatically with the 
microprocessor and electronics provided in the HP  2804A package. 
There is no need to balance a bridge, perform calculations using resis- 
tance- or voltage-temperature tables or curves, or to use calibration 
correction tables. The only adjustment necessary to remove effects of 
thermal history on the sensor is a simple ice point or triple point cali- 
bration adjustment using the front panel thumbwheel switches. 

How It Works 
The HP 2804A temperature sensor is a quartz crystal whose pre- 

cise angle of cut gives a stable and repeatable relationship between 
resonant frequency and temperature. Each quartz sensor is individu- 
ally calibrated at  the factory over the full temperature range. The 
calibration data for each sensor is processed and stored in a calibra- 
tion module which is supplied with the probe. 

In operation, a microprocessor in the thermometer performs the 
complex control and calculation operations to accurately measure 
temperature from the quartz sensor frequency and probe calibration 
information in the calibration module. The microprocessor also per- 
forms self-checks to detect fault conditions. If a problem occurs that 
would give an improper measurement, an error message is displayed 
to indicate the source of the problem. 

System Oriented Design 
The HP-IB (standard) offers you a simple, yet flexible, way tocon- 

nect the Quartz Thermometer to either an HP  computing controller 
or printer. Temperature data can easily be sent to a computer for 
processing and recording. All front-panel controls can be operated 
automatically by commands sent on the bus. 

The analog output (standard) converts any three consecutive digits 
to a voltage between 0 and + I0  volts to drive a chart recorder. Front- 
panel controls allow easy adjustment of pen zero and full scale as well 
as normal or offset (center-zero) operation. Any three digits can be 
selected for conversion, allowing you to change the full scale value on 
the recorder. 

PRE SSURE & TEMPERATURE 
Quartz Thermometer 

HP 2804A 

Q 
*0.04OC absolute accuracy 
0.0001 O C or 0.00 1 F resolution 
-80" to +250°C ranae 
Display of absolute & differential temperature 
Flexible HP-IB system interface 
Variable resolution analog output 
Easy ice-point or triple-point adjustment 

Performance 
Range: -80 to 250°C. 
Absolute accuracy: H P  2804A with H P  18 1 10A, or H P  18 1 1 I A 
Quartz Probe - 
+0.040°C from -50 to 150°C 
+0.075°C from -80 to 250°C 
NIST traceable to ITS-90 

Resolution: three levels can be selected: 

Level of Nominal Hme between 
selection Resolution reading in seconds 

11 or 12 T1 - 12 

Medium 0.001 0.01 
H~gh 0.0001 0.001 

General 
Display: 7-digit LED with polarity, decimal, and degiee C or F an- 
nunciator. 
Probes: laboratory probes are available for use with the HP  2804A. 
Refer to the data sheet for specifications and sheath configurations. 

Power Required 
100. 120. 220. or 240 Vac, +5%-10%. 48 to 66 Hz, <30 VA. 

Ordering Information Price 
H P  2804A Quartz Thermometer 57.600 
Accessories and Probes 
H P  18107A External Oscillator 5780 
H P  181 lOA Laboratory Probe and cal module. 25 mm 52,600 
( I  in.). 

Opt 001 Extra Prom +$I50 
HP'IRI I lA Laboratory Probe and cal module, 230 mm 52,600 
(9.1 in.), 

Opt 001 Extra Prom +$I50 
Opt 002 Threaded Probe Connector +5 100 



SIGNAL GENERATORS 
Signal Generators to 110 GHz 

Hewlett-Packard offers the widest selec- 
tion of high-performance signal sources from 
dc to 110 GHz. They cover every application 
range from low-frequency navigation signals 
through cellular mobile radio, to millimeter- 
wave satellite systems. Each offers calibrated 
frequency and level, and a wide range of 
modulation capabilities. 

Signal Generator Summary 
Economy RF 

Signal generators can be mechanically (and to 110 GHz with multipliers), synthe- 
tuned, synthesized, or digitally synthesized. sized signal generators offer programmabili- 
Mechanically-tuned generators combine ty, high frequency stability, and accuracy. 
fundamental cavity-tuned oscillators with Modulation capabilities range from AM, 
solid-state circuitry to yield spectrally pure FM, @M, and pulse to complex formats such 
signals with very good spurious performance as QPSK, 16-QAM and 64-QAM, up to 150 
and low residual FM. Collectively covering a Mbaud. 
frequency range from 10 kHz to 26.5 GHz 

1 I optlon available (Opt. 009). 

Frequency 
0.1 to 990 MHz 

0.1 to 1040 MHz 

0.1 to 2060 MHz 

High-Performance RF 

Model 
HP 86560 

HP 8657A 

HP 86570 

Characterlstks 
Economiully pflmd dgnd gmmtor .  i1 .0  dB absolute level accuracy from t 1 3  to -127 dBm in 0.1 dB steps. 
Callbraled AM and FM Frequency resolutlon of 10 Hz. Tlme base aging rate of a2 PPMIyear. 
Spectral purfty and tlactmnlc attonuator II m conomlu l  pries. (-130 dBdHz @ 500 MHz SSB phase noise. 
<-60 dBc spurlous. Electronic attenuator. + I  dB level accuracy. AM and FM. 
Spectral purlty and pulse to 2 GHr at an m m l u l  prlca. 1-130 dBdHz @ 500 MHz SSB phase noise. (-60 dBc 
spurlous :1 dB level accuracy AM. FM and pulse wlth >90 dB onloff at 1030 MHz. Opt. 022 adds 0.3 GMSK 
modulatlon 

Pogo 
374 

376 

378 

0 252 to 1030 MHz 
0.252 to 2060 MHz 

- ~ 

0.1 10~1057.5 MHz 
0.1 to 2115 MHz 
0.01 to 110 MHz 
1 to 1300 MHz 

HP 8W-A PII.fwmm~ d g ~ l  gmmW for RF dmign. (-128 dBdHz @ 1 GHz SSB phase no& (c-137 dBc optional). 
<-I00 dBc sour~ous. AM. FM. ~u lse rnodulat~on. Advanced modulation source. Lowest smif ied leakage. Aviontn 

1 to 2600 MHz 

0.01 to 1280 MHz 

0.1 to 2560 MHz 

380 

HP 8642A 
HP 86420 
HP 8660D 

0.1 to 4.2 GHz 
0.1 to 6.0 GHz 

HP 8662A 

HP 8663A 

Bmrdbnd spctml purlty md FM for plum ndu trrtly. Hi@ spectral purity. 1 Hz frequency resolution. a 1  dB 
absolute output level accuracy. AM. FM, )M and pulse. Sweep. 2hour on-slte repair. 
Plugln modulm for high-nte/wldbdsviatlon mcdulatlon. 1 Hz frequency resolut~on. 3 x 10-'/day stability. Cali- 
brated and leveled out~ut  from -13 to -146 dBm HP-IB and BCD ~roarammable. AM. FM. QM. ~u lse modulation. 

HP 8665A 
HP 86650 

382 

3@4 
, - 

Plug.lns delermlne frequency range and modulation capabtltty. 

Low clore-In noise. 0 I Hz frequency resolution. 5 x 10 '"day stability. Calibrated and leveled output from t 1 3  to 
-140 dBm Dlgltal sweep. Completely HP.IB programmable. AMIFM modulatton. Fast switching. 
Low clmbln noise with complex modulation. 0 1 Hz frequency resolution. 5 x 10 ''/day stability. Calibrated and 
leveled output from 116 to -130 dBm Dlg~tal sweep. Completely HP-IB programmable. AM, FM, .$M, pulse modula- 

387 

387 

tlon Fast swltchlng. 
Performanes signal g m m t o n  for 4.2 GHr md 6 G M  trrtlng. Excellent spectral purity. AM and FM. Advanced 
modulat~on source 

390 



CW Microwave 
Frequency 

2 to 18 GHz 

2 to 26 GHz 

Economy Microwave 

Frequency Agile/Complex Signal Simulation 

Model 
HP 86710 

HP 86736 

2 to 12.4 GHz 
5.4 to 18 GHz 

High-Performance Microwave 
0 01 to 50.0 GHz 

2 to 18 GHz 

0.05 to 18.0 GHz 
0.05 to 26.0 GHz 

2 to 26.0 GHz 

0.01 to 20 GHz 

0.01 to 26.5 GHz 

Characteristks 
h h i o n  CW rlgnrh, pun md rlmple. 1 to 3 kHz frequency resolution. 5 x 10 "/day stability. t 8  to -120 dBm 
output. Completely HP-IB programmable. 

Dlgitrl t m p  and mm wave capability add p m d u l  Lx IMIky In  CW rpplMlom 1 to 4 kHz frequency resolution. 5 
x 10 '"day stab~llty. 0 to -100 dBm output (+8 dBm wtth Opt. 008). d~g~tal sweep, m~llimeter capability. Completely 
HP-IB programmable. 

HP 8673H 

- - 

, -r. - I spec~f~c ~nstrurnent.on-ad~sk software Opt~onal ;p-convers~on ava~lable to 18 GHz 

0.01 to 3 GHz I HP8780A I Precltlon wldebnd maloll: and dicrltrl modulation source for dlcrltrl m l c m m  communkatlom md rdn. Svn- 1 404 

Page 
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HP 8360 Series 

HP 8673E 

HP 8673C 
HP 8673D 

HP 86738 

83418 
Synthesized Sweeper 

83400 Synthesized 
Sweeper 

0 252 to 1030 MHz 
0 252 to 2060 MHz 
dc to 50 MHz 

0.01 to 3 GHz 
(Opttonally to 18 GHz) 

H F ,  multibmd c)llthalm for ~~ appWbm. 1 to 3 kHz frequency resolution. 5 x 
10 /day stab~l~ty. t 8  to -100 dBm output. AM. FM and pulse modulation, digital sweep, millimeter capability. 
Completely HP-IB programmable 

394 

h%3rmmMbk, gOnml-purpou mprr rl(h full mhmh mdyz@f c0mpllblltly. 1 HZ frqucncy resolution. 1 x 
10 '/day stab~lity. t 2 0  to -1 10 dBm output. Pulse, frequency and ampl~tude modulation. Conttnuous analog sweep 
w~ th  spans from 100 Hz to 26.49 GHz Completely HP-IB programmable Complete analog. Ihst, and step sweep 
capab~l~ty. 

Exceptlonrl value In  r full &n spthdzar. 1 to 3 kHz f reqmcy  resolution. 1.5 x 10-'/day stability. t 8  to -120 
dBm output. Pulse, amplttude and frequency mndulat~on. Dtgttal sweep Completely HP-I0 programmable. 
State of the art spectral purity for demandlng appllutlom In wldebmd ncelwr tat. Harmonics and sub-harmonla 
<-60 dBc 1 to 3 kHz resolul~on. C-model. I to 4 kHz. 0-model. +2 to -100 dBm output. Cmodel, t 5  to -100dBm. 
D-model Pulse, ampl~tude and frequency modulat~on. Dtg~tal sweep. Completely HP-IB programmable. 

Optimum choice for high performance mlcmwave receiver and s u m  tect. 1 to 4 kHz frequency resolution. 5 x 
10 '"/day stab~llty t 8  to -100 dBm output Pulse. amplltude and frequency rnodulat~on. 01gltal sweep. Completely 
HP-IB programmable. 

Genenl-purpore sweeper wlth full ndwork m)lm compltlbllky. 1-3 Hz frequency resolution. 1 X lO~'/day stabili- 
ty * l Z  to - 110 dBm output Pulse. frequency and ampl~tude modulat~on. Conttnuous analog sweep with spans from 
100 Hz to 19 99 GHz. Low harmon~c optton. Completely HP-IB programmable. 
Genenl.purpore sweeper with full nehmrk analyzer compatlblllty. 1 to 4 Hz frequency resolution. 1 X 10-'/day 
stab~l~ty +12 to -1 10 dBm output Pulse. frequency and amplitude modulation. Cont~nuousanalogsweep with vans 
from IWHz to 26 49 GHz Comoletelv HP-IB oro~rammable 

HP 8645A 

HP 8770AlS 

HP 8791 Model 11 

1 to 250 MHz 

395 

3% 

3% 

396 

Contact 
HP 

Contact 
HP 

Portable Cavity-Tuned Sources 

Pnfomuntc *MI gmmW f w  W n g  fmquerq agik ndk, md sunrlllna nalmr. 15 jtwc sw~tchtng 
speed Spectral purlty AM FM, pulse modulat~on FM devlat~on to 20 MHz Flex~ble control ol frequency 

Hlgh performance arbitrary waveform source for W n d  tlmulrtlon a d  advanced modulrtlon. S~mulates h~ghly 
cornolex baseband and modulated carrlers for radar EW communlcatlons dlsc dr~ve and other aDollcatlons 12-b~t 
resolut~on excellent spectral pur~ty 125 MHz clock rate HP 11776A Waveform Generat~on Software runs on HP 
Technical Desktop Computer 
Reconfigurable agIIe tlgnal cimuktw for ndrr, EVI md spdqu tmrn  clmuMlon. Advanced frequency-agle 
stgnal slrnulatlon for EW radar and communlcatlon recelver test 250 ns frequency hopp~ng over 3 GHz Arbttrary 
control over AM FM mM oulse modulat~on and ae~le carrler 40 MHz rnodulat~on bandw~dth Easv-to-use aaal~cat~on- 

HP 8782.4 

0 5 to 1024 MHz 

2 3 t o 6 5 G H z  
5 4 to 12 5 GHz 

2 3 to 13 GHz 
5 4 to 18 GHz 

Millimeter Sources 

398 

400 

402 

thes~zed slgnal generator ?or wldeband and complex modulatio~formats. Dtgltal formats from BPSK to 64 Q ~ M .  
Vector (quadrature) bandwidths dc to 350 MHz +10 to -100 dBm 

Economy dlgltal mbdulatlon sourcs. Synthes~nd s~gnal generator tor d~gital modulat~ons BPSK through 256 QAM. 
DC to 100 MHz symbol rates. + 7  to -100 dBm 

HP 86400 

HP 86838 
HP 86840 

HP 86830 
HP 8684D 

26 5 to 40 GHz 
33 to 50 GHz 
40 to 60 GHz 
50 to 75 GHz 
75 to 110 GHz 

405 

HP 83554A 
HP 83555A 
HP 83556A 
HP 83557A 
HP 83558A 

Efticknt fnqumcy m u n l p l h .  Effect~vely extends the performance of an 11 to 20 GHz microwave source HP 
8673BlClD. 8340. 8341. 83500. 8360 to the m~ll~meter-wave frequency ranges. 

H l l l h g N t w m m  RF for bench. Cal~brated and leveled output from t 1 9  to -145 dBm AM. FM and external pulse 
modulat~on Bullt-~n counter and phase lock capabtllty 
Ruggd, portable c w r c a  wlth hlgh prformance moduMlon. Hlgh spectral pur~ty, stabtl~ty t 2  5 dB absolute level 
accuracy from + l o  to -1 10 dBm AM FM standard Hlgh performance Internal pulse modulator and pulse generator 
Portable rugped (19 1 kg) 
Rugged, portable ~ u n a  with high peffonnma modulrtlon md w W d  frqumcy m. S a m  as B model 
except wtth wldeband frequency coverage DC coupled FM wlth t 1 0  MHz dev~at~ons ava~lable -3 dBm standard 
output power In doubled frequency band + I0  dBm ava~lable wlth Optlon 001 

421 

406 

408 

408 



SIGNAL GENERATORS 
Economy RF 
HP 86568 

8 100 kHz to 990 MHz 8 150 millisecond frequency switching speed 
8 *1.0 dB absolute level accuracy 8 Versatile simultaneous modulation including dc FM 

Amplitude offset and phase adjustment capability 8 Fully HP-IB programmable 

HP 86568 Synthesized Signal Generator 
The HP 86568 is a programmable synthesized signal generator 

that offers exceptional value through a powerful combination of per- 
formance, quality and economy. 

Communication Ehnd Frequency Coverage 
The HP 86568 provides frequency coverage from 0.1 to 990 MHz 

(with underrange to 10 kHz). This wide range covers the IF  and LO 
frequencies as well as the R F  frequencies of most receivers. It also 
allows testing in a variety of communication systems including the 
800 MHz FM mobile band. Frequency resolution of 10 Hz allows 
convenient setting of increments including narrow channel spacings, 
while characterization of phase sensitive devices is made easier with 
the help of the phase incrementldecrement feature. The standard in- 
ternal reference has an aging rate of 2 ppm/year. Improved stability 
and accuracy can be achieved by adding the optional 1.5~10-'/day 
high stability time base (Option 001) or using an external reference of 
l , 5 o r  10MHz. 

Precise Output Control 
The 8656B also features *1.0 dB absolute level accuracy and 0.1 

dB resolution for accurate receiver sensitivity tests, circuit characteri- 
zation and R&D applications. The output levels are calibrated from 
+ 13 dBm (overrange to + 17 dBm) to - 127 dBm and may be set and 
displayed in any one of 14 convenient units including dBm. volts, 
dBpV or Vemf. The output level can also be offset to compensate for 
cable and/or other losses external to the generator, or turned on or off 
with a dedicated key. Shielding keeps leakage at  < 1.0 pV for testing 
RFI susceptible devices, and standard resettable reverse power pro- 
tection for up to 25 watts guards against accidental damage from 
transmitters. 

Versatile Modulation 
The HP 8656B's modulation capabilities include simultaneous and 

mixed modulation modes (AMIAM, FM/FM and AMIFM) from 
internal (1 kHz and 400 Hz) and external sources. AM is ac coupled 
while FM can be either ac or dc coupled. The patented dc coupling 
technique used in the HP  8656B provides exceptional long term sta- 
bility ( < I 0  Hz/hour) and center frequency accuracy ( 4 0 0  Hz) 
eliminating the need for retuning in the dc FM mode. For calibrated 
external modulation, a 1V peak signal is required, and HI/LO an- 
nunciators on the HP  8656B indicate when the external signal is with- 
in 5% of the correct amplitude. (For information on pulse 
modulation, refer to the HP  86578 Opt. H60.) 

Ease of Operation For Improved Productivity 
The HP 8656B is designed for efficient operation in a bench envi- 

ronment. Features such as being able to change Frequency, Modula- 
tion and Level without having to access "hidden" displays or menus 
will streamline your testing. Additionally, the Frequency. Modula- 
tion and Level functions each have their own UPIDOWN arrow keys 
for rapid front-panel setup and tuning. 

Up to ten complete front-panel setups can be stored in the H P  
8656B's memory for recall during testing. These setups can be ac- 
cessed sequentially by pushing one front-panel key or by using the 
rear-panel SEQ port. (The SEQ port can be connected to a foot 
switch or other operator-controlled device.) 

Programmability for High Volume Testing 
Full HP-I8 programmability is standard with the H P  86568. Each 

programming command has an easy-to-remember, two-character, al- 
pha-numeric HP-IB code. All functions are quickly and easily 
programmed using the same function/data/units format used on the 
front panel. 

Additionally, the H P  86568 program codes are 100% upwards 
compatible with the new HP 8657A Synthesized Signal Generator. 
This provides you with even more flexibility in system configuration 
without having to modify any program code. 



HP 86568 Specifications 

Frequency 
Range: I00 kHz to 990 MHz (8 digit LED display). 
Frequency underrange: 10 kHz with uncalibrated output. 
Resolution: 10 Hz. 
Accuracy and stabilitr: same as internal time base. 
Tv~ical Time Base Characteristics 

I Frequency 1 50MHz 1 10MHz I 

Typical 
Chrracterlrtkt 

kina Rate 

Spectral Purity 
Spurious Signals ( 5  + 7 dBm output kveb) 

Harmonics: < -30 dBc. 
Non-harmonic spurious (greater than 5 kHz (rom carrier in CW 
mode): < -60 dBc. 
Sub-harmonics: none. 

Residual FM 

Standard 
Time Bate 

*2 oornlvear 

External Reference 
Input (rear panel) 

Post Detection m u e n c ~  RW (MHz) 

Noise Bandwidth 0.1 to 123.5 1 123.5 to 247 1 237 to 494 1 494 to 990 

option 001 
Tim lkre 

1.0~10-'/day 
after 45 davs 

Accepts any 1, 5, or 10 MHz 
(*0.002%) frequency standard at a 

level >0.15 Vrrns into 50 ohms. 

Frequency switching speed (to be within 100 Hz of final frequen- 
cy): < 150 ms. 
Phase Othek adjustable via HP-IB or from the front panel in nomi- 
nal 1 degree increments. 

Output 
Level range (into 50 ohms): + 13 dBm to -1 27 dBm (3y2 digit LED 
display; uncalibrated output to + 17 dBm). 
Resolution: 0. I dB. 
Absolute level accuracy: <+I  .0 dB; 123.5 to 990 MHz 
<+1.5 dB; f, < 123.5 MHz. levels > +7 dBmand <-124dBm. 
Level flatness (100 kHz to 990 MHz): al .O dB at an output level 
setting of 0.0 dBm. 
Reverse power protection: protects signal generator from applica- 
tion of up to 25 watts (from a 5OQ source) of RF  power to 990 MHz 
into generator output; dc voltage cannot exceed 25V. 

- - 

0.3 to 3 kHz 7 t 7  Hz rrns I t2  Hzrms I t 4  Hzrms I t 7  Hzrrns 

0.05 to 15 kHz I <15 Hz rrns I t 4  Hz rrns I t 8  Hz rms I t l 5  Hz rrns 

Residual AM (0.05 to 15 kHz post detection n d r  bandwidth): 
0.025%. 
SSB Phase Noise (CW only) 

Amplitude Modulation (2 digit LED display) 
AM depth': 0 to 99% to +7 dBm and 0 to 30% to + I0  dBm. 
Resolution: I %. 
AM rate: internal 400 Hz  and 1 kHz, +3%; external (1 dB 
bandwidth). 20 Hz to 40 kHz. 
AM distortion (at internal rates): < 1.56, 0-30% AM; <3%. 3 1 - 
70'70 A M ;  <4%, 71-90% AM. 
indicator accuracy (for depths 4 0 %  internal rates and levels 
< +7 dBm)': 1+(2% + 4% of reading). 
incidental phase modulation (at 30% AM depth and internal 
rates): 10.3 radian peak. 

Frequency Modulation (2 digit LED display) 
FM Peak Deviation 

Resolution: 100 Hz for deviations less than 10 kHz; 1 kHz for devia- 
tions greater than 10 kHz. 
FM rate: internal 400 Hz and 1 kHz. +3%, external (1 dB BW). dc 
coupled, dc to 50 kHz; ac coupled, 20 Hz to 50 kHz. 
Center frequency accuncy in dc FM mode: < 4 0 0  Hz. 
Center frequency stability in dc FM mode: < 10 Hz/hour. 
FM distortion (internal rates and 23 kHz peak deviations): 
<0.5%. 
indicator accuracy': *5% of reading at internal rates. 
Incidental AM (for center frequency 2500 kHz, peak deviation 
<20 kHz and internal rates): <0.1%. 

Csnter 
Frequency 

0.1 to 123.5 MHz 
123.5 to 247 MHz 
247 to 494 MHz 

494 to 990 MHz 

247 to 494 
MHz 

(d&/*) 
<-I20 

123.5 to 247 
MHz 

(d&lHz) 
<-126 

Offset 
from 
Carrier 

20 kHz 

Remote Programming 
interlace: HP- I B ( Hewlett-Packard's implementation of lEEE - 
488). 
HP-IB interface (unction.: SHO. AHI. TO. L2, SRO, RLI. PW, 
DC I ,  DTO, CO and El .  (For more on these codes, refer to the HP-IB 
section of this catalog.) 

General 
Operating temperature range: 0' to +5S0 C. 
Leakage: conducted and radiated interference is within the require- 
ments of methods RE02 of MIL STD 461B. FTZ 11 15. Furthermore, 
RF  leakage of less than 1.0 pV is induced in a two-turn loop, 2.5 cm in 
diameter, held 2.5 cm away from the front surface. 
Power requirements: 100. 120. 220. or 240 Vac; +5%. -10%. 48 to 
440 Hz, 125 V A  maximum. 
Weighk net, 18.2 kg (40 Ib); shipping, 23.6 kg (52 Ib). 
Size: 133 H x 425 W x 520 mm D (5.25" x 16.75" x 20.5"). H P  
System I1 module size: St/, H x 1 MW x 17 D. For cabinet accessories, 
see page 7 14. 
Rack slides and transit case: H P  part numbers are: slide kit. 1494- 
001 8 ;  t i l t  slide kit, 08656-82001; full module transit case, 921 1-2655. 

494 to 990 
MHz 

(d&/Hz) 
<-I14 

0.1 to 123.5 
MHz 

(d&/*) 
<-I14 

Ordering Information Price 
HP 8656B Signal Generator2 f 6.300 

Opt 001 High stability time base + f 950 
Opt 002 RF connectors on rear panel only + f 250 
Opt 907 Front handle kit (5061-9689) + SS~T 
Opt 908 Rack flange kit (5061-9677) + 5 3 3 w  
Opt 909 Rack flange kit with front handles + 5 8 2 s  
(506 1-9683) 
Opt 910 Provides an additional operation and + 5 3 6 0 w  
calibration manual (08656-90204) and two service 
manuals (08656-90205) 
Opt 915 Add service manual (08656-90205) + S 1 5 4 s  
Opt W30 Extended repair service. See page 723. +$I55  
Opt W32 Calibration service. See page 723. + $655 
'AM depth and FM dsvlatlon sre furlhsc limned by lndicaor Accuracy rpeclticcltlans. 
'HP-10 cables not imluded. For dmcripllon and prlce, sae page 579. 

For same-day shipment, call HP DIRECT at 800-538-8787 

FM not specified for fc - (Afpk) <I00 kHz 

Maimum Peak MrHon 

AC Mode 
The lesser of 

99 kHz or 4000 x rate (Hz) 
50 kHz or 1000 x rate (Hz) 
99 kHz or 2000 x rate (Hz) 
99 kHz or 4000 x rate (Hz) 

DC Mode 

99 kHz 
50 kHz 

99 kHz 

99 kHz 



SIGNAL GENERATORS 
Economy RF 
HP 8657A 

100 kHz - 1040 MHz frequency coverage Solid-state output attenuator 
-130 dBc/Hz SSB phase noise at 20 kHz offsets *1 dB absolute level accuracy (typically +0.5 dB) 
Fully HP-IB programmable Versatile, simultaneous AM/FM modulation 

HP 8657A Synthesized Signal Generator 
The HP 8657A is a 100 kHz to 1040 MHz synthesized signal gen- 

erator that offers truly outstanding performance at an economical 
price. The HP 8657A gives enhanced performance above the HP  
8656B signal generator to form a complementary set of low costlhigh 
performance RF  signal generators from Hewlett-Packard. 

Spectral Purity for Demanding Applications 
The HP 8657A provides excellent phase noise performance across 

its full 100 kHz to 1040 MHz range. When characterizing an R F  
receiver, the SSB phase noise of the HP  8657A (- 130 dBc/Hz at  500 
MHz). provides the performance for almost all measurements requir- 
ing test signals at  adjacent or out-of-channel offsets. 

Additionally. due to a new oscillator design. the HP  8657A has a 
residual FM specification of <4 Hz rms (typically <2 Hz rms) when 
measured in a 300 Hz to 3 kHz detection bandwidth. Lower residual 
FM means lower measurement uncertainty in key measurements 
such as: distortion, signal-to-noise, and hum and noise. 

RF Output with Electronic Attenuator 
The HP 8657A has a patented, sol~d-state attenuator that provides 

accurate output levels to +1.0 dB (typically +0.5 dB). The electronic 
attenuator has an estimated 3 million hour MTBF (Mean Time Be- 
tween Failures). The HP 8657A instrument is backed with a 5-year 
warranty against attenuator failure, providing you with the highest 
level of insurance for trouble free performance. 

The H P  8657A provides high R F  output power (+I3  dBm with 
over-range to +17 dBm) for driving mixers and overcoming cable 
losses without the use of an external amplifier. The unique RF  level- 
ing-loop design also lowers intermodulation distortion to typically 
better than -50 dBc. Reverse power protection is provided standard 
for protection up to 50 watts and 50 Vdc. 

Versatile Modulation 
The HP 8657A can combine modulation modes for AM+AM, 

FM+FM, and AM+FM from both internal and external modulation 
sources. Like the HP 8656B. the HP 8657A has ac coupled AM and 
ac/dc coupling for FM. 

The patented dc coupling technique provides excellent long term 
stability (< 10 Hz/hour drift) as well as center frequency accuracy 
( A 0 0  Hz worst case). When dc FM is enabled, SSB phase noise and 
residual FM performance are not degraded as with other generators. 
DC FM can allow the HP  8657A to be used as an ideal VCO in a 
design application or to be used to faithfully reproduce digital squelch 
tones when modulating the carrier signal. 

Pulse modulation is available and can be ordered under HP  8657B 
Option H60. 

Designed for Ease of Operation 
The HP 8657A contains many features that streamline operation 

in both the manuallbench or ATE environments. The easy-to-use 
front panel, for example, has upldown arrow keys to control frequen- 
cy, amplitude, and modulation independently. Up to 100 of your front 
panel settings can be stored in non-volatile storage registers with re- 
call capability through the numeric keypad or sequentially with the 
SEQ key. Sequencing through the storage registers can also be done 
by attaching a momentary contact switch to the rear panel SEQ port 
of the HP 8657A for remote sequence control by, for example, a foot 
switch. 

The HP 8657A is designed for ATE applications with its < 135 ms 
switching speed for high throughput in a production environment. 
Like the HP  8656B, the HP 8657A's programming codes are easy to 
remember (silk-screened on the front panel) and to implement. 

The HP-IB program codes for the HP 8656B are 100% upwards 
compatible with the HP  8657A. This provides you with maximum 
flexibility when considering upgrading your system from the HP  
86568 to the enhanced performance of the HP  8657A. 

HP 8657A Specifications 
Frequency 
Range (8 digit display): 100 kHz to 1040 MHz. Underrange to 10 
kH7 with uncalibrated level and modulation. 
Resolution: 10 Hz. 
Display resolution: 10 Hz (100 Hz, fc > 1000 MHz). 
Switching speed (to be within 100 Hz of final frequency): < 135 ms. 
Accuracy and stabiiitw Same as time base used. 
Typical ~ i m e b a s e  ~ha rac te r i s t i c s  

1 Standard ODtion 001 

Temperature I f0-55' C) I I 
Frequency 50 MHz 10 MHz 

Timebase Available at a level of >0.15 V!,, into 50R. (Output of 
Reference Signal 10. 5 or 1 MHz IS selectable vla ~nternal jumper). If 
(Rear Panel) external reference is used, output will be the same 

frpnupncv , -7-- -,. 
External Reference I Accepts any 10. 5 or 1 MHz (i0.0028) frequency . . .  

I Input (Rear Panel) I standard ai a level >0.15 v,;, into 50R. 1 



Spectral Purity 
Spurious Signals (5+7 dBm Output Levels) 
Harmonics: < -30 dBc. 
Sub-harmonics: none. 
Non-harmonics (CW mode, 5 kHz - 2 MHz offsets): 

-60 dBc, 1,: 0.1 - 130 MHz and 520 - 1040 MHz; 
-66 ~ B c ,  fc: 260 - 520 MHz; 
-72 ~ B c .  1,: 130 - 260 MHz. 

Freauencv Modulation 
~ax imum FM peak deviation (t-digit LED display): 

Resolution: 100 Hz, dev. < I0 kHz; 1 kHz, dev. 2 10 kHz. 
FM rate: Internal: 400 Hz and I kHz, +2%. External: dc/5 Hz - 100 
kHz, 3 dB BW; dc/20 Hz - 50 kHz. 1 dB BW. 

Center 
Frequency 

0.1- i30 MHZ 
130- 260 MHz 
260- 520 MHz 
520-1040 MHz 

Residual AM (SO Hz to 15 kHz BW in CW mode): ~ 0 . 0 4 %  AM. 

Maximum Pmk Deviation 

FM not speclfled for 1 , .  (3fnk) <I00 kHz. 

50 kHz or 1000 x rate ( H i j  
99 kHz or 2000 x rate (Hz) 
99 kHz or 4000 x rate (Hz) 

130- 260 MHz 
260- 520 MHz 
520-1040 MHz 

AC Hado (the I w r  of) 

- -  . - 
50 kHz 
99 kHz 
99 kHz 

I 130 to 260 MHz I <-I36 dBciHz I 

DClYodr 

1 Hz 
2 Hz 
4 Hz 

SSB phase noise (in CW mode): 

99  HZ or 4000 x rate [HZ) I w kH7 

1 5 Hz 
3 Hz 
6 Hz 

Carder 
Frequency 

0.1 to 130 MHz 

100 I 0K 100K 1M Id" 
I0  L t f )  CdBc/HzI Y S  f L H z 1  4 0t4 

=)waba 
20 kHz Ofha 
< -  124 dBct HZ 

260 to 520 MHz 
520 to 1040 MHz 

Output 
Level range (3 112-diglts): +13 dBm to -143.5 dBm into 50Q, +10 
dBm to -143.5 dBm for frequencies from 100 kHz to 1 MHz. 
Resolution: 0.1 dB. 
Absolute level accuracy': < + 1.0 dB, +7 to -1 27 dBm; < + 1.5 dB, 
>+7 dBm. 
Typical absolute level 8ccuracy: < &1.5 dB, output levels < - 127 
dBm; <+0.5 dB, 25' C =t 10" C, +7 to -127 dBm. 
Level flatness (0.1 - 1040 MHz): <=to3 dB, at 0 dBm. 
SWR (fc 2400 kHz): < 1.5, level <-3.5 dBm; <2.0, level <+I3  dBm. 
Reverse power protection: protection up to 50W from a 50Q source. 
DC voltage cannot exceed 50V. 

<-I30 dBuHz 
<-124 dBdHz 

Amplitude Modulation 
AM depth (2-digit display): 0 to 99%. level <+7 dBm, fc1400 kHz. 
0 to 30%. level 5 + 10 dBm, fc.400 kHz2. 
Resolution: 1 %. 
AM rate, internal: 400 Hz and 1 kHz, +2%. External: 20 Hz to 40 
kHz ( I  dB bandwidth, AC coupled). 
AM distortion (at internal rates): < 1.5%. 0 to 30% AM; <3.0%, 30 
to 70% AM. <4.0%, 70 to 90% AM. 
Indicator accuracy (for depths <90% and internal rates and levels 
< +7 dBm).  <_t (Z% + 6% of setting). 
Incidental OM (at 30% AM, internal rates): <0.3 radians peak. 
' Absolute level accuracy Included allowances for output linearity, temperature, flatness, anenu- 
alor accuracy and measurement error. 
' 0 - 30% lor lc .400 kHz. levels <+7 dBm. 

Center frequency accuracy in DC mode: < A 0 0  Hz. 
Center trequency stability in DC mode: < 10 Hz per hour. 
FM distortion (at internal rates, pk. dev. 23 kHz)S: <O.5%. 
Indicator accuracy (internal rates): < *5% of setting. 
Incidental AM (dev. <20 kHz. 400 and 1 kHz, fc2500 kHz): ~ 0 . 1 % .  

Remote Programming 
Interface: HP-I B (Hewlett-Packard's implementation of IEEE Stan- 
dard 488). 
HP-IB functions: SHO, AH I ,  TO. L2, SRO. RLI, PPO, DC I, DTO, 
CO. El .  

General 
Operating temperature: 0 to +55OC. 
Storage temperature: -55 to +75OC. 
Leakage: Conducted and radiated interference is within the require- 
ments of RE02 of MIL STD 461B. and FTZ 1046. Furthermore, RF 
leakage of <I pV is induced in a two-turn loop, 2.5 cm in diameter. 
held 2.5 cm away from the front surface (typically <0.05 pV, fc 5500 
MHz). 
Save/nccllllsequence storage registen: 100 non-volatile registers 
are available that save front panel settings. 
Power requirements: 100,120,220, or 240V (+5%. -10%) from 48 
to 440 Hz. 175 VA maximum. 
Weight: net 18.2 kg (40 Ib); shipping 23.6 kg (52 Ib). 
Size: 133H X 425W X 520 mmD (5.25" X 16.75" X 20.5"). 
HP System II module size: 5'/4 H X 1 MW x 17D. 

0.3 GMSK Modulation (Option 022) 
The HP 8657A Option 022 generates the 0.3 Guassian Minimum 
Shift Keying (0.3 GMSK) modulation used in the Pan-European 
Digital Cellular Radio System. When a clock is applied, the 
HP 8657A Option 022 will accept data and modulate it onto the car- 
rier, without the clock signal applied the unit functions as a standard 
HP 8657A. 
Carrier Frequency Range: 10 to 130 MHz and 520 to 1040 MHz 
Data Rate: 270.833 kHz (+I kHz) 
Modulation Phase Error - 

RMS Phase Error: 3" rms 
Peak Phase Error: 8' peak 

Ordering Information Price 
HP8657A Synthesized Signal Generator' 58,650 

Opt 001 High stability timebase +$950 
Opt 002 RF connections on rear panel only +$250 
Opt 022 0.3 GMSK modulation +$5,500 
Opt 907 Front handle kit (5061-9689) +$57 
Opt 908 Rack flange kit (5061-9677) +$34 
Opt 909 Rack flange kit +$82 
with front handles (5061-9683) 
Opt 910 Provides an additional operation and calibra- +5360 
tion manual (08657-90003) and two service manuals 
(08657-90004) 
Opt 915 Add service manual (08657-90004) +$I54 
Opt W30 Extended repair service. See page 723. +5190 
Opt W32 Calibration service. See page 723. +%5 10 
921 1-2655 Transit Case +S520 
1494-0060 Rack Slide Kit +5 100 

Power cable and operating manual supplied. HP-IB cabled are not provided. Fordescrlpllon and 
price. see page 579. 



SIGNAL GENERATORS 
Economy RF 
HP 86578 

100 kHz - 2060 MHz frequency coverage 
1 Hz carrier frequency resolution 
Optional 35 nsec rise/fall time pulse modulation 

@#?$ 
SYSTEMS 

Low SSB phase noise 
*1 dB absolute level accuracy (typically +0.5 dB) 
Carrier phase adjust in 1 degree increments 

HP 86578 Synthesized Signal Generator 
The HP 8657B is an L-Band synthesized signal generator offering 

excellent performance at  an economical price. The HP 8657B is ideal 
for radio receiver and radar system and subsystem design and testing. 

Spectral Purity tor Radar and Satellite 
The low residual FM and low SSB phase noise provides excellent 

value as a local oscillator, low noise VCO or test source with AM/FM 
and pulse modulation. In addition to great noise performance, fea- 
tures such as carrier phase adjust allow you to characterize phase 
sensitive devices such as phase detectors or phase interferometers us- 
ing precise 1 degree phase offsets with respect to another signal 
source. Display blanking and nonvolatile memory clear are also avail- 
able for operation in secure environments. 

Advanced Pertormanu! 
The HP 86578 offers wide dynamic output range from +I3  to 

-143.5 dBm output level with unparalleled accuracy of *]dB. Addi- 
tionally, the HP  8657B has extremely low radiated emissions for 
making sensitivity measurements on your receiver or for design work 
on extremely sensitive circuitry. High stability dcFM keeps center 
frequency drift below 10 Hz/hour which allows accurate VCO simu- 
lation or low rate FM modulation. 

High Performance Pulse Modulation 
The HP 8657B has a GaAs FET pulse modulator (Option 003) for 

fast risetime, high isolation pulse. The HP 8657B has 35 to 50 nsec 
risetimes (typically 10 to 18 nsec) and 70 to 90 dB on/off ratios. For 
pulse modulation coverage to 1040 MHz only, refer to the HP  8657B 
Option H60. 

Frequency 
Range: I00 kHz to 2060 MHz. Underrange to 10 kHz 
Resolution: 1 Hz 
Switching speed (within 100 Hz of final frequency): < 135 msec' 
Accuracy and stability: Same as time base used 
Supplemental charactdsth 

Phase offset: Signal phase is adjustable in 1 increments. 
Timebase characteristics: 

Avslabk at a kwl of >O 15 Vrms lnto 50R 
(Output of 10. 5 or 1 MHz a ~nternally 
selectabk). li cxtmal refermce IS used. 

'OuIput lsvs l~ torr l (h ln~1dB0f lsvs lh  160mrc*menarltchingfr0mtrsqwndea?lM 
MHz to fraaumcim < I 3 0  M M  

Spectral Purity 
Spurious signals (5+7 dBrn output 

TYW of Splrlour 1 ~ m w  (NM) 
1 0.1-1030 1 1030-2060 

0.1 to 130 MHz 
130 to 260 MHz 
260 to 520 MHz 

520 to 1030 MHz 
1030 to X)60 MHz 

(-30 dBc 
None 

Residual FM In Hzrms (in CW m) 

<-25 dBc 
<-40 dB? 

Residual AM (SO Hz to 15 kHz BW in CW mode): <0.04% AM. 
SSB phase nOiK (in CW Mode) 

0 3-3 kHz 
0.05-15 kHz 

0.1 to 130 MHz <- I24  dBc/Hz <- I30  dBdHz I c-l36dBdHz I c-l40dBdHz I 

c 4  Hz 
t 6  Hz 

CJ* 

FWwne). 

When fc t1030 MHz and puke modulation is imtalkd, spurious spKificatiom apply for outpvt levels 
tt4 dBm 

c l  Hz 
c1.5 Hz 

SSB Wol* 
2 0 k t l z M  

260 to 520 MHz 
520 to 1030 MHz 
1030 to 2060 MHz 

(IM) 
26 kHz OtM 

<2 Hz 
c3 Hz 

c-130 dBdHz 
(-124 dBdHz 
c-118 dBdHz 

(-136 dBclHz 
c-130 dBdHz 
(-123 dBdHz 

t 3  Hz 
c 4  Hz 

c6  Hz 
(8 Hz 



Output 
Level range: +I3  dBm to -143.5 dBm into 50R1 
Resolution: 0.1 dB 
Absolute level accuracy2: <+1.0 dB (+3.5 to -127 dBm). < + I  .5 
dB (level > +3.5 dBm) 
Level flatness (100 kHz to 2060 MHz): <+0.5 dB, output level level 
setting of 0 dBm 
SWR: < 1.5 for levels 5-6.5 dBm; <2.0 for levels 5+13 dBm 
Reverse-power protection: SOW, 25 Vdc (from a 50R source) 
Supplemental characteristics 

Attenuator repeatability: 0.01 dB 
Output level overrange: to + 17 dBm 

Amplitude Modulation 
AM depth (1, >400 kHz): 0 to 100%. level 1 + 7  dBm; 0 to 30%. level 
<+lOdBm 
Reso~ution: I % 
AM rate internal: 400 Hz and 1 kHz, *2%. 
External: 20 Hz - 40 kHz (I dB), 20 Hz - I00 kHz (3 dB typical). 
AM distortion (at 400 Hz and 1 kHz rates, levels <+lo dBm)l 

Indicator accuracy (for depths <90%, 400 Hz and I kHz rates and 
levels <+7 dRm): *(6% of setting + 2%) 
Incidental phase modulation (at 30% AM depth, internal rates): 
<0.3 radians peak 

AM oapth 
0 to 30% AM 

31 to 708 AM 
71 to 908 AM 

Frequency Modulation 
Maximum FM peak deviation (3-digit LED display) 

Wulmum Peah lkvlrHon 
r Yodr (the larar of) 

0.1 to 130 MHz 200 kHz or 4000 X rate (Hz) 200 kHz 
130 to 260 MHz 50 kHz or I 0  X rate (Hz) 50 kHz 
260 to 520 MHz 100 kHz or 2000 X rate (Hz) 100 kHz 
520 to 1030 MHz 200 kHz or 4000 X rate (Hz) 200 kHz 
1030 to 2060 MHz 400 kHz or 8000 X rate (Hz) 

f c    OM ~ ) ( z  

t1.58 THD plus norse. 
<3.08 THD plus noise 
t4.08 THD plus nolse. 

FM setting resolution: 

fc '1030 ML 

c4 .m THD plus nose 
(4.08 THD plus nolse 
t7 .08  THD plus nolse 

FM rate internal: 400 Hz and 1 kHz. +2% 
External: (dc) 5 Hz to 100 kHz, 3 dB bandwidth 

(dc) 20 Hz to 50 kHz, I dB bandwidth 
Center frequency accuracy in dc mode 

FM 
Dsvittion 

t l00 kHz 
,100 kHz 

130 to 260 MHz t125 Hz 
260 to 520 MHz +250 Hz 
520 to 1030 MHz 

Center trequency stability in dc mode: < 10 Hz per hour drift. 
FM distortion (at 400 Hz and 1 kHz rates, 26  kHz peak  deviation^)^: 
<0.Sr% THD plus noise 
Indicator accuracy (400 Hz and 1 kHz): <+5% of setting 

clfrfe FWurm). 

Incidental AM (peak dev. <20 kHz, 400 Hz and 1 kHz rates): 
<0.1% AM; fc >SO0 kHz 
<0.5% AM; fc > 1030 MHz 
Supplemental characteristics 

FM distortion: worst case distortion at all specified deviations, 
rates, and carrier frequencies is 1.5% 
External sensitivity: 1 Vpk for indicated accuracy (1V dc when in 
dc-FM mode) 
External modubtion input: Front panel BNC, 6000 dc-coupled; 
front panel annunciators indicate 1 Vpk signal +5% 
Simultaneous modulation: 
Internal/external: AM/FM. FM/AM, AM/AM. FM/FM, 
AM/FM/Pulse5 
Internal/internal, external/external: AM/FM 

fc tlOM M L  

100 Hz 
1 kHz 

Pulse Modulation (Option 003) 
ON/OFF ratio: > 70 dB, fc 2 130 MHz; >95 dB, fc > 1030 MHz 
Rise/fall time: 35 nsec, fc 21  30 MHz; 50 nsec. fc > 1030 MHz 
Supplemental characterhtics 

Typical rise/hll time: 10 nsec, fc > 130 MHz; 18 nsec, fc > 1030 
MH7 
Maximum repetition rate: dc - 30 MHz 
Remote Programming 
Interface functions implemented: SHO. AHI, TO, L2, SRO, RLI, 
PPO. DCI, DTO. CO, El 

fc >I030 MHz 

200 Hz 
2 kHz 

operating temperature range: O0 to +5S°C 
Storage temperature range: -55' to +7S°C 
~eakage: conducted and radiated interference is within the require- 
ments of CEO3 (except broadband conducted below 70 kHz), and of 
REOZofMILSTD46lB,andlTZ 1115.RFleakageoflessthan 1.0 
pV is induced in a two-turn loop. 2.5 cm in diameter. held 2.5 cm 
away from the front surface. (Typical leakage <O.OS pV, level <-40 
dBm) 
Save/recall/sequencc storage registen: 100 non-volatile registers 
are available to save front panel settings 
Rear panel SEQ input level: TTL low to recall next storage register 
contents 
Power requirements 100,120,220, or 240V (+ 10%) from 48 to 440 
Hz;  125 VA maximum 
Weight: net, 19.5kg (431b); shipping, 25.0kg (551b) 
Size: 133H x 425W x 574mmD (5.25" x 16.75" x 22.6") 
HP System II cabinet module size: 5.25"H x I MW x 17"D 

Ordering Information 
HP 8657B Signal Generator6 

Opt 001 High stability timebase 
Opt 002 Rear panel input and output 
(All connectors on rear panel only) 
Opt 003 Pulse modulator 
(Pulse modulator is factory installable only) 
Opt 907 Front handle kit (5061-9689) 
Opt 908 Rack flange kit (5061-9677) 
Opt 909 Rack flange kit with front handles 
(506 1-9683) 

Opt 910 Provides an additional operation/calibration 
manual (08657-90006) and 2 service manuals 
(08657-90007) 
Opt 915 Add service manual (08657-90007) 
Opt W30 Extended Repair Service. See page 723. 
Opt W32 Calibration Service. See page 723 

1494-0060 Rack Slide Kit for HP rack enclosures 
1494-0C61 Slide Adapter Bracket Kit for non-HP rack 
enclosures (order with Rack Slide Kit). 

Price 
3 1 2,600 

+$950 
i-$250 

'When I, < 1030 MHz and wlse modulation Is Instsllad. maxlrnum outpvt led Is +10 dBm. 921 1-2661 Transit case 555fl 
~ - - - - . . . . ~ .--. ---- 

'Absoluie lava~ accuracy indudes allowances for detector linearity, teipaature, natness. anenu- 
at01 accuracy and measurement uncertainty. 'Puloe modulation ~ k a t i o n ~  for levoh 5 t7 dBm. ( F l e q ~ n y  nVnohlng speed typloany 
)When fc < 1030 MHz and pulse modulst~on is instalW, maxlmum sp&M output led In AM is increases by 30 m w  with PUIW modulation on.) AddItlonally.wimn 1, >I030 MHZ. AM lsunspeci- 
reduced by 3 dB tied with pulse modulatlon turned on. 

'FM distortion speclflcatlon appllss when: (FM dm) = 'h (maximum s~odfbd FM dev) f w  c a m  'np-le cables not ~ncluded. For descrlp(lon and prima, sse pqp 578. 

frequencies below 520 MHZ. For same-day shipment, call HP DIRECT 800-538-8787 



SIGNAL GENERATORS 
High-Performance RF 
HP 8644A 

252kHz to 1030MHz frequency range with optional 
coverage to 2060MHz 
-136 dBc/Hz phase noise at 20 kHz offset. 
1 GHz carrier 
-100 dBc nonharmonic spurious 

HP 8644A Synthesized Signal Generator 
The HP 8644A Synthesized Signal Generator is a high perform- 

ance. 252 kHz to 1030 MHz generator that provides excellent spec- 
tral purity for confidence in RF  measurements. For R&D or stringent 
testing of communications equipment, the low phase noise and low 
spurious provide the measurement margin necessary for repeatability 
and accuracy. 

The H P  8644A uses a modular platform that allows you to config- 
ure the instrument for your application. 

High Performance Modulation 
For receiver measurements the HP  8644A offers AM. FM, and 

pulse modulation. FM deviations up to 20 MHz combined with speci- 
fied rates to 100 kHz can test most communication receivers. AM 
performance includes 0- 100% depth and rates to 100 kHz. 

Advanced Internal Modulation Source 
An optional internal modulation synthesizer provides four sources 

each with a frequency coverage of 0.1 Hz to 400 kHz and and sine, 
square, sawtooth, and white gaussian noise waveforms. Two of these 
sources can be summed together to provide two-tone capability. and 
one of these sources can be modulated by up to three of the sources 
with AM/FM/PM, and pulse. This source can also generate signals 
for testing VOR and ILS receivers. 

Lowest Speclfid Leakage of Any Signal Generator 
The standard HP 8644A has typical leakage of < I pV induced in a 

two-turn loop, which is sufficient for most R&D or production testing. 
For sensitive measurements, Option 010, a low leakage configuration, 
provides more RF  shielding and has typical leakage of 0.1 pV.  

On-Site Repair and Calibration 
The HP 8644A contains its own firmware and hardware for cali- 

bration, troubleshooting, and monitoring instrument performance. 
Built-in sensors continually monitor internal voltages to notify users 
of temperature drift, hardware failure, or the need for recalibration. 

HP 8644A Specifications 

Frequency 
Range: 25 1.46485 kHz to 1030 MHz; 251.46485 kHz to 2060 MHz 
with Opt 002. See Optional Internal Modulation Source for coverage 
below 252 kHz. 
Frequency bands The approximate endpoints of each frequency 
band can be determined by dividing the 1030 to 2060 MHz band by 
two for each band decrease. 
Stability, Opt 001: <5X10'"/day aging after 10 day warm-up. 

AM, FM, and pulse modulation 
Internal modulation source for complex waveforms 
Options to configure for specific applications 
On-site repair and calibration 

Typical 888 phase noise and spun at 1 GHr. 

\;<<s'" Mode 2 

Residual AM: <0.01% AM rms, 0.3 to 3 kHz post detection 
bandwidth. 

Spectral Purity*' 
Phase ndse (CW, AM, or FM2 (operation) 
Standard/Option 004 

Carrier Ofha FraqW 
Frequency 1 kHz 20 kHz 100 kHz 

(MHz) (dBclHz) (dBc/Hz) (dBc/Hz) 
1030 - 2060 -811-94 -1211-130 -1311-136 
515 - 1030 -881- 100 -1281-136 -1381-142 
257 - 515 -931-106 -1341-142 -1411-145 
128 - 257 -981-1 11 -1381-145 -1421-145 
64 - 128 -1031-116 -1401-145 -1441-145 
32 - 64 -1081-121 -1421-145 -1451-145 
16 - 32 -1131-127 -1441-145 -1451-145 
8-16 -1181-130 -1451-145 -1451-145 
4 - 8 -1231-135 -1451-145 -1451-145 
2 - 4 -1271-135 -1451-145 -1451-145 
1 - 2  -1311-135 -1451-145 -1451-145 
0.5 - 1 -1351-135 -1451-145 -1451-145 
0.25 - 0.5 -1381-135 -1451-145 -1451-145 

Spurious Signals 
Harmonics: -30 dBc. output <+8 dBm; -25 dBc. 1030 to 2060 
MHz,  output <+8 dBm. 
Subharmonk none, 0.25 to 515 MHz; <-55 dBc, 515 to 1030 
MHz;  <-40 dBc. 1030 to 2060 MHz. 
Nonharmonics: <-I00 dBc. > I5 kHz offset, 0.25 to 1030 MHz; 
< -94 dBc, > 15 kHz offset, 1030 to 2060 MHz. 
Residual FM (CW, AM, FM operation)' ' 
Standard/Oation 004 

Pact Man flandrridth 
Carrier Frequency 

257- 515 <1.21 t0.5 t2  1 t l  
515- 1030 <2 I < l  <4 1 t 2  

1030 2060 <4 1 <2 t 8  I t 4  

' 'Refer to product note HP W A - 1  before Nng the HP 8M4A in p h w  IWW monouranents. 
* FM at 1% rnaxlrnurn swcMed dsvlatlon for ofbets > 1 kHz. FM at rninlrnurn devlatlon for ofbets 
. . . . . . - . 
' Speclfled fw 48 to 63 HZ powa line. Typlcsl fw 4M) HZ para IlflO. 
' Dev~at~on <0.1K of maximum available 



Output 
Maximum level: +16 dBm. 0.25 to 1030 MHz; +13 dBm with Opt 
005; Opt 002: + 14 dBm. 0.25 to 1030 MHz; + 13 dBm, 1030 to 2060 
MHz. 
Minimum level: -1 37 dBm 
Resolution: 0.1 dB. 
Absolute accuracy: +I dB, output 2-127 dBm. 
Reverse power protection: 50W from a 50R source, 25 Vdc. 
Typical third order intermodulation: <-50 dBc, outputs <8 dBm. 
Typical output level overrange: 2 dB more than maximum level. 
Typical SWR: < 1.7: 1, output < -2 dBm. 
Modulation 
External modulation inpuh: ac or dc, for AM or FM 600R. Pulse, 
dc only. 
Amplitude Modulation 
AM depth: 0 to 100%. for output <+7 dBm. 0.1% resolution. 
AM Indicator accuracy: *(6% of setting +I%), up to 80% depth, 1 
kHz rate. 
AM distortion, at 400 Hz and 1 kHz r a w  

FM Distortion: 
(20 Hz - 100 kHz rates) 

deviations. For improved FM indicator accuracy, Mode 2 may be selected 

' Accuracy at time of setting for rates that do not excsed maximum rate. 
Carrier frequency accuracy in FM: +0.5% of FM deviation 
setting. 
Pulse Modulation 
On/off ratio: >35 dB; >80 dB for 1030 to 2060 MHz. 
Rise fall time: < I00 nsec, between 10% and 90% response points. 
Maximum pulse repetition frequency: 1 MHz. 
Minimum pulse width: 0.5 psec. 
Internal Modulation Source 
Rates: 0.3. 0.4. 1, 3 kHz. Accuracy a5%. 
Optional Internal Modulation Source 
Frequency range: 0. l Hz to 400 kHz; 0.1 Hz resolution. 
Maximum output level: 0 to 2 Vpk into 600 R; 2 mV resolution. 
Phase Continuous Sweep 
Sweep type: linear, phase continuous. 
Sweep time: 20 ms to I0 s. 
Maximum sweep span: twice maximum FM deviation. 

Depth 

0 - 308 
0 - 70% 
70 - 90% 

FM indicator accuracy:' 
Rates: 0-30 kHz 

30-100 kHz 

Digitally Stepped Sweep 
Swccp type: linear or log, frequency stepped. 
Sweep time: 500 ms to I000 s 
Remote Programming 
Interface/language: HP-IB/HP-SL (HP systems language) 
General 
Power requirements: * 10% of 100,120,220, or 240V; 48 to 440 Hz 
400 VA maximum. 
Operating temperature range: 0 to 55°C. 
Storage temperature range: -55 to +75OC. 
Leakage: Typical leakage is < 1 pV induced in a two-turn loop 1 inch 
from any surface with output level <O dBm; <0.1 pV with Opt 010. 
Calibration intewal: 3 years (MTBC). 
Storage registers: 10 full function and 40 frequency/amplitude. 
Weight: net. 28 kg (61 Ib); shipping. 35 kg (77 Ib). 
Size: 178 x 425 x 648mmD (7" x 16.75" x 23.5"). Opt 010 adds 
35mm (1.4") to the depth. 
Avionics Specifications 

Option 009 provides specified VOR/ILS performance for the H P  
8644A with Option 007. These specifications apply when using the 
HP 8644A with Option 007 to generate standard VOR and ILS sig- 
nals. Can not be ordered with Option 002 or Option 005. 
VOR bearing accuracy: 0.1 degrees. 
VOR, LOC, GIs AM accuracy: *5% of setting. 
VOR, LOC, G/S AM distortion: 2%. 
VOR FM accuracy (480 Hz deviation): * 1.5 Hz. 
Localizer DDM resolution: 0.0002 DDM. 
Lacalizer DDM accuracy: *0.0004 +5% of DDM. 
Glide slope DDM resolution: 0.0004 DDM. 
Glide slope DDM accuracy: *0.0008 4 %  of DDM. 
Marker beacon AM accuracy (95% AM): 4 %  of setting +I%. 
Marker beacon AM distortion (95% AM): 5%. 
Frequency Counter Specifications 

Option 01 1 provides an optional frequency counter. 
Frequency range: selectable from 20 Hz to 2 GHz. 
Impedence: 20 H z  to 10 MHz. I dl shunted by less that 65 pF. 

I 0  M H z  to 2 GHz,  50R nominal. 
Sensitivity: 25 mV rms -19 dBm into 50R 
Gate times: adjustable in 0.1 s steps from 0.1 s to 1 s. 

Measured frequency (Hz) X I @  
Measurement resolution (Hz): 

Gate time(s) or 0.01 Hz, which ever is greater. 
Measurement uncertainty: +/- timebase accuracy plus +/- mea- 
surement resolution. 
Ordering Information Price 
HP 8644A Synthesized Signal Generator' 317.200 

Opt 001 High stability time base +31,550 
Opt 002 2 GHz doubled output +S7,150 
Opt 003 RF connectors on rear panel only +$400 
Opt 004 Enhanced spectral purity +34,100 
Opt 005 Electronic attenuator (5-year warranty +S500 
on attenuator, cannot be used with Opt 002) 
Opt 007 Synthesized audio oscillator +3 1,050 
Opt 009 Specified VOR/ILS performance (can +$1,500 
not be ordered with Opt 002 or Opt 005) 
Opt 010 Reduced leakage configuration +31,500 
Opt 01 1 2 GHz frequency counter +3 1,000 
Opt 907 Front handle kit (5061-9690) +S65* 
Opt 908 Rack flange kit (506 1-9678) +$35= 
Opt 909 Rack flange kit with front handles +$90* 
(506 1-9684) 
Opt 910 Provides an additional operation and +$190* 
calibration manual (08644-90009) and two 
service manuals (08645-90024) 
Opt 915 Add service manual (08645-90024) +365 
Opt W30 Extended repair service. See page 723. 
08645-61 116 Service kit +WOO 

1 HP-IE cables not included. For descrlptlon and prim, ses papa 579. 
For same-day shipment, call H P  DIRECT at 800-538-8787 

3 dB bandwidth: >5 kHz, 0.25 to 8 MHz. >50 kHz, 8 to 128 MHz; 
> I00 kHz, 128 to 2060 MHz. 
Frequency Modulation 
FM deviation range: 20 MHz for carriers from 1030 to 2060 MHz. 
Maximum deviation divides in half for each carrier band lower. 
FM maximum rate: 100 kHz, 8-2060 MHz 19.5 kHz, 1-2 MHz 

78 kHz, 4-8 MHz 9.7 kHz, 5 - 1  MHz 
39 kHz. 2-4 MHz 4.8 kHz. .25-.5 MHz 

0.25 - 1030 MHz 
2% 
38 
5% 

Mode 1 

12% 
20% 

1030 - 2060 MHz 
59 
5% 

8% AM 

Mode 2 

5% 
10% 

(Mode 3 opt. 004) 

5%. (6% mode 3') 
10%. (15% mode 3*) 



SIGNAL GENERATORS 
High-Performance RF 
HP 8642A. 8642B 

100 kHz to 2.115 GHz +20 dBm maximum output level 
<-I34 dBc/Hz SSB phase noise at 20 kHz offset AM, FM, (PM and pulse modulation 
-100 dBc nonharmonic spurious On-site repair and calibration 

HP 8642A @w SYSTEMS 

HP 8642A/B Synthesized Signal Generators 
The HP 8642A and HP 8642B synthesized signal generators are 

high performance programmable signal generators intended for the 
most demanding out-of-channel RF  receiver measurements and other 
stringent RF  applications. The HP 8642A covers the frequency range 
from 100 kHz to 1057.5 MHz and the HP  8642B to 21 15 MHz. 
Low SSB Phase Noise 

The H P 8642A/B provide state-of-the-art in SSB phase noise at  20 
kHz offsets of -134 dBc/Hz at  1 GHz. 
-100 dBc Spurious 

Nonharmonic spurious are held to below -100 dBc on the HP  
8642A/B up to 1 GHz and to below -94 dBc above I GHz. These 
two generators allow receiver spurious rejection tests to be fully auto- 
mated with the utmost confidence in test results. 
Repeatability and Level Accuracy 

In addition to a high-reliability attenuator, absolute output level 
accuracy is * I  dB down to -127 dBm (0.1 pV). In R&D or on the 
production line, the HP  8642A/B will accurately measure receiver 
sensitivities. 
Up to +20 dBm Output Level 

Up to +20 dBm is available from the HP  8642A/B to perform a 
variety of high level measurements, often eliminating the need for 
external amplifiers. 

This extra power can be used to overcome cabling losses. With the 
relative amplitude feature, the display can be offset to show correct 
output level at the end of the cable. 
AM, FM, ( P I  and Pulse Modulation 

The HP 8642AIB offer AM. FM. +M and pulse modulation across 
their full frequency ranges. 

A low distortion internal modulation oscillator can be used to mod- 
ulate the HP 8642A/B up to 100 kHz rates. The internal audio oscil- 
lator can also be used as a stand-alone audio source with variable 
rates and levels. 

HP 8642A/B Specifications 
Frequency 
Range: I00 kHz to 1057.5 MHz, HP  8642A; I00 kHz to 21 15 MHz, 
H P X642B. 
Bands: Both generators cover their ranges in one continuous span. 
However. many other specifications aredependent on carrier frequen- 
cy. To simplify such specifications, the HP  8642A and 86428 carrier 
frequency ranges are divided into bands shown in the table below. 

HP 8642, 

SYSTEMS 

1057.500001-2115 (HP 86426) 16 523438- 33 046875 
528.750001-1057 5 8.261719- 16 523437 
264.375001- 528.75 4130860. 8.261718 
132.187501- 264.375 0.1 - 4 130859 
66.093751 132.1875 HET 0.1 -132.1875 
33.046876 66.09375 

Resolution: 1 Hz, 0.1 Hz with special function. 
Stability: same as reference oscillator. 
Internal Reference Oscillator 
Standard: aging rate: +2 ppm/year; Option 001: < 10-'/day aging 
rate after 8 days warm-up. 
Spectral Purity 
Residual FM (in CW, AM or Angle Modulation <y3 Max. Dev.): 

500 MHz: < 1.2 Hz (0.3 - 3 kHz BW), <2 Hz (0.05 - 15 kHz BW): 
1000 MHz: <2 Hz (0.3 - 3 kHz BW). <5 Hz (0.05 - 15 kHz BW): 
2000 MHz: <5 Hz (0.3 - 3 kHz BW). <9 Hz (0.05 - 15 kHz BW). 

SSB Phase N o i r a t  20 kHzothct (CW, AM or FM/gM < I / M  Max- 
imum Deviation): 

125 MHz: - 144 dBc/Hz; 
250 MHz: -141 dBc/Hz; 
500 MHz: -137 dBc/Hz; 
1000 MHz: -1 34 dBc/Hz; 
2000 MHz: -125 dBc/Hz. 

Residual AM: <0.0170 AM rrns, 0.3 - 3 kHz BW. 
Spurious 
Harmonics: -30 dBc. level <+I0  dBm, -25 dBc fc > 1057.5 MHz. 
Subharmonk.: none, fc < 1057.5 MHz; -45 dBc, fc > 1057.5 MHz. 
Nonharrnonics (> I0 kHz offsets): -100 dBc, (-94 dBc fc > 1057.5 
M H 7 ) .  

N 

I- -40 

S -60 

2 
'8 -80 
Z 

: -100 
m 
E -120 
m : -140 

- 160 

10 100 l k  10k 100k 1M 10M 
Offset Frequency, Hz 



Output 
Level range: from maximum available to -140 dBm (0.023 pV). 
Maximum Level Available: 

nla band 8 
bands 8 & HET 

band 9 
band 9 band 10 

- -  -~ ~ 

Resolution: 0.1 dB. 
Absolute accuracy: +1 dB. output level 2-127 dBm. 
Flatness: <+0.75 dB. +I0 dBm output level. 
Impedance: 50n nominal. 
SWR: < 1.5:1, level <O dBm; <2.0:1, level 2 0  dBm. 
Reverse power protection: 50W, from a 50R source 25 Vdc (HP 
8642A), 25W. SO Vdc (HP 8642B). 
Third order intermodulation: <-50 dBc at +10 dBm, two genera- 
tors 25 kHz apart into a resistive combiner. Typically decreases 10 dB 
for every 5 dB of combined level decrease. 
Amplitude Modulation 
AM depth: 0 to 99.970. output level < + I 0  dBm. 
AM resolution: 0.1 R. 
AM indicator accuracy at 1 kHz rate and up to 90% AM: 
+(3.5'% of setting +I% AM), fc 5528.75 MHz (8642A). fc 51057.5 
MHz (8642B); 
+(5% of setting +1% AM), fc >528.75 MHz (8642A). fc > 1057.5 
MHz (86428). 
AM distortion at 1 kHz rate 

HP WU 

I - 
wcu: t,<w..n m mu: t,>sm.n MHZ 
E6428; fc<1057.5 MHz 86420: fc>lM7.5 MHz 

HP W 2 B  
t20 dBm (2.24V) 1 bands 1 thru 7 1 bands 1 Ihru 7 

AM 3 dB bandwidth, depth 690%: 
External dc/ac coupling: dc/20 Hz to 100 kHz, fc: 01-4.13 MHz, 
33.04-21 15 MHz, HET; dc/20 Hz to 20 kHz, fc: 4.13-33.04 MHz. 
Internal: same as external ac. 
Incidental I M  at 1 kHz rate and 30% AM: ~ 0 . 2  radians peak. 
Frequency Modulation 
Maximum FM deviation: 

Clrrler 
Freqwnq 

Band 

10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

HET 

Phase Modulation 
Maximum phase deviation: 

OM - u r n :  +(5% of setting +0.09 radians), 1 kHz rate. 
I M  resolution: Greater of 0.7% of setting or 0.0004% of max. dev. 
OM distortion: <0.4%, 1 kHz rate. 
#M 3 dB bandwidth: dc/20 Hz to 15 kHz. 
Pulse Modulation (for output levels <+I5 dBm) 
Pulse on/off ratio: >40 dB; >80 dB. fc > 1057.5 MHz. 
Rise/fall time: <400 ns. 10% to 90%. 
Maximum repetition frequency: I00 kHz. 
Minimum pulse width: 2 ps. 

Internal Modulation Oscillator 
Rates: 20 H7 to I00 kHz. 
Frequency resolution: 1% of setting. 
Frequency accuracy: 2% of setting. 
Output level range: 0 to 3V peak into 600R. 
Output level resolutian: 4 mV. 
Distortion: <0.027. 0.02 kHz to 15.8 kHz; ~0.15%. > 15.8 kHz. 
Output level accuracy: +(4% +15 mV) within 1 second. 
Output impedance: 600Q + 10%. 

Carrier Frequency 
Band 

10 

1 
HET 

Wxlmumbnlrtkn 
DC C o u M  

FM resolution: 0.7% of setting or 0.0004% of maximum deviation, 
whichever is larger. 
FM indicator accuracy, rates 5 100 kHz: 4 5 %  of setting + 10 Hz). 
FM distortion, rates 20 Hz to 100 kHz: 4% for max. dev.. 2% for YZ 
max. dev., 0.4% for '/lr maximum dc coupled deviation. 
FM 3 dB bandwidth: (dc/ac coupling): dc/20 Hz to 200 kHz. 
Incidental AM: 0.3%. 20 kHz peak dev., 1 kHz rate, fc >400 kHz. 

3 MHz 
1.5 MHz 

750 kHz 
375 kHz 
187 kHz 
93.8 kHz 
46.9 kHz 
23.4 kHz 
11.7 kHz 
93.8 kHz 

1.5 MHz 

Frequency Sweep 
Modes: Start-Stop. Span, and Phase continuous. 
X axis output: 0 to 10 Vdc, +lo%. 
Z axis output: TTL positive true for display blanking during re- 
trace. 

Maximum bnlrtkn 
(wh) 
200 

6.25 
100 

YIIim~rn bnlrtkn 
AC Coudtd w lnmul  

(the smaller of) 
3 MHz or f m d  X 2160 
1.5 MHz or f m d  X 1080 

750 kHz or lm0d X 540 
375 kHz or fm0d X 270 
187 kHz or fm0d X 135 
93.8 kHz or I,& X 67.5 
46.9 kHz or I,& X 33.75 
23.4 kHz or f m d  X 16.88 
11.7 kHz or fm& X 8.44 
93.8 kHz or fm& X 67.5 

1.5 MHz or fmod X 1080 

Remote Programming 
Interface HP- IB (IEEE-488-1978). 
HP-IB functions: listener, talker, and controller. SH1, AHl. T5, 
TEO, L3, LEO. SRI,  RL1. PPI, DCl. DTI, Cl,C3,C28, E2. 
General 
Operating temperature ran* O0 to 55O C. 
Storage temperature: -55°C to +75O C. 
Leakage: conducted and radiated interference is within the require- 
ments of MIL-STD-461B method RE02. Interference is also within 
the standards set by FTZ-1046. Also, RF leakage of <O.5 pV is in- 
duced in a two turn loop 2.5 cm in diameter, held 2.5 cm away from 
any surface for output levels 5 0  dBm. 
Power requirements: 100,120,220, or 240V; +5%, -10%. 48 to 440 
Hz; 300 VA max. 
Size: 133H x 425W x 617D mm (5.25" x 16.75" x 24.3"). 
HP System II module size: 5'/rH x 1 MW x 23D. 
Weight: Net, 32.7 kg (71.5 Ib); shipping, 43 kg (95 Ib). 
Ordering Information Price 
H P  8642A Synthesized Signal Generator' $27,900 
H P  8642B Synthesized Signal Generator' $38,200 

Opt 001 High stability time base +$2,350 
Opt 002 Input/output connectors on rear panel only +$I65 
Opt 710 On-site repair manual (08642-90020) +$74 
Opt 907 Front handle kit (5061-9689) +$57 * 
Opt 908 Rack flange kit (5061-9677) +$33 T 
Opt 909 Rack flange kit (5061-9683) with front handles +$82 T 
Opt 910 Provides an additional operation and +$565 T 
calibration manual (08642-90224) and two service 
manuals (08642-90226) 
Opt 915 Add service manual (08642-90026) +$255 * 

H P  8642A Opt W30 Extended repair service. See page 723. +$615 
H P  86428 Opt W30 Extended repair sentice. See page 723. +$845 
H P  11801A On-site repair kit for H P  8642A $21,100 
H P  11801B On-site repair kit for H P  8642B $27.800 
H P  11801C On-site repair kit for H P  8642A/B 
HPlB cables not wpplled. For desdptlon and prlee, ses page 579. 

$29,350 

For same-day shipment, call HP Direct at 800-538-8787 



SIGNAL GENERATORS 
High-Performance RF 
HP 86601) 

10 kHz to 2600 MHz 
Synthesizer stability and accuracy 
1 Hz resolution (2 Hz above 1300 MHz) 

Ten digit display 
Calibrated output over > 140 dB range 
AM, FM, @M, or pulse modulation 

HP 8660D (with HP 866338 and HP 86603A plug-ins) 

HP 86600 Synthesized Signal Generator 
System Concept 

The HP 8660 is a modular, solid-state, plug-in system. Each system 
includes: I) a programmable, synthesized signal generator main- 
frame, 2) an R F  section plug-in, and 3) a modulation section. 
Synthesized accuracy and stability, along with complete program- 
mability, make the H P  8660 ideal for automated receiver, subsystem 
and component testing. 

Mainframes 
The HP 86601) offers front panel and HP-IB or BCD control of 

center frequency and frequency sweep. An external reference may be 
used to replace the internal, high stability reference oscillator. 

Plug-In RF Sections 
The HP 86601A (0.01 - 110 MHz), H P  86602B (I - 1300 MHz), 

and HP 86603A (1 - 2600 MHz) are the three R F  section choices. 
The HP 11661 B Frequency Extension Module (mainframe Option 
100) must be used with the H P  86602B and H P  86603A and is in- 
stalled internally to an H P  8660 mainframe. (When using the H P  
8660A mainframe, the HP  86603A plug-in must be ordered with O p  
tion 003.) 

Plug-In Modulation 
There are five modulation sections from which to choose. The H P  

86631 B Auxiliary Section provides external AM and pulse modula- 
tion. The HP 86632B offers AM and FM and utilizes a free-running 
VCO to provide high FM deviations and rates while the HP  86633B 
provides AM and phase locked FM. The HP 86634A offers high per- 
formance phase modulation with rates to 10 MHz while the HP  
86635A provides both FM and phase modulation. (The HP 86634A 
and H P  86635A must be used with Option 002 RF  Section.) 

HP 8660D Maintrame Specifications 
Frequency accuracy and stability: CW frequency accuracy and 
long term stability are determined by internal reference oscillator, or 
by external reference. 
Reference Oscillator 

Internal: 10 MHz quartzoscillator. Aging rate less than +3 parts in 
109 per 24 hours. 
External: rear panel switch allows operation from 5 MHz or 10 
MHz frequency standard at  a level between 0.5 and 2.5 Vrms into 
170 ohms. 

Reference output: rear panel BNC connector provides output of ref- 
erence signal selected a t  level of at  least 0.75 Vrms into 170 ohms. 
Digital sweep: auto, single, or manual. Selectable speeds 0.1. I. or 50 
seconds. 

Remote Programming 
Functions 

HP 8660D: CW frequency, frequency stepping (STEPT, STEP I), 
output level, and most modulation functions are programmable. 

Programming Input 
Connector type: 36-pin Cinch type 57 (mating connector sup- 
pl~ed). 24-pin Cinch type 57 for HP-IB control. BCD and HP-IB 
control internal jumper selectable. 
Logic: TTL compatible (negative true). 

Switching time less than 10 ms to be within 100 Hz of any new 
frequency selected. (Less than 175 ms to be within 10 Hz.) 

General 
Operating temperature range: 0' to +55'C. 
Power: 100, 120 (+5%, -lo%), 48-400 Hz; 220, 240V (+5%, 
- 10%). 48-66 Hz; approximately 350 watts. 
Weight (maintrameonly): net, 23.8 kg (53 Ib). Shipping, 29.6 kg (65 
Ib). 

Supplemental Characteristics 
Typical Single Sideband Phase Nohe 

u 
1301 ! I I 1 I 

U - 1 10 102 103 104 105 106 
n 2. 

+ O(hc((mmC.nkr 
(Phase Noise with HP 88803A above 1300 MHz increases 6 dB.) 



10 kHz to 110 MHz 1 MHz to 1300 MHz 1 MHz to 2600 MHz 

HP 86601A HP 866028 (HP 116618 required) HP 86603A (HP 116618 required) 

RF Section Specifications (installed in HP 86601) mainframe) 
1 U P  86601A U P  866028 H P  86603A 

Frequency Range 

Spurious 
Non Harmonically Related 
(greater than 10 KHz 
oftsets) 
Power Line Related 
ICW AM dM nnlvY 

Frequency Resolut~on 

5-00 dBc below 700 MHz 
5-80 dBc above 700 MHz w~thln 45 MHz of carrier 
5-70 dBc above 700 MHz >45 MHz from carrier 
5-50 dBc on t 1 0  dBm range 

c-60 dBc 

0.01-110 MHz 
(109.999999 MHz) 

I 5-74 dBc within 
) 45 MHz of carrier' 
I 5-64 dBc >45 MHz 

I Hz 

I from carrier 
I c-60 dBc 

(mqulra HP 116618) 

1-1300 MHz 
(1299.999999 MHz) 

1 Hz I 2 Hz 

Harmon~cs 

-- 

Signal To Phase Nolse 
Ratio (cw. AM. OM onlv. I A0 dB I 

(mqulm U P  116618) 

1-2600 MHz 
(2599.999998 MHz) 

.11111-1 

CF t1300MHz T-ll--lll CF >I300 MHz 

5-40 dBc 

60 kHz, ~ 6 4  MHz 
100 Hz. CFt0.4 MHz 
5 kHz. 0.4tCFt4 MHz I 

5-30 dBc (c-25 dBc above t 3  dBm) 5-20 dBcl 

onsets >30o HZ) ' 

Output Level (~nto 50n) 

Output Accuracy 
(local and remote) 

Flatness (output level 
var~at~on wlth frequency) 

Impedance 

AM Modulation Depth 

3 dB Bandw~dth: 040% 

0-704, 

5 kHz CFtlO MHz 
50 kHr CFzlO MHz 

NIA 

t13  dBm to -146 dBm 

a1 dB.t l3 to-66 dBm 
+2 dB.-66 to-146 dBm 

t i 0  75 dB 

I 

g 
I 
e u 

3 
2 
2 

t 1 0  to -146 dBm 

+1.5 to-76 dBm 
+2.0 to-146 dBm 

<+l.OdB 

50R 

a. 

3 

I I 
" . . , , - - . . 

i ~ o r  output W s  t 3  dBm and Mow: slightly h b k  t 3  to t 7  dBm. 'For RF output lml meter readings from t 3  dB to -6 dB and only at +3 dBm m d  Mow. 
Measured In a 30 kHz band centered on the Carrler excluding a 1 M band wnlued on the carrier. '~pplies only at 400 Hz and 1 kHz rates wlth output meter set bstween 0 end +3 dB. At -8 dB 

 or t3 to +7 dBm output levels, output accuracy and flatness wlll be slightly degraded meter settin the dlstortion approximately doubles. 
'Pha~e mediation 1s on~v oosslble wlth Ootion 002 RF Section,. 

t 10  to -136 dBm t 7  to -136 dBm' 

i2.5 dB to-76 dBml 
i 3 .5  dB to-136 dBm 

<+2.0 dB 

0 to 95% 

200 Hz. CFc0.4 MHz 
10 kHz. 0.45CF t 4  MHz 
100 kHz. CF24 MHz 
125 Hz, CFt0.4 MHz 
6 kHz, 0.4sCFc4 MHz 

C 

3 

! 
2 
6 C) 

0 to%' I 0 to 50%' 
10 kHz, CFtlO MHz I 5 kHz 
100 kHz. CFLIO MHz 

6 kHr CFtlO MHz 
I 
I NIA 

60 kHz, CF?10 MHz 

level control at max.) 

gM Rate 

Maximum Peak Deviation 

Dstort~on. THO 

D~stortton,'THD at 30% AM 
at 70% AM 
at 90% AM 

FMRate 

Maxtmum Devlatlon (peak) 

Datort~on. THD (at rates 
up to 20 kHz) 

Pulse R~seIFall Time 

ONlOFF Ratio (w~th ~ulse 

weikM 

NIA 

NIA 

NIA 

50 kHz. ~ '124 MHz 

t10.04-110 MHz 
~ 3 % .  04-110 MHz 
t 5 8  0 4-110 MHz 

dc to 1 MHz wlth HP 866320 
and HP 86635A 
20 Hz to 100 kHz mth HP 866330 

1 MHz with HP 866328 
and HP 86635A 
1M) kHz wlth HP 866338 

t 1 0  up to 200 kHz dev 
t3% up to 1 MHz dev 

203 ns 

>50 dB 
I 

dc to 1 MHz with HP 86635A 
dc to 1 MHz for CF t100 MHz with HP 86634A 
dc to 10 MHz for CF 2100 MHz 

0 to 100 degrees I 0 to 200 degrees 

t5% up to 1 MHz rates 
c 7 8  up to 5 MHz rates 

Net 5 kg (1 1 Ib) 
Shipping 6.8 kg (15 Ib) 

1 
tl8 I < 5% 
t 3 0  NIA 
t 5 0  NIA 

dc to 200 kHz mth HP 866320 and HP 86635A 
20 Hz to 100 kHz wlth HP 866330 

200 kHz w~th HP 866328 and HP 866354 1 400 kHz wIHP 866328.86635A 
100 kHz wlth HP 866338 I 200 kHz wlHP 866338 

I 

t l0 up to 200 kHz dev I t l %  up to 400 kHz dev 

50 ns 

>40 dB I >W dB 

~ 1 5 %  up to 10 MHz rates 

Net 4.1 kg (9 Ib) 
Sh~pping 5.5 kg (12 Ib) 

Net 5 kg ( I  1 Ib) 
Shipping 6.4 kg (14 Ib) 

HP 11661B: Net 2.3 k 15 Ib): r h t ~ ~ i n a  2.7 kg 16 Ibl 





SIGNAL GENERATORS 
High-Performance RF 

10 kHz to 1280 MHz frequency range 100 kHz to 2560 MHz frequency range 
<-I47 dBc/Hz SSB phase noise at 10 kHz offset AM/FM/BM/pulse in one generator 
0.1 Hz frequency resolution Internal variable modulation oscillator 

HP 8662A Synthesized Signal Generator 
The HP 8662A derives exceptional RF performance from an indi- 

rect frequency synthesis technique that results in frequency resolu- 
tion of 0. l Hz from I0 kHz to 640 MHz and 0.2 Hz from 640 MHz to 
1280 MHz. 

Output level accuracy is held to ;tl dB using microprocessor cor- 
rection. This makes the HP  8662A an ideal generator for performing 
precise receiver sensitivity tests either manually or in automated sys- 
tems. 

The H P  8662A offers versatile phase-locked AM/FM using either 
internal 400 Hz and 1 kHz rates or externally applied modulating 
signals, which can be either dc or ac coupled. Several different modes 
of simultaneous modulation (such as AM + FM or FM + FM) are 
possible. 

Exceptional Spectral Purity 
The key contribution of the HP  8662A is spectral purity. Fast-tun- 

ing, switched-inductance, voltage-controlled oscillators combined 
with a low noise reference multiplication chain result in very low SSB 
phase noise, especially at  small offsets from the carrier. The phase 
noise at 20 kHz to 50 kHz offsets is comparable to that of the best 
cavity-tuned fundamental oscillators. Such excellent noise perform- 
ance makes possible complete automation of receiver out-of-channel 
measurements. 

With its excellent long and short-term frequency stability, high 
output power, fine frequency resolution, and broad frequency range 
the HP  8662A also meets the requirements of the most critical low 
noise local oscillator applications. In addition, its fast frequency 
switching and sweep capabilities also permit its use in many frequen- 
cy agile and swept local oscillator applications. 

An advanced microprocessor-based controller allows convenient 
keyboard control of all HP  8662A functions. For example, all func- 
tions can be incremented and decremented in any user-defined step 
size within the resolution of the synthesizer using the increment keys 
and the knob. Up to nine full front panel setups can be stored in the 
HP  8662A's memory and recalled for later use in any user-defined 
sequence at  the touch of a pushbutton. This permits time-saving semi- 
automation of generator operation in production setups where the 
generator must perform many different tests. 

Precision Digital Sweep 
Fast frequency switching combined with microprocessor control 

gives the HP 8662A a powerful sweep capability. Automatic, single. 
and manual modes are available for both linear and logarithmic 
sweeps with user-selectable step size and number of steps. Five differ- 
ent sweep speeds can be chosen and up to five amplitude or Z-axis 
markers can be set. All sweep parameters can be controlled with full 
synthesizer resolution. 
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HP 8663A Synthesized Signal Generator 
The HP 8663A provides all the features and the exceptional spec- 

tral purity of the HP 8662A with increased frequency range and mod- 
ulation capability. 

The HP 8663A also has U.S. Air Force MATE (Modular Auto- 
matic Test Equipment) system compatibility, Option 700. Option 700 
is an external translator that provides the HP  8663A with the capabil- 
ity to be controlled by the MATE language C l lL  (Control Interface 
Intermediate Language). 

Broad Frequency Range 
The HP 8663A utilizes the complete frequency synthesis portion of 

the HP 8662A with the addition of an internal frequency doubler to 
achieve a broad frequency range of 100 kHz to 2560 MHz in a single 
instrument. In the HP 8663A. the exceptional spectral purity of the 
HP  8662A is maintained up to 1280 MHz. Above this. phase noise is 
typically increased 6 dB to a level of -124 dBc/Hz at  10 kHz offset 
from a 2.5 GHz carrier. High output power of + I6  dBm (with over- 
range to 19.9 dBm) is available for efficiently driving frequency trans- 
lators when low noise microwave signals are needed. Combined with a 
microwave synthesizer such as the HP 8673A. full frequency cover- 
age from 100 kHz to 26 GHz is possible. 

Flexible Modulation 
Complete modulation capability across a wide carrier frequency 

range is the key contribution of the H P  8663A. AM and FM charac- 
teristics are similar to those offered in the HP 8662A. The HP 8663A 
adds high performance pulse and biphase modulation with wide 
bandwidth linear phase modulation available with Option 002. For 
complete flexibility the H P  8663A Option 002 has the capability to 
simultaneously provide AM+FM+pulse+phase modulation across 
its entire frequency range. AM. FM, and linear phase are either AC 
or DC coupled while biphase and pulse are DC coupled. This modula- 
tion flexibility assures exact signal simulation when testing complex 
systems such as those involving pulsed doppler radar and electronic 
warfare. An internal 100 kHz sinusoidal modulation synthesizer 
phase locked to the 10 MHz time base is standard. Microprocessor 
flexibility allows the sweep functions to be applicable to the internal 
audio synthesizer, as well as the R F  synthesizer, making applications 
involving swept modulation possible with a single instrument. 

Similarity to the HP 8882A 
Because the HP 8663A has been designed to be upward compatible 

with the HP 8662A. the two generators have identical control and 
performance characteristics for those functions that are common. Ei- 
ther generator can be combined with the HP  11729C Microwave 
Converter and the HP  3048A Phase Noise Measurement System to 
perform microwave phase noise measurements simply and quickly. 



HP 866249 Specifications 
Frequency 
Range: I0 kHz to 1280 MHz (1279.9999998 MHz). 
Resolution: 0.1 Hz (0.2 Hz above 640 MHz). 
Accuracy and stabilitr: same as reference oscillator. 
Internal reference oscillator: 10 MHz quartz oscillator. Aging rate 
< 5 x I 0-In/day after I0 day warm-up (typically 24 hrs in normal 
operating environment). 

Spectral Purity 
Residual SSB Phase W s e  in 1 Hz BW (320 5 1, < 640 MHz) 

offset from Canler 
10 Hz 1 100 Hz 1 1 kHz 1 10 kHz I 100 kHz 

Frequency Modulation 
FM rates (1 dB bandwidth): external ac, 20 Hz to 100 kHz; external 
dc, dc to 100 kHz. 
FM deviation: from 25 to 200 kHz depending on carrier frequency. 
Indicated FM accuracy: *8% of reading plus 10 Hz (50 Hz to 
20 kHz). 
FM resolutlom 100 Hz for deviations < 10 kHz. 1 kHz for deviations 
2 10 kHz. 
Incidental AM (AM sidebands at 1 kHz rate and 20 kHz devia- 
tion): < -72 dBc, fc < 640 MHz; <- 65 dBc, fc 2 640 MHz. 
FM distortion: < 1.7% for rates < 20 kHz, < 1% for rates < 1 kHz. 
Center frequency accuracy and long term stability in AC mode: 
same as CW mode. 

SSB broadband noise floor in 1 Hz BW at 3 MHz othct from carri- 
er: < -146 dBc for fc between 120 and 640 MHz at output levels 
above +I0 dBm. 

Spurious Signals 
Fqwncy Range (MHz) 

0.01 to 1 120 to I 160 to I 320 to I 640 to 

I S ; b T i c a l l y  related 
(-, -, etc.) 
.-I .-I 

Spurious non-harmonically 
related1 

Supplemental Characteristics 
Typical Absolute and Residual SSB Phase Noise, 839 MHz 
Carrier. 

I I I 

Absolute 1 I 

120 
-90 
dBc 

Offset Fmm Csnier (Hz) 

160 
-100 
dBc 

Frequency switching From 420 psec to 12.5 msec, depend- 
ing on the programming mode. 

Power line (60Hz) 
related or microphonically 
generated (within 300 Hz)'. 
Harmonics 

Output 
Level range: +13 to -139.9 dBm (1V to 0.023 pV,,, into 50R). 
Resolution: 0.1 dB. 
Absolute level accuracy (+lSO to +4S°C): *I dB between +I3  
and - I20 dBm, +3  dB between -120 and -130 dBm. 
SWR: typically from 1.5 to 1.8 depending on output level and 
frequency. 
Reverse power protection: typically up to 30W or *8 Vdc. 

320 
-96 
dBc 

Amplitude Modulation 
Depth: 0 to 95% at output levels of +8 dBm and below (+I0 dBm in 
uncorrected mode). AM available above these output levels but not 
specified. 
Resolution: 1%, 10 to 95% AM; 0.1%. 0 to 9.9% AM. 
Incidental PM (at 30% AM): 0.15-640 MHz, < 0.12 radian peak; 
64&1280 MHz. <0.09 radian peak. 
Incidental FM (at 30% AM): 0.15-640 MHz, <0.12 x fmd; 
64&1280 MHz, <0.09 x fmd. 
Indicated accumy: *5% of reading t 1% AM. Applies for rates giv- 
en in table below, internal or external mode, for depths 5 90%. 

-90 
dBc 

Rates and Distortion witit Internal or External Modulating 
Sianal 

640 
-90 
dBc 

HP 8663A Specifications 
The HP 8663A signal generator is related to the HP 8662A in both 
concept and structure. The HP 8662A concept of an extremely low 
phase noise signal source incorporating signal generator modulation 
capabilities and output characteristics is carried even further by the 
HP 8663A. While maintaining high spectral purity, the HP 8663A 
offers increased frequency range to 2560 MHz, increased output level 
to +I6 dBm, and the addition of phase and pulse modulation. The 
result is a highly flexible and powerful signal generator that utilizes 
and extends the proven circuitry of the HP 8662A. Thus, the HP 
8662A and HP 8663A share many of the same specifications as 
shown below: 

1280 
-84 
dBc 

<-30 dBc 

-85 
dBc 

Frequency 
Range: 100 kHz to 2560 MHz (2559.9999996 MHz) 
Resolution: 0. l Hz (fc < 640 MHz) 

0.2 Hz (640 MHz 5 fc < 1280 MHz) 
0.4 HZ (fc 2 1280 MHz) 

Accuracy, stabllity, and Internal reference oscillator: identical to 
HP 8662A. 

0.15-1 MHz dc-1.5 kHz 5.75% 
1-10 MHz dc-5 kHz 5.75% 
l b 1 2 8 0  MHz dc-10 kHz 4% 5.75% 

-80 
dBc 

'In the remota mods H h p d k  to h.M mlcropmmwr clock related apurian dgnals spaced 3 
MHz apart at an a M e  bvd of typically b a  than -145 dBm. 
'Sourlous shnah can be uo to 3 dB h h k  In the dc FM mode. 
~ l i  spurs nit speclfled ~or'canbr f r e q - m  above 850 MHZ. 
' ~ t  a 50 Hz line hequemy, power IIne or mlcrophonlcally mated spurious dgnah may be up to 3 
dB highsr and appear at oftsets as high as 1 kHz from the carrlu. 
'Due lo automatic levellng loop bandwidth changes, brief (30 mmc) bvd Inaccuracba may occur 
when switching through 150 kHz and 1 MHz RF output frequencies. 

-75 
dBc 

-70 
dBc 



SIGNAL GENERATORS 
High-Performance RF (cont'd) 

HP 8662A, 8663A 

Spectral Purity 
Residual SSB phase noise in 1 Hz BW (320 5 fc < 640 MHz): 
identical to HP 8662A. 
Typical SSB phase nd.e: identical to the HP 8662A for fc between 
I00 kHz and 1280 MHz (see graph). For fc between 1280 and 2560 
MHz, the noise will be approximately 12 dB higher than the 639 
MHz curve on the "typical SSB phase noise" graph. 
Absolute SSB phase noise in a 1 HZ BW: identical to the HP 8662A 
for fc between 100 kHz and 1280 MHz. For fc between 1280 and 
2560 MHz, the specified noise is 6 dB higher than the 640 to 1280 
MHz specification in the table. 
Spurious signals: identical to HP 8662A except for fc between 1280 
and 2560 MHz the spurious non-harmonics are -78 dBc, the sub- 
harmonically related (f/2,3f/2, etc.) between 640 and I280 MHz are 
-70 dBc and between 1280 and 2560 MHz are -40 dBc, and the 
power line (60 Hz) or microphonically generated spurious are -65 
dBc. 
Harmonhx <-30 dBc. 5 + 13 dBm output. < -25 dBc. + I3  dBm 
to +16 dBm output, fc< 1280 MHz; <-25 dBc, fc-1280 MHz 
Output 
Level range: + 16 dBm to - 129.9 dBm 
Resolution: 0.1 dB 
Absolute level accuracy (+15' to +45OC): t 1  dB, +16 dBm to 
- 119.9 dBm; +3 dB for -120 dBm and below. 
SWR: < 1.5 
Amplitude Modulation 
Depth: 0 to 95% at levels of +10 dBm and below 
Resolution: 0.1 % 
Incidental FM (at 30% AM): identical to HP 8662A except: <0.3 X 
fmqd for 1280 5 fc < 2560 MHz 
Ind~cated accuracy: t 6 %  of reading +I% AM (400 Hz and 1 kHz. 
depth 90%) 
AM Bandwidth (1dB): 
DCto>1 .5  kHz .0 .15MHz5fc<  1 MHz;DCto>5kHz.  1 MHz 
_< fc 5 10 MHz; DC to > 10 kHz, fc > 10 MHz: External dc coupling. 
External ac coupling or internal; low frequency coupling is 20 Hz. 
Distortion (400 Hz and 1 kHz): <2% (0-30% AM); <4% (3&70% 
AM); <6% (70-90s AM). 
Frequency Modulation 
FM rates (1 dB bandwidth): external ac, 20 Hz to 100 kHz, external 
dc, dc to 100 kHz. 
Maximum allowable peak devlatlon: identical to HP 8662A for fc 
between 100 kHz and 1280 MHz. Up to 400 kHz for fc between 1280 
and 2560 MHz. 
Indicated FM accuracy (50 Hz to 20 kHz): t 9 %  of setting +I0 Hz. 
FM resolution: 100 Hz to 1 kHz depending on fc and deviation set- 
ting. 
Incidental AM (AM sklebands at 1 kHz rate md 20 kHz devla- 
tion): < -72 dBc (10 _< fc < 640 MHz); < -65 dBc (640 _< fc < 2560 
MHz). 
FM distortion: < 1.25% (400 Hz and 1 kHz rates); < 1.75% (rates 
less than 20 kHz). 
Phase Modulation (Option 002) 
Maximum peak phase deviation: from +25' for fc between 120 and 
160 MHz up to *400° for fc between 1280 and 2560 MHz. 
Maximum rate: from 10 kHz for fc between 0.15 and 10 MHz up to 
10 MHz for fc between 250 and 2560 MHz. 
Phase deviation resolution: 1 (0.1 5 fc < 640 MHz); 2' (640 5 fc 
< 1280 MHz); 4' (1280 5 fC < 2560 MHz). 
Phase modulation distortion: 10% at maximum rate. 
Biphase Modulation 
Biphase modulation is available on the standard H P  8663A for fc less 
than 640 MHz and available for all fc with Option 002. 
Deviation: +90°. 
Carrier null when modul.1.d with 1 MHz, 50% duty cyck rqwre 
wave: > 25 dBc. 
Modulation input roquird TTL positive true. The internal modula- 
tion oscillator can be used for 50% duty cycle modulation. External 
input is on rear panel. 
Pulse Modulation1 
Pulse on/ofl ratio: >80 dB (50-2560 MHz). 

Pulse rise/fall time: <250 ns (50-120 MHz); <800 ns (120-640 
MHz); < 100 ns (fc 2 640 MHz). 
Pulse Repctition Frequency (50% duty cycle): 
Internal: 10 Hz to 99.9 kHz. 
External: 10 Hz to 2 MHz, 50 MHz < fc < 640 MHz; 10 Hz to 5 
MHz, fc > 640 MHz. 
Internal Modulation Oscillator 
Rates: 10 Hz to 99.9 kHz. 
Frequency resolution: 3 digits. 
Frequency accuracy: same as reference oscillator. 
Output level (available on rear panel): 1 volt peak into 6000. 
Output impedance: 60m. 
Flatness (referenced to 1 kHz): <+I%. 
Distortion: i 1'7. 

Other HP 8662A and HP 8663A Information 
Remote programming: the HP-IB interface is standard on the HP 
866ZA and H P  866312 signal generators. All functions controlled 
from the front panel with the exception of the line switch are 
programmable with the same accuracy and resolution as in manual 
mode. 
Operating temperature .mw 0' to +55'C. 
Leakage: meets radiated and conducted limits of MIL STD 461A 
methods RE02 and CEO3 as well as VDE 0871. 
Power requirements: 1 15 (90- 126) V or 230 (1 98-252) V; 48 to 66 
Hz; 450 VA max. 
Weight: HP 8662A: net. 30 kg (65.5 Ib.); shipping, 36 kg (80 Ib.). 
HP 8663A: net, 33.8 (74 Ib.); shipping, 40 kg (88 Ib.). 
Size: HP 8662A: 178H x 425W x 572 mmD (7" x 16.75" x 22.5"). 
HP 8663A: 178H x 425W x 642 mmD (7" x 16.75" x 25.3"). Note: 
depth includes front panel depth of 45 mm (1.75'). 

Ordering Information 
H P  8662A 1280 MHz Signal Generator2 

Opt 001 RF connectors on rear panel only 
Opt 003 Specified SSB phase noise for 640 MHz 
output 
Opt 907 Front handle kit (5061-9690) 
Opt 908 Rack flange kit (5061-9678) 
Opt 909 Rack flange kit with front handles (5061- 
9684) 
Opt 910 A total of two sets of operating and service 
manuals (08662-90069) 
Opt W30 Extended repair sevice. See page 723 
Opt W32 Calibration service. See page 723 
Opt IBN Mil std 45662A calibration certificate. 
Opt IBP Mil std 45662A calibration with data pro- 
vided 

HP 11721A External frequency doubler for operation 
to 2.56 GHz (HP 8662A only) 
HP 8663A 2560 MHz Signal Generator2 

Opt 001 RF connectors on rear panel only 
Opt 002 Wideband linear phase modulation 
Opt 003 Specified SSB phase noise for 640 MHz 
output. 
Opt 700 External MATE translator 
Opt 907 Front handle kit (5061-9690) 
Opt 908 Rack flange kit (5061-9678) 
Opt 909 Rack flange kit with front handles (5061- 
9684) 
Opt 910 Provides an additional operation and calibra- 
tion manual (08663-90069) and service manuals 

Price 
$38,500 
+ $385 
+ $540 

(08663-90071)' 
Oot 915 Add service manual 108663-90071) + S l 5 5 m  
0b t  W30 Extended repair service. See page723 + $1220 - 
Opt W32 Calibration service. See page 723 + $1775 
Opt IBN Mil std 45662A calibration certificate + $200 
o p t  IBP Mil std 45662A calibration with data pro- + $800 
vided 

HP 11714A Service Support Kit (required for servicing $1,555 
HP 8662A18663A) 
'Pulse madulatlon la d l a b b  tor h < 50 MMz but b unrped(led. 
'HP-IB cables not supplied. Far desdptlon and prlcs, ra, 579. 

For same-day shipment, call HP DIRECT at 800-538-8787 



SIGNAL GENERATORS 
High-Performance RF 
HP 8665A and HP 86658 

100 kHz to 4.2 GHz (HP 8665A), to 6 GHz (HP 86658) 
<-I34 dBc/Hz SSB phase noise at 20 kHz offset 

HP 8665A/B S nthesized Signal Generator 
The HP 8 6 6 5 A L  Svnthesized Signal Generators are high Der- 

formance, prograhmable signal generators intended for -out'-of- 
channel RF receiver measurements, particdarly receiver measure- 
ments such as spurious rejection, which often require frequency cov- 
erage to 4 GHz. A frequency range from 100 kHz to 4.2 GHz allows 
the H P  8665A to be used in all out-of-channel receiver measurements 
while a frequency range from 100kHz to 6 GHz allows the H P  8665B 
to be used in applications such as surveillance radar. 
Excellent Spectral Purity 

The H P  8665A/B exhibit excellent spectral purity by having both 
low SSB phase noise and low spurious. Low SSB phase noise of 
<-I34 dBc/Hz at  20 kHz offset and 1 GHz carrier is for high per- 
formance characterization of receiver selectivity, while low spurious 
of <-I00 dBc is for characterization of receiver spurious rejection. 
This spectral purity, coupled with frequency coverage, provides a so- 
lution to measurements that often could be done only by two separate 
signal generators. 
AM, FM and Optional Pulse Modulation 

The HP 8665A/B offer AM, FM and optional pulse modulation 
across its full frequency range. FM rates of up to 2 MHz and devia- 
tions to 20 MHz peak allow use in many applications, such as teleme- 
try, requiring higher FM performance. An optional pulse modulator 
with ON/OFF ratio >80 dB and rise and fall times <5 ns is offered 
on the H P  8665A. Pulse width and delay can be internally adjusted 
between 50 ns and 999 ms, eliminating the need for an external pulse 
generator. 
Internal Modulation Synthesizer 

The H P  8665A/B provide an internal modulation synthesizer with 
a frequency range from 0.1 Hz to 400 kHz. Sine, square, sawtooth 
and white gaussian noise waveforms are available. A second internal 
source, identical to the source described above, may also be selected 
and summed with the first source. This provides variable two-tone 
capability. Plus, the first source can be internally modulated with 
AM, FM, phase modulation, pulse modulation and double sideband 
modulation to further enhance this internal modulation synthesizer. 

HP 8665A/B Specifications 
Frequency 
Range: 100 kHz to 4200 MHz. (8665A), 100 kHz to 6000 MHz 
(8665B) 
Under range: lOkHz with uncalibrated output and modulation. 
Over range: 4500 mHz (8665A) with uncalibrated output and modu- 
lation. 
Resolution: 0.01 Hz. 
Accuracy and stability: in CW, same as reference oscillator. 
Relative Phase Adjust 
Preset: adjustable in 1 " increments. 
Analog: 200 radians/volt in 51 5 to 1030 MHz band from an internal 
or external input through phase modulation input. 
Analog bandwidth: STD mode: 150 Hz; low noise mode, Opt 004: 20 
Hz. 
External input impedance: Typically, 50Q. 

<-I00 dBc non-harmonic spurious 
FM rates to 2 MHz 
Optional pulse modulation 

Internal Reference Oscillator 
Typical stability: standard: aging rate; +2 ppmlyear; Option 001: 
< IO-'/day aging rate after 10 days warmup. 

Spectral Purity 
SSB phase noise (CW, AM, or FM' operation) measured in a 1 
Hz BW in dBc/Hz 

offset Frequency 

Carrier 1 kHz 20 kHz 100 kHz 
Frequency opt opt opt 

Range (MHz) STD 004 STD 004 STD 004 
4200 to 6000 -63 -83 -105 -116 -122 -121 

(86658) 
4120 to 4200 -63 -83 -105 -116 -122 -121 
3000 to 4120 -63 -89 -105 -122 -122 -127 
2060 to 3000 -67 -89 -111 -122 -128 -127 
1500 to 2060 -67 -94 -111 -128 -128 -133 
1030 to 1500 -73 -94 -117 -128 -134 -133 
750t01030 -73 -100 -117 -134 -134 -139 
515 to 750 -79 -100 -122 -134 -138 -139 
375 to 515 -79 -106 -122 -139 -138 -144 

257.5 to375 -85 -106 -128 -139 -143 ' -144 
187.5 to 257.5 -85 -112 -128 -144 -143 -146 
30 10 187.5 -73 -94 -117 -128 -132 -133 

.I to 30 -73 -100 -117 -131 -132 -134 

Typical SSB phase noise at 1 GHz comparing STD with Low 
Noise Opt 004 

-60 8 , , . , , , , . , . , , , . , , , . , , , . . , . . , , , 

SSB broadband noise floor: in 1 Hz BW at > 1 MHz offset from 
carrier with >5.1 dBm output level. 

<-I45 dBc for carrier frequencies > 187.5 MHz 
<-I40 dBc for carrier frequencies > 10 MHz, < 187.5 MHz 

Spurious Signals 
Harmonics: <-30 dBc, output level < + l o  dBm; <-25 dBc, output 
level < + 13 dBm. 
Sub-harmonics: <-75 dBc, 100 kHz to <I500 MHz; <-40 dBc, 
1500 to <3000 MHz; <-50 dBc, >3000 MHz. 
Non-harmonics: <-lo0 dBc, > 10 kHz offset, 187.5 to 2060 MHz, 
STD mode and low noise mode, Opt 004; <-90 dBc, > 10 kHz offset, 
0.1 to 187.5 MHz, STD mode and low noise mode, Opt 004; <-90 
dBc, > 10 kHz offset, >2060 MHz, STD mode and low noise mode, 
Opt 004. 
Residual FM2: (CW, AM, FM Operation) < 15 Hz  STD mode, ~ 2 . 5  
Hz low noise mode Opt 004, 750 to 1500 MHz, .3 to 3 kHz BW. 
Residual AM: <0.02% A M  rms, 0.3 to 3 kHz post detection 
bandwidth. 
SSB AM noise floor. offsets > I 0 0  kHz with AM off: <-I40 
dBc/Hz at + I 3  dBm output, 0.1 to 187.5 MHz; <-I50 dBc/Hz at 
+ 13 dBm output, > 187.5 MHz. 
Output 
Maximum level: +13 dBm. +9 dBm with pulse modulation, Opt 008. 

FM at mlnlmurn deviation. 
' Specified for 48 to 63 Hz power line. Typical for 400 Hz p m r  line. 



Minimum level: -139.9 dBm. 
Display resolution: 0.1 dB. 
Absoluteaccuracy: +I dB. output >-I 19.9dBm. 0.1 to 3000 MHz; 
+1.5 dB. output >-I 19.9 dBm, >3000 MHz. 
Reverse power protection: 25W into 5OQ, .I to 2060 MHz. l W into 
50R. >2060 MHz. 
Third order intermodulatian: typically, <-50 dBc with two signals 
at +8 dBm and 25 kHz apart, passing through a resistive combiner. 
Output level overrange: typically. 2 dB more than maximum level. 
SWR: < 1.5:1, output <O dBm; < 1.791, output >O dBm; 0.1 to 3000 
MHz; < 1.75:1, output <O dBm, <2.0:1, output >O dBm, >3000 
MHz. 
Output impedanca: nominally 50R. 
Modulation 
External modulation input: Coupling is ac or dc for AM and FM 
modulation. Pulse modulation input is dc coupled. 1V peak input is 
required for calibrated operation in AM and FM. 
Amplitude Modulation 
AM depth: 0 to 99.9%. for output <+7 dBm, 5 3  dBm (Opt. 008). 
AM resolution: 0.1 %. 
AM indicator accuracy: 4 6 %  of setting + 1% AM), up to 90% 
depth at 1 kHz rate for <3000 MHz fc and up to 70% depth 23000 
MHz fc. 
AM distortion, at 400 Hz and 1 kHz ratem <4% for depths 30 to 
70%. 
AM 3 dB bandwidth: > 5 kHz, 1 to 10 MHz; > 10 kHz, for > 10 MHz 
carrier frequencies. 
Incidental phase modulation: at 30% depth and 1 kHz rate. <0.2 
radians peak, 0.1 to 2000 MHz fc; <0.4 radians peak, 2000 to 4200 
MHz fc; <0.6 radians >4200 MHz. 
External AM input impedance: 6OOQ. 
Frequency Modulation 
FM deviatk and Rate: 

Option 004 (3 dB BW) 

FM mdution: 2.5% of setting. 
FM indicator accuracy': DC to 20 kHz rates. +9% of FM deviation 
setting STD mode; +I  1% of FM deviation setting, low noise mode, 
Opt 004. 
FM distortion: < 1 % for rates 20 Hz to 20 kHz. 
Carrier frequency accuracy in FM: *0.5% of deviation setting, ac or 
dc coupled. 
Incidental AM: <0.1%, at <20 kHz deviation, 1 kHz rate. 
External FM group delay: <30 psec for rates <20 kHz, decreases to 
< l psec at rates above 200 kHz. 
External FM input i m p e d a ~  6OOQ. 
Pulse Modulation (Option 008) 
On/Off ratio: > R O  dB. 
RiseIFdI time: < 5 nsec, between 10% and 90% response points. 
Pulse repetition frequency: internal. 0.1 Hz to 400 kHz; external, 
DC to 10 MHz. 
Pulse width: internally variable between 50 ns and 999 ms. 
Pulse delay: internally variable between 50 ns and 999 ms. 
Output level accuracy: same as with no pulse modulation. 
External input level: TTL. 
External input imp&-. 50R or Schottky TTL. 
Internal Modulation Source 
Number of sources: Source 1,  source 2, simultaneously available 
through summation, independently adjustable in frequency, phase, 
ynplitude and waveform. Source 1 may also be internally modulated 

Typically the 3 dB BW is >2 MHz tor dsviatbm < maxknum pesk dsvUtlOnI10. 
' TypkA armracy up to 20 kHz raled and m u l m m  dsvlatlag Is Ma Ihw a?'% 

independently with AM, FM, phase modulation, pulse modulation 
and double sideband modulation. 
Waveforms: sine, square, sawtooth and white gaussian noise. 
Frequency range: 0.1 Hz to 400 kHz, sine and white gaussian noise. 
0. l Hz to 50 kHz, square and sawtooth. 
Frequency resolution: 0.1 Hz. 
Frequency accuracy: same as internal reference oscillator. 
Maximum Output level: 1 Vnk into 60(X2. 
Output level resolution: < 2 r k ~ .  Typically, < I  mV 
Out~ut impedance: Tv~icallv. 6OOQ. 
lotai harmonic dist&ian: ;0.1%, output at 1 Vpk and <20 kHz. 
Typically, <.I% to I00 kHz. 

Frequency Sweep 
Phase Continuous Sweep 

Sweep time: I0 msec to 10 sec. 
Maximum sweep span: up to 40 MHz in the 3000 to 4200 MHz 
band. 

Digitally Stepped Sweep 
Sweep type: linear or log. frequency stepped. 
Sweep time range 500 msec to 100 sec. Typical time per step is 90 
msec. 

X-Axis output: nominal 0 to + 10V. 
2-Axis output: nominal +5V during retrace. 
Marken available: 3. 
Remote Pr ramming 
Interface 3 - I B  (Hevlett-Packard's implementation of IEEE- 
488.2-1 987). HP-IB select code range: 00 to 30. Interface function is 
listener and talker. 
Control language: Hewlett-Packard Systems Language (HP-SL). 
Functions controlled: all front panel functions except power switch 
and knob. 
HP-IB functions: SHI, AHI, T6. TEO, L4, LEO. SRI, RLI, PPO. 
DC I ,  DTO, CO, E2. 
General 
Power requiremenh: + 10% of 100,120,220, or 240V; 48 to 440 Hz; 
500 VA maximum. 
Operating temperature r- 0 to +55"C. 
Leakage: Conducted and radiated interference meets MIL STD 
461 B RE02 and FTZ 1046. RF leakage is typically 1 pV below 1 
GHz fc, induced in a two-turn loop antenna 2.5 cm in diameter held 
2.5 cm away from the front panel for output levels <O dBm. Option 
010 reduces RF leakage to typically <0.5 pV. 
Calibration intewal: 3 years (MTBC). 
Storage registers: 10 full function and 40 frequency/amplitude reg- 
isters. 
Memory erasure: All memory contents, except generic calibration 
data, can be erased according to Mil Std 380-380. 
Weight: net. approx. 29 to 3 1 kg (63 to 69 Ib); shipping. 40 to 42 kg 
(88 to 94 Ib) depending on the options ordered. 
Size: approx. 178H x 425W x 648 mmD (7" x 16.75" x 25.5"). Opt 
0 l O adds 35 mm ( 1.4") to the depth. 
Ordering Information Price 
H P  8665A Synthesized Signal Generator' 536.000 
H P  8665B Synthesized Signal Generator3 $38.000 

Opt 001 High stability time base (includes EFC) f 1,550 
Opt 003 RF inputs on rear panel only +$400 
Opt 004 Low noise mode +$4,100 
Opt 008 Pulse modulation +$3,600 
Opt 010 Reduced leakage configuration +S1,500 
Opt 907 Front handle kit (5061-9690) +$65 
Opt 908 Rack flange kit (5061-9678) + $ 3 5 T  
Opt 909 Rack flange kit (5061-9684) with front + $ 9 0 T  
handles 
Opt 910 Provides an additional operation and + S I ~ O T  
calibration manual (08665-90026) and two service 
manuals (08645-90024) 
Opt 915 Add service manual (08645-90024) +$65* 
Opt W30 Extended repair service. See page 723. +$835 

08665-61 1 16 Sew ice kit $500 
921 1-2662 Transit case $550 
1490-0913 Transit case wheels $210 
1494-0059 Non-tilting rack slide kit Sl00 
1494-0063 Tilting rack slide kit $190 
' HPlB cables not wpp(ied. For descrlplbn rrd plo, rr 579. 

For same-day shipment, call HP Direct at 800-538-8787 



SIGNAL GENERATORS 
CW Microwave 
HP 86718 

2 to 18 GHz frequency range 
+8 dBm calibrated output power 
Low spurious signals 

Low phase noise 
128 dB dynamic range 
1 to 3 kHz frequency resolution 

HP 86718 Synthesized CW Generator 
The HP 8671 B is an economy 2.0 to 18.0 GHz synthesized CW 

generator. It meets all the requirements for a clean CW source. It 
features synthesized output with 1. 2 or 3 kHz resolution, 128 dB 
dynamic range, +8 dBm calibrated output power, full program- 
mability, low phase noise and low spurious signals. 

Genera l -Purpose  M e a s u r e m e n t s  
For applications requiring a microwave local oscillator, the HP  

8671 B is the ideal solution. A simple, uncluttered, easy to use genera- 
tor, the HP 867 1 B provides accurate, clean signals to upconvert and 
downconvert signals into the desired measurement frequency range. 

The +8 dBm output capability (with plenty of reserve) is just what 
you need to drive mixers. You can now take full advantage of the 
entire 2.0 to 18.0 GHz frequency range from a single instrument. The 
HP 8671B provides broadband synthesizer capability for the price of 
a non-synthesized source. 

As a microwave source for downconversion, important measure- 
ments like noise figure and modulation analysis become more afforda- 
ble. The HP 8671 B with an external mixer allows you to make these 
measurements at  an IF  with the HP  8970B Noise Figure Meter and 
the HP  8901A/B and H P  8902A Modulation Analyzers. Other 
downconverted measurements may include network, spectrum, and 
waveform analysis. 

ATE S y s t e m s  
The +8 dBm output capability of the HP  8671B provides the extra 

margin you need for automated systems. Higher power at the source 
means sufficient power at  the unit under test, even after losses 
through cables and switches. For automated systems, the require- 
ments for low phase noise, low spurious signals, and precise frequency 
settability are easily accomodated by the HP  8671B. 

HP 86718 Specifications 
F r e q u e n c y  C h a r a c t e r i s t i c s  
Range: 2.0-18.0 GHz (18.6 GHz overrange). 
Resolution: 2.0 to 6.2 GHz: 1 kHz 

6.2 to 12.4 GHz: 2 kHz 
12.4 to 18.0 GHz: 3 kHz 

Time b a s e  internal 10 MHz (<5  x 10-I0/day aging rate) or exter- 
nal 5 or 10 MHz. 
Frequency switching time: < 15 ms to be within specified resolution. 
all bands. 

S p e c t r a l  Pur i ty  
Single-sideband phase  noise (1 Hz BW, CW mode): 

1 Mhst horn F. 
I Fc I Iom I i ~ m  I I ~ H Z  I 10 LHZ I IW LHZ I -- --- . . . . . . . . . ... . . 

Band 1 I -58 dBc I -70dBc I -78 dBc 1 -86 dBc I -1lOdBc 

Band 2 I -52 dBc I -64dBc I -72 dBc I -80 dBc I - 1 0 4 d h  

Rand 3 I -48 dBc I -60dBc I -68dBc I -76 dBc I -100 dBc 

Harmonics (up t o  maximum frequency, output level meter read- 
ings <O dB on 0 dBm range and below): <-25 dBc. 
Sub-harmonics and muitiples thereof: <-25 dBc. 
Spurious 

Non-harmonically related: <-70 dBc. Band 1: <-64 dBc. Band 
2; <-60 dBc, Band 3. 
Power line related and fan rotation related within S Hz below 
line frequency and multiples therca(: 

300 Hz to 1 kHz 

Band 1 -50 dBc -60 dBc -65 dBc 

Band 2 -44 dBc -54 dBc -59 dBc 

Band 3 -40 dBc -50 dBc -55 dBc 

Output C h a r a c t e r i s t i c s  
Output level (+15"C to +3S°C): +8 to -120 dBm 
Flatness (0 dBm range, + lS°C t o  +3S°C): *0.75 dB. Band 1, 
i l .OO dB, Band 2, + 1.25 dB, Band 3. 
Output level switching time: <20 ms, internally leveled 

< 10 ms, typical within one output 
level range 

R e m o t e  Opera t ion  
Frequency: Programmable over full range with same resolution as 
manual mode 
Output Level: Programmable in 1 dB steps 
RF: Choice of either ON or OFF 
ALC: Choice of either internal leveling, diode leveling, or power meter 
leveling 
Interface functions: 

S H  I ,  AHI, T6, TEO, L4, LEO.SR1. RLO, PP2, DCI, DTO, CO. E l .  

G e n e r a l  
Operating temperature range: 0°C to +5S°C. 
Power: 100, 120,220,240 V, +5%, - 10%. 48-66 Hz; 300 VA max. 
Weight net, 27 kg (60 Ib). Shipping, 32.5 kg (72 Ib). 
Size: 133 mm H x 425 mm W x 603 mm D (5.25" x 16.75" x 23.75"). 

Orde r ing  Informat ion P r i c e  
HP 8671B Synthesized CW Generator f 24,240 

Opt 907 Front panel handle kit +$55 
Opt 908 Rack mounting flange kit +533 
Opt 909 Front panel handle kit plus rack mounting +a80 
flange kit 
Opt 910 Extra operating and service manual +$60 
Opt W30 Extended repair service. See page 723. +S600 



2 - 26 GHz frequency range 
+8 dBm calibrated output power 
Digital sweep 

HP 86736 Synthesized CW Generator 

Exceptional Value in a CW Generator 
The HP 86736 is the world's lowest priced 2.0 - 26.0 GHz synthe- 

sized CW generator. Satisfying all the requirements for a clean CW 
source, it features the same excellent spectral purity, output range, 
mm-drive capability. digital sweep, and HP-IB programmability fea- 
tured in all of the HP  8673 family. The HP 86736 is the ideal CW 
generator for local oscillator, up/down conversion, and exciter appli- 
cations to 26 GHz. Because the HP  86736 has full HP-IB compati- 
bility, you can use your existing software proven for other HP  8673 
series synthesizers. 

Economy and Measurement Flexibility 
Not only is the HP 86736 the most economical CW synthesizer to 

26 GHz, it provides outstanding measurement flexibility. For up or 
down conversion applications, harmonics less than -40 dBc and low 
phase noise provide you with plenty of dynamic range. To ensure 
sufficient power in ATE systems, the HP  86736 with Option 008 
gives you + I 0  dBm of leveled output power (for typical output power 
see graph on page 396) from 8 to 26 GHz. When making component 
measurements, the synthesized sweep capability of the H P  8673G 
and the power of HP-IB programmability allows you to make quick 
swept measurements of your device under test with synthesizer accu- 
racy. 

HP 88736 Specifications 

Frequency Extension to 110 GHz 
The HP 8673G is one of the lowest-cost methods to achieve milli- 

meter-wave frequencies. It can be used with the H P  83550-series 
millimeter wave source modules and the HP  83498 Microwave Am- 
plifier to provide leveled output signals at  the output of the source 
module up to 110 GHz. With System mode, the resultant output fre- 
quency can be displayed on the HP 86736 front panel by entering the 
multiplication factor of the source module. 

Frequency Characteristics 
Range: 2.0 - 26.0 GHz 
Resolution: 2.0 - 6.6 GHz: 1 kHz 

6.6 - 12.3 GHz: 2 kHz 
12.3 - 18.6 GHz: 3 kHz 
18.6 - 26.0 GHz: 4 kHz 

SIGNAL GENERATORS 
CW Microwave 

HP 86736 

Frequency extension capability to 110 GHz 
Low phase noise 
Low spurious signals 

Spectral Purity 
Single-sideband phase noise (1 Hz BW, 1 kHz offset, CW mode): 
I 

I Band 1 I -58dBc 1 -70dBc I -78 dBc I -86 dBc I -110 dBc I 

SSB 
Noow LPYP~ 

I 1  HI BWI  
rlB e l o w  

Carraer 

Band 2 

Band 3 

Band 4 

1% 1 J 
1 Hz lOHz l W  Hz 1 kHz 10 kHz 100kHz 1 MHz loMHz 

Typical HP 8673G single-sideband phase noise performance 
using the internal standard, Band 1. 

-52 dBc 

-48dBc 

-46 dBc 

Harmonics (<O dBm; +15" C to +35" C): <-40 dBc 
Subharmonics and multiples thenot: 2.0 - 18.6 GHz: 1-25 dBc. 
18.6 - 26 GHz: <-20 dBc 
Spurious (non-harmonically related): 2.0 - 18.6 GHz: <-60 dBc, 
18.6 - 26.0 GHz: <-58 dBc 
Spurious (power line and fan rotation related): 2.0 - 18.6 GHz: 
<-40 dBc, 18.6 - 26.0 GHz: <-38 dBc 

Output Characteristics 
Output Level: 2.0 - 18.0 GHz: +8 dBm. 18.0 - 22.0 GHz: +4 dBm, 
22.0 - 26.0 GHz: +I dBm 
With Opt 008: 2.0 - 8.0 GHz: +8 dBm, 8.0 - 26.0 GHz: + I0  dBm 
Resolution: 0. I dB 

-64 dBc 

-60 dBc 

-58 dBc 

General 
Digital Sweep Characteristk Identical to H P  8673B 
Remote Programming: All functions HP-IB programmable except 
line switch 
Operating temperature range: 0 to +5S°C 
Power: 100, 120,220,240V. +5%. -10%; 48-66 Hz; 400 VA max 
Weight: net, 29kg (641b); shipping, 34.5kg (761b) 
Size: 146H x 425W x 620mmD (5.7" x 16.8" x 24.4") 

Ordering Information 
H P  8673G Synthesized CW Generator 

Opt 004 Rear panel R F  output 
Opt 006 Chassis slide kit 
Opt 008 +10 dBm output power 
Opt 907 Front panel handle kit 
Opt 908 Rack mounting flange kit 
Opt 909 Front panel & rack mounting kits 
Opt 910 Service manual and extra operating manual 
Opt 915 Service manual 
Opt W30 Extended Repair Service. See page 723. 

-72 dBc 

-68dBc 

-66 dBc 

Price 
f 29,290 

+s75 
+$75 

+$5,000 
+s55 
+$33 
+$SO 
+$SO 
+$65 

+$725 

-80 dBc 

-76 dBc 

-74 dBc 

-104 dBc 

-100dBc 

-98 dBc 



SIGNAL GENERATORS 
Economy Microwave 
HP 8673H 

2 to 12.4 GHz or 5.4 to 18 GHz 
+8 to -100 d B m  ca l ib ra t ed  output 
0.1 dB resolut ion,  digitally d i sp layed  

AM/FM/Pulse  Modulat ion 
Low spurious and p h a s e  n o i s e  
Digital s w e e p  

3 C3 owa 7 - 1 0 M  l W M  1 kHz I ~ H Z  - l W k k  

3 3 3n[d 13 ,- - Band 1 -58 dBc -70 dBc -78 dBc -86 dBc -110 dBc 

qon O m Band 2 -52 dBc -64 ~ B C  -72 ~ B C  -80 ~ B C  -104 ~ B C  - 
Band 3 -48 dBc -60 dBc -68 dBc -76 d8c -100 dBc 

HP 8673H Multiband Synthesized 
Signal Generator 

Low Price, High-Performance 
When full 2.0 to 26.0 GHz frequency coverage is not needed. you 

can choose the HP  8673H Synthesized Signal Generator with the 
same reliability and performance at  nearly half the cost of a 2 to 26 
GHz synthesizer. Choose between option 212 (2 to 12.4 GHz) and 
option 618 (5.4 to 18.0 GHz) for the frequency coverage you need. 
What does high performance mean? Standard on either option of the 
HP  8673H is AM, FM, and pulse modulation, digital sweep, millime- 
ter-drive capability and +8 dBm output power. 

Multiband Frequency Coverage for Multiple 
Applications 

Whether your application is receiver test, component test, or fre- 
quency translation, the HP  8673H has the performance you need. For 
pulsed sensitivity testing of radar receivers, you can be confident that 
pulse shape. fidelity will be maintained under all specified output pow- 
er levels and pulse widths. Leveled output power to -100 dBm pro- 
vides great dynamic range for sensitivity testing. Digital sweep and 
high output power make swept frequency component tests simple and 
easy. The HP 8673H allows measurement flexibility with variable 
sweep dwell and span. Low phase noise and wide FM deviations to 10 
MHz allow for accurate signal substitution in communication sys- 
tems. With the addition of the HP 83550 millimeter source modules. 
the HP  8673H gives you the capability to reach l I0 GHz. 

Drop-in Confidence 
The HP 8673H is ideal for automated test systems. Minimum out- 

put power of +8 dBm (see typical output power graph on page 396) 
means sufficient power at  the device under test even after losses 
through switches and cables. For systems that have proven software 
for an HP 8673 synthesizer, the HP 8673H is a dropin replacement. 

Reliability You Can Count On 
Acquisition cost is an important factor in any purchase decision. 

But what about cost-of-ownership? As a member of the field-proven 
HP 8673 family, the H P  8673H comes to you with an estimated 
20,000 hours mean time between failure (based on component war- 
ranty failure rates). To guarantee that the first three years of your 
HP 8673H are worry-free, option W30 provides three years of return- 
to-HP service. 

HP 8673H Specifications 

Frequency Characteristics 
Range: 2.0-12.4 GHz (Option 212) 

5.4-18.0 G H z  (Option 618) 
Resolution: 2.0-6.6 GHz: I kHz 

6.6-1 2.3 GHz: 2 kHz 
12.3-18.0 GHz: 3 kHz 

SSB 
N o w  Level 
I1 Hz BWI 
dB Below 

Carrrer 

1 1 1 
1 Hz 10 Hz 1W Hz 1 kHz 10kHz 100 kHz 1 MHz 10 MHz 

Typical HP 8673H singlasideband phase noise performance 
using the  internal standard, Band 1. 

Harmonics (< 0 dam: +lS°C to +3S°C): < -40 dBc 
Subharmonics and multiples thenot: -25 dBc 

Output Characteristics 
Output level (+lS°C to +3S°C): +8 to -100 dBm 
Resolution: 0. I dB 

Pulse Modulation 
ON/OFF ratio: >80 dB 
Rise/fall timer: <50 ns, typical 
Pulse repetition frequency: 50 Hz to 1 MHz 
Minimum duty cycle: <0.0001 for leveled performance 

Amplitude Modulation 
Depth: 0 to 7576, at  0 dBm maximum carrier level. +15OC to +35'C. 
Rate (30% depth): 10 Hz to 100 kHz, *3 dB 
Sensitivity: 30RIVolt and 100%/Volt ranges 

Frequency Modulatbn 
Dsvlatlon Rmge Rate (*3 dB BW. (llP#) W m w  Fah DHMIOII 
30. I 0 0  kHuV 100 Hz - 10 MHz The smaller of 10 MHz or: 

0 3 . 1 . 3  M H f l  1 kHz - 10 MHz fmod x 5, Band 1 
10 MHn'V 1 kHz - 10 MHz fmod x 10, Band 2 

fmod x 15. Band 3 

General 
Digital sweep characterirtb Identical to H P  8673B 
Remote programming: All functions HP-IB programmable except 
line switch. 
Operating temperature range 0 to +55C 
Power: 100. 120,220,240V, +5%, -10%: 48-66 Hz; 400 VA max 
Weight: net. 29kg (641b); shipping, 34.5kg (76 Ib) 
Size: 146 H x 425 W x 620 mm D (5.7" x 16" x 24.4") 

Ordering Information 
HP 8673H Synthesized Signal Generator 

Opt 21 2 or Option 6 18 
Opt 004 Rear panel RF  output 
Opt 006 Chassis slide kit 
Opt 907 Front panel handle kit 
Opt 908 Rack mounting flange kit 
Opt 909 Front panel & rack mounting kits 
Opt 915 Service manual 
Opt 916 Extra operating manual 
Opt W30 Extended Repair Service. See page 

Price 



1 Hz frequency resolution (option 008) 
* Low spurious and phase noise 

1 ws leveled pulse width capability 
+20 dBm to -1 10 dBm calibrated output 

SIGNAL GENERATORS 
Synthesized Sweepers 10 MHz - 50 GHz (or 110 GHz) 

HP 8360 Series 

Complete analog sweeper 
dc to 250 kHz amplitude modulation 
<-50 dBc harmonics 

HP 8360 Series Synthesized Sweepers 
The H P 8360 series synthesized sweepers are the standard of excel- 

lence for applications requiring the high performance and accuracy of 
a synthesized source and the speed and versatility of a sweep oscilla- 
tor. The HP 8360 series synthesized sweepers offer the same commit- 
ment to quality and reliability that is inherent in the previous industry 
standard HP  8340/8341. 

Frequency Precision and Spectral Purity 
The synthesized broadband frequency coverage and the precise 

1 Hz frequency resolution (option 008) are generated by indirect syn- 
thesis, enabling the HP 8360 to achieve the same low single-sideband 
phase noise performance as the H P  8340/8341. HP  8671B. 
HP  8672A. and HP 8673 series synthesized signal generators. 

uP R36ER 6 . 9 9  G q z  PHPSE N O I S E  

HP 8360 Phase Noise performance from 2.3 to 8.0 GHz 

Stepped CW Switching Times 
The HP 8360 features list and stepped frequency switching times 

as fast as 5 ms. Additionally, the HP 8360 provides arbitrary CW 
switching times less than 50 ms. 

Pulse, Amplitude and Frequency Modulation 
The HP 8360 has high-performance pulse modulators with >80 dB 

on/off ratio, and rise/fall times < 10 ns (option 006). 
The HP 8360 also features dc-coupled amplitude modulation capa- 

bility with a 3 dB bandwidth of 250 kHz, and a 99.7% modulation 
depth. Pulse and amplitude modulation capabilities can be used si- 
multaneously. 

The HP 8360 also offers dc-coupled frequency modulation capabil- 
ity with rates up to 8 MHz. 

< -50 dBc Harmonics 
The HP 8360 delivers excellent harmonic performance with har- 

monics at least 50 dB below the carrier from 1.8 to 20 GHz. 

R L  12.00 d B m  UKR PlaFRP 7.99 G H z  

> ,  , r 
" - - . : ,' , , ' , I  J..: 

a $  3 , ;  - * ~ d  : @ . ; ?  k.2 S: :5P.C: s e c  

L P : T E ~  20 d 9  I 

. P R R K [ R  . I 

7.99 G H z  

, ;70.P0 dB. . 

Output Power Harmonic Performance of the HP 83620A 
The HP 8360 provides high output power ranging between +20 

and -1 10 dBm with 0.02 dB resolution and feature power sweep ca- 
pability with >20 dB dynamic range for complete characterization of For additional performance and ordering information about the 
level-sensitive devices. HP  8360 series synthesized sweepers, refer to page 41 2. 
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SIGNAL GENERATORS 
High Performance Mlcrowave 
HP 8673B, 8673C, 8673D, 8673E 

10 MHz to 26.5 GHz frequency range 
<-60 dBc harmonics/subharmonics 
Low spurious and phase noise 

+8 to -100 dBm calibrated output 
Internally leveled AM/FM/pulse modulation 
Frequency extension capability to 110 GHz 

HP 8673B,8673C, 86730 and 8673E Synthesized 
Signal Generators 

The HP 8673B/C/D/E Synthesized Signal Generators are full 
performance synthesizers designed to generate precise microwave sig- 
nals over the 50 MHz to 26.5 GHz frequency range. These generators 
offer calibrated and leveled power, AM, FM, pulse modulation, digi- 
tal sweep, programmability, and frequency extension capability to 
1 I0 GHz. The HP 8673B covers 2.0 to 26.5 GHz. The H P  8673CID 
pair cover 50 MHz to 18.6 GHz and 26.5 GHz respectively and the 
HP 8673E covers 2.0 to 18.6 GHz.. 

Excellent Spectral Purity 
A variety of applications ranging from microwave radar to commu- 

nications systems require the frequency stability available from the 
HP  8673B/C/D/E. The broadband frequency coverage is derived 
from multiplying a fundamental 2.0 to 6.6 GHz YIG-tuned oscilla- 
tor. This technique provides the wide frequency coverage in a single 
instrument. Indirect synthesis phase-locks the YIG-tuned oscillator 
to a 10 MHz quartz crystal reference to provide excellent long term 
and short term stability (frequency drift <5 X lo-'' per day). 
(HP 8673BICID). Phase locked loops are optimized for lowest possi- 
ble single-sideband phase noise. The H P  8673C and H P  8673D in- 
clude an internal tracking YIG-filter to further reduce unwanted 
harmonic, subharmonic, and nonharmonic spurious signals above 1.2 
GHz to <-60dBc. 

0 
0 4 8 12 16 20 24 26 

Frequency in GHz 

Figure 1. Maximum power  typically available f rom HP 
8673B/C/D/G and HP 8673B/G Option 008 a t  25OC. HP 8673E 
and HP 8673H Option 212 and Option 618 typical maximum 
power is the s a m e  a s  HP 8673BlG over 2.0 t o  18.0 GHz. 

Wide Dynamic Output Range 
For broadband component and receiver testing applications, the 

HP  8673B/C/D/E deliver exceptionally Rat power output across the 
full frequency ranges. For receiver sensitivity measurements, power is 
internally (or externally) leveled to -100 dBm (-120 dBm for the 
HP 8673E). Maximum available power varies with frequency as 
shown in Figure 1. 

Internally Leveled Pulse Modulation 
The HP 8673B/C/D/E features an internal pulse modulator that 

provides high-quality pulse modulation over the entire 50 MHz - 26.5 
GHz range. Since the modulation is done before the frequency multi- 
plication, the peak pulsed power can be leveled and calibrated to with- 
in typically +IS/-1.0 dBm of the set level referenced to CW. 
External TTL level pulse rates up to 1 MHz and pulse widths as nar- 
row as 100 ns can be easily accommodated by the HP  8673B/C/D/E 
to provide ON/OFF ratios in excess of 80 dB. 

Calibrated AM/FM Modulation 
AM and FM capability is included in the H P  8673B/C/D/E to 

expand the versatility in receiver testing applications. AM depth at  
rates up to 100 kHz can be accurately set using the front panel meter. 
Six ranges of metered FM are available at  rates and peak deviations 
up to 10 MHz. The HP 86738 features unlocked mode which allows 
up to 10 MHz deviation at  rates as low as 50 Hz. Both AM depth and 
FM deviation are linearly controlled by varying the externally sup- 
plied modulating input voltage up to 1 V peak. Simultaneous modula- 
tion of AM, FM, and pulse is possible to simulate complex 
environments. 

Frequency Extension to 11 0 GHz 
The HP 8673B/C/D can be used as microwave drivers for the HP  

835.50-series millimeter-wave source modules. This combination 
(with the addition of the HP  83498 Microwave Amplifier) can pro- 
vide leveled output signals up to 110 GHz with the "System Level- 
ing" mode. The resultant output frequency can be displayed on the 
HP  8673BICID front panel by entering the multiplication factor of 
the source module. 

Full Programrnabillty and Digital Sweep 
The HP 8673B/C/D/E provides full programmability of all front 

panel functions for automatic test applications. Output level can be 
controlled in steps as fine as 0.1 dB. An internal microprocessor is 
used to simplify HP-IB program code generation and follow front- 
panel keystroke sequences. This design allows the implementation of 
digital sweep. Sweep spans can be set over the entire frequency range 
with variable rates, step sizes, and selectable markers available. 



HP 8673B/C/D/E Specifications 
Frequency Characteristics 
Frequency Range: HP 86738: 2.0-26.0 GHz (1.95 to 26.5 GHz in 

overrange). 
H P  8673C: 0.05-18.6 GHz (0.01-18.6 GHz in 
overrange). 
H P  8673D: 0.05-26.0 GHz (0.01-26.5 GHz in 
overrange). 
H P  86738: 2.0-18.0 GHz (1.95 to 18.6 GHz in 
overrange). 

Frequency Bands: Band 0: 0.05-2.0 GHz 
Band I: 2.0-6.6 GHz 
Band 2: 6.6-12.3 GHz 
Band 3: 12.3-18.6 GHz 
Band 4: 18.6-26.0 GHz 

Frequency Resolution: 1 kHz Band 0 and 1 3 kHz Band 3 
2 kHz Band 2 4 kHz Band 4 

Time base: internal 10 MHz (<5 X 10-'O/day aging rate for 
H P  8673 B/C/D, <1 .5~ lO-~ /day  aging rate for H P  8673E) or exter- 
nal 5 or 10 MHz. 

Spectral Purity 
Single-sideband phase noise (HP 8673B/C/D) (1 Hz BW, CW 
model: 

O ( h r t h F c  

10 Hz I 100 Hz I 1 kHz I 10 kHz I 100 kHz 

Band 0 I -64dBc I -70 dBc I -78dBc I -86 dBc I -105 dBc ] 
Band 1 I -58 dBc I -70 dBc I -78 dBc I -86 dBc I -110 dBc 

Band 2 I -52 dBc 1 -64dBc I -72 dBc I -80 dBc I -104dBc 

Band 3 I -48 dBc I -60dBc I -68dBc I -76 dBc I -100dBc 

Band 4 I -46 dBc I -58 dBc I -66 dBc I -74 dBc 1 -98 dBc 1 
Single-sideband ~hase noise (HP 8673E) (1Hz BW. lkHz offset. CW 
mode): <- 

SSB 
N o w  Level 
I1 Hz BWI 
dB Below 

Carroer 

- , -  
1 Hz 10 Hz 100 Hz I kHz lOkHz 100kHz 1 MHz lOMHz 

Figure 2. Typical HP 8673B/C/D/E single-sldeband phase noise 
performance using the internal standard, Band 1. 
Harmonics (up to maximum frequency, output level meter read- 
ings <O dB on 0 dBm range and below): <-40 dBc (HP 8673B/E). 
<-35 dBc, SOMHz-I .2GHz; <-60 dBc, 1.2-26.0 GHz (HP 8673C/D). 
Sub-harmonics and multiples thercot: <-60 dBc (HP  8673C/D). 
<-25 dBc, Bands 1-3; <-20 dBc, Band 4 (HP  86738); <-35 dBc, 
(HP  8673E). 
Spurious (CW and AM modes) 

Non-harmonically related: <-60 dBc, Band 0; <-70 dBc, 
Band 1; <-64 dBc, Band 2; <-60 dBc, Band 3; <-58 dBc, Band 4 
(HP  8673B/C/D); <-60 dBc (HP  8673E) 

Output Characteristics 
output level (+lS°C to +3S°C): 

I 86738 I 8673C I 8673D 1 

Pulse Modulation 
ONIOFF ratio: >80 dB (HP  8673B/C/D.) >70dB (HP  8673E) 
Riselfall times: <30 ns. Band 0; <40 ns, Bands 1 4  (HP  8673 
B C / D )  c50 ns (HP  8673E) 

inimum leveled pulse width: < I00 ns. d ,  ; 
Pulse repetition frequency: 50 Hz - 1 MHz. 
Minimum Duty Cycle: <0.001 for leveled performance. 

C 

Amplitude Modulation 
Rates (3 dB BW, 30% depth): 20 Hz-100 kHz. (HP  8673 B/C/D); 
10Hz-5OkHz r HP X671FI 

Output level (+lSoC to +3S°C): +8 dBm to -120 dBm (HP  8673E) 
Remote programming output level resolution: 0.1 dB. 

lml (dBm) 
t 8  to -100 

t 4  to -100 
0 to -100 

- - 
~ensitivity:-30'T/~. 1 0 d % / ~  ranges. Max. input 1 V peak into 
600 S1 

Fnq.(CHz) 
, 0 5 2 0  

2-16 
16-26 

L m l  (dBm) 
t 1 1  to -100 

t 5  to-100 
t 2  to -100 

Fmq. ( C b )  
2-18 

18-22 
22-26 

Frequency Modulation (8673B/C/D) 
Devlatlon Range Rat8 ( i3dB BW, typical) Maximum Pak D&tion 

The smaller of 10 MHz or: 
30. 100 kHzN 100 Hz - 10 MHz hnod x 5. Band 0 and Band 1 
.3. 1. 3 MHrN 1 kHz - 10 MHz h o d  x 10. Band 2 

10 M H f l  I kHz - 10 MHz fmod x 15, Band 3 
fmod x 20, Band 4 

Frequency Modulation (8673E) 
Devlatlon Range ~ a t a  (*ME BW, typlao Maximum Pak D&tion 

The smaller of 3 MHz or: 
30. 100 kHzN 100Hz-2MHz fmod x 5. Band 1 
.3. 1. 3 MHzN 3 kHz - 2 MHz fmod x 10, Band 2 

fmod x 15. Band 3 
10 MHzN 50 Hz - 2 MHz. typical 10 MHz 
(unlocked) 

Fmq. (CA)  
05-2.0 

2-16 
16-18.6 

Digital Sweep Characteristics 
Sweep function: start/stop or AF (span) sweep. 
Sweep modes: manual, auto, or single sweep. 
Step size: maximum of 9999 frequency points per sweep; minimum 
step size equals frequency resolution. 
Dwell time: set from 1 to 255 ms er frequency. 
Markers: 5 independent, set~able Frequency markers 
Sweep outputs: 0 to + I0  V ram start to stop; 0.5 V'/GHZ ramp; 2- 
axis blanking/rnarkers; tone marter; penlift. 

Lml ( d h )  
tlI to -100 

+5 to -100 

t 1 0  to -100 

Remote Programming 
All functions HP-IB programmable except line switch. 

Interface functions: 
SHI .  AHI. T5. TEO, L3, LEO, SRI, RLI, PPI,  DCl ,  DTI, CO, 
E l .  

General 
Operating temperature range O°C to +5S°C. 
Power: 100, 120, 220. 240 V. +5%, -10%. 48-66 Hz; 400 VA max. 

234 mm x 425 mm i 620 mm (9.2" x 
16.8" x 24.4") HxWxD. 

Orderin Information 
H P  86738Synthesized Signal Cenerator 
Option 001: Delete R F  output attenuator 
Option 002: Delete reference oscillator 
Option 004: Rear panel RF output 
Option 006: Chassis slide kit 
Option 008: + 10 dBm output level 
Option 907: Front panel handle kit 
Option 908: Rack mounting flange kit 
Option 909: Combination of Opt. 907 plus 908 
Option 910: Extra o rating and service manual 
Option W30: Two acit ional years of return-to-HP 
warranty. See page 723. 
H P  8673C Synthesized Signal Generator 
Options 001,002,004, and 006: same as H P  8673B 
Option 908: Rack mounting flange kit 
Option 910: Service and extra operatin manual 
Option 913: Rack flanges for standard front handles 
Option 915: Service manual 
Option 916: Extra o erating manual 
Option W30: Two afditional years of return to H P  
warranty. See page 723. 
H P  8673D Synthesized Signal Generator 
Options 001, 002, 004,006,908, 913,910,915, and 
916: Same as HP 8673C 
Option W30: Two additional years of return to H P  

Price 
$42,420 

-5600 
-$735 

+$75 
+s75 

warranty. See page 723. 
H P  8673E Synthesized Signal Generator $39,390 
Ootions 001. 002. 004. 006. 907. 908. 909 and 910: . . . . .  
~ ; ; r n c  as ~ ~ ' 8 6 7 3 ~  
Option W30: Two additional years of return-to-HP $915 
warranty 
H P  11726A Support Kit (for H P  8673B) $ 1,800 



SIGNAL GENERATORS 
Frequency AgileICompiex Signal Simulation 
HP 8645A 

252 kHz to 1030 MHz frequency range with optional Specified performance while fast hopping 
coverage to 2060 MHz FM rates to 10 MHz, deviations to 20 MHz 
15 ps frequency switching Low spurious and phase noise 
Stand alone control of frequency agility 

HP 8645A Agile Signal Generator 
The HP 8645A Agile Signal Generator combines high perform- 

ance with frequency agility for new fast-switching test requirements. 
These capabilities are important for performance testing of such de- 
vices as frequency agile radios and surveillance receivers. Besides ex- 
tending traditional receiver testing to agile applications, the HP  
8645A can be used to create complex signal simulations involving sev- 
eral modulation types and frequency agility. These complex RF  sig- 
nals can quantitatively exercise a receiver's vulnerability to a 
jamming transmission. The HP 8645A can also be a fast-switching 
stimulus needed to decrease production test times. The high perform- 
ance and frequency agility of the HP  8645A provide capability for 
both static and agile test requirements with just one calibrated signal 
generator. 

Specified Agile Performance 
The HP 8645A provides specified signal performance in both static 

and agile operation. Fully-synthesized outputs with high timebase ac- 
curacy are standard when not frequency hopping. The Fast Hop 
mode activates a frequency-lock loop to allow frequency switching as 
fast as 15 psec from 128 to 2060 MHz. Over the frequency range of 8 
to 2060 MHz, the fastest switching time is 85 psec and outputs below 
8 MHz require 500 psec. Frequency accuracy of each output is better 
than +2 ppm while in Fast Hop mode. At each frequency. a specific 
amplitude can be assigned within a 20 dB range for performance tests 
versus amplitude while frequency hopping. For a full test of a receiv- 
er, up to 8000 frequencies can be entered and sequences of up to 8000 
frequency settings can be specified. Performance parameters such as 
phase noise, spurious, amplitude accuracy, and modulation remain 
high quality and are completely specified while fast hopping to insure 
confident test results. 

Flexible, High Performance Modulation 
For receiver measurements the HP 8645A offers independent or 

simultaneous FM and AM for both static and hopped frequency tests. 
The modulating signal can be the internal 0.1 Hz to 400 kHz synthe- 
sizer or an external input that allows FM deviations up to 20 MHz at 
rates up to 10 MHz. In Fast Hop operation, maximum deviation is 
3.5 MHz with 10 MHz rates. AM is available with up to 100 kHz 
rates and 99% depth. Pulse modulation allows a 35 dB on/off ratio 
with I00 nsec rise/fall times. 

Comp\ete Control of Frequency Happing 
The HP 8645A offers flexible and comprehensive control of the fre- 

quency hopping output. Parameters can be entered from the front 
panel, through the HP-IB port or using TTL inputs on the rear panel. 
Extensive hopped frequency simulations including hop frequencies, 
amplitude, dwell times, hop rate, modulation, etc. can be entered into 
non-volatile memory from the front panel. Activating a hop sequence 
requires only a press of the Hop key. Agile control is available by a 
computer with the added advantage of using the new Hewlett- 
Packard Systems Language (HP-SL). For real-time control, rear 
panel inputs accept TTL signals for triggering, dwell time and fre- 
quency selection to allow direct connection with the hardware under 

test. With this wide choice of control, use of the HP  8645A can be 
readily customized to a wide variety of test situations from benchtop 
use to ATE systems. 

HP 8645A Specifications 
Frequency 
Range: 251.46485 kHz to 1030 MHz; 251.46485 kHz to 2060 MHz 
with Option 002 or with H P  1 l845A 2 GHz Retrofit Kit installed. 
Frequency bands: The exact endpoints of each frequency band can 
be determined by dividing the 1030 to 2060 MHz band by two for 
each band decrease. The specifications use approximate endpoints. 
Phase offset: adjustable in 1 degree increments. 
Reference oscillator stability, Option 001: < 5 ~ 1 0 - ' ~ / d a y  aging. 

Fast Hop Operation 
Frequency switching time: 128 to 2060 MHz: < 15 psec, 8 to 2060 
M H z :  < 85 psec. 0.25 to 2060 MHz: <500 psec. Opt. 002: add 5 psec. 
Frequency hop range: 0.25 to 2060 MHz. With FM on, limited to 
any three consecutive frequency bands. 
~ r h u e n c y  accuracy': -2  ppm of carrier frequency. 
Amplitude accuracy: * I  dB, >-I27 dBm o u t ~ u t .  
(T 1.5 dB. > - 1 2 j d ~ m  output when amplit"de level is varied up 
to -5 dB from the constant learned value during Fast Hop.) 

Channel and sequence tables: In Fast Hop, each specific frequency 
and amplitude to be output is entered into a Channel Table. The order 
of channels to be output is entered into a Sequence Table. 
Maximum number of channels: 8000. 
Maximum number of channels in Sequence Table: 8000. 
Hop rate range: fixed rates from 8 Hz to 50 kHz using internal timer. 
An external input allows more range and variable rates. 
Dwell time range: fixed times of 6.4 psec to 99 msec using the inter- 
nal timer. External input allows longer and variable dwell. 
Learn cycle time: typically, 10 sec. to 3.5 min., depending on se- 
quence size. 
Fast Hop bus: allows real-time selection of any channel for output. 
Typically. frequency switching time increases by 5 psec. 
Modulation: internal or external AM, FM, or simultaneous 
AM/FM. 
Output level: Allowed amplitude variation of all channels entered is 
0 to 20 dB. Output level is reduced by >60 dB while switching be- 
tween channels. External dc AM can be used to shape the output. 

'Typicslb. -2 ppm d carder hepwncy mniplled by t t a m  a in OC must be added 
II ambient tmpersture change¶ m r  between the learn operation and the conclus(on of f roam- 

Spectral Purity 
SSB phase noise (CW, AM, or FM' operation): 

cy hopping. FM at minimumbeviation. 
'FM at minimum deviation. 
qypicaliy. nonharmonlc spurs at all ofbets are <30 dB a h  the instrument's phew noise kwel 
as measured in a 1 HZ b a n M h .  

Carrier 
Frequency 

(MHz) 

1030 to 2060 
515 to 1030 
257 to 515 
128 to 257 
64 to 128 
32 to 64 
16 to 32 
8 to 16 
4 t08  

Less than 4 MHz 
Harmonics: <-30 dBc, output 5 I0 dBm. Opt. 002, output >8 dBm: 
<-30 dBc, 0.25 to 1030 MHz; <-25 dBc. 1030 to 2060 MHz. 
Subharmonk.: none. <5 15 MHz. <-60 dBc. 51 5 to 1030 MHz. 
< -40 dBc. > 1030 to 2060 MHz. 
Nonharmonics: >20 kHz offset': <-I00 dBc, <2060 MHz. <-94 
dBc. > 1030 to 2060 MHz. 

Fast Hop 
20 kHz 

(dBc/Hz) 
-116 
-123 
-128 
-133 
-137 
-139 
-141 
-142 
-143 
-144 

Standard Operation 
20 kHz 

(dk/Hz) 
-120 
-127 
-132 
-136 
-139 
-141 
-142 
-143 
-144 
-144 

100 kHz 
( ~ B C / H Z )  

-127 
-134 
-137 
-140 
-141 
-141 
-142 
-143 
-144 
-144 



Residual FM' (CW, AM, FM2 operation): 
Post detection hndrridth 

Qrrier frequency 
0.3 to 3 kHz 0.05 to 15 kHz 

(Hz nns) (Hz nns) 
0.25 to 257 
257 to 515 
515 to 1030 
1030 to 2060 <4 

Typical SSB phase noise and spun at 1 GHz: 
-a 

- 4  8 -m 

i" 
P -100 

3 ,m -120 
L 

g -1" 
V) 

-180 

10 lW 1K 1OT lorn 1w 10M 
rn 

Offset Frequency (Hz) 

Residual AM: ~ 0 . 0 1 %  AM rms, 0.3 to 3 kHz post detection BW. 
Typical SSB AM noise floor, offsets >I00 kHz: <-I 57 dBc/Hz at  
+ I6  dBm output, 0.25 to 1030 MHz. <-I50 dBc/Hz at  +13 dBm 
output, 1030 to 2060 MHz. 

Output 
Maximum level: +16 dBm. 0.25 to 1030 MHz; Opt. 002: +14 dBm, 
0.25 to 1030 MHz. +13 dBm. above 1030 MHz. 
Minimum level: -137 dBm. 
Absolute accuracy: + 1 dB, output >- 127 dBm. 
Reverse power protection: 50 watts from a 50Q source, 25 Vdc. 
Typical third order intermodulation: <-50 dBc, outputs <8 dBm. 
Typical output level overrange: 2 dB more than maximum level. 
Typical SWR and output impedance: < 1.7:1, 500. 

Modulation 
External modulation input: Coupling is ac or dc for AM, FM and 
~ h a s e  modulation. Pulse modulation input is dc coupled. Displayed . . 

deviation or depth corresponds to + lV  external input. 
Simultaneous modulation: AMIFM. AMIPhase. AMIPulse. 
FM/Pulse, Phase/Pulse, AM/FM/PUIS~.  ~ ~ j ~ h a s e l ~ u l s e . '  
Simultaneous internal/external modulation: FM and Phase. 

1 70 to 90% 1 < 5% <8% 1 
3 dB bandwidth': >5 kHz. 0.25 to 8 MHz. >50 kHz. 8 to 128 MHz. 

Amplitude Modulation 
Depth: 0 to 99.9%. for output <+7 dBm. 
AM indicator accuracy: +(6% of setting + 2%. AM), up to 90% 
depth and l kHz rate for carrier frequencies > 1 MHz. When ampli- 
tude level is varied up to -5 dB from the constant learned value dur- 
ing Fast Hop: *(7% of setting + 1% AM) up to 80% depth, 1 kHz 
rate.) 
Distortion, at 400 Hz and 1 kHz rates: 

> I00 kHz, 128 to 2060 MHz. 
Incidental phase modu\ation: <0.2 rad peak, a t  30% depth 
and 1 kHz. 
Typical external input impedance: 6OOQ. 

W t h  

0 to 30% 
30 to 706 

'SpeclRed for 48 to 63 Hz power line. Typlcal for 400 Hz power line and Fsst Hop operation. 
'Deviation <0.1% of maximum available. 
'Lower 3 dB bandwidth limit is 0 Hz for dc coupllng and hlpMly 20 Hz fa ac coupling. 

Frequency Modulation 
FM deviation and rate: In the highest frequency band of 1030 to 
2060 MHz, the maximum FM peak deviation is 20 MHz for standard 
operation and 3.52 MHz for Fast Hop. Maximum FM rate (3 dB 
bandwidth) in the 515 to 1030 MHz band and above is 10 MHz. Di- 
vide rate and deviation b two for each frequency band decrease. 
FM indicator accuracd + 10%. < 50 kHz rate and < 10% of maxi- 
mum deviation (<SO% of maximum deviation in Fast Hop.) 
FM distortion: Rates 20 Hz to 100 kHz: ~ 2 . 7 % .  deviation <2% of 
maximum available (Fast Hop: < 10% of maximum deviation.) 
Carrier frequency accuracy in FM: +0.4% of deviation setting. ac or 
dc coupled. Typically add 1% of deviation in Fast Hop. 
Incidental AM: <0.5%. deviation limited to <6% of max. or 20 kHz. 
Typical external FM group delay: 30 ps for rates 20 Hz to 20 kHz, 
decreases to . I ps at rates >200 kHz. Fast Hop: < l ps. 
Typical external FM input impedance 50 or 60OQ. 
Pulse Modulation 
Onlofl ratio: > 3 5  dB. 
Riselfall time: < I00 nsec, between 10% and 90% response points. 
Maximum pulse repetition frequency: I MHz. 
Minimum pulse width: 0.5 ps. 
Typical output level accuracy: +2 dB. 
Typical external input levels and impedance: on: >3.OV peak; 
o f .  10.8V peak. Damage level: >+10V peak. 60m.  
Internal Modulation Source 
Waveforms: sine. square. sawtooth and white Gaussian noise. 
Frequency range: sine, white Gaussian noise: 0.1 Hz to 400 kHz. 
Square. sawtooth: 0. l Hz to 50 kHz. 
Frequency accuracy: same as internal reference oscillator. 
Output level: Typically, 1 Vpk max. into 60M. Accuracy: +20 mV. 
Output level resolution: 2 mV. Typical impedance: 60m.  
Distortion: <0.17. output at  IV peak and 5 15 kHz. 
Frequency Sweep 
Phase continuous sweep: linear sweep with times from 10 ms to 
I0 s, not dependent on span. Maximum span is 40 MHz from 1030 to 
2060 MHz frequency band. divided by two for each band decrease. 
Fast Hop sweep: linear or log stepped with times from 10 msec to 
100 sec. Number of steps varies with time selected. Typical time per 
step is 30 ps for outputs within 128 to 2060 MHz, 170 ps for 8 to 2060 
MHz, and 650 ps for 0.25 to 2060 MHz. 
Sweep control and markers: X-axis: 0 to +10V. Z-axis: +5V re- 
trace, + I V trace. OV markers. Three markers available. 
General 
Remote control: HP-IB (IEEE-488.2-1987). The control language 
used is the Hewlett-Packard Systems Language (HP-SL). All front 
panel functions except power switch and knob. A unique Fast Hop 
bus interface accepts TTL levels for frequency agile control. 
Operating temperature range: 0 to +55" F. 
Leakage: meets Mil Std 461 B RE02 and FTZ 1046. 
Storage registers: 10 full function and 40 freq./ampl. locations. 
Memory erasure: all memory contents according to Mil Std 380- 
380. 

Carrier frequency 

Weight: net. 31 kg (69 Ibs); shipping, 42 kg (95 Ibs). 
Size: 177H x 426W x 624mmD (7" x 16.8" x 24.6"). 
Ordering Information 
H P  8645A Agile Signal Generator4 

Opt 001 High stability time base 
Opt 002 2 GHz output 
Opt 003 RF connectors on rear panel only 
Opt 907 Front handle kit (5061-9690) 
Opt 908 Rack flange kit (5061-9678) 
Opt 909 Rack flange kit with front handles 
(506 1-9684) 
Opt 910 Provides an additional overation/calibration 0.25 to 1030 MHz 

t 2 8  
~ 3 %  

manual (08645-90023) and 2 seivice ma'nuals 
(08645-90025) 
O D ~  915 Add service manual (08645-90025) 

1030 to 2060 MHz 

< 5% 
< 5% 

0b t  W30 Extended repair service. See page'723 
H P  11845A 2 GHz Retrofit Kit 
08645-61 116 Service kit 
921 1-2662 Transit case 
1490-0913 Transit case wheels 
1494-0059 Non-tilting rack slide kit 
1494-0063 Tilting rack slide kit 
4 H  P- I H cables not included. For description and price, 
579. 

Price 
$32,900 
+$1,550 
+$7,150 

+S400 
+$65 * 
+$35 T 
+$90 T 

+3800 
$6,180 

f 500 
$550 
$210 
$100 
$190 

see page 

For same-day shipment, cell HP Direct at 800-538-8787 



SIGNAL GENERATORS 
Frequency Agile/Complex Signal Simulation 
HP 8770S, 8770A, 11776A 

A new source of "real-life" signals to 50MHz 
A software reconfigurable modulation source 
Simulate very complex baseband and IF signals 
Excellent spectral purity 

Outstanding reliability (> 100,000 hrs MTBF) 
125MHz sample rate 
12-bit resolution, 512K word memory 

HP 87708 Signal Simulator System, dc - 50 MHz 

Simulate Signals tor Radar, EW, Communications, 
Magnetic Disk and Other Applications 

Today's sophisticated electronic systems require "real-life" func- 
tional testing to ensure that they will perform properly under their 
intended operating conditions. The HP 87703 helps you answer criti- 
cal questions: "Will this radar accurately detect and decode multiple 
targets? Will my EW receiver correctly identify advanced threats? 
Will this digital communication receiver properly reconstruct trans- 
mitted signals in the presence of fading or jamming? Will this mag- 
netic disk read circuits respond properly to a missing bit?" 

Description 
The HP 8770s Signal Simulator System consists of the: 

HP 8770A Arbitrary Waveform Synthesizer 
HP  9000 Series 300 Technical Computer 
HP  1 1776A Waveform Generation Software. 

Design waveforms with the software, then generate the waveforms 
with the H P  8770A. Use this advanced simulation system to generate 
complex baseband and IF signals from dc to 50 MHz. Add precise 
amounts of distortion and noise to test the operating margins of your 
system early in the development cycle. All signal parameters are 
under complete software control, allowing quick changes to meet new 
test demands. The HP 8770A has a complete HP-IB command set for 
full automatic control and easy downloading of waveform data previ- 
ously defined by the HP  11776A or by other means. Regardless of 
your application, the use of precise. complex test signals improves the 
evaluation of your circuits and systems. 

The HP 8770A Arbitrary Waveform Synthesizer (AWS) forms 
the heart of the HP  8770s. Advanced digital synthesis techniques en- 
sure precise waveform generation. 

Features Banaffts 
8 ns sample update rate Rapid signal parameter 

changes 
12-bit words High amplitude resolution 
125 MHz internal clock Time base with synthesizer 
(phase-locks to crystal osc.) accuracy 
Special "deglitching" circuits Low harmonic and spurious 

distortion levels 
110 dB R F  attenuator 12-bit resolution even at  low 

signal levels 
512K memory Highly complex waveforms, 

Longer waveform sequences 

The HP 11776A Waveform Generation Software operates on the 
H P  9000 Series 300 technical computers. It consists of the Waveform 
Generation Language (WGL), an HP BASIC 5.13 operating system, 
and application disks for powerful waveform development. Use over 
100 easy commands and math functions to create and manipulate 
waveforms as desired. Add noise or spurs to generate real-life test 
signals. Add waveforms together to create harmonically distorted 
waves, or multiply waves to create complex modulated signals. Create 
waves in either the frequency or time domain and quickly convert 
from one to the other. Capture data from other instruments such as 
spectrum analyzers and oscilloscopes. Once waveforms have been de- 
veloped, you can download them into the HP 8770A for immediate 
generation or store them on a disk for later use in multiple stations. 
Thus, WGL makes "what i f '  testing to determine a device's perform- 
ance easy and affordable. 

Build Wavetorm Libraries for Complete Tests 
Any HP-IB computer can control the HP 8770A and download 

previously defined waveform data. Generate a library of test 
waveforms with the H P  11776A software or your own BASIC pro- 
gram. Then download them to the HP  8770A from the computer in 
your ATE system for use in your applications. 

Stretch Memory with Sequencing 
Certain parts of waveforms often repeat themselves and quickly fill 

up even the largest memory. This leaves less memory to define the rest 
of the desired test signal. The HP 8770A avoids this problem by al- 
lowing sections of memory (packets) to be repeated any number of 
times and in any order. This sequencing capability and the large 
512K word memory free large amounts of memory for greater flexi- 
bility when defining complex waves. Many test signals can also be 
stored simultaneously in the memory and accessed at  any time with 
the sequencer. In a production ATE environment, this substantially 
decreases download time, reducing costs. 

Applications Overview 

Radar 
The HP 87708 simulates multiple targets for more effective radar 

testing. Simulate complex radar video and IF  signals. Add noise, 
pulse jitter, and clutter. Shape radar chirps to exact specifications. 
Stagger multiple radar pulses. Vary the PRF as a function of time. 
Control radar pulse parameters with extremely precise resolution. Fi- 
nally, manipulate doppler shift and range or superimpose multiple 
targets together, resulting in complex, demanding test signals. 



Amplitude Resolution: .024% of full scale 
Amplitude Flatness: <+0.65 dB (<O.ldB w/predistortion) 
Phase Linearity (dc - SOMHz): *5O (< + 1 w/predistortion) 
Output Impedance: 50 R (75 Q for option 002) 
Output SWR: 1 .::I 
Connector: Type N (female) 

Spectral Purity 
Harmonic Distortion (output level = +10dBm): 

-40 - I 
SPEC 

D et 
Electronic Warfare -50 TYPICAL 

Simulate MOP. exotic threats, and other complex modulated sig- Worst 

nals to test next-generation EW receivers and signal processors. Vary Harmon'c -60 - 
pulse amplitudes. rise and fall times. pulse width, PRI, and stagger, of (dBc) 

individual radars. -70 

-80 I I I I I 
10 20 30 40 50 

Frequency (MHz) 

Inband Spurious and Nonharmonic Distortion: 

-40 

-50 

- 

- I SPEC 

Spur -53 
' 

Level -60 - TYPICAL 
(dBc) 

Antenna scan pattern 
Communications -80 

I I I I I 
10 20 30 40 50 

The H P 87708 is an excellent signal Simulator for conventional an- Fundamental Frequency (MHz) 
alog communication systems, digital microwave radios, and satellite 
communications systems. Design and generate amplitude-, frequen- TWO-Tone Intermodulation Distortion: <-65dBc for a 10.000 
cy-, and phase-modulated communications signals with digital preci- MHz and 10.124 MHz signal at +4 dBm each. 
sion. Exploit memory sequencing to hop from one frequency to the SSB Phase Noise @10MHz: <- 120 dBc/Hz @ IOkHz offset. 
next with fast frequency switching speed and phase continuity. Simu- Modulation Capabilities 
late Nyquist filter responses in software to eliminate time-consuming A M .  FM, + W .  Chirp, Pulse, Digital (BPSK, QPSK, BPSK, 
and costly hard QAM),  Antenna Scan, I/Q. 

External System Triggering: Repetitive, Single-Shot, Gated; 
Outputs: Scan Start. Packet Start. Sequence Start, Equal Address, 
Packet Advance Ready. 
Inputs: Packet Advance Trigger, System Start Trigger, System 
Stop Trigger. 

Clock 
Sampling Clock Rate: 125 M H z  (externally variable) 
Reference Oscillator: 10 MHz quartz crystal. Aging rate 
K 5x I OE- IO/day after a 24 hour warmup and an oscillator time-off 
of less than 24 hours. 

Remote Operation 
Missing bit HP-IB. 16-bit GPlO parallel port 

Magnetic Disk General 
The signal simulation system continues to be extremely successful Operating Temperature: 15-40 C 

in magnetic disk applications. Replace the head disk assembly to test Power: 445 VA 
readlservo channel boards for design integrity, calibrate disk media Weight: Net, 23.6 kg (52 Ib), Shipping, 29.5 kg (65 Ib) 
certifiers, or verify board operation in production test. Test bit shift Size: 235 H x 425.5 W x 622 mm D (9.25" x 16.75" x 24.5") 
susceptibility to less than 50ps shift resolution. The Programmer's 
Starter Kit (PIN 08770-60064) interactively creates seven common Ordering lntormation Price 
disk-test waveforms. HP 8770s Signal Simulator System $0 
Other Applications To ensure coordination of shipments and compatibility 

Video and Imaging of instruments, computers and software, use the system 
Component Test model number when ordering individual components. 

Obtain the HP 8770A and HP 11776A Data Sheet and 
HP 8770A Performance Characteristics an  H P  8770s Ordering Guide from your local sales 
Frequency office. 

Range: dc to 50 MHz HP 8770A Arbitrary Waveform Synthesizer $25,000 
Frequency Switching Sped: 8 ns, phase continuous Option 002: 75 ohm Output Impedance $0 

RF output Option H12: Digital Data Output $500 
Power range: +10 dBm to -1 10 dBm HP 11776A Waveform Generation Software (5.25" $ 6,500 
Attenuator: 110 dB in 10 dB steps Diskettes Standard) 
Max Output Voltage: 2 V p-p into 50 or 75 ohms Option 630: 3.5" Diskettes Only SO 
Number of DAC bits: 12 true bits, monotonic HP PIN 08770-60064 Programmer Starter Kit $75 

wvvw. hparchive.com 



SIGNAL GENERATORS 
Frequency Agiie/Compiex Signal Simulation 

A d v a n c e d  s igna l  s imulat ion Easy-to-use application-specific s o f t w a r e  
250 ns  f r e q u e n c y  agility Precise syn thes i zed  signal con t ro l  
40 MHz i n s t a n t a n e o u s  modu la t ion  bandwid th  S t a n d - a l o n e  o r  s u b s y s t e m  o p e r a t i o n  
Arbi t rary  con t ro l  o v e r  AM, FM, *M, pulse ,  and 18-GHz opera t ion  with op t iona l  upconverters 
f r e q u e n c y  h o p  

HP 8791 Model 11 

Model 11 Frequency Agile Signal Simulator 
(10-3000 MHz) 
Model 100 Precision Signal Generator 
(Instrument-on-a-Disk software) 
Model 200 Radar Simulator (Instrumentan-a-Disk 
software) 
Model 2000 Advanced Agile Threat Simulator 
Exot ic  Test S i g n a l s  fo r  EW, Radar ,  and C o m m u n i c a t i o n s  

The new HP 8791 Model I I Frequency Agile Signal Simulator 
(FASS) system generates exotic, agile test signals for advanced EW 
threat simulation, radar-target simulation and secure communica- 
tions test. Covering 10 to 3000 MHz with 250 ns agility and a 40- 
MHz instantaneous modulation bandwidth, the system is capable of 
generating advanced spread-spectrum formats like chirps, Barker- 
coded pulses, maximal-length sequences, QAM and FSK. Compre- 
hensive application software on a 44 Mbyte removable disk harnesses 
the power of FASS, giving the system an easy-to-use, mouse-driven 
front   an el. 

~ h d  application-specific Instrument-on-a-Disk (ID) software in- 
cludes the HP  8791 Model 200 Radar Simulator. which features vari- 
ous intrapulse modulations and antenna scans, and the HP  8791 
Model 100 Precision Signal Generator, which gives easy access to 
FASS's agile carrier, AM, FM, a M ,  and pulse modulation functions. 
An upconversion option extends FASS coverage to 18 GHz. 
Descr ip t ion 

The Frequency Agile Signal Simulator uses high-speed memory, 
signal processing, digital-to-analog conversion, and direct digital and 
analog synthesis for precise signal simulation with unprecedented 
flexibility. 

I 

I Modulaoon D~ract Frequency 
I Memory & 01g1tal Ag~le 
I Sequencing Synthes~zer Upconverter 

~ A A  At ' 
L A  

f Private Bus 
I I .  8 .  - 
I AM.M.MIII0 

i , oat. mms 4 H o ~ P % m f i ? ~ i i m ~ d ~ ~ ~ ~  Interlace with 

Ed i" 8791 Model XI Radar S~mulator 
Instrumenl.on.a-01sk 

- 
-- 

I 
Cholce of pW Bands 

to 18 GHz 

The modulation data source's digital memory and sequencers store 
signal characteristics, namely carrier frequency hop patterns, ampli- 
tude, frequency, phase, and pulse modulation data. This data is s u p  
plied to the agile carrier synthesizer, where it is processed and 
converted to an analog signal made up of a carrier and its modulation. 
This 13.5- to 58-MHz signal is then translated to anywhere between 
10 and 3000 MHz by the agile upconverter. The smart interface 
manages data flow and signal generation functions within FASS, as 
specified by inputs from its front panel or over HP-IB. 

S y s t e m  Con t r ibu t ions  
The Frequency Agile Signal Simulator is characterized by: 

High performance modulation and agility 
Instrument-grade, repeatable, accurate 
Easy-to-use, software reconfigurable user interface 
Low cost of ownership 
Off-the-shelf instrumentation 

Application Overview 

Elec t ron ic  War fa re  
FASS is ideal for simulating advanced threats with intrapulse 

modulation, PRI stagger, frequency agility, and antenna scan modu- 
lation. Being fully synthesized, FASS is especially well suited for 
pulse Doppler radar simulation. 
- - - . . - - - - - - - - - - 

I 
Other 

Under 
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I 
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Host System 
O~strtbut~on - 

System 

R a d a r  
FASS can simulate target returns for testing and calibrating radar 

receivers. FASS can also be used as a major subsystem for instru- 
mentation radars, serving as a complex waveform exciter or a fre- 
quency agile STALO for-coherent systems. 

PRF Tr~gger Modulat~on 

537 MHz 

Ag~le LO Mode 
fc COHO 

L. I COHO I 92 GHz 

C o m m u n i c a t i o n s  
FASS can produce a variety of sophisticated agile signals useful for 

testing secure communication systems. Margin and tolerance testing 
can be accomplished by precisely adding distortion to ideal signals. 
In addition, common signals for testing sensitivity, bandwidth, fre- 
quency accuracy, selectivity, intermodulation, and distortion are 
readily available. 



Modes of Operation 

Instruments on a Disk (IDS) 
Instruments-on-a-Disk (IDS) make this otherwise complex system 

easy to use and give FASS the front panel personality of specific ap- 
plications. By clicking clearly labeled softkeys with the mouse, users 
can select sophisticated signal characteristics like PRI stagger and 
antenna scan patterns. 

HP 8791 Model 200 screen 

Remote HP-IB 
Remote HP-I B commands in FASS come in two varieties. There 

are the commands that simply mimic front-panel key strokes of an 
Instrument-on-a-Disk and the general-purpose commands that give 
access to all the functions of FASS. Whichever set of standard 
HP-IB commands are used, integrating FASS's high-integrity. ad- 
vanced signal simulation capability into an existing simulation system 
is very convenient. 

Waveform Generation Language (WGL) 
For advanced applications where existing Instrument-on-a-Disk 

software is insufficient, users can program FASS with the Waveform 
Generation Language (WGL) software. WGL could be used to gen- 
erate a non-standard signal such as a non-linear chirp or a pulse with 
droop. 

Dynamic Data 
Dynamic data mode allows selective, external control of instanta- 

neous frequency, FM, @M and AM, as well as pulse modulation and 
level. In dynamic data mode, data maps are downloaded to the modu- 
lation data source's frequency and modulation memories. Dynamic 
data supplied at  rates of up to 33 MHz addresses desired locations in 
memory. The output of FASS is determined by the values mapped at 
that location. 

Performance Characteristics 

HP 8791 Model 11 Frequency Agile Signal Simulators 
Fnquency 

Range: 0.01 to 3 GHz (to 18.5 GHz with upconversion) 
Resolution: 0.125 Hz 
Switching speed: < 250 ns over full 3 GHz BW 

Amplitude 
Fast level control switching speed: < 250 ns in 6.02 dB steps 
Output power: +10 to -107 dBm 

Modulation capabilities 
Instantaneous bandwidth: 40 MHz 
Formats: Arbitrary FM, @M, AM, Pulse, Frequency Hopping 

Spectral purity 
Spurious response: -55 dBc, typical 
Phase noise: < - 1  25 dBc/Hz @ 10 kHz offset, 2 GHz, typical 

Remote Operation 
HP-IB compatible 
Dynamic data: AM, FM, @M, carrier frequency, pulse 
Dynamic data rates: Up to 33 megawords/sec/channeI 

General 
Dimensions: rack 1237H x 600W x 803mmD (48.7" x 23.6" x 
3 I .6") consol 1064H x 754W x 756mmD (41.9" x 29.7" x 29.8") 
Weight: shipping, rack 295kg (6501b); consol 75kg (1651b) 

HP 8791 Model 100 Precision Signal Generator 
The HP 8791 Model 100 Precision Signal Generator Instrument- 

on-a-Disk (PSID) software configures HP 8791 Model l l FASS to 
be a precise signal generator with the modulation capabilities of an 
advanced waveform generator. 
Carrier: Amplitude, phase, frequency 
AM: Modulation index: 0 to 9999% (80 dB DSB-SC) 

Modulation frequency: 0.0625 Hz to 20 MHz 
PM: Peak phase deviation: 0" to 180' 

Modulation frequency: 0.0625 Hz to 10 MHz 
(upper limit dictated by 40 MHz modulation bandwidth) 

FM: Frequency deviation: 0.125 Hz to 20 MHz 
Modulation frequency: 0.0625 Hz to 10 MHz 
(upper limit dictated by 40 MHz modulation bandwidth) 

Modulation Waveforms: Sine: AM, PM, FM 
Rectangle: 0 to 100% duty cycle AM (allows for pulse 
modulation) 
Arbitrary user-defined: 5 8192 points 

HP 8791 Model 200 Radar Simulator 
The Model 200 Radar Simulator Instrument-on-a-Disk (RSID) 

software configures H P 879 1 Model 1 1 FASS to simulate advanced 
pulsed radar emitters. 
Frequency hopping: constant, linear, scheduled, user-defined 
lntrapulse modulation: coherent, non-coherent, chirp, Barker,user- 
defined 
Pulse width: 29.8 ns to 100 ms 
Rise and fall: 29.8 ns to 230 us 
Pulse shapes: trapezoidal. Gaussian, exponential, user-defined 
Pulse repetition frequency: 1 Hz to 625 kHz 
PRF patterns: constant. burst, stagger, jitter, wobbulation, user-de- 
tined 
Antenna scan rate: 4 to 100.000 RPM 
Main beam width: 0.1 to 360' 
Antenna scan patterns: circular, conical, raster, sector, user-defined 
Antenna radiation patterns: rectangular, Hamming, Hanning, 
Blackman, 3-term. cosn, programmable 

Vector Arbitrary Waveform Synthesizer 

Simulation of Complex Wideband Signab with l/O 
Modulation 

The L'cctor Arbitrary Waveform Synthesizer (VAWS) is a cus- 
tomer-configured system that simulates extremely complex signals. It 
allows functional testing of non-agile communications. radar and EW 
systems and subsystems. Two H P  8770A arbitrary waveform genera- 
tors provide the complex modulating signals for the 1 and Q modula- 
tion inputs of an HP 8780A Vector Signal Generator. Because 1/Q or 
vector modulation is used, the signal can be completely defined in 
terms of phase, magnitude, and frequency. The modulation can be 
arbitrarily detined, and the effects of actual hardware and environ- 
ment on a signal can be simulated. For many simulator applications. 
the Frequency Agile Signal Simulator is the instrument of choice. 
However, for applications requiring modulation bandwidth greater 
than 40 MHz (up to 100 MHz), independent 1 and Q channels, or a 
coherent reference, the VAWS system is a better fit. 

For full details on configuring and calibrating VAWS, refer to Ap- 
plication Note AN 343-5 (HP Literature number 5952-6471). 

VAWS Key Contributions 
10 - 3000 MHz Frequency Range 
I00 MHz Arbitrary Waveform Bandwidth 
Independent I & Q channels 
Deep 5 12K memory for each channel 
Coherent reference 

Popular Applications 
BPSK to 256-QAM 
Filter simulation 
Fully synthesized 100-MHz chirp pulses 
Static and dynamic multipath fading 

Ordering Information 
H P  8791 

Price 

Model 11 Frequency Agile Signal Simulator $220.000 
(E2500B) 
Model 100 Precision Signal Generator (E2502A) $6,000 
Model 200 Radar Simulator (E2501A) 3 1 1,000 



SIGNAL GENERATORS 
Frequency Agile/Complex Signal Slmulatlon 
HP 8780A 

Highest performance and most versatile HP modula- Wideband FM: over 200MHz p-p deviations 
tion source. 700MHz modulation bandwidth using I/Q or vector 
Now with phase modulation for telemetry signals lOMHz or 3GHz IF testing 
BPSK, QPSK, 8PSK, 16QAM. 64QAM, digital modula- Pulse modulation with Ins rise times 
tion and pulse Coherent carrier output 

HP 8780A Vector Signal Generator 
The HP 8780A Vector Signal Generator is a synthesized IF source 

with exceptional modulation for modern receiver and component test- 
ing. It is capable of modulation bandwidths almost 100 times wider 
than previous synthesizers, and has built-in DACs (digital-to-analog- 
converters) to simplify generation of common digital modulations. Its 
extra-wide modulation bandwidth comes from a vector modulator 
that effectively doubles baseband modulation bandwidths for 700 
MHz of output modulation. The vector signal generator's wideband 
modulation is complemented with an unmodulated coherent carrier 
output for demodulation of test signals. 

1 tt!t tt ! FILTER . - - 
FM DIGITAL LINES SCALAR I, 0 

ANALOG INPUTS 

HP 8780A Block Diagram 

The Vector Signal Generator offers a wide variety of modulation 
using both digitaland analog inputs. It generates many standard digi- 
tal modulations like QPSK and 16QAM and traditional modulations 
like FM, AM and pulse. By combining the different modulation 
types, signals as diverse as Barker-coded radar pulses and doppler- 
shifted satellite signals can be simulated. 

ground station needs linear phase modulation to communicate with 
satellite and establish command and control. The H P  8780A with op- 
tion H02 can generate the signals used during both on-ground and in- 
orbit testing. 

HP 8780A Specifications 

Frequency 
Range: 10 MHz to 3 GHz. 
Resolution: 1 Hz. 

Output 
Level range: +I0  to -100 dBm <2.5 GHz, 

+4 to -100 dBm 22.5 GHz. 
(+I2 dBm 5 3  GHz with Opt 064) 

Coherent Carrier Output 
Unmodulated (except for FM) and unleveled version of front panel 
RF  output available at rear panel. 

AC Coupled Frequency Modulation 
Rates (3 dB frequencies): 20 Hz to 12 MHz. 
Deviation ranges: 50 kHz to 50 MHz peak-to-peak (up to ;200 

MHz p-p possible with slightly higher distortion 
by overdriving FM input). 

DC Coupled Frequency Modulation 
Maximum rate (3 dB frequency): 10 kHz. 
Deviation ranges: 150 Hz to 150 kHz peak-to-peak. 

Digital Modulation 
Modulation types: BPSK, QPSK, 8PSK. 16QAM (64QAM with 

Opt. 064). Arbitrary 2-State. Burst (except 64 
QAM). 

Parallel data rat= 0 to I SO MHz clocked (except 64 QAM). 
0 to 100 MHz clocked 64QAM w/Opt. 064, 
0 to 50 MHz asynchronous. 

Serial data rates (only with Opt. 064): 0 to 150 MHz clock and data 
line for 0 to  25 M H z  
64QAM symbol rate. 

Analog phase modulation (only with opt H02) 
Modulation frequency range dc to IOMHz 
Moduiation level: 0 to 1.5V peak into 50 ohms 
Modulation sensitivity: 1 radian/volt 
Modulation index: variable by changing drive level over the range 
from 0.2 - 1.5 radians. 

Scalar Modulation/AM 
Traditional AM modulation requires a dc offset of 0.5 V to be added 
to the scalar input. 
Sensitivity: 0 to +1 volt for 0 to full scale envelope modulation 

Applications General The HP 8780A Vector Signal Generator is well suited for receiver tsmvature mm degrees to +55 degrees measurements where wideband or complex modulations are required. Power: 100, 120,220,240 V, +5%, -10%. 48-440 Hz; 500 VA max It can be used as a calibrated transmitter to test modern radar EW Weight: net, 31.5kg (701b); shipping, 35.5kg (781b) receivers or communication receivers using vector I /Q modulation 
techniaues. It orovides a stable coherent carrier for ohase measure- Size: 177H x 425W x 637mmD (7.0" x 16.7" x 25.1") 

, ~ 

ment. It can a b  be upmnverted if receivers operat; at  frequencies OMeri- 
higher than 3GHz. 

Price 
H P  878OA Vector Signal Generator $61,610 

Opt 001: Rear panel output and modulation inputs +$450 
Analog Phase Modulation For Telemetry Opt 002: + I0 dBm Coherent Carrier output +$2.500 

HP 8780A option H02 offers analog modulation capability, which Opt 064: 64 QAM modulation 52,000 
can be used in tracking and data relay satellite system (TDRSS). The Opt H02: Analog Phase Modulation +$2.500 



SIGNAL GENERATORS 
Frequency Agile/Complex Signal Slmulatlon 

HP 8782A 

1 MHz to 250MHz covers 70 and 140MHz IFs Internal Pseudo Random Binary Sequence generator 
BPSK QPSK 8PSK 16QAM 256QAM digital modulation AMSCALAR modulation to simulate flat fading 
and burst Coherent carrier output 
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HP 8782A Vector Signal Generator 
The H P  8782A vector signal generator is a second-generation syn- 

thesized generator. It supports a wide range of built-in digital modu- 
lation from BPSK to 256QAM for microwave terrestrial 
communications and satellite communications applications. It has a 
1MHz to 250MHz frequency range, which covers most of the IF  fre- 
quencies in commercial receivers. An internal pseudo-random bit se- 
quence (PRBS) generator makes all digital modulation possible 
without using external digital data sources. I t  also provides an un- 
modulated coherent carrier output for testing receivers and subsys- 
tems before carrier recovery circuits are working. The cost is 
substantially lower than the H P  8780A Vector Signal Generator, pro- 
viding IF signal generation for R&D and manufacturing. 

Coherent n 

S e r ~ a l  

. . . .  
Parallel I n  scalar 

S e r ~ a l  I n  

I 
HP 8782A Block Diagram 

The H P  8782A offers a wide variety of digital modulation using 
either the internal PRBS generator or user data source. It generates 
calibrated test signals as well as specified modulation impairments 
such as quadrature errors, I /Q imbalance, carrier leakage, and flat 
fading. 

HP 8782A Specifications 

Frequency 
Range: 1 MHz to 250MHz 
Resolution: 1 H Z  
RF output level: +7 to -100 dBm for all formats. 

Coherent Carrier Output 
Typically +IOdBm up to 140 MHz 
Typically +8.5dBm at >I 5OMHz 

Digital Modulation 
Modulation types: BPSK, QPSK, 8PSK. 16 QAM, 64QAM. 
256QAM. 9PRS. 25PRS, 49PRS. 81PRS 
Parallel data rates: 0 to IOOMHz clocked. 
0 to 50 M H z  asynchronous. 
Serial data rates: 0 to 200MHz clock and data lines for drive signal 
rise times < 1.0 fis. 
Data input threshold: ECL: -1.3V fixed threshold level. 

TTL: -2.5V to +2.5V adjustable. 
C / N  Degradation from theoretical: for 256QAM @BER = 10E-6, 
40MHz BW, 70MHz IF, 0.5 excess BW Nyquist Filter, the Total 
HP8782A Degradation is typically 5 1.25dB. 

Burst Modulation 
Burst rates: 0 to 5OMHz 
Burst dc onfoff ratio: >50 dB at 70MHz carrier typical >50 dB 
from 1 to 250MHz 
Burst riselfall time: <2.2ns 
PRBS: internal Pseudo Random Binary sequence generator with 
2-"- 1 sequence length 

AM/SCALAR Modulation 
Sensitivity: 0 to +I V for 0 to full scale output power. 
Frequency response dc to 5OKHz at 70MHz carrier frequency 

Applications General 
Using the HP  8782A to align digital radios in manufacturing can Owrating temwrature range: OC to +55C 

improve radio quality. Instead of relying on a golden standard modu- Power: 100. 120, 220. or 240 Vac, 48 to 66Hz; 100 or 120 Vac 360 to 
lator from R&D, the H P  8782A can provide calibrated constellations 440 Hz; 360 VA typical. 
with extremely low quadrature error and amplitude imbalance. Cus- 
tomers can also simulate transmitter impairments by using the HP  Ordering Information Price 
8782A to test receiver performance margins. H P  8782A Vector Signal Generator 330,300 



SIGNAL GENERATORS 
Portable Cavity-Tuned Source 
HP 86408 

0.5 to 512 MHz frequency range with optional coverage Calibrated, metered AM, FM and pulse modulation 
to 1024 MHz Internal phase lock/synchronizer, digital frequency 
+ 19 to - 145 dBm output power range readout, external count capability to 550 MHz 
Low SSB phase noise 

HP 86408 (with Options 001, 002,003) 

HP 86408 Signal Generator 
The HP X640R Signal Generator covers the frequency range 500 

kHz to 5 12 M H z  and can be extended to 1024 MHz with an internal 
doubler (Option 002). Using the HP  117109 Down Converter, the 
HP  86408 frequency range can be extended down to 10 kHz. An op- 
tional internal audio oscillator (Option 001) has a frequency range of 
20 Hz to 600 kHz. 

The HP 8640B has an output level rangeof + I9  to -145 dBm (2V 
to 0.01 3 pV) which is calibrated, metered, and leveled to within +0.5 
dB across the full frequency range of the instrument. The output is 
protected against up to 50W of reverse power (with Option 003). 

The HP 8640B also has AM, FM, and pulse modulation for a wide 
range of receiver test applications. 
Spectrally Pun Output Signals 

Yoise of the HP 8640B is extremely low beyond I0 kHz offsets. At 
a 20 kHz ofset from the carrier. SSB phase noise is <-I30 dBc at 
450 MHz and <- 122 dBc at  550 MHz. Broadband noise floor is bet- 
ter than -140 dBc/Hz. 
Phase Locked Stability 

The HP X640B can phase lock to the R F  output frequency of the 
crystal timebase used in the counter (resulting in drift that is better 
than 5x10-"hr) while still maintaining its spectral purity. The HP 
8640B can also be locked to an external 5 MHz standard. 

In the phase locked mode, FM capability and spectral purity are 
maintained while providing FM rates from 50 Hz to 250 kHz. 

HP 86408 Specifications 

Frequency 
Range: 500 kHz to 512 MHz in I0 octaves. (1024 MHz with Option 
002 ~nternal frequency doubler). 
Fine Tuning 
Unlocked: > I000 ppm total range. 
Locked mode: >+20 ppm by varying internal time base vernier. 

Internal Counter Resolution (unlocked) 

Optimum Counter Resolution When Phase-Locked 
Freauencv Ranm I Wlth 6 I +'I1 1 

Frequency Rangn 
(MHz) 
0 5-1 
1-16 
16-128 
128-1024 

0.50 9999995 0.5 Hz 
1.0-9 999995 10 Hz 
10 0-99 99995 100 Hz 50 Hz 
100.0-999 9995 1 kHz 500 Hz 

Normal 
Mode 
10 Hz 
100 Hz 
1 kHz 
10 kHz 

~enge: 10 dB steps and 18 dB vernier provide the following output 
Power settings into 50R. 

lo00 1024 

€"xY 
1 Hz 
10 Hz 
100 Hz 
1 kHz 

Ol Hz 
I Hz 
10 Hz 
100 HZ 

I 
Accuracy: 6'b digit LED display with XI0 and XI00 expand; accu- 
racy depends on internal or external reference used. 
Stability (after 2 hr warmup): 
Normal: < I0 ppm/ I0 min. Locked: <0.05 ppm/hr. 
Restabilization time after frequency change: 
Korrnal: < 15 min. Locked: < 1 min. to be within 0.1 ppm. 
O U ~ D U ~  

10 kHz 

Range wM OpHon(s) 

Level accuracy: (worst case as indicated on level meter) + 1.5 dB to 
+4.5 dB depending on level. frequency, and options installed. 

5 kHz 

002 
0 5 612 

512-1024 
(opt 002) 

003 1 002/003 

Level Flatness (referred to output at 50 MHz and applies to 1V 
range and for top 10 dB of vernier range) 

+19 to 
-145 dBm 

t18 5 to 
-145 dBm 
t13 to 

-145 dBm 

t18 5 to 
-145 dBm 

118 to 
-145 dBm 
+12 to 

-145 dBm 



S p e c t r a l  Purity 
Harmonics (at lV, +10 dBm output range and below): 

<-30 dBc, 0.5 to 512 MHz; 
<-I2 dBc, 512 to 1024 MHz (Option 002). 

Spurious (greater than 1 5  kHz offsets): 
Nonharmonically relatmk < - 100 dBc; 
Subharmonically relatcd: <-I00 dBc, <-20 d k .  fc >512 MHz 

Residual AM (averaged rms in a 0.3 - 3 kHz BW): <-85 dBc. 
Residual FM (averaged rms in a 0.3 - 3 kHz BW): <5 Hz, (< I0 Hz; 
f,: >512 MHz). 
Measured SSB phase noise (typical): triangles are specified limits: 

Modulation 
General: internal AM, FM, external AM. FM and Pulse. 
Simultaneous AM and FM or  Pulse and FM. 

Frequency: fixed 400 Hz and 1 kHz +3%; also. 20 Hz to 600 KHz, 
+15% with Opt. 001. 
Output level: Standard: 10 mV to 1 Vrms into 600R. 

Opt. 001: 1 mV to 3 Vrms into 60(X2. 
Amplitude Modulation 
Depth: 0 to 100%, amplitude <+ 13 dBm; 0 to 100%. amplitude <+7 
dBm (excluding top 6 dB of vernier) at fc >512 MHz. 
AM Bandwidth 

Standard: 3 dB bandwidth (lower ac limit is 20 Hz) 

2 to 8 MHz dc - 40 kHz dc - 25 kHz 
8 to 512 MHz dc - 60 kHz dc - 50 kHz 

AM distortion (400 Hz and 1 kHz rates): 
<I%, 0 - 50% AM; <3R, 50 - 90% AM; 
<lo%, 0 -  30% AM (fc >512 MHz); 
<20%, 30 - 90% AM (fc >512 MHz). 

External input impedance: 60011. 
AM sensitivity (400 Hz and 1 kHz rates into BOOR): 
O.lO/O AM/mV peak; (0.1+0.005)% AM/mV pk when fc <512 MHz. 
AM accuracy: (400 and 1 kHz rates) 
+(5.5% of reading +1.5% of full scale), fc <512 MHz. 
Incidental 8M (at 30% AM): <0.15 rad, fc < 128 MHz; <0.3 rad, fc 
<512 MHz; 0.6 rad, fc >512 MHz. 

Pulse Modulation1 
F n p v  Rn(r, (MW 

0 1 1-2 1 26 1 832 1 32412 1 112-1024 

lhpetitlon 
Rate 

Mlnirnum 
Pulr  

Wldth' - 
Pulr  ON/ 

to 
50 kHz 

nrnlrr 

Peak Input 
Required 

10 rs 

I 
Nominally M.5V (5V max). S~newave or 

pulse return to zero into 50R 

to 
100 kHz 

Frequency Modulation 
Deviation: 640 kHz, fc: 64 to 128 MHz. (Deviation doubles at each 
octave above 128 MHz and halves at each octave below 64 MHz.) 
FM 3 dB bandwidth: internal and external ac, 20 Hz to 250 kHz; 
external dc, dc to 250 kHz. (Locked mode: FM above 50 Hz only). 
FM distortion (at 500 Hz and  1 kHz rates): 

< 1 % for deviations up to '/s maximum allowable. 
<3% up to maximum allowable deviation. 

External FM sensitivity: 1V peak into 600I2 yields maximum devia- 
tion indicated on PEAK DEVIATION switch with FM vernier at full 
clockwise position. 
Indicated FM accuracy (400 Hz and  1 kHz rates trom 15" t o  
3S°C, using internal meter): +(7% of reading + 1.5% of full scale). 
Incidental AM (at 400 Hz and 1 kHz rates) 

0.5-512 MHz: <0.5'70 AM for FM up to 1/6 maximum allowable 
deviation; < 1% AM for FM at  maximum allowable deviation. 
512-1024 MHz (Opt. 002): <I% AM for FM up to I/s maximum 
allowable deviation; <7% AM for FM deviations up to maximum 
allowable. 

C o u n t e r  
Frequency range: 1 Hz to 550 MHz. 
Sensitivity: >200 mVrms from a 50R source impedance, ac only. 
Resolution (6 digit LED display with X10 and X100 expand 
mode): I00 Hz for fc: 0 - 10 MHz; I0  kHz for fc: I0 - 550 MHz. 
Genera l  
External rdermce input: 5 MHz, nominally >0.5 Vpp into 1 kR. 
Internal reference (after 2 hr. wannup a t  25OC): 
Aging rate: <0.05 ppm/hr; <2 ppm/90 days. 
Drift: < 2  ppm; 15 to 35°C. < I 0  ppm; 0 to 50°C. 
Typical accuracy: +2 ppm; I5 to 35°C. 
Operating temperature: 0 to 5S°C. 
Power requirements: 100, 120V (+5%, -10%); 48 to 440 Hz, 220, 
240V (+5%. -10%); 48 to 66 Hz. 175 VA rnax (Opt. 002: 190 VA 
rnax). 
Weight: net, 20.8 kg (46 Ib); shipping, 24.1 kg (53 Ib). 
Size: 140H x 425W x 467 mmD (5.5" x 16.75" x 18.75"). 
Order ing  Informat ion P r h  
8640B Signal Generator S 14,600 

Opt 001 20 Hz - 600 kHz internal audio oscillator +5600 
Opt 002 Internal doubler 512 - 1024 MHz +S1.255 
Opt 003 Reverse power protection +S455 
Opt 908 Rack mount kit (5060-8740) +S39* 
Opt 910 Provides an additional operation and calibra- +$350* 
tion manual (08640-90208) and two service manuals 
(08640-9021 5). 
Opt 915 Add service manual (08640-90215) +SISS= 
Opt W30 Extended repair service. See page 723. +$315 
Opt W32 Calibration Service. See page 723. +S3.260 

'Pulse perlormama degrades bslaw 500 Hz rspetnlon rates. 
'For level accuracy within 1 dB of CW (>O. l% duty cycle). 

For same-day shipment, call HP Direct at 800-538-8787 

I 

5 rs 

to 
250 kHz 

2 rs 

to 
500 kHz 



SIGNAL GENERATORS 
Portable Cavity-Tuned Sources, Pulse Modulator 
HP 8683/86848,D,11720A 

Portable signal generators with high performance 2 to 18 GHz Pulse Modulator 
modulation < 10 ns rise and fall times 
Internal pulse modulation source >80 dB ON/OFF ratio 
Wide FM deviation for satellite video +10 MHz peak 
dc coupled FM with rates to 10 MHz 

HP 8683/8684 Microwave Signal Generators 
The HP 8683 and 8684 are rugged portable signal generators de- 

signed for demanding benchtop and field maintenance environments. 
With high performance AM, FM and pulse modulation, including 

a built in pulse generator, the H P  8683184 provides the capability to 
test modern communications, radar and EW systems. 
Frequency 
Range 

HP 86838: 2.3-6.5 GHz. 
HP 8683D: 2.3-13.0 GHz. 
HP 8684B: 5.4-12.5 GHz. 
HP 8684D: 5.4-18.0 GHz. 

Resolution: HP 8683, 5 MHz using a 4 digit LED display; HP 8684, 
10 MH7 using a 3 '12 digit LED display. 
Stability (typical) 

vs. time (20 min. alter tuman): <30 kHz/min. 
vs. time (60 min. after turnsn): < I00 kHz/hr. 
vs. temperature (O°C to 5J0C): H P  8683, < 15 MHz; 
HP 8684. <30 MHz. 
vs. line voltage (transients ol +SKI-10%): <20 ppm. 

Spectral Purity 
Harmonics (<18GHz, at speciflcd max output): <-25 dBc. 
HP 8683/84D harmonics are unspecified in x2 frequency band. 
Spurious (non-harmonically related): <-80 dBc; typ. <-90 dBc. 
Single-sideband phase noise (avg. rms, 1 Hz BW, 10 kHz offset 
from carrier, typical): HP 86838. <-72 dBc; HP 8683D. <-66 dBc: 
HP 86848. <-h dBc; HP 8684D. <-59 dBc. 
Output 
Range (leveled into SOQ): H P  8683/84B, +10 to -130 dBm; 
HP 8683/84D, +I0 to -130 dBm (main band), -3 to -130 dBm (x2 
band), +I0  dBm in x2 bands available with Option 001. 
Resolution: 0.1 dB using a 3 112 digit LED display. 
Accuracy: +2.5 dB from maximum specified output power to -1 10 
dBm (to -100 dBm in x2 bands); +3.5 dB to -120 dBm and 0 to +I0  
dBm for Opt 001. Typ. <+0.9 dB ar -100 dBm. Option 002 affects level 
accuracy <+O.S dB. 
Flatness (power level >-lo dBm): *1.0 dB. (Not for Opt. 001) 
Amplitude Modulation 
Depth (1 kHz rate): 0-70%. 
Rates (3 dB BW at 40% depth): dc to 10 kHz (dc coupled); 50 Hz to 
10 kHz (ac coupled). 
Internal AM: fixed 1 kHz nom. square wave with 50 a5% duty cycle. 
Frequency Modulation 
Peak deviation: H P  8683184 B, * 5  MHz; H P  8683/84D, 
+5 MHz (main); +10 MHz (x2 band). 
Rates (3 dB BW): dc to 10 MHz. 100 Hz to 10 MHz (ac coupled). 
Internal FM: FM sawtooth with a fixed sweep rate of 1 kHz nom. and 
variable deviation up to a 5  MHz (*I0 MHz for D models, x2 bands). 
Pulse Modulation 
HP 8683184 BID internal pulse gemrator 

Rate: 10 Hz  to I MHz continuously adjustable in 5 ranges. 
Width: 50 ns to 100 ms continuously adjustable in 7 ranges. 
Delay (time between sync out and video out): <50 ns to 100 ms in 
7 ranges with continuous adjustment within ranges. 

HP 8683/84 B/D external pulse input requirements 
Rate: 0 to I MHz. 
Width: > I00 ns. 
Level: on > + 1.0 V peak; off < +0.4 V peak. 

HP 8683/84 B/D RF pulse specifications 
Rise/tall time: < 10 ns. 
Onfoff ratio: >80 dB. 
Minimum pulse width: < 100 ns. 
Maximum pulse repetition frequency: > 1 MHz. 
Peak pulse power: +0.5 dB of level set in CW mode. 

General 
Operating temperature range: 0°C to 55°C. 
EMI: MI L-STD-46 1. VDE087 I ,  CISPR Pub. 1 1. 
Power: 100, 120,220 or 240V, +5%, -10%; 48 to 66 Hz; 
i 200 VA max. 
Size: 145 H x 457 W x 472 mm D (5.7" x 18" x 18.6"). 
Weight: H P  8683: net. 17.9kg (39 Ib); shipping. 23.4 kg (5 1 Ib). 
H P  8684: net, 16.5 kg (36 Ib); shipping, 22.0 kg (48 Ib). 

HP 11720A Pulse Modulator 
The HP 11720A Pulse Modulator is a high-performance micro- 

wave pulse modulator covering the range of 2 to 18 GHz. 
In addition to wide frequency coverage, the H P  11720A features 

extremely short rise and fall times ( < l o  ns) and a high onloff ratio 
(>80 dB), making it suitable for almost any pulsed R F  application. 
Frequency range: 2 to 18 GHz. 
ON/OFF ratio: >80 dB. 
Rise and fall times: < 10 ns. 
Insertion loss: <6 dB. 2 to 12.4 GHz; < 10 dB. 2 to 18 GHz. 
Maximum RF input power: +20 dBm. 
Maximum repetition rate: >5  MHz. 
Minimum RF pulse width: <50 ns. 
Video feedthrough: <60 mV peak-to-peak. 
Operating temperature: O°C to 55°C 
Power: 100. 120. 220,240 V, +5%.-10%; 48-400 Hz; 25VA max 
Weight: net, 2.6 kg (5 Ib 12 oz); shipping, 3.6 kg (8 Ib.). 
Size: 101 H x212 W x 2 9 0 m r n D ( 4 . 0 " ~ 8 . 4 " ~  11.4") 

Ordering Information 
H P  8683/84B Microwave Signal Generator 

Opt W30: Extended repair service. See page 723. 
H P  8683/84D Microwave Signal Generator 

Opt 001 + I0 dBm in x2 band, H P  8683D 
Opt 001 + I0  dBm in x2 band, H P  8684D 
Opt W30 Extended repair service. See page 723. 
Opt 002 Reverse power protection 
(except D models) 
Opt 910 Extra operating and 
service manual 
Opt 913 Rack mounting flange kit 

H P  11720A Pulse Modulator 
Opt W30 Extended repair service. See page 723 

Price 
$ 2 1,000 

+$410 
$25,000 
+53,000 
+$5.000 

+5530 



SIGNAL GENERATORS 
Accessories, Frequency Doublers 

HP 11509A, 11687A, 1169OA, 11710B, 11721A 

Additional capabilities for signal generators 

HP 11 509A Fuseholder 
Accidental burnout of attenuators in HP 8640 and HP 8654 signal 

generators can be prevented by using this fuse element between the 
signal generator and a transceiver. The fuseholder has a frequency 
range of dc to 480 MHz, insertion loss of 5 1 dB, SWR of < 1.35 (5052 
load), and Type N connectors. Ten extra fuses are furnished. 

HP 11687A 50-75R Adapter 
This 50-75R adapter with Type N connectors is recommended for 

use with HP 8640, 8642, 8654, 8660, 8656, and 8662 signal genera- 
tors for measurements in 75R systems. The voltage calibration on the 
output level meter is unaffected by use of the adapter, but 1.76 dB 
must be subtracted from the dB scale on the meter to determine the 
output in dBm into 75R. Frequency range is dc to 1300 MHz. 

HP 11690A Frequency Doubler 
The H P 1 1690A extends the frequency range of all HP 8640 series 

signal generators by doubling the 256-512 MHz frequency band up to 
1024 MHz (to 110 MHz with band overrange). All HP 8640s indi- 
cate the correct doubled output frequency on a dial or counter when 
the 512-1024 MHz range is selected. The HP 11690A will also per- 
form well with any source meeting the input requirements of 200-550 
MHz at +I0 to +I9 dBm. Conversion loss is < 13 dB. o u t ~ u t  flatness 
has <4 dB total variation, and the first and third input haimonics are 
suppressed >20 dB. Connectors are BNC. 

HP 117108 Down Converter 
The HP 1 17 10R Down Converter is an accessory for the HP 8640 

and HP 8654 series signal generators. Frequency inputs from 50.01 to 
61 MHz are down converted to the 10 kHz to 1 1 MHz range respec- 
tively. The output level and modulation functions of the HP 8640 and 
HP 8654 remain calibrated. A straight-through selection switch al- 
lows the input to pass through unchanged, and thus minimizes the 
necessity to move cables when testing. Option 001 provides rails and 
semi-rigid coax for combining the HP 11710B with an HP 8654A/B 
Signal Generator. 

HP 117108 Specifications 
lnput 
Downconversion mode 50.01 to 61.00 MHz at 5 0 dBm. 
Straight-through mode: 0.01 to l I00 MHz (dc coupled). 

Down-Converted Output 
Frequency range: 10 kHz to 1 l MHz. 
Level range: 0 to - 107 dBm 
Level flatness: RF source flatness +0.5 dB (referred to 4.0 MHz). 
Total level accuracy: (1 dB plus input level accuracy). 
Harmonics: > 35 dB below the carrier (dBc). 
Intermixing spurious: >60 dBc. 
Local oscillator feed-through (50 MHz): < -100 dBm. 

Internal Reference Characteristics 
Time base output: I MHz or 5 MHz selectable, nominally > 0.5V p- 
p Into 500i2. T h ~ s  will drive an HP 8640B external time base input. 
Typical overall accuracy: (within 3 months of calibration and from 
15°C to 35OC): + 2 ppm. 

General 
Operating temperature range: 0" to 5S°C. 
Power requirements: 100. 1 20.220.240V (+5%. -10%). 48 to 440 
H7: 25 V A  maximum. 
Weight: net, 3.2 kg (7 Ib); shipping, 4.5 kg (9 Ib). 
Size: 102 H X 266 W X 295 mm D (4" X 10.5" X 11.6"). H MW X 
4 H x I l D System I Module. 

HP 11721A Frequency Doubkr 
The HP 11721A Doubler is an ideal accessory for extending the 

usable frequency range of signal generators, frequency synthesizers, 
or other signal sources. Operating on input frequencies of 50 MHz to 
1300 MHz, it provides a doubled output in the range of 100 MHz to 
2600 MHz. The HP 11721A will work well with any RFsource with 
an output in the range 50 to 1300 MHz. 

The 5052 passive circuit of the HP 11721A offers low conversion 
loss, low spurious, and excellent flatness over its entire frequency 
range when operated above +10 dBm. 

HP 11721A Specifications 
lnput frequency range: 50 to 1300 MHz. 
Output frequency range: 100 to 2600 MHz. 
Conversion loss (+I3  dBm input, 50 to 1280 MHz): <I5  dB. 
Spurious referenced to desired output frequency f (+lS dBm in- 
put with harmonics <-50 dBc, 50 to 1280 MHz): f/2, - 15 dB: 
3f/2, - 15 dB. 
lnput SWR: 1.5 typical. 
Input/output impedance 5052 nominal. 
Operating temperature range: 0" to +50°C. 
Connectors: input. type N male; output, type N female. 
Size: I h l L x 30 W x 20.5 mm H (6 )/s" x Iy16" x '.'/16"). 
Weight: net, .02 kg (0.5 Ib); shipping. 0.4 kg (1 Ib). 

Orderin Information 
HP 1150!.4 Fuseholder 
HP 11687A 50Q-75Il Adapter 
HP 11690A Frequency Doubler 

Opt W32 Calibration service. See page 723 
HP 11710B Down Converter 

Opt 001 Combining Kit 
Opt 910 2 sets of operationfservice manuals (1 1710- 
90005) 
Opt W30 Extended repair service. See page 723 
Opt W32 Calibration service. See page 723 

HP 11721A Frequency Doubler 
Opt W30 Extended repair service. See page 723 

For samaday shipment, call HP DIRECT at 800-538-8787 

Price 
$300 
$235* 
$325 

+ $720 
53,380 

$165 
$6 * 
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Sweep Oscillators 
Sweep oscillators are important in a num- 

ber of applications where the characteristics 
of a device or system must be determined 
over a continuous range of frequencies. By 
replacing laborious point-by-point tech- 
niques, swept measurements increase the 
speed and convenience of broadband testing. 
The continuous frequency characterization 
of the unknown device or system also elimi- 
nates the chance of missing important infor- 
mation between frequency points. 

Hewlett-Packard sweepers cover the entire 
frequency spectrum from dc to 110 GHz. 
The HP 8350 family of solid state oscillators 
provide a versatile choice of configura- 
tions-single band, straddle band, or very 
wide band plug-ins. The HP 8360 series, the 
H P  8340B and the H P  8341 Bare broadband 
synthesizers that combine the excellent sta- 
bility, frequency accuracy, and phase noise 
of a synthesizer with the versatile character- 
istics of a sweep oscillator. And for coverage 
in the millimeter-wave frequency range, the 
HP 83550-series frequency multipliers effec- 
tively extend the excellent performance of 
Hewlett-Packard's sweep oscillator family to 
110 GHz. 

A chart of the complete frequency cover- 
age of Hewlett-Packard's line of sweep oscil- 
lators is shown on page 41 1. 
Sweep flexibility 

Every HP sweeper has several different 
sweep modes available for setting the fre- 
quency limits of the instrument. A full band 
or independently adjustable start/stop fre- 
quency sweep can be selected. Alternately, a 
marker sweep or a symmetrical AF sweep 
about the desired center frequency can be 
chosen. Sweep times from 0.01 to more than 
I00 seconds are possible. 

Marker capability, both Z-axis intensity 
dots and R F  pips, are available on HP sweep 
ers to note important measurement frequen- 
cies. Up to five independent markers are 
offered on all sweepers. the HP  8360 series, 
HP  8340B/41B and HP 8350 mainframe. 
Crystal markers are also offered on the 
HP  86222B. 83522A. and 83525AlB RF  
plug-ins. 

Another powerful feature available on the 
HP  8360 series, HP  8340B/8341 B and 8350 
sweeper mainframe is the Save/Recall 
Mode, where up to nine (eight on the 8360 
series), complete front panel states can be 
stored in memory and later recalled when the 
measurement is repeated. 

The HP 8360 series, 834018341, 8350 
sweep oscillator mainframe and 83500 series 
R F  plug-ins offer total HP-IB control of all 
front panel functions. 
Power output and leveling 

Power output is continuously adjustable at 
the front panel with built-in attenuators 
available on most plug-ins for greater power 
control. Internal or external leveling capabil- 
ity ensures high accuracy when making 
Swept measurements. 

For applications that require high power, 
the HP  83623A (.01-20GHz) synthesized 
sweeper offers + I7  dBm leveled output pow- 
er, while the H P  83624A (2-20 GHz) synthe- 
sized sweeper provides +20 dBm. Also the 
HP  83550A with the HP  8350 sweep oscilla- 
tor mainframe offers at least +20 dBm of lev- 
eled output power from 2 to 18.6 GHz and 
+I8  dBm to 20 GHz. 

When higher output power is required 
from an existing source, the HP  83498 mi- 
crowave amplifier (2 to 20 GHz) can be driv- 
en by the RF output of the sweeper to provide 
a full +20 dBm of output power from 2 to 
18.6 GHz. The amplifier can be easily leveled 
via its built-in directional detector and the 
automatic level control (ALC) circuitry of 
the sweeper. 

Power as well as frequency can be swept 
with the HP 8360 series, the HP  8340B/ 
8341B or the HP 8350 and 83500 series plug- 
ins using the Power Sweep function. This 
means that both the frequency response and 
power response of level sensitive devices like 
transistors and amplifiers can be measured 
using the same test set-up. Using the power 
sweep function the 1 dB gain compression 
can easily be measured at a CW frequency. 
Also. the ability to alternate between two 
successive sweeps allows a swept measure- 
ment of the 1 dB gain compression point. 

10 MHz 400 MI 

Alternate Sweep Measurement 

Modulation 
Modulation capabilities further extend the 

sweeper's usefulness both as a sweeper and a 
signal generator for signal simulations. The 
sweep oscillators described here offer versa- 
tile pulse, FM and AM modulation capabili- 
ties. 

The H P  8360 series synthesized sweeper. 
as well as all HP  83500 and most 86200 se- 
ries plug-ins (when used with the HP 8350 
sweep oscillator mainframe) are capable of 
directly producing the 27.8 kHz square wave 
modulation required by the HP  8757 family 
of scalar network analyzers, eliminating the 
need for an external modulator. The H P  
8340B/8341B may be externally modulated 
with the 27.8 kHz square wave, via the scalar 
analyzer's modulator drive. 
Low harmonics 

For those measurements requiring low 
harmonics from a swept source there are a 
number of choices available. The H P  
83592C R F  plug-in for the HP  8350 sweep 
oscillator mainframe offers -55 dBc har- 
monic suppression from 2.4 to 20 GHz. The 
H P  83595C and HP 83596A/83597A RF 
plug-ins provide -50 dBc harmonic suppres- 
sion from 1.5 to 20 GHz. The HP 83596A/ 
83597A also provide -40 dBc from 20 to 40 
GHz. The HP 8341B Option 003 specifies 
-50 dBc harmonics from 1.4 to 20 GHz. The 
HP 83620A and HP 83640A synthesized 
sweepers. provide -50 dBc up to 20 GHz. 
The HP 83640A also specifies -40 dBc from 
20 to 40 GHz. 
Cowing millimetw-wave frequencies 

The new HP 83550-series millimeter-wave 
source modules answer the growing need for 
high-performance sweep oscillators in the 
millimeter-wave frequency ranges. The 
source modules are frequency multipliers 
that effectively extend the excellent perform- 
ance of HP  sweep oscillators covering the 1 1 
to 20 GHz range to the 26.5 to 40 GHz (HP 
83554A). the 33 to 50 GHz ( H P  83555A). 
the 40 to 60 GHz (HP 83556A). the 50 to 75 
GHz (HP 83557A). and the 75 to 1 I0 GHz 
(HP 83558A) millimeter-wave frequency 
ranges. 



Sweeper Applicatlons 
Sweepers are an integral part of many 

kinds of test applications. Their versatility 
and extensive feature set make them the per- 
fect choice for scalar/vector network analy- 
sis, noise figure measurements, frequency 
translation measurements, signal simulation 
and many other applications. The sweepers 
described here are designed to be compatible 
with all relevant measurement solutions from 
H P. 

Sweepers are used extensively with swept 
scalar network analyzers to characterize the 
amplitude responses of broadband devices or 
with vector network analyzers when the am- 
plitude and phase characteristics of the de- 
vice (i.e. s -parameters)  a r e  needed. 
Examples of such analyzers are the H P  
8757C/E scalar network analyzers and the 
HP  8510 vector network analyzer. The HP 
8360 series, HP  8340B18341B and H P  
8350B sweepers can be controlled by these 
analyzers via a private "system interface 
bus." This makes use of the sweepers full 
programmability and creates synergistic per- 
formance. 

For scalar measurements requiring more 
dynamic range, the HP  8349B microwave 
amplifier can be used to extend the dynamic 
range from 76 dB to typically > 90 dB. 

For measurements that require an entirely 
spurious-free environment and phase infor- 
mation, sweepers may be used with vector 
network analyzers such as the HP  8510. Ex- 
tremely high performance vector measure- 

ments can be made with the HP 8360 series 
or the HP  8340B/8341B and the HP 8510. 

Noise figure measurements above 1600 
MHz can be made using the HP  8970 noise 
figure meter with either the HP 8360 series. 
the HP  8340B/8341 B or the HP 8350 serv- 
ing as the local oscillator. With this equip- 
ment noise figure and gain measurements 
can be made on microwave components 

such as amplifiers, transistors or mixers. The 
H P  8360 series and HP 8340B/41 B can also 
be used as a microwave LO in HP 8902s and 
8952s measurement systems that makes sev- 
eral important measurements on microwave 
sources. 

Two-tone sweep testing of devices such as 
mixers and receiver front ends require two 
signals offset from each other by the IF. This 

is accomplished by phase-locking the differ- 
ence frequency of two sweep oscillators to a 
very stable source. The sweepers may then be 
swept across the band of interest. 

In communications applications where up- 
converter simulation is required in conjunc- 
tion with the HP  Microwave Link Analyzer, 
several of the HP  86200 series plug-ins are 
compatible (as an option) with such a system 
to permit very accurate RF  to RF, RF  to IF 
and RF  to BB distortion measurements. 

The modulation and built-in attenuator 
features of Hewlett-Packard sweep oscilla- 
tors make them useful in many traditional 
CW signal generator applications. The excel- 
lent stability, phase noise, frequency range 
and modulation capability of the HP  8360 
series, and the H P  8340B and 8341 B make 
them well suited for most of these applica- 
tions. In addition, the accuracy, linearity, 
and flatness of the H P  83500/86200 series 
broadband plug-ins make them more than 
adequate in many applications requiring a 
general purpose CW generator. For wide- 
band applications these RF  plug-ins feature 
performance that rivals octave band oscilla- 
tors in the areas of frequency purity and ac- 
curacy, harmonics, flatness, and power. 

A Product Line Summary of Swept Mi- 
crowave Sources (HP  Par'. No. 5952-035 1 ). 
as well as specific data sheets, application 
notes and product notes are available from 
your local Hewlett-Packard sales office. 

Sweep Oscillator-Summary Chart 

17-22 GHz 
18-26 5 GHz 
2 6 . 5 4  GHz 

2 6 . 5 4  GHz*" 
33-50 GHz"' 
4060 GHz"' 

50-75 GHz'" 
75.110 GHz*** 

'Other Speclal Frequency Ranges Can Be Provided Upon Request. 
**HP 86200 Ser~es RF Plug-~ns are usable mth the HP 83506 Mainframe via the HP 11869A Adapter. 
'"The HP 83550-serles m~ll~meter-wave source modules are frequency multipliers that requlre a +17 dBm microwave Input. See page 410. 
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Q SWEEP OSCILLATORS 
Synthesized Sweepers 10 MHz - 50 GHz (or 110 GHz) 
HP 8360 Series 

1 H z  frequency resolution (option 008) 
Low spurious and phase noise 
+20 dBm to -1 10 dBm calibrated output 

Pulse, amplitude, and frequency modulation 
Complete analog sweeper 
<-50 dBc harmonics 1.8 to 20 G H z  

HP 8364OA 
SYSTEMS 

HP 8360 Series Synthesized Sweepers 
The HP 8360 series synthesized sweepers are the standard of excel- 

lence for applications requiring the high performance and accuracy of 
a synthesized source, and the speed and versatility of a sweep oscilla- 
tor. The HP 8360 series synthesized sweepers offer the same commit- 
ment toquality and reliability that is inherent in the previous industry 
standard HP  834018341. 

Frequency Precision and Spectral Purity 
The synthesized broadband frequency coverage and precise 1 Hz 

frequency resolution (Option 008) are generated by indirect synthe- 
sis, enabling the H P  8360 to achieve the same low single-sideband 
phase noise performance as the H P  8340/8341. HP  86718. 
HP  8672A. and HP 8673 series synthesized signal generators. 

The H P  8360 provides list and stepped frequency switching times 
as fast as 5 ms. In addition, the HP  8360 provides arbitrary CW 
switching times less than 50 ms. 

UP 8360R 6 . 9 9  GHz PHASE NOISE 

Output Power 
The HP 8360 provides output power ranging between +20 and 

-1 I0 dBm (Option 001) with 0.02 dB resolution and feature power 
sweep capability with >20 dB dynamic range for complete character- 
ization of level-sensitive devices. 

<-SO dBc Harmonics 
The HP 8360 delivers excellent harmonic performance with har- 

monics at least 50 dB below the carrier from 1.8 to 20 GHz, and at  
least 40 dB below the carrier above 20 GHz. 

Pulse, Scan, Amplitude and Frequency Modulation 
High-performance pulse modulators with >80 dB on/off ratio, and 

rise/fall times < I 0  ns (option 006), make the HP 8360 suitable for 
the most demanding pulse modulation applications. 

In addition to its linear AM mode (lOOO/o/V), the H P  8360 offers a 
new scan modulation mode (10 dB/V). Both of these modes provide 
dc-coupled amplitude modulation capability with a 3 dB bandwidth 
of 250 kHz. and 99.7% (50 dB). of modulation depth. Pulse and am- 
plitude modulation capabilities can be used independently and simul- 
taneously. 

The HP 8360 also offers dc-coupled frequency modulation capabil- 
ity with rates up to 8 MHz. 

System Compatibility 
The versatility of the HP  8360 is evident in its many system appli- 

cations. The HP 8360 a high performance microwave signal genera- 
tor with excellent signal purity and modulation capability, and it also 
serves as a source for stimulus response device characterization, such 
as network analysis and noise figure measurements. 

HP 8360 Phase Nolse performance from 2.3 to 8.0 GHz 



Network Analysis 
The HP 8360 series includes two dedicated H P  8510 models that 

are preconfigured as the recommended system sources for the 
HP  8510 vector network analyzer (Rev. 4.0+). They have no front 
panel, rear panel output, 1 Hz resolution. The ability of these sources 
to produce both narrow and broadband, analog, list, and step sweeps 
makes them the optimum sources for fast and comprehensive device 
characterization. 

The HP 8360 is also compatible with the H P  8757C/E scalar net- 
work analyzers, and produces an internal 27.8 kHz square wave sig- 
nal for use with the H P  8757 AC detection mode. 

In addition, five flexible markers, along with useful marker func- 
tions such as marker sweep, marker to center frequency and marker 
delta simplify swept device testing. 
HP 8970 Noise Figure Systems 

High output power and low broadband noise make the H P  8360 the 
optimum source for HP  8970 noise figure systems. 
mm-Wave Source Systems 

When driven by an HP 8360 the H P  8355X series millimeter-wave 
source modules provide millimeter-wave test signals from 26.5 -1 10 
GHz. 
HP 85301 Antenna Systems 

The broadband frequency coverage and 5 ms/point switching 
speed of the HP 8360 make it the ideal source for the H P  85301A 
Antenna Measurement System. 
Specifications 

See technical data sheet for complete specifications. 
Fnquency 

Range (By Model): 
HP 83620A 10 MHz to 20 GHz 
HP 83622A 2 to 20 GHz 
HP 83623A 10 MHz to 20 GHz (High Power) 
HP 83624A 2 to 20 GHz (High Power) 
HP 83640A 10 MHz to 40 GHz 
HP 83642A 2 to 40 GHz 

Resolution (CW Mode): 1 kHz standard, 1 Hz optional 
Time Base: Internal 10 MHz time base. Aging rate: less than 5 X 
10-10/day and 1 X 10-7/year after 30 day warm-up. 

RF Output 
Range: +20 to -1 10 dBm 
Resolution: 0.02 dB 
Maximum Leveled Power (by model): 

HP 83620A 10 MHz to 20 GHz +10 dBm 
HP 83622A 2 to 20 GHz +IOdBm 
HP 83623A 10 MHz to 20 GHz +I 7 dBm 
HP 83624A 2 to 20 GHz +20 dBm 
HP 83640A 10 MHz to 40 GHz +2 dBm 
HP 83642A 2 to 40 GHz +2 dBm 

RF Output Connector: 
3.5 mm on 20 GHz Models, 2.4 mm on 40 GHz Models; nominal 50 
ohm output impedance. 

Spectral purity 
Harmonics and subhnmonk.: 
i -50 dBc at  output frequencies <20 GHz 
<-40 dBc at  output frequencies >20 GHz 
Non-harmonically related spurious: 
<-60 dBc at  output frequencies <20 GHz 
<-54 dBc at  output frequencies >20 GHz 

Single-sideband phnc  noise (dBc/t Hz BW, CW Mod.): 

Modulation 
Pulse modulation 

Onlon ratio >80 dB 
Rise and fa11 times <SO ns (< 10 ns optional) 
Minimum internally & RF pul& width <1 us 
Minimum unleveled RF DUIK width < 100 ns 

Scan modulation 
Rates ( 3  dB BW) dc to 250 kHz 
Depth 0 to 50 dB 
Sensitivity 10 dB/V 

Amplitude modulation 
Rates ( 3  dB BW) dc to 250 kHz 
Depth 0 to 90% (20 dB), and 0 to 99.7% (50 dB) above 10 Hz 
Sensitivity IOO%/V and 10 dB/V 

Frequency modulation 
Locked mode 
Modulation rate (3 dB BW) 100 kHz to 8 MHz 
Peak deviations 8 MHz 
Unlocked mode 
Modulation rate (3 dB BW) dc to 8 MHz 
Peak deviations 8 MHz 
Sensitivity 1 UHz/V or 10 MHz/V. user selectable 

Ordering Information Price 
HP 8380 models 
H P  83620A Synthesized Sweeper $ 35,900 
H P  83622A Synthesized Sweeper 932,900 
H P  83623A Synthesized Sweeper $42,900 
H P  83624A Synthesized Sweeper $39,900 
H P  83640A Synthesized Sweeper $49,900 
H P  83642A Synthesized Sweeper 546,900 

Opt 001 Add Step Attenuator $2,000/$3,800 
Opt 002 Internal Modulation Source $2,000 
Opt 003 Delete Front Panel Keyboard/Display -$1,500 
Opt 004 Rear Panel RF  Output 5200 
Opt 006 Fast Pulse Modulation $4,000 
Opt 008 1 Hz Frequency Resolution f 2,500 
Opt 700 Mate System Compatibility $4,000 
Opt W30 Extended Repair Service. See page 723. 
Opt W32 Calibration Service. See page 723. 

Dedicated HP 8510 Synthesized Sweepers 
H P  83621A Synthesized Source 333.900 
H P  83631A Synthesized Source f 42,900 
H P  83651A Synthesized Source $49,900 

Opt W30 Extended Repair Service. See page 723. 
Opt W32 Calibration Service. See page 723. 



414 Model 8350 Series: 10 MHz to 40 GHz u HP 8350 Series 

Versatile microprocessor-controlled mainframe 10 mW output power to 26.5 GHz 
Single-band, straddle-band and broad band plug-ins Total HP-IB programmability 
10 MHz to 40 GHz from a single plug-in 

HP 8350 System 
The H P 8350 is a powerful general-purpose source for swept micro- 

wave measurements, wideband CW signal generation and automatic 
testing. It incorporates the efficiency of microprocessor control with 
state-of-the-art YIG-tuned oscillators and GaAs FET amplifiers to 
produce a high performance sweep oscillator system ideally suited for 
either manual or automatic measurements. 

You can easily configure a source to meet your application's fre- 
quency coverage and power requirements. Just combine the versatile 
HP  8350 mainframe with any of the 34 standard RF  plug-ins (see 
table on page 416) and you are ready to make measurements. Both 
the advanced HP 83500 series plug-ins and the existing HP 86200 
series plug-ins (via the HP 11869A adapter) are accepted by the HP  
8350 mainframe. 

HP 8350 Mainframe 
The HP 8350 has been designed to include many features that not 

only speed up and simplify measurements but also improve accuracy. 
In addition, it is compat~ble with HP  network analyzers. counters, 
noise figure meters, power meters, and microwave link analyzers to 
provide complete solutions. 

All function values (sweep limit frequencies, marker frequencies, 
etc.) are indicated on high resolution digital displays. Function values 
are easily modified using the appropriate knob, step keys, or data en- 
try keyboard. 

Five independent, continuously variable markers are available to 
note your measurement frequencies. The active marker frequency or 
the frequency difference between any two markers is read easily from 
a high resolution digital display. You can also use marker sweep to 
zoom in on a particular frequency span while retaining your original 
sweep limits. 

Another particularly useful feature in making repetitive measure- 
ments is the HP  8350's Save/Recall Mode. Once the sweeper has 
been set for a particular measurement, all front panel settings (HP 
8350 and HP 83500 series plug-in) can be Saved and later Recalled 
to repeat the measurement by accessing one of nine internal storage 
registers. 

In the past, HP-IB programming of sweepers was limited to a series 
of CW frequencies. With the HP  8350 all front panel functions, e.g. 
sweeps, markers, sweep time, even output power (HP 83500 series 
plug-ins) can be programmed. This means there are no limitations in 
designing your own customized test systems. Utilizing the Learn 
Mode function, the HP 8350 becomes a "talker" as well as "listener" 
on the bus, transferring all manually entered front panel controls to 
the computer. 

The HP 8350 provides full compatibility with the HP  8510 Net- 
work Analyzer and the HP 8757 Scalar Network Analyzers for con- 
venient vector and scalar measurements. The HP 5343A Counter can 
be combined with the H P  8350 to measure Start, Stop, or marker 
frequencies with up to 100 kHz accuracy while sweeping. Microwave 
noise figure measurements may be made using the HP  8350 with the 
HP  8970 Noise Figure Meter. In addition. the HP 83508. with an 
appropriate plug-in driving the HP  8349B microwave amplifier, pro- 
vides up to +20 dBm of output power across a 2 to 18.6 GHz range. 

HP 83500 Series Plug-Ins 
Broadband frequency coverage from 10 MHz to 40 GHz with high 

output power is provided in the H P  83500 series RF  plug-ins. One 
plug-in, the HP  83597A covers the entire 10 MHz to 40 GHz fre- 
quency range with -50 dBc harmonics from 1.5 to 20 GHz and -40 
dBc from 20 to 40 GHz. The HP 83595AJC. operate from 10 MHz to 
26.5 GH7 without sacrificing frequency accuracy (+I2 MHz at 26.5 
GH7). The HP 83595C also provides -50 dBc harmonics and sub- 
harmonics from 1.5 to 26.5 GHz with +13 dBm to 20 GHz. The HP 
83592C. I0 MHz to 20 GHz R F  plug-in has -55 dBc harmonics and 
subharmonics from 2 to 20 GHz. The HP 83550A provides + 2OdBm 
of output power from 8.0 to 18.6 GHz, + I8  dBm from 18.6 to 20.0 
GHz and also has a built-in source module interface to drive the HP  
83550-series millimeter-wave source modules. The 18 GHz to 26.5 
GHz band is filled by the HP  83570A RF plug-in and boasts a 10 
dBm power level (comparable to most BWOs). The millimeter-wave 
bands are covered by the HP  83550-series millimeter-wave source 
modules, frequency multipliers that provide coverage in the 26.5 to 40 
GHz (HP 83554A). 33 to 50 GHz (HP 83555A), 40 to 60 GHz (HP 
83556A). 50 to 75 GHz (HP 83557A), and 75 to 110 GHz (HP 
83558A) bands by effectively extending thecharacteristics of an 11 to 
20 GHz microwave source to the millimeter frequency range. 

The HP 83500 series plug-ins offer output power level control pre- 
viously unavailable on a swept source. Power level control is cali- 
brated with 0.1 dB resolution and up to 80 dB range (with Opt 002 
attenuator). Calibrated power sweeps are available for characterizing 
device performance as a function of power. Slope and internal level- 
ing controls are standard on all units. The HP 83500 series plug-ins 
(except the H P  83572C) are also capable of power meter leveling 
with the HP  432A/B/C, 436A, 437A. and 438A power meters. 

All HP 83500-series front-panel functions are HP-1B program- 
mable including power level, so automatic test systems can character- 
ize a device as a function of frequency and of input power level. 

HP 86200 Serid Plug-Ins 
Combining HP 86200-series plug-in (including one you might al- 

ready own) with an HP 11869A adapter makes all the convenient 
digital controls, markers, and HP-IB capability of the HP 8350 im- 
mediately available. The HP 86200 series plug-ins are an attractive 
choice for economical single-band operation with the HP  8350. For 
measurements with HP  microwave link analyzers, use specially char- 
acterized HP 86200 series plug-ins with the HP 8350 to create an 
upconverter for communications distortion measurements. 

The HP 86290B/C plug-ins cover the 2-18 GHz frequency range 
with 10 dBm and 13 dBm of output power respectively. Frequency 
accuracy at 18 GHz is 30 MHz, exceeding that available on most 
single-band plug-ins. Both HP  83500 series and HP 86200 series 
plug-ins compatible with the HP 8350 mainframe are summarized in 
the table on page 416. Note that the HP  I l869A Adapter is required 
with all HP  86200 series plug-ins. 



Accurate, high resolution, digital displays 
Five markers with marker A and marker sweep 
Save/recall9 complete front panel states 

HP 83508 
Sweep Oscillator applications are greatly enhanced by the features 

of the HP 83509. Along with the traditional swept and CW frequen- 
cy functions, the HP  83508 adds extensive marker capabilities, versa- 
tile data entry and complete HP-I9 programmability. Besides the 
popular HP  83500-series RF  plug-ins, the HP 8350B also accepts the 
HP  86200-series plug-ins via the H P  11869A adapter. And the HP  
8350B is directly compatible with such measurement systems as the 
HP  8510 vector network analyzer and the HP  8757 scalar network 
analyzers. Frequency accuracy is easily enhanced by using the HP  
5343A counter to count the START, STOP, or ACTIVE MARKER 
frequencies. 

The HP 83509 has three methods of changing function values: con- 
trol knobs, keyboard entry, or step key entry. 

Five markers are available with the HP  8350B. These markers, 
combined with the high resolution digital readout, make the accurate 
location of important frequency responses easy. A key marker fea- 
ture, markerA, computes the difference between any two markers. 
The markers can also modify the center frequency (marker+CF) or 
the STARTISTOP frequency (Marker Sweep). 

A necessity in making repetitive measurements or automatic tests 
is the Save/Recall feature. This feature supplies nine memory loca- 
tions, each storing a complete front panel set-up. Nonvolatile memory 
is included so that all memories are retained even when line power is 
removed. 

The HP 83509 makes "simultaneous" comparison of two separate 
frequency ranges or power levels easy via the alternate sweep mode. 
When the alternate sweep mode is activated, the HP  83508 alternates 
between the current front panel setting and any stored memory set- 
ting on successive sweeps. The output from this function may be 
processed through a network analyzer such as the HP  8757 and 
viewed on a two channel display. 

All front panel controls (except the ac line switch) may be 
programmed or controlled via the HP-19. The HP 83509 may inter- 
act as a listener or as a talker on the HP-IB. 

A self test is performed at  turn on or whenever the instrument 
preset function is activated. This function verifies that the H P  83509 
is functioning properly. If there is a problem, error codes are dis- 
played on the front panel to help locate the problem quickly to the 
board and component level 

HP 83508 Specifications 

Frequency Control Functions 
Refer to R F  plug-in for frequency range, linearity and accuracy 

specifications. 
START/STOP swccp: sweeps up from the START frequency to the 
STOP frequency. 
CFIAF Sweep: sweeps symmetrically upward. centered on CF. 

AF: frequency width of sweep continuously adjustable from zero 
to of frequency range. 

Accepts all HP 83500 series plug-ins 
Total HP-IB programmability 

u 
Compatible with HP Network Analyzers 

CF Resolution: 0.00038% (262,144 points across band). 
AF Resolution: 0.1% of full band (1024 mints across band). ,. 

0.01 2% of band for '/d of ban'd or less, 0.001 5% of 
band for YU of band or less. 

Display resolution: 5 digits. 
CW operation: single frequency R F  output. 

CW resolution: same as CF. w 
Vernier: adjusts CW frequency or swept center frequency up to 
0.05% of RF  plug-in band being swept. 

Vernier resolution: 4 ppm (64 points between each CW point; 262, 
144 points across band). 

Offset: allows the CW frequency or center frequency to be offset by 
any amount up to the full range of the plug-in. 
Frequency markers: five frequency markers are independently ad- 
justable and fully calibrated over the entire sweep range. Amplitude 
or ~ntensity markers available. 

Resolution: 0.4% of selected sweep width (256 points/sweep). 

Sweep and Trigger Modes 
Internal: sweep recurs automatically. 
Line: sweep triggered by ac power line frequency. 
External trigger: sweep is actuated by external trigger signal. 
Single: selects mode and triggers a single sweep. 
Sweep time: continuously adjustable from 10 ms to 100 seconds. 
Manual sweep: continuous manual adjustment of frequency between 
end frequencies. 
External sweep: sweep is controlled by external signal applied to 
SWP OUTPUTISWP INPUT connector. 
Sweep output: direct-coupled sawtooth, zero to approximately +10 
volts, concurrent with swept RF  output. 

Instrument State Storage 
Save n/recall n: 9 different front panel settings can be stored. 
Alt n: causes the RF  output to alternate on successive sweeps between 
the current front panel setting and a setting stored in memory. 

Modulation 
External AM: refer to R F  plug-in specifications. 
Internal AM: Selectable to 27.8 kHz or 1 kHz. Onloff ratio, refer to 
R F  plug-in specifications. 
External FM: refer to RF  plug-in specifications. 

Remote Programming (HP-IB) 
The HP 8350B has both input and output capability. All front pan- 

el controls except the ac line power switch are programmable. 
Frequency resolution: same as CF/AF plus vernier. 
Power resolution: see H P  83500 Series Plug-ins. 
HP-IB interface functions: SHI,  AHI, T6, L4, SRl .  RLI,  PPO, 
DCI. DTI,  CO. E l .  

General specifications 
Nonvolatile memory: continuous memory that retains the contents 
of all instrument state storage registers, the HP-IB address, and cur- 
rent instrument state when ac line power is off. 
Operating temperature range: O°C to +55"C. 
Power: 100, 120.220 or 240 volts +lo%, 50 to 60 Hz (Option 400.60 
to 400 Hz). Approximately 375 volt-amps including R F  plug-in. 
Weight (not including RF unit): Net 16.5 kg (36.4 Ib). Shipping 22.7 .. - 

kg (50 Ib). 
Dimensions: 425 mm wide. 133.3 mm high. 422 mm deep (16.75" x 
5.25" x 16.6"). 

Ordering Information Price 
H P  8350B Sweep Oscillator Mainframe 55,000 

Opt 803 HP 5343A Interface Cables +$60 
Opt 910 Extra Manual +580 
Opt W30 Extended Repair Service. See page 723. +$I25 
Opt W32 Calibration Service. See page 723. +5360 

For transit cases s e ~  page 721 





SWEEP OSCILLATORS l l  
Model 8350 Serles: Broadband RF Plug-Ins 

HP 83595A/C, 83592A/B/C, 83594A, 83590A W 
Calibrated output power with 0.1 dB resolution -55 dBc harmonics and subharmonics from 3.5 to 20 
+13 dBm from 0.01 to 20.0 GHz GHz 
12 MHz frequency accuracy at 26.5 GHt Internal leveling and slope standard 

The H P  83590 series plug-ins feature wideband frequency cover- 
age, while maintaining narrowband precision, with excellent frequen- 
cy accuracy and stability. At 26.5 GHz the H P  83595AIC maintain 
an accuracy of *I2 MHz. The HP 83595C does not sacrifice excel- 
lent performance for broadband high frequency coverage; the output 
power is internally leveled for a minimum of + 13 dBm to 20 GHz and 
+10 dBm to 26.5 GHz, with <-SO dBc harmonics and subharmonics 
from 1.5 to 26.5 GHz. The 835928 offers + 13 dBm internally leveled 
output power to 18.6 GHz, while maintaining +0.9 dB flatness. The 
H P  83592C provides a clean test signal with -55 dBc harmonic and 
subharmonic levels (3.5-20 GHz) to maximize dynamic range. Power 
output capabilities have been expanded to provide power sweep and 
slope control. In addition, the H P  83590 series plug-ins are complete- 
ly HP-IB programmable. 

The most outstanding feature of the H P  83590 series plug-ins is 
their broad frequency range. Innovative technology is used to create 
this precision frequency range. The principle behind this technology 
is the Switched YIG Tuned Multiplier circuit (SYTM). The YTM 
circuit uses the output of a fundamental oscillator to drive a high- 
efficiency multiplier that has been integrated with a tracking YIG 
filter in order to create and select high order harmonics to be used as 
output frequencies. 

A figure of merit for the H P  83590 series is their flat output power 
over the entire frequency range. The output power is internally lev- 
eled within 0.9 dB with a displayed resolution of 0.1 dB. The power 
level may be controlled to a minimum settable power level of -5 dBm 
(-2 dBm for the HP  83592B and H P  83595C). This level may be 
extended to -75 dBm on the HP 83592A and HP 83590A or to -72 
dBm on the H P  83592B with Option 002 (70 dB Step Attenuator), or 
to -60 dBm on the HP  83592C, the HP  83595A and H P  83594A 
with Option 002 (55 dB Step Attenuator), or to -62 dBm on the HP  
83595C with Option 002 (60 dB Step Attenuator). 

Since power parameters are critical to high frequency measure- 
ments, the HP  83590 Series (along with all H P  83500 series plug-ins) 
offer many modes of power output. In addition to a single power out- 
put. the H P  83590 Series offer a Power Sweep function. The Power 
Sweep function sweeps a power range for characterizing level sensi- 
tive devices like amplifiers and transistors. The Slope mode is supplied 
to provide compensation for cable or test set losses. In all these modes 
the power output is internally monitored and leveled. If preferred, the 
power may be externally leveled. The H P  83590 Series plug-ins are 
capable of power meter leveling with the HP  432A/B/C, 436A, and 
438A power meters. 

HP-IB programmability is an essential feature when one of the H P  
83590 series is used in automatic test systems. For example, the auto- 
mated tests of amplifiers for gain compression are possible. These 
plug-ins are completely programmable, which means the power mode 
may be selected and the power level may be set with .O1 dB resolution. 

2.0 GHz 1.8 GHzIDIV 20.0 GHz 

Output Characteristics 
Output Power Resolution 

Displayed: 0.1 dB 
Programrnable/Settable: 0.01 dB 

Power Sweep 
(with Option 002 Power Sweep cannot cross an attenuator step) 

Calibrated Range: >9 dB 
Accuracy (including linearity), typical: +1.5 dB 

Power Slope (with Option 002 Power Slope cannot cross an attenu- 
ator step) 

Calibrated Range: Up to 5 dB/GHz; up to I5 dB for full sweep 
Linearity, typical: <O.2 dB 

Residual AM In 100 kHz BandwMth, typical: -50 dBc 
Source Output VSWR (50 ohm nomina1)typical: <1.9 

Modulation Characteristics 
External AM 

Frequency Response, typical: 100 kHz 
Range of Amplitude Control, typical: 15 dB 
Sensitivity, typ~cal: 1 dB/V 

Internal Square Wave Modulation 
1 kHz or 27.8 kHz square wave modulation selectable by internal 

jumper in HP  8350B. The 27.8 kHz modulation ensures operation 
with all Hewlett-Packard scalar network analyzers . 

OW011 Ratio: >30 dB 
Symmetry: 40160 

External Pulse Modulatlon 
(HP 83592A/B/C, 83595A specifications only) 

Pulse Input: TTL compatible 
Rise/FaII Time, typical: <50 nsec 

Minimum RF Pulse Width: 
Internally Leveled, typical: <5 psec 
Unlevelcd, typical: 200 nsec (0.01-2.5 GHz) 

I00 nsec (2.5-20 GHz or 26.5 GHz) 
External FM 

Maximum Deviations (or Modulatlon Froqumck.: 
DC to 100 Hz: * 75 MHz 
100 Hz to 1 MHz: + 7 MHz 
1 MHz to 2 MHz: + 5 MHz 
2 MHz to 10 MHz: A 1 MHz 

(knsitivlty (switch selectable), typical 
FM Mode: -20 MHz/V 
Phase-lock Mode: -6 MHz/V 



SWEEP OSCILLATORS 
418 Model 8350 Series: Broadband RF Plug-Inn (cont'd) 0 HP 83595A/C, 83592A/B/C, 83594n, 83590A 

General Specifications 
Minimum Sweep Time 

I0 msec for single band 
HP 83590A. 83592A/B/C: 25 msec for full sweep 
HP 83594A. 83595A/C: 30 msec for full sweep 
HP 83592C: 35 msec for full sweep 

Auxiliary Output 
(rear panel fundamental oscillator output, nominally 0 dBm): 

HP 83590A, 83594A: 2.0-7.0 GHz 
HP 83592A/B/C, 83595A: 2.3-7.0 GHz 

Frequency Reterenca Output 
(rear panel BNC output, switch selectable): 

1 V/GHz + 25 mV (<I8  GHz) or 
0.5 V/GHz 25 mV (< 20 GHz or <26.5 GHz) 

RF Output Connector 
HP 83590A. 83592A/B/C: Type N female 
HP 83594A. 83595A: Type APC 3.5 male 

Weight: 
Net  6.0 kg (13.2 Ib), Shipping 9.2 kg (20 Ib) 

Ordering Information 
H P  83590A 2.0 to 20 GHz RF Plug-in 
H P  83592A 0.01 to 20 GHz RF Plug-in 
H P  R3592B 0.01 to 20 GHz (high power) RF Plug-in 
H P  83592C 0.01 to 20 GHz (low harmonics) RF  
Plug-in 
H P  83594A 2.0 to 26.5 GHz RF Plug-in 
HP 83595A 0.01 to 26.5 GHz RF Plug-in 
HP 83595C 0.01 to 26.5 GHz RF Plug-in 

(high power, low harmonics) 
Opt 002 70 dB Step Attenuator (HP 83590A, 

83592A/B) 
55 dB Step Attenuator (HP 83592C. 
83594A. 83595A) 
60 dB Step Attenuator (HP 83595C) 

Opt 004 Rear Panel RF Output 
Opt W30 Two Additional Years 

Return-to-HP Support 
Opt W32 Two Additional Years 

Return-to-HP Calibration 

Price 
$1 5,700 
f 18.200 
$20.200 
$ 20,200 

+$1,800 
+$ZOO 

See 
HP 83508 

Data 
Sheet 

FnpurnclC- 
Range 

HP 83590A 
HP 83592MBIC 
HP 83594 
HP 83595MC 

Aauney (MHz. 25T)  
CW Mode 
All Sweep Modes (sweep time >1W ms) 

Llnrrl ty (MHz), typ~cal 
Stlblllty, typlcal 

W~th Temperature (MHU'C) 
Wlth 10 dB Power Change (kHz) 
Wlth 3.1 Load SWR (kHz) 
Wlth Tlme2 (kHz) 

Residwl FM (kHz peak, 
10 Hr-10 kHz bandw~dth) 

Output Chtracterlstln 
Max~mum Leveled Power (mw. 25°C) 

Wlth Opt~on 002 
Power Level Accuracy (dB) 

Internally Leveled 
Power Vtrlatlon (dB, max specified power) 

Internally Leveled 
Externally Leveled' 

Mlnlmum W b l e  P o w  (dBm) 
With Opt~on 002 

Spurbus SIgnh (dBc, max s p e w  power) 
Harmon~cally Related 

Non.harmonin 
' HP 83594A. 83595A specltlcatlOn8 only. 
' 10 minute period after one hour warm-up at same Irequemy. 
' HP 835926 speclflcallons only. 
' HP 83592C specificalions only. 

Negallve crystal detector (sweep tlme > 100 rnsec) or HP 432AIBIC. 436A or 438A P o w  Maw (sweep tlme ? 100 sec), excluded covplerldstsctor vcrriatlan. 
' HP 83590A. HP 83592A specifications only. 
'HP 83592C only. . 2 5  dBc 1.01-1.4 GHz) 

< - 45 dBc (1.4-2.4 GHZ) 
<-SO dBc (2.4-3.5 GHz) 
<-55 dBc (3.5-20 GHz) 

' HP 83594A sp&lticat~ons only. 
' HP 83595C speclflcations Only. 

Bmd 
1 

2-7 
2.4-7 
2-7 

2.4-7 

+5 
i 2 0  
i 2  

t0.2 
+XM 
t l W  
t 1 W  

c5 

10 (Me.4') 
7 (14'.2.8'16') 

4 . 3  

t0.7 
t0.2 (0.25'.0.33 

-5 (-2'7 
-60 

(-67, -72:-75') 

(-25 
(<-5oq.<-55') 

. <-50 (<-55') 

Bnd 
0 

.01.2.4 

.01-2.4 

t 5  
t15  
+2 

t0.2 
t200 
tlOO 
*lo0 

t 5  

10 (20'') 
10 (16'20 ') 

4 . 5  

t0.9 
r0.2 (0.3') 
-5 (-2") 

-60 
(-62'. -72'.-75') 

(-25 
(c-Ma<-45') 

. 1-25 (40') 

Bmd 
2 

7-13.5 
7-13.5 
7-13.5 
7.13.5 

+ I0  
t25  
t 4  

t0.4 
t400 
a200 

- t200 

t 7  

10 (203'.4*) 
6.3 (13'.2.5'.16*) 

4 . 3  

t0.7 
t0.2 (0.25'.0.3') 

-5 (-2") 
-60 

(-62'. -72'.-75') 

(-25 
(<-509.<-55') 
i - 50  (<-55') 

Bnd 
3 

13.520 
13.520 
13.520 
13.520 

+ l o  
t 3 0  
t 6  

a0.6 
a600 
t300 

-- t300 ~ 

t 9  

10 (2.5',W) 
5 (1.4',16') 

t1.4 

t0.8 
10.2 (0.25'.0.3') 

-5 (-2'O) 
-€4 

(-62'. -72'.-75') 

(-25 
(c-W,<-55') 
(-50 (c-55') 

Bnd 
4 

DZ6.5 
20-26.5 

a12 
t35  
t10  

t0.8 
aeOO 
i4M) 
t400 
- 

t12 

2.5 (10') 
1.25 (6') 

4 . 7  

t0.9 
10.2 (0.25'.0.3') 

-5 (-2') 
-60 

(-62') 

c-20 
(c-50') 

(-50 

Full 
Bmd 

2-20 
.01-20 
2.26.5 

.01-26.5 

s5o 
t 1 0  ( 4 5 ' )  

10 (2.5") 
5 (1.25'.1.4'. 63 

i1.5 (t1.8") 

a0.9 (i1.0") 



10 MHz to 40 GHz frequency coverage with the 2.4 mm 
coaxial connector 
-50 dBc harmonics and subharmonics from 1.5 to 20 
GHz, -40 dBc from 20 to 40 GHz 

i .-.- -" 

The HP 83597A and 83596A RF plug-ins provide the highest per- 
formance and reliability available up to 40 GHz from a swept source. 
They feature high output power, as well as excellent harmonic per- 
formance. They also incorporate the 2.4 mm connector which makes 
high performance broadband coaxial measurements ssible. The su- 
periority of the 2.4 mm connector lies in its ruggegss .  repeatable 
performance and excellent match over the entire frequency range. 

A 40 GHz broadband swept scalar measurement system is easy to 
configure using this sweep oscillator with the HP  8757A/C/E Scalar 
Network Analyzers, and the appropriate 2.4 mm scalar network ana- 
lyzer accessories. With -50 dBc of harmonic and subharmonic sup- 
pression from 1.5 to 20 GHz, and -40 dBc from 20 to 40 GHz, these 
plug-ins are the ideal choice for scalar network analysis. 

The broadband frequency coverage and high output power of the 
H P  83597A and 83596A plug-ins make them ideal as local oscillators 
for down-converting high frequency signals to a lower intermediate 
frequency. These plug-ins provide the broadest frequency coverage 
for mixer measurement systems or coaxial noise figure measurements 
with the HP 8970B Noise Figure Meter. 

The outstanding performance of the HP  83597A and 83596A plug- 
ins make them especially attractive as stand-alone sources for various 
signal generation and simulation applications. Frequency accuracies 
of better than +5 to +20 MHz are specified depending on the fre- 
quency of operation. These plug-ins additionally have very flexible 
amplitude, frequency and pulse modulation capabilities. 

Out~ut Characteristics 
outbut Power Resolution 
Displayed: 0. I dB 
Programmable/Settable: +0.01 dB 

Minimum Settable Power: -1 5 dBm 

Power Variation: 
Externally Leveled (excluding coupler/detector variation) 

Negative Crystal detectorZ or H P  432A/B/C. 436A or 438A 
Power Meterq: *O.2 dB, typical 

SWEEP OSCILLATORS 
Model 8350 Series: Broadband RF Plug-Ins 

HP 83597A, 83596A 

Power Sweep 
Calibrated Range: > 19 dB (<18.6 GHz), > 15 dB (> 18.6 GHz) 
Accuracy (including linearity): +I .5 dB, typical 
Resolution (displayed): 0.1 dB, typical 
Power Slope 
Calibrated Range: up to 5 dB/GHz, up to 15 dB for full sweep 
Linearity: 0.2 dB, typical 
Resolution (displayed): 0.01 dB/GHz, typical 
Residual AM in 100 kHz Bandwidth: -50 dBc, typical 
Source Output VSWR 
(50 Ohm. norr inal impedance): <2.0:1, typical 
Modulation Characteristics 
External AM 
Frequency Response: 100 kHz, typical 
Maximum Input: 15V 
Range of Amplitude Control: 15 dB, typical 
Sensitivity: 1 dB/V, typical 
Input Impedance: approximately 25 M 
Internal Square Wave Modulation 
I kHz or 27.778 kHz square wave modulation selectable by internal 

jumper in H P  83508. The 27.778 kHz moduiation ensures operation 
with all Hewlett-Packard scalar network analyzers. 

On/Off Ratio: >30 dB 
External Pulse Modulation: 
Rise/Fall Time (neglecting overshoot): <50 nsec, typical 
Min~mum RF Pulse Width: 

Internally Leveled: < 1.5 psec, typical 
Unleveled: < 1 psec, typical 

On/Off Ratio: >60 dB, typical 
External FM 
Maximum Deviations for Modulation Frequencies: 

DC to 100 Hz: *75 MHz (cross-over coupled), 
12 MHz (direct coupled) 

100 Hz to 1 MHz: +7 MHz 
I MHz to 2 MHz: *5 MHz 
2 MHz to 10 MHz: *I MHz 

Sensitivity (switch selectable): 
FM Mode: -20 MHz/V, ty ical 
Phase-lock Mode: -6 MHZTV, typical 

General Specifications 
Minimum Sweep Time: 30 ms for a single band, 75 ms for <20 
GHz sweep width, 150 ms for >20 GHz sweep width. 
Auxiliary Output: Rear panel 2.3-7.0 GHz fundamental oscillator 
output, nominally 0 dBm. 
Frequency Reference Output: Switch selectable 0.5 V/GHz 
(0.01-38 GHz) or 0.25V/GHz (0.01-40 GHz), +25 mV (<2.4 GHz) 
or *I00 mV (>2.4 GHz). 
RF Output Connector: Type 2.4 mm male. 
Weight: Net 6.5 kg (14.4 Ib), Shipping 9.5 kg (21 Ib). 
Ordering Information 
H P  83597A 10 MHz to 40 GHz RF Plug-In 533.500 
H P  83596A 2.4 GHz to 40 GHz RF  Plug-In 530,000 

Opt 002 55 dB Step Attenuator +52,700 
Opt 004 Rear Panel RF  Output +$200 
Opt W30 Extended repair service see page 723 See H P  8350B 
Opt W32 Calibration service see pg 723 Data Sheet 

' 25°C t5'C. ' Includes power level varlatlons. ' At a p d l b d  maxlmum levaled power. 
' For sweep t l m  t 100 ma. ' Degrades hlplcally +0.05 dBIoC outsbe the 20'C30°C : Typlcali~ <-40 dBc above 40 GHz. 
' 10 HZ to 10 k ~ z  bandwidth, CW mode with CW finer on. range. For sweep tlmes 2 10 sec and 22.5 sec/GHz. 
'Typically degrades 0.1 dBISC above 25°C. 

W 4  

20.0-40.0 GHz 
20.040.0 GHz 

i 2 0  MHz 
a50 MHz 
c l 8  kHz 

I mW 

t2.0 dB 
t1.2 dB 

c-40 d8c8 

, c-50 dBc 

;?F - 
H! 83597A 
HP 835%A 

Accurxy' 
CW Mode: 
All Sweep Modes:' 

RbtMual FM (peak)': 
Output ChamterirWa 
Maximum Leveled Po*' 

P m  L a d  Accu* 
Power Varlatlon'.' 
Spurious Signals' 

Harmonics and Subharmontcs 

Non-harmonics: 

Full Bmd 

0 .014 .0  GHz 
2.4-40.0 GHz 

a75 MHz 

t2.0 dB 
4 . 3  dB 

Bmdl 

2.4-7.0 GHz 
2.4-7 0 GHz 

r 5  MHz 
t20  MHz 
c5 kHz 

2.5 mW 

t1.3 dB 
t0.7 dB 

c-50 dBc 

<-50dBc 

BmdO 

0.01-2.4 GHz 

t 5  MHz 
* I5  MHz 
c5 kHz 

2.5 mW 

t1.5 dB 
t0.9 dB 

(-25 dBc c l  5 GHz) 
<-50 dBc 1>1:5 GHz) 
<-25 dBc 

and 2 

7.0-13.5 GHz 
7.0.13.5 GHz 

t10 MHz 
a25 MHz 
<7 kHz 

2.5 mW 

4 . 3  dB 
t 0  7 dB 

c-50 dBc 

, c-50dBc 

a n d  3 

13.5.20.0 GHz 
13 5-20.0 GHz 

t10 MHz 
a30 MHz 
t9 kHz 

2.5 mW (c 18.6 GHz) 
1 mW (>18.6 GHz) 
t1.4 dB 
t 0  8 dB 

c-50 dBc 

, <-50 dBc 





HP 83550 Series Millimeter-Wave Source Modules 
HP 83554A, 83555A, 83556A, 83557A and 83558A 

26.5 to 110 GHz frequency range Source module remotable up to a meter length 
Leveled high output power b Low entry cost 
Can be driven by many HP microwave sources 

High Output Power 

The three H P  83550 series millimeter-wave source modules pro- 
vide a simple approach to extend the frequency range of I 1 to 20 GHz 
sources to cover 26.5 to 40 GHz (HP  83554A). 33 to 50 GHz (HP  
83555A) 40 to 60 GHz (HP  83556A) 50-75 GHz ( H P  83557A). and 
75-1 10 GHz (HP  83558A) bands. The H P  83550 series source mod- 
ules offer leveled high output power, full waveguide band frequency 
coverage, and the high frequency accuracy and resolution of the driv- 
ing microwave source. 

As shown in Figure I ,  there are 3 basic ways of configuring a milli- 
meter-wave source to best suit your specific needs. Your choice can 
range from a sophisticated synthesized sweeper (HP83623A or 
H P  83624A) to a sweep oscillator ( H P  8350BI8359x) with an 
H P  8349B amplifier. 

Leveled output power from the source modules is rated a t  +8 dBm 
for the H P  83554A. +3 dBm for the H P  83555A, +3 dBm for the H P  
83556A. +3 dBm for the H P  83557A. and -1 dBm for the H P  
83558A. This high output power can permit the source module to 
serve as a mixer LO in some applications, and also expands the availa- 
ble dynamic range in frequency response measurements. 

U P  83673A. 
H P  83624A HP 8355dA 

Synlhestzed mm-wave 26 5 - 40 GHz 
Sweepel or 

U P  8350Bi 83550A. 
Swrcc W u i e  

Sveen Osc~llator 

r Z G E 4  
mm-Wave 33 - 50 GHz 

HP 83498 
HCrOwIve Ampliftel 

U P  83556A 
mm-Ware 40 - 60 GHz 

t Source Modde 

mm-Ware 75 - 110 G H Z  
Source M u l e  

All at a Lower Cost 
The HP 83550-series source modules combines performance and 

quality with a low cost of entry. This is possible because the source 
modules are backward-compatible with existing H P  microwave 
sources. Thus, you can generate a full waveguide band of millimeter- 
wave frequencies for just the cost of the H P  8349B and a source mod- 
ule. Also, the cost of ownership to you is reduced even further by the 
two-year warranty on the microcircuits of the H P  83550-series source 
modules and the HP 8349B microwave amplifier. 

Pulse, AM and FM Modulation 
The high performance pulse modulators of the H P  synthesized 

sources offer >80 dB ONIOFF ratio and <50 ns rise and fall times. 
Pulse amplitudes are leveled for pulse widths as narrow as 1 ps. 

The H P  8340818341 B also feature dc-coupled AM with a 3 dB 
bandwidth of 100 kHz. Pulse and amplitude modulation can be used 
to simultaneously simulate antenna scan patterns. 

FM rates between 100 Hz and 10 MHz may be applied to the H P  
8673B/C/D synthesizer input to achieve deviations up to 20 MHz 
( H P  83554A) and 30 MHz (HP  83555A. 83556A). 40 MHz (HP  
83557A) and 60 MHz ( H P  83558A) at millimeter-wave frequencies. 

HP 83554A Output HP 835081 HP 83408/83498, 
Characteristics' HP 83508/83550A 83590 Serla/83498 HP 83418/83498 HP 8673B/C/ D/8349B 

( Maximum Leveled Power (25"C+5"C) ( t 8  dBm, 26.5-37.2 GHz ( t 8  dBm. 26.5-37.2 GHz 1 +8 dBm. 26.5-37.2 GHz 1 t 8  dBm. 26.5-37.2 GHz I 

Power Flatness (at maleveled 1 i1.50 dB 1 4 . 5 0  dB3 1 *1.50dB3 1 +1.50dB3 
Source output SWR 1 t2.0 I t2.0 1 <2.0 1 <2.0 

Mlnlmum W b l e  P o w  
Power Level Accuracv' (25°C+50C) 

t 7  dBm, 37.2-40.0 GHz 
-5 dBm 
t2.00 dB 

Spurious Signals 
Harmon~cally related spurious: 
26.5 to 26.7 GHz 
26.7 to 40.0 GHz 

t 7  dBm. 37.2-40.0 GHz 
-5 dBrn 
*2.00 dB 

(-25 dBc 
(-50 dBc 

+7 dBm, 37.2-40.0 GHz 
-5 dBm 
52.00 dB 

(-25 dBc 
c-20 dBc' 

t 7  dBm, 37.2-40.0 GHz 
-5 dBm 
t2.00 dB 

<-25 dBc 
(-20 d0c5 

(-25 dBc 
(-20 dB? 



SWEEP OSCILLATORS 
HP 83550 Series Millimeter-Wave Source Modules (cont'd) 
HP 83555A, 83556A, 83557A, and 83558A 
HP 83555A Output HP 835081 HP 83408183498, 
Characteristics1 HP 83500/83550A 83590 Serlm/8349B HP 83418183498 HP 8673B/C/D/83498 

'AII speclf~cetions apply to Intwnaliy Isur*d operation oniy. 
'Specsfied mth r e s p a t  to HP 83550A or HP 83498 par dWply. Includes pwr leMl natness 

HP 83508/83!MA or 
HP 83557A Output HP 83WB/83592C/95C/ 
Characteristics HP 83623A or 83624A HP 8341 opt 003/83490 HP 0875 C/D/8349B 83498 

'Must have 0.5 VIGHz rnodWcation on rnkrovave source. 
'Except lor the HP 83592C which is -45 dBc. 
%cept for the HP 83418 Option 003 whlch Is -40 dBC. 
'Except for the HP 8673CID which am -50 dBc. 
'Expressed In dB relative to the carrhx levd (dBC). 

Maximum Leveled Power (25°Ci50C) 
Minlmum Settable P o r n  
Power L m l  Accuracy' (25OCi5OC) 
Power Flatness (at rnax leveled power) 
Source Output SWR 
Spurious Signals 

Harmonically related spurious: 
33.0 to 37.5 GHz 
37.5 to 49.5 GHz 
49.5 to 50.0 GHz 

Maximum Leveled P o w  (25°C+50C) 
Minimum Settable P o w  
Power Level Accuracy (25°Ct50C) 
Power Flatness (at max leveled power) 
Source Output SNR 

Leveled: 
Unleveled: 

Spurious Signah' 
Harrnon~cally related spurious: 

General Specifications 
Waveguide Output Connector 

H P  83554A: EIA size WR 28 waveguide; JAN UG-599 flange. 
H P  83555A: EIA size WR 22 waveguide; JAN UG-383 flange. 
H P  83556A: EIA size WR 19 waveguide; JAN UG-383 (mod.) 

t 3  dBm 
-5 dBm 
i2.00 dB 
4.50 dB3 
t2.0 

(-20 dBc 
(-20 dBc) 
<-20 dBc 

flange. 
H P  83557A: EIA Size WR 15 waveguide: JAN UG-385 flange. 
H P  83558A: EIA Size WR 10 waveguide: JAN UG-387 flange. 

Weight: Net. 1.7 kg (4 Ib). 
Dimensions: Module. 80 rnm Wx 80 mrn Hx 210 mrn D (3.15" X 
3.15" X 8.27") 
Furnished with Each Source M u k  Operating and Service Man- 
ual, Modification Procedures for 0.5 V/GHz output, Type-N RF 
Cable, Module Base Assembly, Synthesizer Interface Cable. 

t 3  dBm 
-5 dBm 
i2.00 dB 
4.50 dB 
t2.0 

<-20 dBc 
t-50 dBc 
<-20 ~ B C  

t 3  dBm 
-5 dBm 
*2.00 dB 
4.50 dB3 
t2.0 

<-20 dBc 
<-20 d B P  
(-20 dBc 

HP 83556A Output HP 835081 HP 834OB/83496, 
Characteristics1 HP 83900/8I50A 83590 Serler/8349B HP 83418183498 HP 86731)/C/D/83498 

t 3  dBm 
-2 dBm 
i2.0 dB 
4 . 5  dB 

c2.0 
t3.0 

(-20 dBc 

Ordering Information 
HP 83554A 26.5-40.0 GHz rnrn-Wave Source Module 
H P  83555A 33.0-50.0 GHz rnm-Wave Source Module 
H P  83556A 40.0-60.0 GHz rnrn-Wave Source Module 
H P  83557A 50.0-75.0 GHz mrn-Wave Source Module 
H P  83558A 75.0-1 10.0 GHz mrn-Wave Source 
Module 
Opt 910 Extra Manual 
Opt W30 Extended repair service see pg 723 

H P  835541516 
H P  8355718 

Opt W32 Calibration Service see pg 723 
H P  83554/5/6 
H P  8355718 

t 3  dBrn 
-5 dBm 
i2.00 dB 
i1.50 dB3 
t2.0 

(-20 dBc 
(-20 dBc' 
<-20 dBc 

Maximum Leveled Power (25°Ci50C) 
Mlnlmum Settable P o r n  
Power Lewl Accuracy' (25°C+50C) 
Power Flatness (at max leveled power) 
Source Output SWR 
Spurious Signals7 

Harmon~cally related spurious: 
40.0 to 45.0 GHz 
45.0 to 60.0 GHz 

HP 83!UMl/83150A or 
HP 83558A Output HP 83508/83592C/9X/ 
Characteristics HP 83023A or 83624A HP 8341 opt 003183490 HP 8873 C/D/83490 83498 

t 3  dBm 
-2 dBm 
i2.5 dB 
+2.0 dB 

t2.0 
t3.0 

(-20 dBc 

t 3  dBm 
-5 dBm 
i2.25 dB 
4.75 dB 
t2.0 

(-20 dBc 
<-50 dBc 

Maxlmum Leveled Power (25°Ci50C) 
Minimum Settable P o w  

Power lewl accuracy (25°Ci50C) 
Power flatness (at max leveled power) 

Source Output SNR 
Leveled: 
Unleveled: 

Spurlous Signrh7 
Harmon~cally related spurious: 

t 3  dBm 
-2 dBm 
t2.5 dB 
i2.0 dB 

t2.0 
t3.0 

(-20 dBc 

0 dBm 
-5 dBm 
i2.5 dB 
i2.0 dB 

t2.0 
t3.0 

t-20 dBc 

t 3  dBm 
-5 dBm 
+2.25 dB 
4.75 dB3 
t2.0 

<-20 dBc 
(-20 dBc' 

- 
+3 dBm 
-2 dBm 
i2.5 dB 
i2.0 dB 

t2.0 
t3.0 

(-20 dBc 

0 dBrn 
-5 dBm 
i2.0 dB 
4 . 5  dB 

t2.0 
t3.0 

(-20 dBc 

0 dBm 
-5 dBm 
+2.5 dB 
i2.0 dB 

t2.0 
t3.0 

t-20 dBc 

0 dBrn 
-5 dBm 
i2.5 dB 
i2.0 dB 

t2.0 
t3.0 

(-20 dBc 

t 3  dBrn 
-5 dBm 
t2.25 dB 
4.75 dB3 
t2.0 

(-20 dBc 
t-20 ~ B c '  

t 3  dBm 
-5 dBm 
i2.25 dB 
4.75 dBa 
t2.0 

<-20 dBc 
(-20 dBP 



Model 8350 Serles: RF Plug-Ins 
HP 86200 Series 

?he HP 8 6 2 4 0 ~  has Microwave Link Analyzer (MLA) cornpatiblllty as a standard feature. 

wvvw. hparchive.com 



AMPLIFIERS 
RF Amplifier 
HP 8347A 

Broadband 100 kHz to 3 GHz coverage 
+20 dam output power 
Low harmonics 

25 dB gain 
Internally leveled 

OM, 

LEVELED W T I  

I. I.. " rx 

-@ 

The H P  8347A is a general-purpose broadband instrumentation 
amplifier capable of providing gain and power to overcome systematic 
RF  losses, drive high-power devices, or improve measurement system 
performance. 

Switching and signal routing in ATE systems, frequency conver- 
sion, and long transmission paths to remote devices like antennas on 
towers are examples of systematic power losses. With more than 25 
dB of gain, the H P  8347A can overcome such losses, and its internal 
leveling loop can reduce mismatch and reflection effects in a system. 

Many devices, like mixers, power amplifiers, and optical modula- 
tors, require high-power drive signals. These devices are often very 
level-sensitive as well. The flat, leveled, +20 dBm output power of the 
HP  8347A allows proper device operation or complete characteriza- 
tion. 

EMI, surveillance, and other demanding small-signal measure- 
ments sometimes stretch the capabilities of even the best test equip- 
ment. The H P  8347A can be used as a preamplifier to increase 
sensitivity in spectrum analysis and frequency counting applications, 
and can also extend dynamic range and increase low-level sweep 
speed in network analysis. 

Improve HP 8753 Dynamic Range or Sweep Time 
Using the illustrated configuration, the HP  8753 RF  network ana- 

lyzer dynamic range can be improved from 100 to 120 dB, or alterna- 
tively, sweep time increased by almost 100 times. 

HP 8753 
RF Network Analvzer 

HP 8347A 
RF Amplifier 

Device 

HP 8753 Out 

Extended Dynamic Range Conflguratlon 

Input Output FRF 
Simplified Block Diagram 

Specifications 
Frequency Range: 100 kHz to 3 GHz 
Maximum Leveled Output Power: 2+20 dBm 
Output Power Leveling Range (2300 kHz): +2 to +20 dBm 
Power Flatness (internally-leveled, +300 kHz): &l.5 dB 
Gain: 1 2 5  dB 
Harmonics (at +20 dBm output) 

Internal Leveling Off (ALC Off): 1-25 dBc 
Internal Leveling On (ALC On): 1-20 dBc 

Supplemental Characteristics 
Maximum lnput for Minimum Internally-Lovelod 

Output: -14 dBm 
1 dB Compression Point: +22 dBm 
Third-Order Intercept: +30 dBm 
RF lnput and Output Impedances: 50 ohms 
VSWR 

Input: 2.0:l 
Output 

Internalty-Levohd: 1 3 1  
Unleveled 

Below 2 GHz: 2.0:1 
2 to 3 GHz: 3.0:1 

Reverse Isolation: 60 dB 
Noise Figure 

10 MHz to 3 QHr: 15 dB 
Below 10 MHz: 20 dB 

General 
RF lnput and Output Connocton: Type N female. 
Dimensions: 102 H X 213 W X 298 mm D (4.0" X 8.4" X 11.8"). 
Weight: Net 4 kg (8 Ib). Shipping 5 kg (1 l Ib). 

Ordering Information 
HP 8347A R F  Amplifier 

Price 
54.1 50 
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@ HP 70627A and HP 8447. 

HP 8447 Series Amplifiers 
These low-noise, high-gain amplifiers improve the sensitivity of 

counters, spectrum analyzers, RF  voltmeters, EM1 meters, power 
meters, and other devices. They will also increase the maximum pow- 
er available from a signal generator or sweeper. 

Options 
Standard connectors are BNC ( 0  on all amplifiers. 

Option 010 - single-channel amplifier, N (f) connectors 
Option 001 - dual-channel amplifier. BNC (f) connectors 
Option 01 1 - dual-channel amplifier, N (f) connectors 

AMPLIFIERS 
RF Amplifiers 

HP 8447A/D/E/F, HP 70621A 

Dual-channel, 50-ohm (nominal) amplifiers are ideal for dual- 
channel systems such as oscilloscopes or network analyzers. Channels 
may also be cascaded for increased small-signal gain. 

General Specifications 
Weight: net, 1.56 kg (3.4 Ib); shipping, 2.30 kg (5.1 Ib) 
Size: 85.8 H x 130 W x 216 mm D (3.4" x 5.1" x 8.5") 
Power requirements: 110 or 230 V ac + 10%. 48-440 Hz. I5 watts 

HP 70821 A Preamplifier 
This new low-noise. hiah-pain ~ ream~l i f i e r  for the H P  70000 mod- 

ular measurement systemhas the'same high-performance capabilities 
of a standalone model. It adds automatic calibration of the spectrum 
analyzer display, correcting for preamplifier gain and flatness. And it 
adds switches to bypass the preamp, so you use the same input port to 
measure high-and low-level signals. 

General Specifications 
Displayed average noise b l  (with HP 71100C spectrum an, 
lyzer) 

Band With preamp Preamp bypassed 
10 MHz - 2.0 GHz -156 dBm -133 dBm 
2.0 - 2.9 GHz -156 dBm -130dBm 

Bypass insertion loss 
0 Hz - 2.9 GHz < 1 dB (characteristic) 
0 Hz - 26.5 GHz <6 dB (characteristic) 
RF input: type-N (f), 50-ohm (nominal) 
RF outpuk SMA (0.50-ohm (nominal) 
Excess noise source drive: +28 VDC out (used to drive 
H P  346A/B/C excess noise source), BNC (f) 
Calibration cycle: 3 years (recommended) 
Weight: net. I .8 kg (4 Ib) 

Ordering Information Price 
H P  8447A preamplifier $1,440 
H P  8447D preamplifier $1,540* 
H P  8447E power amplifier $1,740 
H P  8447F preamplifier-power amplifier $2.6 10 
H P  70621A preamplifier module $4,900 

Opt 098 H P  70900A controller board upgrade kit for $0 
ROM versions 850730 or 860203 
Opt 099 firmware upgrade kit for ROM versions be- $0 
tween 861015and900314 

For same-day shipment. call HP DIRECT at 800-538-8787. 

Specifications 
HP W 7 D  R v n p  
100 kHz-1.3 GHz 
75 kHz-1.7 GHz 

>25 dB 
(20'C-30%) 

4 . 5  dB 

t8.5 dB 
> t 7  dBm 

typical 

-30 dB for 0 dBm 
output (typical) 

-30 dBm 

t2.0 input 
t2.2 output 
1-1300 M R  

>40 dB 
+ l o  V 

001,010,011 
tf690, $102, $1,050 

HP W 7 E  Par Amp 
100 kHz-1.3 GHz 
75 kHz-1.4 GHz 

22 dB + 1.5 dB 
(2O0C-3O'C) 

4 . 5  dB 

t 1 1  dB typlcai 
>t12.5 dBm 

100 MHz. 1 GHz 

-30 dB for t 8  
dBm output 
-20 dBm 

t2.2 input 
c2.5 output 
1-1303 MHz 

>40 dB 
a10 V 

010 
+$I10 

Frequency Range 

Typ~cal 3 dB 
Bandwidth 

Gatn 
(Mean, per channel) 

Gain Flatness 
Across Full 

Frequency Range 

Nose F~gure 

Output Power 
for 1 dB Ga~n 
Compression 

Harmontc 
D~stort~on 

Output 
for (-60 dB 

Harmonic 
D~stort~on 

VSWR 

Reverse Isolation 

Maxtmum DC 
Voltage Input 

Opt~ons Ava~iable 
Option Prics 

HP W 7 A  k m p  
0.1-400 MHz 

50 kHz-700 MHz 

X )  dB t 1.0 dB 
at 10 MHz (20eC-30°C) 

20 dB + 1.7 dB 
at 10 MHz (O'C-55°C) 

t1.8 dB (O°C-55'C) 
t0 .7  dB (20'-3O0C) 

Characteristic 

t 7  dB 

> t 6  dBm 

-32 dB for 0 dBm 
output 

-25 dBm 
(Characteratic) 

t1.7 

>30 dB 
+ l o  V 

001 
+$630 

HP M47F RvnpPac Amp 
100 kHz-1.3 GHz 

50 kHz-1.4 GHz 

4 
g s 
> 
?F 

5 m 

i2 
SZ 

B 
s 
> 
se 
B " = 
g 
R 
1 

010 
+$3# 

HP 7W21A k m p  
100 kHz.2.9 GHz 

50 kHz.3.3 GHz 

>24 dB 
(characteristic) 

t1.2 dB 
(t0.B dB bypass) 

t 6  dB (characteristic) 

>O dBm 
(charactenstic) 

-30 dB for 0 dBm 
output (charactenstic) 

-30 dBm 
(chatacter~stic) 

2.0 input (1.3 bypass) 
1.9 output (1.3 bypass) 

>50 dB 
t 2 0  V 



n AMPLIFIERS 
Microwave Amplifier 
HP 83498 

Continuous 2 to 20 GHz coverage 
15 dB gain to 18.6 GHz 

The HP 8349B Microwave Amplifier delivers increased microwave 
power performance across a 2 to 20 GHz frequency range. This gen- 
eral-purpose broadband power amplifier is designed for maximum re- 
liability and configured for the greatest convenience in interfacing 
with Hewlett-Packard's microwave sources, the HP  8350B Sweep 
Oscillator. HP 8340B/8341B/8360 Series Synthesized Sweepers, 
and HP 8671 B, 8672A, or 8673 series Synthesized Signal Genera- 
tors. 

Providing 100 mW (+20 dBm) of unleveled output power from 2 to 
18.6 GHz, 63 mW (+I8 dBm) from 18.6 to 20 GHz, the HP  8349B 
offers one of the broadest operating bandwidths available from a solid- 
state power amplifier. This performance is achieved using a multiple 
stage GaAs FET design, resulting in > 15 dB of gain from 2 to 18.6 
GHz, and > 12 dB of gain from 18.6 to 20 GHz. 

The HP 8349B can also provide externally-leveled output power 
without using an external coupler and detector, since these compo- 
nents are built-in and are compatible with Hewlett-Packard micro- 
wave sources. The HP 83498 is also equipped with an output power 
display, minimizing the need for an external power meter and en- 
hancing the amplifier's utility. For example, the HP  83498 can be 
placed at  the end of a long RF  cable where the microwave output 
needs to be amplified, leveled and monitored. 

Naturally, the versatile power control features of the microwave 
source (e.g., calibrated power, power sweep, power slope and remote 
power control via the Hewlett-Packard Interface Bus) can be accu- 
rately transmitted through the HP  8349B during external leveling op- 
erations. 

The HP 8349B also has a built-in source module interface, en- 
abling it to properly bias and control the HP  83550 series millimeter- 
wave source modules. Using the HP  8349B and a millimeter source 
module extends the capabilities of any 1 1 to 20 GHz HP microwave 
source to millimeter-wave frequencies. 

Applications 
The broadband high power of the HP 8349B is ideal, whether in a 

versatile bench-top arrangement or a dedicated rack-mount system. 
In antenna testing, the HP  8349B can be placed at  the end of long RF  
cables, delivering high power right to the device under test. In 
EWIECM systems, the HP 8349B can be combined with the H P  
8340818341 B/8360 Series, or the HP  8673 series Synthesized Signal 
Generators to provide high power pulses with little degradation in 
pulse performance. The HP 8349B is also an excellent choice as a 
microwave driver for TWTs, high power amplifiers, or mixers. And 
with a typical noise figure <13 dB, the HP 8349B is often used as a 
pre-amplifier for spectrum analylers and frequency counters. 

Extended Dynamic Range Configuration 

100 miiliwatts across 2 to 18.6 GHz 
< 13 dB typical noise figure 

The dynamic range of a scalar network analyzer measurement sys- 
tem is limited by the maximum output power of the microwave source 
and the sensitivity of the detectors. Using the illustrated configura- 
tion, up to 100 dB of dynamic range can be achieved by combining the 
calibrated dynamic range of the reference detector (R) with that of 
the transmission detector (B) in a ratio measurement (B/R). The H P  
8349B makes this possible by extending the external crystal leveling 
power control of the microwave source. Hewlett-Packard Application 
Note 327-1 discusses this application in detail. 

RFI susceptibility tests can also greatly benefit from the high quali- 
ty amplifying characteristics of the HP 83498. 

Frequency Specifications 
Range: 2-20 GHz 

Output and lnput Specifications (2S°C +S°C) 
Minimum Output Power (at +SdBm input): 

I output 1 
Frequency 

Range (GHz) 
2.0 to 18.6 

1 dB Compression Poinf +21 dBm, nominal 
Power Flatness (Leveled): + 1.25 dB 
Minimum Small Signal Gain (at -5 dBm input): 

2.0 to 18.6 GHz: I SdB 
18.6 to 20.0 GHz: 13dB 

Noise Figure: < 1 3 dB, typical 
Impedance (Input and Output): 50 ohms, nominal 
VSWR: 

Maximum Continuous Input, to the input or output ports: 
+27 dBm (RF), +10V (DC) 

Lmld 

Frequency 
Range (GHz) 
2.0 to 5.0 
5.0 to 11.0 
11.0 to 18.0 
18.0 to 20.0' 

Spectral Purity 
Harmonics (at +20 dBm output): 

2.0 to 1 l .O GHz: <-20 dBc 
1 l .O to 20.0 GHz: <-30 dBc typical 

UnlsveM 

Non-Harmonic Spurious: 1-55 dBc. 
Third Order Intercept: + 33 dBm, nominal. 

19 dBm (80mW) 1 20 dBm (100mW) 

Input 

52.8 
52.8 

'VSWR from 18.0 to 20.0 GHz is typical 

- 

52.8 
52.8 

Puise Transmission Capability 
Rise/FaII Time: < 10 ns typical 

General 
Reverse Isolation: > 50 dB, typical 
RF Input/Output Connectors: Type N Female 
Size: 133 H x 2 14 W x 366 mm D (5.2" x 8.36" x 13.6"). 
Weight: Net, 7 kg (15 Ib): shipping. 14 kg (31 Ib). 

output 

22.5 
52.5 

Ordering Information Price 
HP 8349B 2 to 20 GHz Microwave Amplifier $8,100* 

Opt 001 Rear Panel RF  Input/Output + $100 
Opt 002 Rear Panel RF Input with Front Panel R F  + 16100 

Output 
Opt W30 Extended repair sewice. See page 723 + $165 

For same day shipment, call HP Direct at 800-538-8787 

Lmld 
52.5 
52.5 - 

53.2 
53.2 

Unlmld (typical) 
54.8 
53.8 



AMPLIFIERS 
Microwave Preamplifiers 

HP 84496,706206 

1 to 26.5 GHz frequency range 
28 dB gain 
10 dB noise figure 

HP 706208 
and HP 84498  

- .,* "OC a,, I .,--. .*- .". 

Measure extremely low-level signals 
<-I50 dBm sensitivity at 22 GHz 
Improve measurement speed 

@ -- - - NI*,, --* 
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HP 84498 Preamplifier HP 706208 Preamplifier 
This I to 26.5 GHz high-gain, low-noise preamplifier increases the This new high-performance module for the H P  70000 modular 

sensitivity of any microwave spectrum analyzer, enabling you to de- measurement system has all the features and benefits of a standalone 
tect and analyze very low-level signals in dramatically reduced mea- model. It also sends gain and flatness calibration data directly to an 
surement time. The improved sensitivity lets you widen bandwidths H P  70000 series spectrum analyzer. Bypass mode allows you to view 
and measure low-level signals using much shorter sweep times. high-and low-level signals. Extend performance to 100 kHz with op- 

tion 001. 

Specifications 
Frequency range: 1 .O-26.5 GHz 
Maximum safe input power: +20 dBm 
Maximum dc input: +20 Vdc 
Gain compression: < 1 dB for signals 5 +7 dBm at the output 
(characteristic) 
Gain: >26 dB (20-30" C); 30 dB (20-30' C); >23 dB (0-55" C) 
Noise figure: Band Specified Typical 

1 .O-12.7 GHz < 8.5 dB 7 dB 
12.7-22.0 GHz < 12.5 dB 9 dB 
22.0-26.5 GHz < 14.5 12dB 

Third-order intercept: + 15 dBm at the output (characteristic) 
Second harmonic intercept: +30 dBm at the output 
(characteristic) 
Frequency response: Band Variation 

1 .O-26.5 GHz +4.5 dB (0-55" C)  
2.0-22.0 GHz +2.4 dB (20-30" C, 

typical) 
Amplitude temperature drift 5-0.1 2 dB/" C (characteristic) 
Displayed average noise level, Odb awn, 10 Hz m BW 
(characteristic) 

With the H P  8563A With the HP 8566B 
Band Band 
1 .O-2.9 GHz -153 dBm 1 .O-2.5 GHz -155 dBm 
2.75-6.46 GHz -154 dBm 2.0-5.8 GHz -154 dBm 
5.86-13.0 GHz -146 dBm 5.8-12.5 GHz -150 dBm 
12.4-19.7 GHz -141 dRm 12.5-18.6 GHz -144 dBm 
19.1-22126.5 GHz -136 dBm 18.6-22.0 Ghz -140 dBm 
RF input/outpuk APC-3.5 (m), 50-ohm (nominal) 
Input VSWR: 1 .O-2.0 GHz 2.0: 1 

2.0-12.5 GHz 1.5:l 
12.5-26.5 2.0: 1 

Output VSWR: 1 .O-26.5 GHz 2.0: 1 
Reverse isolatian: >75 dB 
Temperature: operation, 0" to + SSO C; storage, -40" to +75" C 
EMI: FTZ 1046; CISPR Pub I I; MIL-STD 461C, part 7. CEO3 and 
RE02 
Power requirements: 100.1 20,220, or 240 volts (+lo%), 47-63 Hz 
Calibration cycle: 3 years (recommended) 
Weight: net, 4 kg (8.8 Ib) nominal 
Size: l O 2 H x 2 1 3 W x 2 9 7 m m D ( 4 " ~ 8 . 4 " ~  11.74") 

Specifications 
Frequency range: 1 .O-26.5 GHz; 100 kHz-26.5 GHz (opt 001) 
Maximum safe input powm +20 dBm 
Maximum dc input: +2O V; + I0  V (opt 001) 
Gain compression: < 1 dB for signals < +7 at  preamp output 
(character~stic) 
Displayed average noise level (0 dB input atten, 10 Hz m BW) 
with the H P  7121OC 
Band With preamp Preamp b y p a d  
1.0-2.9 GHz -1 55 dBm -1 38 dBm 
2.7-12.8 GHz -153 dBm -132 dBm 
12.6-22.0 GHz -1 50 dBm -130 dBm 
Bypass insertion loss, characteristic: 0 Hz-2.9 GHz, < 1.0; 2.7- 
12.7 GHz, <I.$; 12.7-26.5 GHz, <2.5 
Thirdarder intercept: + 15 dBm at preamp output (characteristic) 
Second harmonic intercept: +30 dBm at preamp output 
(characteristic) 
Amplitude temperature drHt: 1-26.5 GHz 5 -0.12 dB/"C 
(characteristic) 
RF inputfoutput: APC-3.5 (m). 50-ohm (nominal) 
Input VSWR: Band With preamp Preamp bypassed 

1 .O-2.7 GHz 2.2: 1 1.3:l 
2.7-12.7 GHz 1.6:l 1.7:1 
12.7-26.5 GHz 2.8:l 2.4: 1 

Output VSWR: Band With preamp Preamp bypassed 
1 .O-2.7 GHz 2.0: 1 1.3:l 
2.7- 12.7 GHz 2.0: 1 1.5:1 
12.7-26.5 GHz 2.2:l 2.2:l 

Excess noise source drive: +28 VDC out (used to drive H P  
346A/B/C excess noise source BNC (f) 
Reverse isolation: > 75 dB 
Calibration cycle: 3 years (recommended) 
Weight: net, 1 .X kg (4 Ib) nominal 

Ordering Information 
H P  8449B 1-26.5 GHz preamplifier 

Opt 907 front handle kit 
Opt 908 rack mount kit (half rack width) 

H P  70620B 1-26.6 GHz preamplifier module 
Opt 001 100 kHz-26.5 GHz 
Opt 098 H P  70900A controller board upgrade kit 
for R O M  versions 850730 or 860203 
Opt 099 firmware upgrade kit for ROM versions 
between $61015 and 900314 

Price 
57,000 

+565 
+%SO 

S8.000 
54,500 

SO 



FUNCTION GENERATORS & WAVEFORM SYNTHESIZERS 
General Information 

Introduction 
Hewlett-Packard offers a wide variety of 

signal sources for almost any application, in- 
cluding function generators, and frequency 
or waveform synthesizers. Output frequen- 
cies range from 1 pHz to 80 MHz. 

For higher frequency applications. refer to 
the "Signal Generators" and "Sweep Oscil- 
lators" sections of this catalog. 

Standard 
Standard function generators typically of- 

fer a variety of waveforms, such as sine- 
wave, square, triangle and ramp. 

The HP 81 11A offers, in addition, pulse 
capabilities and the HP 3312A has modula- 
tion and sweeping capabilities. Both genera- 
tors can be used in manual operation only. 

Multi-Functional 
Functionality describes function genera- 

tors which are capable of more than generat- 
ing a variety of waveforms. For example up 
to 150 vectors can be defined with the 
HP  3314A for the generation of arbitrary 
signals. 

Analog/Digital Arbitrary Waveforms 
The HP X 175A Digital Signal Generator 

is a data generator, which provides, with the 
option 00.2, arbitrary signals on two analog 
channels. Digital pattern and analog signals 
can also be generated simultaneously. 

Synthesized Arbitrary Waveforms 
The HP 8770A in conjunction with an 

HP  9000 series 300 Desktop Computer and 
the HP  11776A Waveform Generation 
Software is a complete system for the genera- 
tion of most complex arbitrary waveforms 
with synthesizer accuracy. Waveforms can 
becreated in both the timeand frequency do- 
main. 

Multifunction Synthesized Waveforms 
The HP 8904A Multifunction Synthesizer 

digitally creates a multitude of complex 

signals from six simple waveforms. It begins 
with a SynthesizerJFunction generator offer- 
ing standard waveforms, DC and noise. Op- 
tion 001 adds three channels which can 
modulate the first synthesizer, option 002 
adds a second independent synthesizer out- 
put. Modulation capabilities include AM, 
FM, PM, DSB and pulse. 

Fast 
These instruments offer all of the standard 

waveforms over the full frequency range up 
to 50 MHz. The HP 81 16A and HP 8165A 
combine these features with different modes. 
modulation and sweep capabilities. Both in- 
struments can be used as pulse generators. 
The HP8165A with its frequency stability of 
1 ppm/day has synthesizer quality. 

HP Function Generators Summary I 

HP Moddr 

Stne Wave 
Mtn Frequency 
Max Frequency 

Waveforms 
Square 
Tr~angle 
Ramp 
Pulse 
Arbttrary 

Modes 
Tr~gger 
Gate 
Counted Burst 

Modulat~on 
AM 
FM 
PM 
PWM 

Sweep 
Ltn 
Log 
VCO 

Output (~nto 50 Ohms) 
Ampl~tude (pp) 
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Synthesizers 
Synthesizers provide sinewaves with the 

focus on a very high frequency stability and 
excellent level accuracy. You can choose 
among different output impedances. The 
H P  3335A generates sinewaves up to 
81 MHz and the H P  3336A/B/C has modu- 
lation capabilities. 

Synthesized Function Generators 
Synthesized function generators combine 

the frequency stability of a synthesizer with 
the feature set of the function generator. The 
H P  3324A has good synthesizer performance 
and versatile sweep modes which are phase 
continuous over the full frequency range. In 
addition, the H P  3325B provides various 
modulation capabilities and excellent synthe- 
sizer performance. The HP 3326A plays a 
special part because of its two channels, 
which can be combined in various ways to 
produce two-tone signals or calibrated two- 
phase signals. 

HP Function Generators Summary II 

Which tunction generator do you 
need? 

HP's function generators and synthesizers 
are the best solution for most applications. 
The tables shown on these two pages will help 
you to determine the right one for your appli- 
cation. The instruments are split into catego- 
ries, depending on their main specifications. 
For an explanation of the instrument's full 
range of capabilities, see the following infor- 
mation. 

Broad application range 
If your applications involve a large variety 

of measurements then one of HP's standard 
function generators is the right solution. 

Simulating real life signals 
HP's Arbitrary Function Generators are 

dedicated for the simulation of real-life sig- 
nals. Ranging from disc drive or video test 
signals to mechanical vibration simulation. 
Applications such as VOR. FM stereo and 
communications signalling are covered by 
the Multifunction Synthesizer HP 8904A. 

Versatility and speed 
Many applications require standard 

waveforms over the full frequency range up 
to 50 MHz and with versatile operating 
modes. These requirements can be fulfilled 
with the HP  81 16A and HP 8165A. Espe- 
cially for those applications requiring 
50 MHz in conjunction with good frequency 
stability the H P  8165A can be recommend- 
ed. 

Highly accurate reference sources 
Applications such as PLL-testing, calibra- 

tion of measurement instruments and testing 
of Frequency Division Multiplex equipment 
are ideally suited for HP's synthesizers. The 
very stable frequency source and the excel- 
lent level accuracy make these synthesizers 
the right choice if a reference source is re- 
quired. 

Accuracy and versatility 
Synthesized function generators are for 

those applications which require a combina- 
tion of an accurate frequency source and a 
versatile function generator. Sweeping over 
the entire frequency range without any phase 
discontinuity makes these generators ideal 
for applications such as simulation of rota- 
tion signals and filter testing. Even the cali- 
bration of phase measuring instruments is 
possible by programming a certain phase off- 
set between two generators or using the H P  
3326A's two outputs. 



FUNCTION GENERATORS & WAVEFORM SYNTHESIZERS 
Functlon Generator 
HP 3314A. 3312A 

Lln/Log sweeps, gate, counted burst, AM/FM/VCO 
Arbitrary waveform generator 
Phase lock xN and +N modes, f/2-cycle mode 

I 
DEIGNED rDIl 

HP3314A 
SYSTEMS 

HP 3314A Multi-Waveform Generator 
The HP 331 4A Function/Waveform Generator has the precision 

and versatility to produce numerous waveforms. Its feature set in- 
cludes accurate sine, square, and triangle waves, with ramps and 
pulses available using variable symmetry. Additional features include 
counted bursts, gate, lin/log sweeps, AM, FM/VCO, dc offset, and 
phase lock. For increased versatility, the arbitrary waveform mode 
allows a countless number of user-defined waveforms. Because com- 
plete programmability is provided, all of these capabilities are availa- 
ble for ATE systems, as well as bench applications. 

Precise Functions 
The HP 33 14A provides sine, square, and triangle waveforms from 

0.001 Hz to 19.99 MHz with an amplitude range of 0.01 mV to 
I0 Vp-p into 50 ohms, with optional 30 V p p  into > 500 ohms. 

Continuous waveforms are provided with high accuracy and low 
distortion, with frequency accuracy on the upper range of 0.01% and 
sine distortion <-55 dBc to 50 kHz. 

Pulses and ramps are provided to 2 MHz using the variable symme- 
try control over the full 5% to 95% symmetry range. This provides 
narrow pulses with 9 ns rise/fall times for digital circuit testing, and 
positive or negative ramps for amplifier testing and process control. 

Independent dc offset to a 5  V (into 50 ohms) can be added to any 
ac signal. A post-attenuator summing technique is used to provide 
large ac signals with small offsets and vice versa. 

Bunt and Gate 
The N cycle burst mode generates an integer number of complete 

cycles at  each trigger. Bursts of 1 to 1999 cycles are possible for use in 
applications ranging from sonar testing to digital circuits. Variable 
symmetry and start/stop phase can be used to produce single ramps 
and haverwaves. 

Like burst mode. gate mode can be triggered internally or external- 
ly. In gate. the HP  33 14A output consists of complete cycles, pulses or 
arbitrary waveforms which start when the trigger is true, and stop 
after the trigger goes false. In gate and burst modes, the full frequen- 
cy range applies for sine, square, triangle. pulse, and ramp 
waveforms. 

l /2  Cycle and Integer Phase Lock Modes 
The YZ cycle burst mode allows simulation of specialized signals 

found in electronics. At each trigger, alternating 1/2 cycles of sines or 
triangles are produced. With the addition of variable start/stop phase 
and symmetry, pulses with variable rise/fall time and overshoot can 
be produced. Repetition rate. 'b cycle frequency, symmetry, and 
phase can be set independently to produa a variety of waveforms. 

The Fin X N and Fin + N modes provide powerful phase locking 
capability. With integer phase lock. fractions or multiples of the ref- 

erence signal can be provided, and a200 dep of phase offset is availa- 
ble. The HP 3314A phase locks to the plus or minus edge of the trig- 
ger signal; it can lock to a variety of signals such as sines, squares, 
pulses, ramps, and others, with complete control of output function, 
symmetry, N. phase, amplitude and offset. 

Madulation and Sweep 
Complete AM, FM/VCO modulation give the H P  3314A versatile 

signal modifying capabilities. With 100 kHz bandwidths, AM and 
FM/VCO can be used separately or simultaneously to produce many 
waveforms. 

Multi-frequency measurements can be made with HP  3314A 
sweep capabilities. Linear, logarithmic, and manual sweep make 
measurements of filters, amplifiers, and other networks convenient 
and accurate. X drive. marker, and trigger output signals are also 
provided. 

Arbitrary Waveforms 
For specialized low frequency applications, you can use the 

HP  3314A arbitrary (ARB) waveform mode to create custom 
waveforms as a series of voltage ramps or vectors. Values are easy to 
enter from the front panel, using the modify knob as a pencil and an 
oscilloscope as a pad. For remote programming, use a desktop or 
mainframe computer to calculate the values, then program them us- 
ing the HP-IB. Arbitrary waveforms are automatically stored in non- 
volatile memory for quick recall. 

Two Sources in One 
A square-wave trigger source is included for generation of complex 

waveforms with a single HP  3314A. The 0.5 mHz to 500 kHz internal 
trigger is useful in gated, burst, and phase locked waveforms. This 
signal is provided as an output for synchronizing the HP 3314A to 
other devices. 

Specifications 
Frequency 

Range: 0.001 Hz to 19.99 MHz-sine, square and triangle 
w;~vcforms, 0.001 Hz through 2 MHz range when symmetry f 
5 0 7  
kesolution: 3 112 digits. 
Accuracv 

I I 5  HZ-199.9 kHz I 0,I Hz-199.9 kHz 1 $ ~ ~ % ~  I 
Autorange 

0 OO1 Hz-19.99 Hz I OOO1 Hz-19.99 Hz I i (0.48 settina 
m w  

150 kHz-19 99 MHz 

Frequency Sweep 
Linear: 0 to 2 decades, 7.2 ms to 1999 s/sweep 
Log: 1 to 7 decades (integer only), 40 ms to 1999 s/decade 
Manual sweep: modify knob tunes between start and stop frequen- 
c~cs .  X drive follows sweep. 

hn). 

X) Hz 50 kHz l MHz 19.99 MHz 

Modulation Inputs: 
1 Bandwidth 1 smslmY I h l K a  1 Z 1 

Amplitude 
Range: 0.01 mVpp  to 10 V p p  into 50 Q. 
Resolution: 3-1 /2 digits. 
Absolute Amplitude Accuracy: 10 kHz, 1.00-10.00 Vp-p. 
Autorange ON 
+( l '?c of display + 0.035 Vpp),  sine and square wave. 
+(I% of display + 0.06 Vpp),  triangle. 
Flatness-sinewave relative to 10 kHz, 1.00V to 10.OV (range 4). 

I kHz.19.99 MHz 

i.07 dB 

t0.16 range) 
+(0 018 setting 
t 5 0  pprnlyr) 

t .33 dB I i1.5 dB 

AM dc to 100 kHz 

FM: 100 Hz to 100 kHz 

VCO: dc to 100 kHz 

2 Vp-p for lW% 
-1 Vdc for 
suppressed carrier 
+1 Vp tor 
1% of range 
dev~ation 
1081volt 

> I008 10 kil 

+ 1%of 
freq. range 

+I to -lOV 

I 0  kil 

I 0  M 



FUNCTION GENERATORS & WAVEFORM SYNTHESIZERS 
Functlon Generator 

HP 3314A, 3312A 

Waveform Characteristics 
Sine harmonic distortion: individual harmonics will be below 
these levels, relative to the fundamental. 

20 Hz 50 kHz 1999 kHz 19.99 MHz 
I -55 dB I -40 dB I -25 dB 1 
Square wave rise/fall time: 
< 9 ns, 10% to 90% at 10 Vp-p output. 
N integer: 

N = 1 to 1999. Preset to 1 
For Phase-lock Fin + N, Fin X N 
or N CYCLE (counted burst). 

Function invert: inverts ac portion of signal outputs. 

Phase 
Phase W t - p h a s e  lock modes 

Resolution: 0. I O 

Range: * 199.9" 
Startlstop p h d n t  modes 

Resolution: 0. l 
Range: +90.0° for frequencies to 19.99 MHz. 

Trigger 
Internal trigger 

Range: .002 ms (500 kHz) to 1999 s (0.5 mHz) square wave. 
Period accuracy: + (0.01% (+ 50 ppm/year) of displayed inter- 
val (excluding sweep intervals). 
Trigger output: Low <0.5 V, high >2.5 V; output resistance 1 kR. 

External trigger 
For Gate, N Cycle, 112 Cycle, Fin X N. Fin + N, and external 
sweep triggers. 

Frequency range: 50 Hz to 20 MHz. 
Trigger slope: selectable, positive or negative. 

Symmetry 
Symmetry range: 5% to 95% of period, 2 Hz-2 MHz ranges 

Arbitrary waveforms 
Output consists of a series of voltage ramps called vectors. Arbitra- 

ry waveforms can be composed of 2 to 150 vectors. A maximum of 
160 vectors can be stored in six available storage registers with a min- 
imum of 2 vectors per waveform. Features include MARKER and 
SYNC outputs and a GATE mode. Practical frequencies are 
0.002 Hz to 2.5 kHz. 

Option 001 - Voltage Multiplier 
Simultaneous X3 amplitude output on rear panel (into > 500 Q. 

30 Vp-p max, dc to 1 MHz. 

bcncr.1 
Power: 100/ 120/220/240 V + 5% -10%. 48 to 66 Hz 95 VA maxi- 
mum. 
Weight: net. 7.3kg (161b); shipping, 10.5kg (231b). 
Size: l32.6H x 21 2.3W x 419.0mmD (5.22" x 8.36" x 16.50") 
HP-IB 
IEEE Standard 488-1978 abbreviated definition. 
SHI AH1 T6TEOL3 LEOSRI RLI PPODCI DTI COE2. 

Ordering Information Price 
HP 3314A Function Generator 164,800 

Opt 0 1  Simultaneous X3 Output +5265 
Opt W30 Extended Repair Service. See page 723. +$I 15 

Two function generators in one instrument 
AM-FM, sweep, trigger, gate and burst (int & ext) 

HP 3312A 

HP 3312A Function Generator 
The HP 3312A Function Generator combines two separate, inde- 

pendent function generators with a modulator section in one compact 
instrument. The main generator can-via pushbutton control-be trig- 
gered by the modulation generator to provide sweep functions, AM, 
FM or tone burst, and includes dc offset up to 10 volts p-p into 50 Q. 
Specification Summary 
Output waveforms: Sine, square, triangle, +ramp, pulse. AM, FM. 
sweep, triggered and gated. 
Frequency characteristics 

Range: 0.1 Hz to 13 MHz in 8 decade ranges. 
Dial accuracy: +5% of full scale. Unspecified in Uncal Mode. 
Square wave rise or fall time (10% to 90%): <20 ns. 
Variable symmetry: 80:20:80 to 1 MHz. 
Sine wave distortion: <0.5% (-46 dB) THD from 10 Hz to 
50 kHz. (10 kt17 range maximum). (>30 dB below fundamental 
from 50 kHz to 13 MHz, at full-rated output.) 

Output characteristics 
Impedance: 50 R I 10%. 
Level: 20 Vp-p into open circuit, > I 0  Vp-p into 50 Q at 1 kHz. 
Level flatness (sine wave): <+3% from 10 Hz to 100 kHz at full 
rated output (1 kHz reference). <+ from 100 kHz to 10 MHz. 
Sync output: Impedance: 50 R *lo% > 1 Vp-p square wave into 
open circuit. Duty cycle varies with symmetry control. 
dc offset: Variable up to * 10 volts. Instantaneous ac voltage + Vdc 
offset cannot exceed + I 0  V (open circuit) or ;t 5 V (50 R). 

Modulation charuteristii  
Types: Internal and external AM, FM, sweep, trigger, gate or 
burst. 
Waveforms: Sine, square, triangle, ramp or variable symmetry 
pulse. 
Frequency range: 0.01 Hz to 10 kHz. 

Amplitude and frequency modulation 
Depth: 0 to 100% (AM), 0 to 5% (internal FM) 
Modulation frequency: 0.01 Hz to 10 kHz (internal). dc to 
> 1 MHz (AM external), dc to >50 kHz (FM external). 

Sweep characteristics 
Sweep width: > 100: 1 on any range. 
Sweep rate: 0.01 Hz to 10 kHz, 90:lO ramp. 

Gate characteristics 
Startlstop phase range: +90° to -80". 
Frequency range: 0.1 Hz to 1 MHz (useful to 10 MHz). 

External frequency control and FM 
Range: 1000: 1 on any range. 
Linearity: 0.5% of Fmax for Fmax I 1 MHz, freq. span I 100:l. 

General 
Power: I00 V, 120 V, 220 V, 240 V, +5%, -10%. switchable; 48 Hz 
to 440 Hz; 530 V A. 
Size: 102 H x 213 W x 377 D (4" x 8.4" x 14.8"). 
Weight: net, 3.8 kg (8.4 Ib); shipping, 5.9 kg (13 Ib). 

Ordering Information Price 
HP 3312A Function Generator S 1 6 0 0 s  

Opt W30 Extended Repair Service. See page 723. 550 
For same day shipment call HP DIRECT at 800-538-8787. 



FUNCTION GENERATORS & WAVEFORM SYNTHESIZERS 
Universal Source 
HP 3245A 

Precision DC outputs with 6'/2 digits of resolution Non volatile storage of up to 14 setups 
Synthesized AC with 0.4% amplitude accuracy Second channel output available 
Sine, Square, Triangle, and ARB to 1 MHz Phase continuous frequency changes 
Ramp and pulse to 100 KHz Optional software for waveform modification 
Floating outputs Downloadable subroutines 

@=b SYSTEMS 

Description 
The HP 3245A Universal Source offers a unique mix of precision 

DC capabilities with versatile AC performance, including arbitrary 
waveform generation. This versatility can be put to advantage on the 
bench, where the HP  3245A may well be all the source you will ever 
need. The HP 3245A can also fit into your Computer Aided Test Sys- 
tem, providing the capabilities of AC, DC, and second channel op- 
tions in a single 3.5" tall instrument. 

Precision DC 
The HP 3245A provides precision DC outputs of both voltage and 

current. In the high-resolution mode, you get 24-bit resolution with 
60 ppm, 90-day accuracy. The low-resolution mode provides 12-bit 
resolution with 100 usec settling times. This type of precision means 
you can use the H P  324% to test A/D converters, Voltage to Fre- 
quency converters, VCO's, transducers, and anywhere that a highly 
accurate DC voltage or current is required. There are two output 
ranges in the high resolution mode; +I volt and *I0 volts. In the low 
resolution mode, there are 7 ranges. In current, there are four ranges 
of output, from 0.1 mA to 100 mA. Output impedance is selectable as 
either zero ohms or 50 ohms. 

Accurate AC 
The HP 3245A can generate AC voltage outputs, including sine, 

triangle, and square waves, at frequencies of up to 1 MHz. Variable 
duty-cycle pulse and ramp outputs can be generated at up to 100 kHz. 
In the AC mode, the HP  3245A can make phase continuous frequen- 
cy changes "on-the-fly". All AC waveforms are synthesized, and have 
0.001 Hz resolution and 50 ppm frequency accuracy. 90-day ampli- 
tude accuracy for Sine, Ramp, and ARB is 0.35% of output + 0.4 1 % 
of range. 

Second Channel Option 
The addition of a second channel allows for the generation of two 

waveforms, either independent, or phase related to one another. The 
second channel output can be phase synchronized to the first channel. 
or to an external input. Such capablllti6l are eSpeClally useful if yuu 
are doing modem testing, tone sequence generation, DTMF genera- 
tion, or FSK generation, or anywhere where twooutputs are required. 

Arbitrary Waveform 
The HP 3245A offers arbitrary waveform operation at  a full 1 

MHz bandwidth. This is acomplished by a sampling technique 
whereby the values loaded into RAM are sampled at approximately 
4.3 MHz and then run through a 1.25 MHz 5-pole low-pass filter. 
This allows full 1 MHz rep rate while maintaining 0.001 Hz resolu- 
tion at any frequency. The HP 3245A can also store multiple arrays 
that can be accessed for arbitrary waveform generation. Array depth 
is 2048 bytes. 

Waveform Generation Software 
A powerful software package, useful for creating specialized 

waveforms. is available as an option to the H P  3245A. This menu 
driven software facilitates the capture of a waveform using a seperate 
hardware digitizer, such as the H P  3458A. The waveform can then be 
modified, if desired. The waveform can then be played back via the 
HP  3245A. The use of a graphics tablet makes the modifying of 
waveforms especially easy. The software also contains a library of 
standard waveforms which can be used as is, or mixed with other 
waveforms to generate complex outputs. 

System Operation 
The HP 3245A includes features that make it especially powerful 

in system applications. Because it contains many BASIC-like con- 
structs, such as I F .  . THEN and FOR.  . NEXT, it is possible to have 
the HP 3245A do much of the work that normally would require in- 
tervention from the host computer. Now, subroutines can be 
downloaded to the HP  3245A, which can then run stand-alone, mini- 
mizing host computer interaction. Built in math capabilities add to 
the power of the HP 3245A. Electronic calibration is both easy and 
accurate, and does not require that the instrument be removed from a 
rack or opened up to perform a calibration. 

All the above features combine to make the H P  3245A a truly uni- 
rorjal oouroe, oombining p r 9 ~ ; ~ ; n -  nr n ~ l t p l t c ,  ~ P r n t v l t ~  A C  
waveforms, and arbitrary waveform capabilities, all in a single instru- 
ment. 



DC Volts Out~ut 

Low resolution mode 

High resolutionmode 

~~ - - ~  

Resolution Resolution 
0.0783 25V 
0.15625V 
0.3125V 157 pV 157 pV 
0.625V 313 pV 313 pV 

1.25V 625 uV 625 uV 

m 

Current compliance: I00 mA on all ranges 
Settling time (Delay 0): 

High resolution mode: 
0.15% of step: 20 rns 
0.001% of step: 40 ms 
(1  s if function changed) 

Low resolution mode: 
O.l%ofstep(ORMode): 100ps 

(50 R Mode): 25 ps 
0.5% of step (50 R Mode): 5 ps 

Overshoot: 
High Resolution Mode: <5% of step + 0.1 5% of range 
Low Resolution Mode: ~ 3 0 %  of step + 2% of range 

DC Volts Accuracy (< 10 Hz noise): + (%of programmed output 
+ volts), impedance mode, >I  MR load. Tcal is the temperature of 
calibration from 18OC to 28'C. One hour warm-up. 
24 Hour: Tcal + l C  

ODModr 
Resolullon 

U)lmd8 
R&utlon 

90 DAY: Tcal t S ° C  
High Rmiutlon Mode 1 Low Resolution Mode 

10 V 
I V 

Range I Accuracy I Range I Accuracy 
10V I 0.0038% + 180 rV I 1 0 ~  I 0.17% t 3 7 m ~  I 1V 0.0042%+3lpV 5: O.l7%+19mV 

0.17% t 9.2mV 
0.17% t 4.6mV 

0.625V 0.17% + 2.5mV 
0.3125V 0.17% + 1.3mV 

0.15625V 0.17% + 0.73mV 

DC Current Output 
Resolution 

0 0007% + 85 pV 
O0008%+ 15rV 

Resolution Resolution 
O.lmA 0.1 nA 

lOmA lOnA 
l00mA l00nA 

0 09% of Output + 0 02% of range 
(for all ranges) 

SO DAY: Tcal +SC. After one hour warm-up. 
Hlgh Resolution Mode 1 Low Rsrdution Mode 

Range ] Accuracy I Range 1 Accuracy 
IOOmA 1 0.02028 + 3 . 3 d  1 100mA I 0.326 + 400 UA 

AC Volts Output Characteristics 
(sine, square, ramp. arbitrary) 
Frequency range: 
0 to 1 MHz for sine, arbitrary and square (at 50% duty cycle) 
0 to 100 kHz for ramp 
0 to 100 kHz for square w/duty cycle not equal to 50% 

lOmA 
1mA 

O.lmA 

Amplitude and/or offset resolution: 

0.0074m~ + 220 nA 
0.00528 t 20 nA 
0.0052% + 3.3 nA 

.3125V 157 pV 
313 pV 313 pV 

1.25V 625 pV 625 pV 
1250 pV 1250 pV 
2.5 mV 2.5 mV 

1OV 5.0 mV 5.0 mV 
20v 10.0 mV 

Amplitude can be set from 10% to 100% of range. 

Range 
(Peak-Peak) 

.15625V 

ac amplitude accuracy (Slm, Ramp, Arbitraw) 
24 Hour: Tcal + l C 0.16% of output + .25% of range 
90 Day: Tcal +SC 0.29% of output + .36% of range 

lOmA 
ImA 

O.lrnA 

Sinewave characteristics (50 QMode): 
I Harmonic end I 1 

0.30% + 52 
0.25% '0 3.8 pA 
0.258 + 0.38 fl 

50 R Mode 
Resolution 

79 uV 

Frequency 
<3kHz 
to 10 kHz 
to 30 kHz 
to 100 kHz 
to 300 kHz 

0 R Mode 
Resolution 

- 

Spurious Levels 
(amp1 250%) 

of ran e)* 
< - 62 dB 
< - 62 dB 
< - 55 dB 
< - 46 dB k < - 4 0 d B  

THD (amp12 Flatnws in 
50% of ranp) reference to 

< - 56 dB .07 dB 
< - 50 dB .07 dB 
< -48dB  .07 dB 
< - 46 dB .20 dB -I- .60 dB 

[ to 1 MHz I < - 4 0 d B  I - 2.00 dB I 
'sdditional fixed spurious msponm >4MHz: 500pVrms 

Squarewave characteristics (50 Q Mode): 
risetime: <250 ns, 10% to 90% 
settling time: < 1 ps to 1% of amplitude 
overshoot: < 5% of peak-to-peak amplitude 
duty cycle range: 5% to 95%, 0 to 100 kHz 

50% above I00 kHz 
duty cycle accuracy: *(0.8% of period + 120 ns) 

Frequency resolution: 0.001 Hz 
Frequency accuracy: a 5 0  ppm, 18 to 28 C 
Frequency temperature Coefficient: +I ppm/C 
Phase onset: 

Range: -360 to +360 degrees 
Resolution: < 0.001 degrees 

Ramp linearity to 1 kHz (50 QMode): 
0.34 of p-p value measured @SO% duty cycle from 10% to 90% 
point 

Ramp duty cycle range: 5% to 95% with < 0.1% resolution) 

Ordering Information 
H P  3245A Universal Source 

Opt 001 Second Channel Output 
Opt 005 Waveform Generation Software 
Opt 907 Front Handle Kit 
Opt 908 Rack Flange Kit 
Opt 909 Rack flange and Handle Combination Kit 
Opt W30 Extended Warranty 

Price 
$ 4,400 

+$2,600 
+$400 

+660 
+635 
+$85 

+$I26 



FUNCTION GENERATORS & WAVEFORM SYNTHESIZERS 
Multifunction Synthesizer 
HP 8904A 

Sinewaves dc to 600 kHz One to four internal channels 
Square,ramp,triangle dc to 50 kHz AM, FM, #M, DSBSC and pulse modulation 
12-bit direct digital synthesis External timing control of fast hop 
Tone, DTMF, digital, Hop Ram sequence modes Unit to unit phase synchronization 
One or two outputs Optional 600 high power, balanced output 

HP 8904A Multifunction Synthesizer 
The HP 8904A multifunction synthesizer uses the latest VSLlC 

technology to create complex signals from six fundamental 
waveforms. The standard HP  8904A digitally synthesizes precise 
sine, square, triangle, ramp, white noise, and dc waveforms. Option 
001 adds three moie identical internal synthesizers (channels), which 
either can modulate the first svnthesizer or be summed to the o u t ~ u t .  
Option 001 also adds an FM stereo composite mode and four'se- 
quencing modes to the HP  8904A. Option 002 adds a second output 
providing a second separate signal for two channel applications. Op- 
tion 003 adds fast hop and digital modulation capability to the 
H P  8904A. Option 005 allows multiple HP  8904A's to be phase- 
synchronized for applications that require more than two phase- 
related outputs. Option 006 changes output 1 from a 50R output to a 
transformer-coupled, 600R balanced output. All this unique capabili- 
ty makes the HP  8904A a powerful waveform generation tool for a 
broad spectrum of applications. 

Function Synthesizer 
The HP 8904A multifunction synthesizer delivers synthesizer ac- 

curate sinewaves from 0 Hz to 600 kHz with 0.1 Hz resolution. The 
HP 8904A also has five other standard functions: square, triangle, 
ramp, dc, and Gaussian white noise. Square, ramp and triangle func- 
tions cover the 0 Hz to 50 kHz range . All waveform values in the 
HP  8904A are DIGITALLY calculated in real time by Hewlett- 
Packard's Digital Waveform Synthesis IC yielding signals with 
12-bit digital accuracy and exact repeatability. Full HP-1R program- 
mability is also included standard on the H P  8904A. 

Two Outputs 
Option 002 adds a second, identical synthesizer and floating 50R 

output section to the HP  8904A. Frequency, amplitude, waveform, 
and phase can be independently set for the two sources. Although 
both synthesizers are independent, the relative phase between the two 
outputs is precisely controlled. Either synthesizer can be varied in 
phase relative to each other, from 0 degrees to 359.9 degrees with a 
resolution of 0.1 degree. Testing phase detectors, servo systems, shaft 
encoders, sonar, and other phase-sensitive two-port devices is easy 
and accurate with the HP  8904A Option 002. 

Complex Signal Generation 
Option 001 adds internal synthesizers for a total of four which can 

modulate channel A or be summed to give complex waveform gener- 
ating capabilities to the HP  8904A. All four synthesizers are indepen- 
dent with precise phase offset capabilities. These synthesizers can be 
DIGITALLY summed before routing to the 12-bit digital-to-analog 
converter. In addition to summing, Option 001 allows channels B, C .  
and D to be used as modulation sources for channel A. Modulation 
types for channel A include: AM, FM, +.M DSBSC, and pulse modu- 
lation. Using channel summing along with modulation of channel A, 
you can create many complex waveforms with the HP 8904A Option 
001. 

FM Stereo Composite Mode 
Option 001 also includes a special mode for generating FM stereo 

composite signals. Test signals in this mode include Left=Right, 
Left=-Right, Left Only, and Right Only. Single keystrokes select 
test-tone frequency, composite level, test-signal mode, and pilot tone 
level. Digital synthesis combined with excellent analog performance 
yields typical stereo separation of greater than 65 dB over the full 20 
Hz to 15 kHz audio bandwidth. 

Communication Signaling 
Besides the extra channels and fm stereo mode. Option 001 adds 

four sequence modes to the HP 8904A: tone. DTMF. digital. and hop 
ram sequence modes. These modes make the HP 8904A a powerful 
tool for use in communications signaling. Tone and DTMF modes 
allow creation of tone sequences up to 750 states in length built from 
16 user-defined tones. DTMF mode uses the sixteen standard 
telephone frequency pairs, while tone mode allows user entry of 16 
tone frequencies. Minimum on time for each tone is 800 ps for tone 
mode and 1 ms for DTMF mode. Digital sequence mode can generate 
bit streams up to 3000 bits in length with a minimum bit period of 100 
gs. Hop ram sequence mode allows entry of 16 tones, each with an 
associated amplitude, frequency, and phase value. Unlike the other 
sequence modes, hop ram mode uses frequency rather than time to 
determine sequence timing. Sequences up to 3000 states long can be 
created if only two of the sixteen tones are used, or 750 states long if 
all sixteen are used. Maximum sequence frequency is 10 kHz. All 
sequence modes contain extensive sequence editing features. 



Fast Hop 
Option 003 adds the ability to hop the HP  8904A in frequency. 

phase, and/or amplitude. Up to 16 frequency/phase/amplitude 
states can be entered into the 'HOP RAM' memory. To hop, an exter- 
nal device must address the four-bit wide, TTL-level address bus pro- 
vided on the rear panel. As the address supplied to the bus is varied. 
the HP  8904A will hop to the corresponding state stored in that hop 
ram memory location. Fast hop can be performed on channel A only. 
Phase-continuous frequency switching can be done in as little as 8 ps. 
If an HP  8904A is equipped with both Options 001 and 003, channel 
A can be externally hopped while being modulated by or summed 
with internal channels B, C, and D. 

Unit-to-Unit Phase Synchronization 
With Option 005. multiple HP  8904A's can be phase synchronized 

to provide more than two phase related outputs. In the synchronous 
mode, one unit is specified to be the clock controller and all others are 
designated clock receivers. Two signals are then routed from the clock 
controller unit to all clock receivers through external low-loss power 
splitters. To synchronize the units, a phase reset command is given to 
the clock controller HP  8904A via HP-IB or from the front panel. 
Once synchronized, all units will remain at  their specified phase rela- 
tionships. If the frequency or destination of any of the synchronized 
channels is changed, a phase reset command must be given to the 
clock controller to restore phase synchronization. In this mode of op- 
eration, the total phase error between units will be the larger of +0.1 
degree or 60 ns for frequencies from 0.1 Hz to 100 kHz. Up to eight 
HP  8904A's may be synchronized, which will provide for a total of 16 
phase-related signals if all units are equipped with option 002 (second 
output). 

600shm Balanced Output 
Option 006 changes output 1 from a 50 R electronically floating 

output to a transformer-coupled. 600 R balanced output. Option 006 
provides high power, balanced signals into 600 R loads. Maximum 
output is 10 volts rrns into 600 R. The option 006 output restricts the 
frequency range of output 1 to 30 Hz to 100 kHz (usable to 200 kHz 
with a typical rolloff of -4 dB). In addition, complex waveforms such 
as square, ramp, and triangle waveforms are degraded, and dc cannot 
be passed through the option 006 transformer coupled output. In 
many applications, however, the HP  8904A option 006 is a direct re- 
placement for the HP  200CD wide range oscillator. 

HP 8904A Specifications 
(for 50 12 output only unless otherwise noted) 

Frequency 
Range: Sinewave: 0 Hz to 600 kHz 

Square, triangle, ramp: 0 Hz to 50 kHz 
Rewlution: 0.1 Hz 
Accuracy (Internal 10 MHz timebase): 50 ppm 

ac Amplitude (sinewave only) 
Range: 0 to 10 V p-p into a 50 R load 
Resolution: 3 j/2 digits (displayed, actual resolution is = voltage 
range / 4096) 
Accuracy (> 40 mV p p  into 50 R): 
1 % .  0.1 Hz to I00 kHz 
3'6, 100 kHz to 600 kHz 
Flatness: (>630 mV p p  into 50 R): 
+ 0.1% (+0.009 dB), 0.1 Hz to 100 kHz 
+ 1.0% (+0.09 dB). I00 kHz to 600 kHz 

dc Amplitude 
Range: 0 to + 10 V p-p open circuit 
Resolution: 3 '12 digits (displayed, actual resolution is = voltage 
range / 4096) 
Accuracy: the larger of + 20 mV or + 2.1% 

Spectral Purity (sinewave only) 
THD+N (including spurs, amplitude > 50 mV rms into 50 R): 
-63 dBc rrns (0.074).  20 H7 to 7 .  kHz. 30 kHz BW 
-63 dRc rms (0.07%). 7.5 kHz to 20 kHz. 80 kHz BW 
-55 dRc rms (0.18%). 20 kHz to 100 kHz. 750 kHz BW 

Gaussian Noise 
Spectral characteristk Equal energy per unit bandwidth ('white'). 
Time domain characteristic: Gaussian distribution. 
Flatness ( >  100 mV p-p into 50 R): 
typ~call), 0.5 dB. 0. I Hz to 100 kHz 
typically, 1.0 dB. 100 kHz to 600 kHz 

Option 001 Specifications 
Modulation is for channel A only, and specified for sinewave carri- 

er and modulation. External modulation is NOT possible. Internal 
channels B. C, and D can be used to independently or collectively 
modulate channel A. 

Amplitude Modulation (with Option 001) 
Rate: 0 to 600 kHz 
Depth range: 0% to 100 7% of carrier amplitude 

Frequency Modulation (with Option 001) 
Rate: 0 to 600 kH7 
Deviation range: 0 to 600 kHz 

Phase Modulation (with Option 001) 
Rate: 0 to 600 kHz 
Deviation range: 0' to 179.9O/channel 

Pulse or DSBSC Modulation (with Option 001) 
Rate: 0 Hz to 50 kHz (up to 600 kHz for DSBSC). 

Summation (with Option 001) 
Two, three, or four channels can be summed. Two or three channels 

can also be summed for channel A modulation. All combinations of 
channels are acceptable except for: (summing channels A and C while 
also summing B and Dl or (summing channels A and D while also 
summing B and CJ. 
Channel to channel phase .cturacy (equal amplitude 
sinewaves): 
the larger of + 0.1 " or 30 ns, 0.1 Hz to I00 kHz. 

FM Stereo Composite Mode (with Option 001) 
Test moder: Left=Right, Left=-Right, Left Only, Right Only 
Composite signal level: up to 10 VP-p into 50 11 
Precmphasis modes: Off, 25 ps, 50 ps, and 75 ps 
Channel separation: 
[ L - R J  - typicall? - 65 dB, 20 Hz to 15 kHz rates 
[M-S]  - typically > 70 dB, 20 Hz to 15 kHz rates 

Tone Sequence Mode (with Option 001) 
Number of frequencies: 16 tones each with user-definable frequen- 
cy. on-time and off-time 
OnlOff time duration range 0 ms, 0.80 ms to 655.35 ms. 
Timing resolution: 0.01 ms ( I0  ps). 
Timing accuracy: +0.02 ms (+ 20 ps). 
sequence length: 750 steps. "ser definable. 

DTMF Sequence Mode (with Option 001) 
Number of tone pairs: 16 standard DTMF tone pairs (0-9, A-D, #,*) 
with user-deli nable on-time and off-time. 
OnlOff time duration range: 0 ms, l .OO ms to 655.35 ms. 
Timing resolution: 0.01 rns (10 ps). 
Timing accuracy: +0.02 ms (* 20 ps). 
Sequence length: 750 steps, user definable. 



Digital Sequence Made (with Option 001) 
User-definable: On level, Off level, and bit period. 
Bit period duration rangc: 0.10 ms to 655.35 ms. 
Timing resolution: 0.01 ms ( I0  ps). 
Timing accuracy: +0.02 ms ( a  20 ps). 
Sequence length: up to 3000 bits. user definable. 

Hop Ram Sequence Made (with Option 001) 
Number of frequencies: 16 tones each with user-definable frequen- 
cv. ~hase .  and am~litude. 
Scquencc clock irequency range 0. I HZ to I 0 k ~ z .  
Seauence clock treauencv resolution: 0.01 Hz. 
sequence length: 75b step; (all 16 tones used) or 3000 steps (tones 0 
and I used), user definable. 

Option 002 Specifications (50 Q outputs) 
Output 1 to Output 2 phase accuracy (sinewaves at the same 
frequency): a 0 .  l o  or 30 ns. 0.1 Hz to I00 kHz. whichever is greater. 

Option 005 Specifications (50 Q outputs) 
Unit to unit phase accuracy (sine waves only): the larger of + 0.1 
degree or 60 ns. 0. l Hz to I00 kHz. 
Maximum number of synchronized unite 8 units using low-loss 
power splitters to connect units. 
Recommended power splitters: 
5 4 units synchroni~ed: Mini-Circuits model ZSC-4-3 or equivalent. 
< 8 units synchronized: Mini-Circuits model ZFSC-8-1 or - 
equivalent. 

Low-Loss Power Sv l i t ten*  

Sync 
Clock 

I I IIJ 

Option 006 Specifications (sine wave ) 
All specifications for the standard 50 R output H P  8904A are de- 

graded by the accuracy, flatness, and distortion specifications of the 
Option 006, 600 R transformer-coupled output. The Option 006 out- 
put will not pass dc and degrades the performance of square, ramp, 
and triangle waveforms. In addition, digital sequences available with 
Option 001 are degraded when output through the Option 006 trans- 
former coupled output. 
Output type: fully floatinglbalanced transformer coupled output. 
Usable frequency rangc: typically 30 Hz to 200 kHz 
ac amplitude range: 0 to 10 Vrms into 600 R 
ac amplitude accuracy (> 40 mVrms into a balanced 600 R load): 
6 ?4 (0.5 dB), 30 Hz to 20 kHz 
l2%( l .OdB) .30Hzto  100 kHz 
Flatness (>  40 mVrms into a balanced 600 R load): 
+ 0.15 dB. - 0.15 db, 30 HZ to 20 kHz 
+ 0.15 dB. - 0.75 dB. 30 Hz to 100 kHz 

THD+Noise (including spurs. > 140 mVrms into a balanced 600 R 
load): 
-60 dB (0.10 %), 300 Hz to 7.5 kHz, 30 kHz BW 
-63 dB (0.07 %). 7.5 kHz to 20 kHz. 80 kHz BW 
-55 dB (0.18 '7%). 20 kHz to 100 kHz, 750 kHz BW 

General 
Store recall: 35 nonvolatile registers 
Output type (standard unit): 50 R electronic floating or grounded 
output, HP-IB programmable 
Maximum float voltage (50 R output, signal+float): 10 V peak 
maximum from high- or low-output to chassis ground. 
Zero-crossing outputs (available in channel configuration mode 
only): For each channel, a TTL-compatible zero-crossing output and 
polarity output are provided. The zero-crossing output pulses high for 
approximately 600 ns each time the corresponding channel phase 
goes through 0" and 180". The polarity output is high for phases O0 
to 180". and low for 180" to 360". These outputs do not reflect any 
user specified phase offsets. 
External time base input: 10 MHz accepted at a nominal level of 
0.1 to 5 V peak, automatic switching 
Time base output: Output level > 0 dBm (0.3 V peak) into a 50 R 
load. Output signal will be the internal timebase unless an external 
timebase is connected to the external timebase input. When an exter- 
nal timebase is connected, it will be routed to the timebase output 
connector. 
Operating temperature rangc: 0" C to 50" C 
Storage temperature range: -20" C to 70' C 
Remote Operation: HP-IR. All functions except the line switch are 
remotely controllable. 
HP-IB interface capabilitiew SH 1. AH I, T6. TEO, L4. LEO, SRI . 
RI-I. PPI. DCI. DT0,CO 
Power Requirements: I OOV, 120V; + 10%; 48 to 440 Hz 
22OV. 240V: + 10%; 48 to 66 Hz. 80 VA maximum. 
Weight: net 5.9 kg (12.8 Ib); shipping, 13 kg (28.6 Ib) 
Size: 133 H X 21 3 W X 51 3 mm D (5.25" X 8.36" X 20.2"). 
EMI: Meets conducted and radiated interference of VDE 0871 16.8 1 
c l a s  B (radiated at 10 meters). Meets MIL 461 B conducted (CE03) 
and radiated (RE02) interference. 

Ordering Information 
H P  8904A multifunction synthesizer'. 

Opt 001 Add three (two when ordered with option 
002) Internal channels, Channel A modulation, sum- 
mation, FM stereo mode, and sequence capability. 
Opt 002 Add second internal synthesizer and output. 
Opt 003 Add fast hop and digital modulation. 
Opt 004 Connectors on rear panel only (not available 
w~th option 005 or 006). 
Opt 005 Add unit to unit phase synchronization. 
Opt 006 Change Output 1 from a 50 R output to a 
transformer coupled, 600 R balanced output. 
Opt 910 Provides an additional operation and calibra- 
tion manual (08904-90007) and two sewice manuals 
(08904-90008). 
Opt 915 Adds service manual (08904-90008). 
Opt W30 Extended repair service. See page 723 
Opt W32 Calibration sewice. See page 723 

H P  08904-61024 Rackmount kit for a single 
H P 8904A. 
H P  08904-61025 Rackmount kit for mounting two 
HP 8904As side-by-side. 
HP 8904A Retrofit kits (customer retrotittable): 
HP 11816A Retrofit kit  for Option 001. 
HP  11817A Retrofit kit for Option 002. 
H P  11818A Retrofit kit for Option 003. 
H P  11827A Retrofit kit for Option 00S2. 
H P  11837A Retrofit kit for Option 0062. 

' HP-IB cables not included. For dedcrlptlon and price see page 579. 
' not available for units wlth serlal prefix l e 9  than 2948A. 

s For same-day shipment call HP DIRECT at 800-538-8787. 

Price 
$2.950 

+$1,700 



FUNCTION GENERATORS & WAVEFORM SYNTHESIZERS 
1 Hz-20 MHz Pulse/Function Generator 

HP 8111A 

Sine, triangle, square, haverfunctions 
20 MHz, 32 Vpp for all waveforms 
Variable duty cycle or pulse width 

Trigger, gate, VCO and optional burst 
Digital display for all parameters 
Error recognition 

Picture shows 
81 11A with 
Option 001. 
Counted Burst. 

'- 

The HP 81 11A combines pulse generator and function generator Output Characteristics 
capabilities in a single, compact unit. Triggered operation for all (voltages double into high impedance) 
waveforms, and the ability to define rectangular waveforms in terms Amplitude 
of pulse width or duty cycle, are examples of the HP  8 1 1 I A's versatil- Range: 1.60 mVpp to 16.00 Vpp (3% digit resolution). 
ity. Accuracy: 33% (at 1 kHz for sine and triangle). 

Flatness (sine, triangle): a3% (+lo%, -15% above 1 MHz). 
Saves Space and Equipment Offset 

Small size and manifold capability make the H P  81 11A an ideal Range 0.00 mV to 43.00 V (3-digit resolution). 
source for service and bench. Digital display, error detector and good Accuracy: +5% setting a2% amplitude *20 mV 
repeatability assure high operating confidence. This reduces the need (amp1 2 160 mVpp), 
for output monitoring and consequently saves equipment. +5% setting 12% amplitude +1 mV 

(ampl < 160 mVpp). 
Flexible Distortion: THD (1 Hz-1 MHz) c 3% (-30 dB); harmonics 

Operating modes include VCO which permits frequency-shift key- ( I  MHz-20 MHz) < -26 d/Bc. Distortion may increase 
ing and dc-to-frequency conversion as well as sweep and FM applica- by 3 dB below l 0°C and above 45OC. 
tions. Option 001's Burst mode simplifies tone burst generation and Linearity (triangle): < 13% (< +I% below 1 MHz) 
digital preconditioning by generating a precise number of waveform Pulse and squarewave performance 
cycles. An "extra cycle" feature activated after a burst allows critical Transitions: < I0 ns. 
events to be examined. Perturbations: < +5% (<+lo% below 0.16 Vpp). 

Pulse mode's variable width down to 25 ns and clean 10 ns transi- Output impedance: 4 0  ohm 15%. 
tions provide useful digital test capability. High analog flexibility is Modes 
assured because all waveforms can be generated in trigger, gate and normal, trigger*, gate*, VCO and (Option 001) burst*. 
burst modes. Adjustable duty cycle up to 999 kHz means that CRT .ndjustabbaafi- hamf for havadne, haverlrlangle 

sawtooth waveforms and rectangular signals for dc motor control can VCO range: 2 decades, ext. signal 0.1 V to 10 V (dc to 1 kHz). 
be simulated. Burst length: 1 to 1999 periods for all waveforms. 

General 

Specitications (50shm load resistance) Repeatability: factor 2.5 better than accuracy. 
Environmental 

Waveforms 
sine, triangle, ramp, square, pulse, haverfunctions. 

Timing - 
Frequency 

Range: 1.00 Hz to 20.0 MHz (3-digit resolution). 
Accuracy (50% duty cycle): 5% (& 10% below 10 Hz). 
Jitter: <0.1% + 50 ps. 
Stability: d0.2510 (1 hour), +O.S% (24 hours). 

Duty cycle (sine, triangle, square, haverfunctions): 
Callbratad Variable (below 1 MHz) 

Range: 508 norn~nal 10% to 90%. 
Resolution: 2 dlg~ts 2 dlgits. 
Accuracy: i1 d~glt *6 dlglts 

(*3 ~n range 20 to 80%). 
Pulse wldth 

Range: 25.0 ns to 100 ms (3-digit resolution). 
Accuracy: 4 %  t 2  ns. 

Storage temperatun: -40°C to +75"C. 
Operating temperature: 0°C to 55°C. 
Humidity: 9 5 7  RH, O°C to 40°C. 

Power: 100/120/220/240 V rms; +5% - 10%; 48 to 440 Hz; 
70 VA max. 

Weight: net, 4.6 kg (10 Ib). Shipping. 6.6 kg (15 Ib). 
Size: 89 H x 212.3 W x 345 mm D (3.5" x 8.36" x 13.6"). 
Ordering Information Price 
H P  81 11A Pulse/Function Generator $2,500* 

Opt 001 Burst 4-5480 
Opt 910 Extra Operating and Service Manual +%39 
Opt W30 Extended Repair Service $65 

HP 50624001: Bail Handle Kit $38* 
H P  5062-3972 Rack Mount Kit (single HP  81 11A) $51 * 
H P  5062-3974 Rack Mount Kit (two instruments) $31 s 
H P  5062-3994 Lock Link Kit (for use with $40 
HP5062-3974) 

For same-day shipment, call HP DIRECT at 800-538-8787 



FUNCTION GENERATORS & WAVEFORM SYNTHESIZERS 
Dual Arbitrary Waveform Generator 
HP 8175A Option 002 

2 analog channels / 1 kpoints ea / 50 MHz ea 4 waveform entry modes; calculator, graphical editing, 
individual datapoint durations 20 ns to 9.99 s abs. and rel. levels, various codings 
10 bit amplitude resolution up to 32 Vp-p output voltage (into open), separately 
digital and analog signals simultaneously programmable offset (max *16 V) 

HP 8175A, Option 002; Data Page: 
Waveform Setup 

Application Examples 

With the Option 002, the Dual Arbitrary Waveform Generator, 
the HP  8175A offers the new Arbitrary Waveform mode in addition 
to the existing Parallel and Serial modes. In the Arbitrary Waveform 
mode, you have: Dual arbitrary waveform channels, and simultane- 
ous equivalent digital signals. This means you have the ideal source 
for difficult applications, for example: 
- simulation of two dependent variables, like force and distance, at  the 

same time. 
- digital and analog stimulation of devices like programmable filters. 
- stimulus and compare signals at  the same time for DACs or ADCs. 

The arbitrary outputs are 50 Mpointsls, synchronous, but indepen- 
dent in shape and amplitude (max 16 V p-p into 50 Ohm and max 32 
V p-p into open), and the waveforms can be set up by means of: a )  
algorithms (a fundamental set of mathematical functions are availa- 
ble, including noise), b) interpolations (linear and spline), c) graphic 
or tabular entry of instantaneous level (or amplitude and offset), d) 
tabular entry of equivalent digital pattern. Additionally, any existing 
waveform can be modified. One way is simply by tabular or graphical 
editing. A more powerful alternative is the "Combine" feature. This 
allows you to combine an algorithm arithmetically with any desired 
part of the current waveform. 

I l l  

The comprehensive feature .set together with the outstanding 
memory management and interaction capability. mean that "real- 

For further informaim aban me dlgnal capaMlltles d HP 8175A see page 464. life" simulation for the most exacting circuits is within your grasp. 



Data Page: Calculator 
The bu~lt  in Calculator provides a comfortable method of setting 

up very complex, mathematically-definable waveforms by simply en- 
tering the formula. Softkeys support most of the fundamental mathe- 
matical functions. The Combine capability allows any previously 
generated function to be combined with the current calculated func- 
tion. By this means. noise can be introduced into any desired parts of 
the waveform. 

Data Page: Pattern/Level Set-Up 
Data Po~nts ot ;I waveform can be enrered and displayed in absolute 

or relative levels or in various codes. Comprehensive waveform edit- 
ing support is provided. For instance, segments of data points can be 
moved or copied to other memory locations or waveform segments 
can easily be exchanged between the two analog channels. In this way 
it is easy to produce phase shifted signals. Graphical editing of the 
waveform. including interpolation between data points, is possible on 
this menu. 

Specifications 
apply for operating temperatures from 0' to 55°C. 

Option 002 Dual Arbitrary Waveform Generator (can be 
retrofitted in HP service office) 
Number of Analog Outputs: 2 
Number of Bits: 10 
Number of Data Points: 

Horizontal: 1024 points 
Vertical: 1000 points with additional 24 points override 

800 points for 16 V p-p Output Voltage Range 
640 points for 32 V p-p Output Voltage Range 

Differential Non-Linearity: 5 1 LSB (monotonic) 
Output Impedance: 50 Ohm 4 %  

Output Levels 
Load Impedance: 50 Ohm: 

7 Output Voltage Ranger: 0.2 V to 16 V, Res. 0.2 mV to 20 mV 
2 Offset Ranges: +0.8 V and +8 V (Output Volt. Range > 1 V) 

Load Impedance: 250 kOhm 
7 Output Voltage Ranges: 0.5 V to 32 V, Res. 0.5 mV to 50 mV 
2 Offset Ranges: * I  .6 V and + I 6  V (Output Volt. R. >2V) 

Accuracy (Output A and Output B) 
Amplitude Accuracy: +4% 5 4  LSB 
offset Accuracy: * i% of programmed value 

+2% of (progr. High Level of p-p Output Volt. + 
progr. LOW Level of p-p Output Volt.) (if High and 

Low Level are ~dcntical in magnitude. but opposite in sign. this error 

w ~ l l  k zero) 

plus: 
into 50 Ohm: + 10 mV for 0.2 V, 0.5 V and 1 V ranges 

or: +25 mV for 2 V and 5 V range 
or: +50 mV for 10 V and 16 V range 

into 250 kOhm: +20 mV for 0.5 V, 1 V and 2 V ranges 
or: *50 mV for 5 V and 10 V range 
or: + 100 mV for 20 V and 32 V range 

Timing (for Output A and B) 
The maximum sample update rate is 50 MHz. 
The Data Point Duration is 20 ns to 9.99 s. 

Trigger Output Characteristics: 
Number of Trigger Output Channels: 2 
Trigger Output Impedance: 50 Ohm +5% 
Trigger Output Levels: ECL into 50 Ohm 

TTL into 50 Ohm and 250 kOhm 
Trigger Pulse Width: The trigger can be set for each individual 

data point to High Level or Low Level. The 
trigger width depends on the programmed 
Data Point Duration. 

Ordering Information Price 
H P  8175A Digital/Analog Signal Generator $1 1,900 
Note: HP 8175A must be ordered with st least option mM2 or one of ths dlgltal 

optlons (refer lo  page 465). 

Opt. 002 Dual Arbitrary Waveform Generator $3,650 
Opt. 908 Rack Flange Kit (PIN 5062-3978) $36= 
Opt. 910 Additional Operating/ 5290 

Programming/Sewice Manual 
Opt. 916 Additional Programming Manual 572 
W30 Extended repair service (see page 723) $ 280 

For same-day shipment, call HP DIRECT at 800-538-8787 



Q FUNCTION GENERATORS & WAVEFORM SYNTHESIZERS 
1 mHz-50 MHz Pulse/Function Generator 
HP 8116A 

S i n e ,  tr iangle,  s q u a r a ,  have r func t ions  a n d  d c  Modulat ion 
1 mHz-50 MHz, 32 V p p  fo r  all w a v e f o r m s  Self -prompt ing o p e r a t i n g  concept 
Variable  (10 n s  min) pulse width,  6 n s  t r ans i t i ons  Error  recognition a n d  self test 

Plcture shows 
81  16A with 
Option 001, Burst 
and Logarithmic 
S 

1AU 1 CYCLE 

The fully programmable HP  81 16A features pulse as well as func- 
tion generator capabilities in one small unit. A broad 1 mHz-50 MHz 
band for all waveforms and a wide choice of operating and modulat- 
ing modes assure high flexibility. These factors. plus good repeatabili- 
ty, make the HP  81 16A a sound, long-term investment. 

Unique Operating Concept Saves Enginering Time 
HP's custom IC's have made it feasible to put the many HP 81 16A 

capabilities into such a small volume. Handling is simplified by a 
unique, microprocessor-controlled, operating concept which ensures a 
clear overview of thecompact front panel at  all times. When the mode 
and waveform have been selected, illuminated labels show which pa- 
rameters must be set. There's no clutter, no confusion. 
Auto vernier. In normal mode, the HP  81 16A's auto-vernier incre- 
ments any desired parameter continuously until a stop signal is ap- 
plied. This means that thresholds can be measured automatically. 
without a controller. 
Level or amplitude prognmmlng. The H P  8 1 16A's output can be 
programmed in terms of high and low levels or in terms of amplitude 
and offset. Consequently a direct, automatic, conversion is always 
feasible so that the HP  8 11 6A can be programmed in the same terms 
as the device is specified. 
Safe limit. Devices can be protected by the limit feature. This pre- 
vents the output from exceeding a given magnitude. 

Rectangular Waveforms 
For applications such as laser diodes or dc motors, square waves 

can be programmed for constant duty cycles from 10% to 90%. For 
digital test, or for simulating very low duty-cycle events, pulse width 
can be programmed down to 10 ns. Square wave and Pulse modes 
provide clean 6 ns edges that are ideal for many technologies. Pulse 
width modulation and pulse recovery capability are available in Pulse 
mode. 

Sine and Triangle Functions 
10% to 90% duty cycle, programmable in 1% steps, provides ramps 

and asymmetrical sine waves for testing VCO's, servos, amplifier lin- 
earity and industrial process control systems. Haverfunctions, 

available in External Trigger, Gate and Burst modes, extend the a p  
plications to areas such as telephone line and vibration testing. 

Modulation 
All waveforms can be amplitude or frequency modulated. VCO o p  

eration allows frequency variation over two decades with an external 
voltage; consequently transducer output can be conditioned for mag 
tape recording, or frequency-shift keying or linear sweep can be car- 
ried out. 

Option 001 
10 112-decade log sweep. Sweep mode covers the wide 1 mHz - 50 
MHz band in a single up sweep. Test setups require no more than an 
X-Y recorder or scope because all necessary control signals are avail- 
able. The HP 81 16A sweeps can be internally triggered, if desired. 
Accurate, counted bursts. A preprogrammed number of cycles of 
any waveform can be generated in Burst mode. With sine, triangle 
and square functions, bursts can be triggered internally as well as ex- 
ternallv. - -. . . -. . , - 
Hold capability. For material stress testing, low frequency functions 
can be held at instantaneous levels. Hold is controlled bv an external 
signal. 

Low-Cost Automation for Bench and Systems 
Powerful capability, small size and wide specified temperature 

range make the HP  81 16A a good choice for automatic test systems. 
Also, the low cost means that it's now realistic to automate those rou- 
tine bench jobs and leave more time for design. Comfortable software 
features such as easy syntax and flexible format contribute to rapid 
system design. 

Operating Confidence 
There's reliance in the H P  81 16A's output because proper opera- 

tion is always ensured by the instrument's error detector. This helps 
the user to recover from an incorrect front panel or programming op- 
eration by indicating the offending parameter. Also, the built-in test 
and diagnosis feature verifies correct function each time the instru- 
ment is switched on. 



Specifications 
Specifications apply with 50-ohm load and temperatures in the 

range O°C to 55OC. 

Functions 
Sine, triangle, ramp, square. pulse, haversine, havertriangle, dc. 

Timing 
Frequency 

Range: 1 mHz to 50 MHz (3-digit resolution). 
Accuracy' (pulse mode, 50% d/c): +3% *0.3 mHz below 100 kHz. 

4 %  above 100 kHz. 
Jlttw (pulse mode, 50% dlc): <0.1% + 100 ps. 
Stablllty: +2% (1 hour), 4 %  (24 hours). 

Duty cycle: (sine, triangle, square, haversine, havertriangle). 
Range: 10% to 90% (20% to 80% above 1 MHz, 50% above 10 
MHz),  2-digit resolution. 
Accuracy': *0.5 digits (*3 digits above 1 MHz). 

Pulse Width 
Range: 10.0 ns to 999 ms (3-digit resolution). 
Accuracy': *5% + 2 ns. 
Jitter: <0.1% (0.2% + 200 ps for width 110  ps). 

Output Characteristics 
(voltages double into high impedance). 

Amplitude 
Range: 10.0 mVpp to 16.0 Vpp (3-digit resolution). 
Accuracy': 4 %  (at 1 kHz for sine and triangle). 
Flatness (slne): +3% ( 4 %  above 1 MHz, +5 -15% above 

10 MHz). 
Flatness (triangle): +3% ( 4 %  above 1 MHz. +5-25% above 

10 MHz). 
Otfset and dc Made 

Range: 0.00 to &7.95 V (0 to a795 mV for amplitude 
< 100 mVpp). 

Resolution: 3 digits. 
Accuracy': 0.5% of setting + 1% of amp1 a 40 mV (+2 mV if amp1 

< 100 mVpp. *20 mV in dc mode). 
Distortion (sine, normal mode. 50% duty cycle). 

Total harmonic dlstortlon (10 Hz-50 kHz): < 1% (-40 dB)*. 
Harmonic related signals (50 kHz-1 MHz): <-34 dB, 

(1 MHz-50 MHz): <-23 dB*. 
*k4ay Increase by 3 dB below 1O0C and above 45%. 

Non-limarlty (triangle, ramp, 100 mHz-1 MHz): <+3%. 
Pulse and Square Wave Characteristics 

Transitions: <7 ns. 
Pulse perturbatlons: <a5% ~ t 2  mV. 
Output impedance: 50 ohm 4%. 

Operating Modes 
Normal, trigger*, gate*, external width. 

Additional Modes in HP 81 16A Option 001 
Logarithmic Up Sweep (for all waveforms). 

Range: Start and stop frequencies selectable up to full range 
(1 mHz-50 MHz). 

Sweep time: selectable in 1-2-5 sequence from 10 ms to 500 
seconds per decade. 

Sweep mpetltlon: continuous sweeps (internal sweep) or external- 
ly triggered. 

Counted Bunt* (for all waveforms). 
Burst length: 1 to 1999 cycles. 
Burst repetition: internally triggered at selectable intervals from 

100 ns to 999 ms (except in Pulse mode), or ex- 
ternally triggered, up to 40 MHz. 

'Sebctabk (-90') atart-phw for haverslne, havertrlangle. 

Control Modes 
Frequency modulation: *5% max deviation. 

Sensitivity: 1 V for 1% deviation. 
Modulating frequency: dc to 20 kHz. 

Amplitude Modulation 
Sensitivity: *2.5 V for 100% mod. (+2.5 V to -7.5 V for DSBSC). 

Pulse Wldth Modulation 
Range: 10 ns to I s in 8 non-overlapping decade ranges. 

Max. width ratio: 10:l. 
Sensitivity: t 9  V for 1: 10 ratio. 

Voltage-Controlled Oscillator 
Range: 2 decades in range 1 MHz-50 MHz. 
Sensitivity: 0. l V to 10 V for 2 decades. 
Modulating frequency: dc to 1 kHz. 

Auxiliary Modes 
Manual: simulates external input. 
1 cycle (option 001): triggers single output cycle in Trigger, Gate 

and Ext Burst modes. 
Auto vernier: continuous vernier which can be remotely or manually 

stopped. 
Limit: programmable maximum output levels to protect DUT. 
Complement: selectable normal/complement output. 
Disable: relay disconnects output. 

Auxiliary Inputs and Outputs 
External lnput 

Threshold: + 10 V adjustable. 
Max input voltage: a20  V. 
Sensitivity: 500 mVpp. 
Min pulse width: 10 ns. 
lnput impedance 10 kS2 typ. 
Trigger slope: positive, negative and off. 

Control lnput 
Max input voltage: a 20 V. 
lnput impedance: 10 kQ typ. 

Trigger Output 
Output levels: 012.4 V typ. 
Output impedance: 50 ohm typ. 

X-Output (Option 001) for sweep X-Y recording (rear panel). 
Output levels: 0 V (= start frequency) to 10 V max. 
Slope: 1.5 V per sweep decade. 

Marker Output (Option 001) for sweep (rear panel). 
Output levels: TTL 
Leading edge: positive at selected marker frequency. 

Hold lnput (Option 001), rear panel. 
lnput levels: TTL 
Leading edge: positive transition causes HP 81 16A output 

(f <I0 Hz) to hold at instantaneous level. Output 
droop 0.01 % per second. 

Max lnput voltage: +20 V 

HP-IB Capability 
All manual key operations are programmable. Talk mode provides 

learn, status byte and error report capabilities. 

Memory 
Battery-backup RAM retains current operating state. 

General 
Repeatablllty: factor 4 better than accuracy. 
Environmental 

Storage temperature: -40°C to +70°C. 
Operating temperature: O°C to 55OC. 
Humidity: 95% RH, O°C to 40°C. 

Power: 1001 120/220/240 V rms; +5%, -10%; 48 to 440 Hz; 
120 VA max. 

Weight: net. 5.9 kg (13 Ib). Shipping, 8.0 kg (18 Ib). 
Size: 89 H x 212.3 W x 422 mm D (3.5" x 8.36" x 16.6"). 

Ordering Information Prices 
H P  8116A Programmable Pulse/Function Generator* $3,775 

Opt. 001: Burst and Logarithmic Sweep +SSIO 
Oot. 910: Extra Overatina & Service Manual +$4 1 
0bt. W30: ~xtendkd ~ e ~ a i r  Service. See page 725 

H P  5062--4001: Bail Handle Kit 
H P  5062-3972: Rack Mount Kit (single HP 8 1 16A) 
H P  5062-3974: Rack Mount Kit (two instruments) 
HP 5062-3994: Lock Link Kit (for use with 

HP  5062-3994) 
~odulating frequency: dc to 1 MHZ. 'HP-10 r a b b  not wpplled. am pegs 579. 

' ~ p p ~ ~ e s  from IYC to 35% o/exror i n m 0 . 0 5  p r  o C ~ d r t h b  m. For sameday shipment, call HP DIRECT at 800-538-8787 

wvvw. hparchive.com 



FUNCTION GENERATORS & WAVEFORM SYNTHESIZERS 
50 MHz Programmable Signal Source 
HP 81 65A 

Pulse/function capability 
Sine, triangle, square to 50 MHz 
Pulses and ramps to 20 MHz 

Trigger, gate and counted burst 
Synthesizer stability, precision amplitude 
Storage of operating parameters 

- Purcrtou .  TI CYCLE . P T ~ U E  ~ I O E C  I - 333Qe@ $?p@ 
- m1 MODE 

,.st PC- 
-Durrut m 

DESIGNED $0" 

Picture shows 8165A with option 002, AM and Logarithmic Sweep. 
SYSTEMS 

Versatility and Simplicity for Systems and Bench Square/Pulse Characteristics 
The HP 8165A Programmable Signal Source is a versatile function Transition times: (10% to 90%): 5 5 ns (50R into 50 R), 5 7 ns (1 kR 

generator with good accuracy and many trigger features. into 50 R) 
Microprocessor control assures rapid, accurate setup whether pro- P~hoot/OverrhootlRinging: 5 +5% (50 Q into 50 R), + 10% 
gramming locally or via HP-IB. (1 kR into 50 R1. 

Operating Set Storage Triangle/Ramp Characteristics 
Linearity: (10% to 90%): 5 + 1% ( 5  + 5% above 5 MHz). Ten complete sets of operating information can be stored and recal- 

led. In the event of powe; failure, battery back up retains all data plus 
the active settings. 

Stability and Resolution 
Stable frequency is ensured with an internal crystal. The four-digit 

frequency display provides a 1 pHz resolution in the 1 to 9.999 mHz 
range. In Normal mode, the accuracy is 0.001% with a stability of 
*I X 

Specifications 
Waveforms and Frequency Range 
Sine, square, triangle (50% duty cycle): 1.000 mHz to 50.00 MHz. 
Pulse/ramp (20, 80% symmetry): 1.000 mHz to 19.99 MHz. 
Haversinelhavertriangle: please inquire for special option. 

Output Characteristics 
Range: amplitude and offset independently variable within + 10 V 

window. 
Source impedance: selectable 50 R * 1% or 1 kR + 10% 
Amplitude: 10.0 mVpp to 10.0 Vpp (50 R into 50 R) 

2.00 Vpp to 20.0 Vpp (I kR into 50 R) 

Operating Modes 
Norm (continuous phase locked), VCO (external sweep voltage), 
Trig (ext or man. one-shot), Gate, Bunt (1-9999 counted cycles), 
Frequency Modulation 
HP-18: control and learn capability for all modes and parameters. 
Interface functions': SHI. AHI. T6, L4, SRI, RLI, PW. DCO, 

DT1, CO, E l .  

General 
Memory: non volatile. 10 addressable locations plus one for active 
operating state. Each location can store a complete set of operating 
parameters and modes. 
Power: 100/ 120/220/240 Vrms; *5%,  -10%; 48 to 66 Hz, 

200 VA max. 
Operating temperature: O0 to 50°C 
Weight: net 12 kg (26.5 Ibs). Shipping 16 kg (35.3 Ibs). 
Size: 133 H x 426 W x 422 mm D (5.2" x 16.8" x 16.6"). 

Ordering Information 
HP 8165A Programmable Signal Sourceb* 
Opt. 002: AM and logarithmic sweep 
Opt. 003: Rear Panel Connectors 
Opt. 907: Front Handle Kit (Part No HP 5062-3989) 
Opt. 908: Rack Mount Flange Kit (Part No HP 5062- 

3977) 
Offset: 0 *I0 mV to 4 . 0 0  V (50 R into 50 R) Opt. 909: Opt 907,908 combined (Part No HP 5062- 

0 + 20 mV to *10.0 V (1 kR into 50 R) 3983) 
Accuracy: + 1% programmed value 1% signal Vpp 20 mV. Opt. 910: Additional Operating and Service Manual 
Sine Characteristics Opt. W30: Extended repair service see page 723. 
Distortion: total harmonic distortion (THD) for fundamental up to  or more on these codes reta to the HP-18 section d thts catslog. 

1 MHz: 38 dB. * *HP-10 cablea not supplied. see page 579. 

Harmonic signals: (fundamental above 1 MHz): 5 -30 dBc. For same-day shipment, call HP DIRECT at 800-538-8787 

Price 
$8850 
51 150 

$0 
$56* 
$ 3 3 S  



FUNCTION GENERATORS & WAVEFORM SYNTHESIZERS 
Synthesizer/Function Generator 1 pHz to 21 MHz 

HP 33258,3326A 

Fully synthesized microhertz resolution Specifications 
Functions-sine, square, triangle, ramps, arbs, dc ~aveforms 

offset Sine, square. triangle, negative and positive ramps. 
Frequency Internal programmable modulation source Range 

Loa, lin. discrete sweep Sine: 1 uHz to 20.999 999 999 MHz -. - 

Excellent signal purity 
dc to 60 MHz SYNC output 

squani I p~~ to 10.999 999 999 MHZ 
Trianglehamps: 1 r H z  to 10.999 999 999 kHz 

Resolution: I uHz. < 100 kHz 

DESIGNED FOR 
MATE 

SYSTEMS 

HP 33258 Synthesizer/Function Generator 
The HP 3325B is a 1 pHz to 21 MHz synthesizer/function genera- 

tor with high performance, exceptional versatility and value. Testing 
is made fast and efficient in general purpose applications whether on 
the bench or in ATE systems. 

Synthesizer Precision 
HP 33258 frequency accuracy is determined by a precision fre- 

quency reference and can be set with a resolution of 1 pHz. It has up 
to -65 dBc harmorlic and -70 dBc spurious levels for precision mea- 
surements. The phase of the output signal can be precisely controlled 
+719.9 deg with 0.1 deg resolution, and multiple HP  3325Bs can be 
locked together for multi-phase applications. 

Function Generator Versatility 
Precision squarewaves to 10.999.999 MHz have 20 ns risetimes 

with synthesizer accuracy and precision. Triangle and ramp 
waveshapes are also available with .05% linearity up to 
10.999.999 kHz. DC and phase offset can be added to these 
waveshapes. The modulation source can be used as an arbitrary func- 
tion generator via HP-IB, providing user-defined waveshapes. These 
features make the HP  33258 one of the most versatile sources for 
bench or ATE system applications. Save-recall memory includes 10 
non-volatile memory locations, for simple and rapid access to fre- 
quently used test setups. 

Discrete Sweep 
The enhanced feature set of the H P  3325B includes 100-segment 

discrete sweep capability which allows arbitrarily defined multi- 
segment linear or stepped sweeps and tone sequences. This compli- 
ments its linear and log, phase continuous sweep capability. 

Internal Modulation Source 
A built-in programmable modulation source provides sine, square 

and arbitrary waveshapes for internal amplitude or phase modula- 
tion, or for use as a second source. In addition, a rear panel sync out- 
put provides a TTL compatible dc to 60 MHz signal with 1 pHz 
resolution for use as a precision, high-resolution clock signal. and ex- 
tended frequency coverage. 

impedance: 56 R 
Connector: BNC; switchable to front or rear panel, nonswitchable 
w~th  option 002, except by internal cable change. 

Amplitude 
Range: I mV to 10 Vp-p in 8 amplitude ranges, 1-3-10 sequence 
( I0 d B  steps). into 50 0 load. 

T ~ / R ~ P  

Dlsplaybd 

peak-peak 1.000 mV 10.00V 1.000 mV 10.00V 1.000 mV lO00V 
0.354 mV 3.536 V 0.500 mV 5.000 V 0.289 mV 2 887 V 

dBm (50 R) -56.02 t23.98 -5301 t26  99 -57.78 t22.22 

Resolution: 0.03% of full range or 0.01 dB (4 digits). 
Amplitude accuracy (without dc offset, relative to programmed 
amplitude and accuracy) 

Sine wave amplitude accuracy 
1 m H z  to 100 kHz: *0.1 dB, 2 3  Vpp; +0.2 dB, <3 Vpp 
100 kHz to 20 MHz: +0.4 dB, 2 3  Vpp; +0.6 dB. 0.1 to 3 Vpp 

Sine wave spectral purity 
Phase noise: -60 dB for a 30 kHz band centered on a 20 MHz 
carrier (excluding * I  Hz about the carrier) with high-stability 
option 001 installed. 
Spurious: all non-harmonically related output signals will be 
more than 70 dB below the carrier (60 dB with dc offset) or less 
than -90 dBm, whichever is greater. 
Sine wave harmonic distortion: harmonically related signals 
will be less than the following levels (relative to the fundamental) 
at full output for each range: 

0.1 Hz 50 kHz 200 kHz 2 MHz IS MHz 20MHz 
1 6 5  dB 1 -60 dB I 40 dB 1 -30 dB 1 -25 dB 1 
Square wave characteristics 

Rise/fall time: 120 ns, 10% to 90% at full output 
Overshoot: j 5% of peak to peak amplitude, at  full output 
Settling time: <I ps to settle to within .05% of final value. 

DC offset 
Range: dc only (no ac signal): 0 to +5.0 V/50 R. 
dc - ac: Maximum dc offset +4.5 V on highest range, decreasing 
to k4.5 mV on lowest range. 
Resolution: 4 digits 

Sine wave amplitude modulation 
Modulation depth at full output tor each range: 0-100% 
Modulation frequency range: dc to 400 kHz (0-21 MHz carrier 
frequency) 
Sensitivity: *5 V peak for 100% modulation 

Sine wave phase modulation 
Range: +X50°. *5 V input 
Modulation frequency range: dc -5 kHz 

ATE Systems Compatibility 
All functions, including frequency, amplitude, phase, modulation, 

sweep and waveshapes, are programmable via HP-IB or RS 232 in- 
terface. The HP 33258 is fully compatible in form, fit and function 
with the HP 3325A. All HP-IB programs written for the HP  3325A 
are fully compatible with the HP 3325B. 



FUNCTION GENERATORS & WAVEFORM SYNTHESIZERS 
Two Channel Synthesizer, DC to 13 MHz 
HP 3325B, 3326A 

Frequency sweep e 
Sweep tlme 

Linear: 0.01 s to 1000s. 
Logarithmic: 1 s to 1000s single, 0.1 s to 1000s continuous. 

Discrete sweep 
Number of segments: 100 maximum. 
Time/Segment: 0.01 s to 1000s. 0.01 s resolution. 

Maximum sweep width: full frequency range of the main signal 
output for the waveform in use, except minimum log start frequency 
is I Hz.  
Phase continuity: sweep is phase continuous over the full frequen- 
cy range of the main output. 

Modulation source 
Frequency range: sine 0.1 Hz to 10 kHz, square 0.1 Hz to 2 kHz. 
Frequency accuracy: 0.1%, typical. 
Impedance: drives I0 kR or greater load. 
Sinewave purity: -34 dBc or better, typical. 
Wavetorms: sine, square, arbitrary. 

Auxiliary inputs and outputs 
Auxiliary frequency output: 21 MHz to 60.999 999 999 MHz, 
under range coverage to 19.000 000 001 MHz, frequency selection 
from front panel; 0 dBm; output impedance 50 R. 
Sync output square wave with V (high) 1 1.2 V, V (low) 2 0.2 V 
into 50 Ohm. Frequency range is the same as main signal for front 
panel sync and dc to 60 MHz for rear panel sync. 
X-AXIS drive: 0 to >+I0  V dc linear ramp proportional to sweep 
frequency, linearity, 10-90%, * 0.1% of final value. 

MATE/CIIL Compatibility 
For MATE system applications, option HO5 provides internal CIIL 
compatibility. 

Option 001 high stability frequency reference 
Aging rate: 5 X 10-8/week (72-h warm up); * I  x 10-'/month 
(after 15 days continuous operation). 
Ambient stability: +5 X lo-' (0' to +55OC). 
Warm-up time: reference will be within * 1 X lo-' of final value 15 
minutes after turn-on for an off time of less than 24 hours. 

Option 002 high voltage output 
Frequency range 1 pHz to 1 MHz 
Amplitude 

Range: 4.00 mVpp to 40.00 Vpp (2500 r ,  5 500 pF load). 
Accuracy: * 2% of full output for each range at 2 kHz. 
Output impedance: < 2 51 at dc, < 10 R at 1 MHz 
dc ottset range: 4 times the specified range of the standard in- 
strument. 

General 
Operating environment 

Temperature: O°C to 55'C. 
Relative humidlty: 95%. O°C to 40°C. 
Altitude: 5 15.000 ft. 

Power: 100/120/220/240 V, +5%, -lo%, 48 to 66 Hz; 90 VA, 
120 VA with all options; 10 VA standby. 

Weight: 9 kg (20 Ib) net; 14.5 kg (32 Ib) shipping. 
Size: 132.6 H x 425.5 W x 497.8 mm D (5.25" x 16.75 " x 19.63"). 

Ordering Information* Price 
HP 3325B Frequency Synthesizer 164.620s 

Opt 001: High Stability Frequency Reference -S8 15 
Opt 002: High Voltage Output +$270 
Opt HOS: Internal MATE Programming (call HP) 
Opt W30: Extended Repair Service. See page 723. +5115 

*HP-10 cable not wpplm. 

For same day shlpment call HP DIRECT at 800-538-8757. 

M W N E D  FOR 

HP 3326A 
SYSTEMS 

HP 3326A Two-Channel Synthesizer 
The HP 3326A Two-Channel Synthesizer combines two indepen- 

dent synthesizers, flexible modulation and control circuitry into a sin- 
gle, powerful package. This single instrument provides precise phase 
offset, two-tone sweep, fast frequency switching, internal modulation, 
and pulse signals for bench or systems use. 

With multiple channels and modes, the HP 3326A does the job of 
several sources. An internal switch selected signal combiner sums 
both source outputs into a single ultra-low IMD signal source. Phase 
continuous sweeps are available in linear and multielement discrete 
modes. DC offset is available in all modes, and all outputs are float- 
ing. Frequency resolution is 11 digits, with flexible triggering for fre- 
quency, amplitude and phase changes and sweeps. 
Sr>ccifications Summaw  or complete specifications, iefer to the HP 3326A data sheet. 
Frequency (waveforms are sine, square, pulse, and dc) 

Range: 0 Hz to 13 MHz. 
Resolution: 1 pHz below 100 kHz, 1 mHz at and above 100 kHz. 
Stability: + 5 ~ 1 0 - ~ / ~ e a r ,  20" to 30°C. 
Output amplitude (sine mode) 

Range: 1 mVpp to 10 Vpp in 8 ranges without DC offset. 
Accuracy: relative to programmed value after self-calibration 

0.001 Hz 100 KHz 1 MHz 13 MHz 

Phase 0lh.t 
(channel A vs B in two-phase mode) 

Range/Rosolutlon: * 720 degrees range, 0.01 degree resolution. 
Accuracy: after self-calibration, for equal-level sinewaves 1 V to 
10. 

0.1 Hz 10 Hz 100 kHz 1 MHz 13 MHz 

I I I I I 
+0.5 i0 .2  i0 .3  i2 .0  

Frequency sweep 
Sweep types: linear, discrete (2-63 discrete elements) 
Sweep time: 5 ms to 1000 s, Linear or per element. 
Option 001 High Stability Frequency Reference 
Stabillty: 4x10-8/week after 72 hours continuous operation. 

* 1 x 10--]/month after 15 days continuous operation. 
Option 002 High Voltage Output 
Frequency range: dc to 1 MHz 
Amplitude range: 4 mV to 40 Vpp into > Ik n, < 200 p Fload. 
dc offset: *20 V, independent of amplitude range. dc + ac peak 
must not exceed 2OV. 

Oeneral 
Power: 100/120/220/240 V, +5%. -10%. 48 to 66 Hz; 290 VA 
max. 
Weight: net, 2kg (601b); shipping, 37kg (811b) 
Size: 177H x 425.5W x 497.8mmD (7" x 163/4" x 19yn") 

Ordering Information Price 
HP 3326A Two-Channel Synthesizer S 10,600 

Opt 001 High Stability Frequency Reference +5690 
Opt 002 High Voltage Output +$3 15 
Opt 003 Rear Terminal Outputs (Rear only) $0 
Opt W30 Extended Repair Service. See page 723. +5250 



FUNCTION GENERATORS & WAVEFORM SYNTHESIZERS 
1 mHz to 21 MHz Synthesized Function/Sweep Generator 

HP 3324A 

Multi-interval sweeper 
Two-phase signals 

Reference source 
Function generator 
60 MHz TTL clock 

The HP 3324A Synthesized 
Function/Sweep Generator 

The HP 3324A complements HP's family of synthesized function 
generators. It combines good synthesizer quality with extended sweep 
capabilities, at  a low price. 

Multi-Interval Sweeping 
The 3324A offers the capability to define up to 50 different sweep 

intervals, each containing its individual sweep parameters, such as 
start and stop frequency, sweep time, linear or logarithmic sweep and 
marker frequency. Up to 100 intervals can be sequenced, because the 
repetition of intervals is possible. 

The following example shows 4 different intervals of a sequence of 
5. Interval 1 is a linear up-sweep followed by interval 2 which has the 
same start-frequency and stop-frequency. Interval 3 represents a log- 
arithmic sweep; it is repeated at  the end of the sequence. Interval 4 is 
linear down-sweep. The complete sequence is generated once in single 
mode or continuously in continuous mode. 

The sweep is performed phase-continuous, even if stopfrequency and 
start-frequency of succeeding intervals are not equal. 

The Reference Source 
Many applications, like PLL testing and calibration of measure- 

ment instruments, require a frequency reference which can be accu- 
rately tuned and which is stable over a long period of time. The 
accuracy and stability of the H P  3324A fulfills this requirement. 

For those applications which require a better stability than 5 
ppm/year, a high stability frequency reference oven provides a stabil- 
ity of 0.05 ppm/week (optional). 

Good spectral purity 
In addition to the highly stable frequency the H P  3324A provides 

good sinewave spectral purity with -50 dBc phase noise and -55 dBc 
spurious signals. 

The clock generator (1 mHz to 60 MHz) 
Complex test set-ups can be built only if a reliable clock generator 

minimizes jitter or timing uncertainties. The HP 3324A provides 
clock frequencies from 1 mHz up to 60 MHz - synthesized over the 
full frequency range. 

Automatic phase calibration 
Two 3324A can be used to generate phase related signals. After 

power-on, the phase between the two instruments is arbitrary. 
Time-consuming phase adjustments can be avoided with the auto- 

matic phase calibration options. Just enter the required phase offset. 
and they calibrate to this value after a simple keystroke or HP-IB 
command. 

High Output Voltage 
I f  more than 10 V (p-p) amplitude is required then the High Volt- 

age Option enhances the amplitude range up to 40 V ( p p )  (limited 
for frequencies up to 1 MHz). 

Structured Front Panel 
The HP 3324A's front panel is clearly structured and is supported 

by an alphanumeric fluorescense display. The status of the instrument 
can be seen immediately, as all of the selected parameters and func- 
tions are displayed. 

Waveforms 
Sine, Square, Triangle, negative and positive Ramps, DC, TTL 

clock 

Specifications 
For complete specifications refer to the H P  3324A data sheet (Pub. 

NO. 5952-9678). 



Frequency 
Range 

Sine: 1 mHz - 21.000,000,0 MHz 
Square: 1 mHz - 11,000,000,O MHz 
Triangle/Ramps: 1 mHz - 1 1,000.000.0 kHz 
Auxiliary TTL clock: 1 mHz - 60,000,000.0 MHz 

Resolution 
I mHz for up to 999,999.999 kHz, 100 mHz for I MHz up to 

21.000.000,O MHz 
Accuracy: + 5 ppm of selected value. 20' to 30' C 
Stability 
i 5 ppm/year, 20' to 30° C, standard (see also option 001) 

Main Signal Output 
Impedance: 50R 

Amplitude (all waveforms except Auxiliary TTL clock) 
Range: 1 mV to 10 V (p-p) in 8 amplitude ranges, 1-3- 10 sequence. 
Resolution: 4 digits (0.03% of full range) 
Accuracy (without DC offset) 

Sine 
I mHz-100kHz: 2 3 V ( p p )  a 0.2 dB 
> 100kHz-21 MHz: 1 3 V ( p p )  a 0.4 dB 
Squarewave 
l mHz- 100kHz: 1 3 V ( p p )  a 1.5% 
100kHz-10MHz: 2 3 V (p-p) + 5% 
Triangle 
ImH7-2kHz: 2 3 V ( p p )  a 1.5% 
2kH7- IOkHz: 2 3 V (p-p) a 5% 

Sinewave Spectral Purity 
Phase Noise 
- 50 dB for a 30 kHz band centered on a 20 MHz carrier (exclud- 

ing + 1 Hz about the carrier). 
spurious 

All non-harmonically related output signals will be more than 
55 dB below the carrier. 
Sinewave harmonic distortion 

Harmonically related signals will be less than the following levels 
relative to the fundamental: 

Frequency Range Harmonic Level 
.I Hz - 199 kHz - 60 dBc 
200 kHz - 1.99 MHz - 40 dBc 
2 MHz - 14.9 MHz - 30 dBc 
15 MHz - 20 MHz - 25 dBc 

Waveform Characteristics 
Squarewave characteristics 

Rise/Fall time: (10% to 90% at full output) =< 20 ns 
Overshoot: 5% of peak to peak amplitude at  full output 

Triangle/Ramp characteristics 
Linearity (10%-90%. 10 kHz): 10.05% of full p p  output voltage 

DC Ofhet 
Range: dc only (no ac signal): 0 to + 5 V/50 Ohm 
Resolution: 4 digits 

Phase Offset 
Range 
i 7 19.9O with respect to arbitrary starting phase or assigned zero 

phase. See also option 003 and 004. 
Resolution: 0.1 

Frequency Sweep 
Sweep sequence mod- single, continuous 
Sweep function modes: 
Multi-Interval: Up to 50 different intervals can be sequenced and re- 
peated in a sequence which can contain up to 100 intervals. 
Multi-Marker: One marker frequency can be set in each interval or up 
to 9 marker frequencies can be set if only one interval is used. 
Sweep time (settable fw e*h intenal): Linear, 10 ms to 10's. 
Log. I00 ms to 105s. 

Maximum sweep width (settable tor each interval): full frequency 
range of the main signal output for the waveform in use, except mini- 
mum log start frequency is 1 Hz. 
Phau continuity: sweep is phase continuous over the full frequency 
range of the main output. 

Auxiliary Outputs 
SYNC output 

Phasesynchronous squarewave with same frequency as main signal 
output, output impedance: 50 Ohm 
Auxiliary freq. output: Square. freq. range: 21 MHz to 60 MHz 
X-Axis drive wtput: Linear ramp proportional to sweep time 
Z-Axis blank output: Output signal depending on sweep state. 
Sweep marker output: Pulses (TTL and CMOS compatible) at  se- 
lected marker frequencies 
1 MHz reference output 

I MHz squarewave for phase locking additional instruments to the 
HP  3324A. output impedance: 50 Ohm, output amplitude: 0 dBm. 

Auxiliary Input 
Rekrence input: For phase locking the H P  3324A to an external 
frequency reference. Signal from 0 dBm to 20 dBm into 50 Ohm. 

HPlB Interface Functions 
Interlace functions: SH I ,AH I .T6,L3,SR1 ,RLI .PPO, 
DC I .DTO,CO,E2 

Option 001, High SbMlity Frequency Reference 
Aging rate 
i 5 x 10 "week after 72 hours continuous operation. 
+ I x 10-'/month after 15 days continuous operation. 
10 MHz oven output 

10 MHz squarewave for phaselocking additional instruments to the 
H P  3324A. output impedance: 50 Ohm, output level: > 4.5 dBm 

Option 002, High Voltage Output 
Frequency range: I mHz to 1 MHz 
Amplitude 

4 m V  to 40 V (p-p) in 8 ranges, 4-1 2-40 sequence into 500 Ohm, 
< 500 pF load. 
Accuracy: + 2% of full output for each range at  2 kHz. 
Flatness: t 10% relative to programmed amplitude. 
Wavetorm characteristics 
Sinewave harmonic distortion 

Harmonically related signals will be the same as the standard in- 
strument up to 1 MHz. 
Squarewave characteristb (typical, 500 Ohm, 500 pF load) 
Rise/Fall Time: (10% to 90% of p-p output voltage) 5 I25 ns 
Overshoot: 5 10% of p p  output voltage 
Output impedance: < 3 Ohm at dc. < 10 Ohm at 1 MHz 
DC Offset: 4 times the specified range of the standard instrument 

Options 003 and 004, Automatic Phase Calibration 
These o ~ t i o n s  ~ rov ide  automatic ~ h a s e  calibration if two 

HP 3 3 2 4 ~ ;  are connected to generate phase related signals. option 
003 has to be installed into one of the instruments and option 004 into 
the other. Phase shifted signals can be achieved by selection of a cer- 
tain phase offset. 

General 
Power: 100/ 120/220/240 V, 48 to 66 Hz, max. 100 VA 
Weight: I I kg net 
Dimensions: 132.6 mm high x 425.5 mm wide x 497.8 mm deep 

Ordering Information Price 
H P  3324A Synthesized Function/Sweep Generator S 3 5 0 0 S  

Opt 001 High Stability Frequency Reference +5765= 
Opt 002 High Voltage Output +S255= 
Opt 003 Automatic Phase Calibration, slave +$450 
Opt 004 Automatic Phase Calibration, master +$270 
Opt 907 Front Handle Kit (5062-3989) +S55 
Opt 908 Rack Flange Kit (5062-3977) +533.50 
Opt 909 Rack Flange and Handle Combination Kit fS82.50 
(5062-3983) 
Opt W30 Extended repair service. See page 723. +S90 

For same-day shipment, call HP DIRECT at 800-538-8787 



FUNCTION GENERATORS & WAVEFORM SYNTHESIZERS 
Synthesizer/Function Generator 

HP 3335A, 3336C 

200 Hz to 81 MHz 10 Hz to 20.999 mHz 
High spectral purity 11 digit resolution 
Precision amplitude control Excellent amplitude accuracy 
1 mHz resolution 1 mHz resolution 

HP 3335A Synthesizer/Level Generator 
The HP 3335A SvnthesizerILevel Generator has ~erformance 

characteristics that make it ideaily suited for the telecommunications 
industry as well as for traditional synthesizer applications, including 
testing of Frequency Division Multiplex (FDM) equipment and 
R&D and production testing of communications systems. 

Precision Amplitude, Frequency 
The HP 3335A incorporates a state-of-the-art attenuator with ac- 

curacies of up to *.025 dB over the 81 MHz frequency range. Fre- 
quency stability up to +1 x 10-'/day is provided by an internal 
temperature-controlled oscillator. 

Frequency Sweep, Tracking Generator 
The HP 3335A combines the frequency, accuracy and stability of a 

synthesizer with the time-saving convenience of a digital sweeper. In 
addition, the HP 3335A operates as a tracking generator with the 
H P  3746A/B Selective Level Measuring Set (SLMS) or the 
HP 3586A/B/C Selective Level Meter for automatic or semi-auto- 
matic testing of FDM systems. 

Specitications 
Contact your local HP Sales Office for more information including 

a data sheet with complete specifications. 
Frequency 

Standard range: 200 Hz-81 MHz; 
Resolution: .OO 1 Hz. 
Option 002/004 range: 7522, 200 Hz-81 MHz;  12422, 
I0 kHz-IOMHz; 135/1500, 10 kHz-2 MHz. 
Option 003 Range: 7522.200 Hz-8 1 MHz; 1 5OR, 10 kHz- 2 MHz. 
Option 001 (high stability frequency reference) 
Stability. long term: +I  x 10-''/day; *1 x 10-'/month. 
Aging rate: *5 x 10-8/day; +2 x 10-8/month. 

Spectral purity 
Harmonic distortion: 200 Hz-I0 MHz: <-45 dBc; 10 MHz- 
80 MHz; <-40 dBc. 
Phase noise: (30 kHz band, excluding + I  Hz, centered on the car- 
rier): 9.9 MHz: <-63 dBc; 20 MHz; <-70 dBc; 40 MHz; 
<-64 dBc; 80 MHz: <-58 dBc. 
Spurious: nonharmonically related signals: the greater of -75 dBc 
or -125 dBm (50/7522), -97 dBm (124Q), -68 dBm (135/15OQ). 

Amplitude range 
-88.74 dBm to +13.01 dBm depending on option and impedance. 
Resolution: 0.01 dB. 
Absolute levelaccuracy (max. output at 100 kHz, 10°C to 3S°C): 
50/75i1 *0.05 dB; 124/135/15OQ: +0.1 dB. 
Flatness (relative to 100 kHz, full amplitude): 50175 22: 1 kHz - 
25 MHz: +0.07 dB, 200 HZ-80 MHz: +0.15 dB; 12422: 50 kHz-I0 
MHz: +0.15 dB, 10 kHz-I0 MHz +0.4 dB; 135/15022: I0 kHz-2 
MHz: *0.18dB. 

Ordering Intormation Price 
'IP 3335A Synthesizer/Level Generator 5 12,000 

Opt 001 High-stability reference +5 x IO-'Oday +S1,270 
Opt 002 Connector (7511 2411 3522) +S575 
Opt 003 Connector (751 15OQ) +S365 
Opt 004 Connector (7522, miniature WECO on +$575 

124/ 13522) 
Opt C01 Rack Slide Mount Contact HP 

ma.. " ' " ' I '  " " I 
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HP 3336C Synthesizer/Function Generator 
The HP 333hC is designed for traditional synthesizer applications 

as well as R&D and production testing of systems or components. It 
features precision level control, high spectral purity, optional fre- 
quency stability of *5 x 10-m/week, internal frequency sweep and 
numerous other user conveniences. 

Precision Frequency Measurements, Amplitude 
Accuracy 

A single loop fractional-N synthesis technique allows synthesizer 
accuracy with 11 digits of resolution, with completely phase continu- 
ous frequency sweep over any of the instruments' frequency ranges. 
HP attenuator technology coupled with custom designs in leveling 
loops and thermal converters produce amplitude accuracies of up to 
+0.05 dB. The fast leveling loop makes extremely flat sweeps possible 
at high sweep speeds. 

Models H P  3336 A & B are also available for the telecommunica- 
tions industry (see page 554). 

Specifications 
Contact your local HP Sales Office for more information including 

a data sheet with complete specifications. 
Frequency 

Range: 10 Hz to 20.999 999 999 MHz. 
Resolution: lpHz for frequencies < 100 kHz, I mHz for frequen- 
c ~ c s  2 100 kHz. 
Aging rate: +5  x I 0-6/year (20' to 30°C). 

Amplitude 
Range: 5OR: -71.23 to +8.76 dBm; 7522: -72.99 to 7.00 dBm. 
Absolute accuracy: +0.05 dB, 20" to 30°C (for the top 9.99 dB of 
ampl~tude range at 10 kHz), +.08 dB, 0" to 55OC. 
Flatness: 501750. +0.1 dB (*0.07 dB with option 005) referenced 
to I0 kHz. 

Amplitude modulation 
Modulation depth: 0 to 100%. 
Modulation frequency range: 50 Hz to 50 kHz. 

Phase modulation 
Range: 0" to ,X50°. 
Linearity: +0.5% from best fit straight line. 
Modulation frequency range: dc to 5 kHz. 

Frequency sweep 
S u e c p  tlme: L~near; 0.01 s to 99.99 s. Single Log: 2 s to 99.99 s. 
Cont~nuous Log: 0.1 s to 99.99 s. 

Dimensions 
S I X .  132.6H x 425.5W x 497.8mmD (5.2" x 16.8" x 19.6"). 
Welght: net. I0 kg. (22 Ib); shipping, 15.5 kg. (34 Ib). 

Ordering Intormation 
HP 3336C Synthesizer/Level Generator 

Opt 004 High Stability Frequency Reference 
Opt 005 High Accuracy Attenuator 
Opt 907 Front Handle Kit 
Opt 908 Rack Flange Kit 
Opt 909 Rack Flange and Handle Kit 
Opt W 30 Extended Repair Service. See page 723. 

Price 
S5.350 
+S685 
+S685 
+$58 
+$34 
+$84 

+S130 



PULSEGENERATORS&DATAGENERATORS 
448 General Information n 

Typical stlmuius-response test setup. The HP 8131A pulse generator in the foreground generates 500 MHz pulses with typically 120 ps 
transitions (20 to 80% of amplitude). The HP 54120 series oscilloscope measures device response. 

Stimulus Selection Guide 
ApplMlon LdmrdlC- 

Mlrnuluc t y p  plb tnmhn 
HPModel 8131A 8130A 8082A 816lA 

Spectal features MATE 
optlon 

Pag8 450 452 456 454 

Tlmlq 
Mar rate 500 3M) 250 I W  

(MHr/Mbrt/s) 
Mtn transrtron 0 2 I I 1 3  

trme (ns) fixed . Var~able delay • • • 
Mtn wtdth (ns) 0 5 I 2 4 
Best resolut~on 
(ns) 001  001  0 I 

"EL, 2 (opt) 2 (Wt)  1 2 (opt) 
Ypp ~ n t o  50 R 5 5 5 5 
Best rewlut~on 10 10 10 
(mV) 
Vw~ndow Into M n t 5  t 5  a5 +5 
Normal1 
c o r n p l m t  &th ~ o t h  80th % 

Muhl 
Tr gger gale 
model • • • 
Burst mode • • • 
Modulat~onl 
control Shaper 
Sweep 

wns(wrm 
Pulse square • • • • 
Ramp tr~angle • • • 
Sine Gaus pulses 
Multt.kel 

h p m n m  
Depth lkb 1) 
Segmentr/ Imps/ 
IumDS 

"'$y"'w . . CIIU . 
HP ITG drlver 
available • • 

Suggested 
olcll louopr WP54120 HP541X) HP5.4120 WPYllOD 
or lol(tc an8ty-m 

anmjc(rmmknJwtlon 

~ r p o u p l ~ I c m n o n  
8IM)A 2148 80128 81121 8115A 
MATE H I R ~  
opllon voltage 
454 458 459 460 461 

M 10 50 50 50 

6 15 5 5 6 5 
frxed . . . . . 

10 25 10 10 10 

0 1 o I 0 1 

2 (Opt) 1 1 1 2 
20 100 5 16 16 
10 10 10 

a20 01100 *2 5 t 8  t 8  

Sckct Pos!ncg Select S e w  klcct 

• • • • • 
• Opt 001 • 

• • 

• • • • • 
• • • • 

• • 
• 

CIIU . . . 
• 

HPYIIOD H P Y M I A  HP54503A HP54503A HP54503A 

~ ~ ~ m m u n l P C k m ~ r J n . u ( a n o W r c  

~~ I A r u t w y  I hh./fune(lonIrm(on 

811@ 81751 8175PJ002 8111A 8116A 81654 
Pulse Data pafferns and 

patterns arbttrary wavefornls 
462 464 438 437 440 442 

50 (RZ) 50(NRZ) M M  X) 50 50 
100 (NRZ) sampksh 

6 5  %pod 12 10 6 5 
SPKS 

• Opt 001 
10 20 20 25 10 ZWdty  

0 1 10 10 0 1 0 1  I rnnz 

2 24 2 I I I 
16 Seepad 16 16 16 20 
10 w s  0 2  0 1 0 1 0 1 

a8 t B  t 8  t 8  a10 

% Normal klcct klcct Sckct w 

• • • • • • 
Memory Memory Memory Opt001 • 

H~gh.kel Algor~thm VCO • • 
Algorrthm Opt~on Opt~on 

• • • • • • 
• • • • • 
• • • • 
• • 

16 I I 

11 1 255125512 255125512 . . . 
• 

HP16530A HP165108 HP1653OA HPYWIA HPYW3A HP5450Y 

HP16538 HP1651B HP1653B 



Compact HP Solutions create arbitrary waveforms at  the same time. H P  8175A arbitrary waveform option allows 
verify your design under real conditions Combining these with the H P  165x or 165xx the signal to be entered as an al orithm, and 

with ~p stimu~us-response setups. w i th  logic analyzer/oscil losco~ makes universal can also emulate tacho signafs. Complex 
programmable sources and instruments, you testing for analog, digita and m~xed clrcults tacho profiles can be simulated by the HP  
ach~eve resolution and accuracy for repeat- an  economic 3324As segmented sweep (previous section). 
able measurements. When you add the sta- 
tistical and documentation possibilities of H i g h - s m  Characterization Radar Baseband Signals, Sonar 
digitizing osci~~oscopes, you turn measure- The HP 813x pulse generators provide Delayed ulse bursts, amplitude, and fre- 
ments into credible results. nano- and subnano-second edges whlch can quency m&lated pulse trains are among the 

be positioned in 10 ps steps. Together with very individual signals that pulse and 
the GHz bandwidths of the HP  54120 series pulse/function generators can generate. 
oscilloscopes, they address some of today's Complex bursts can be mana ed by data 
fastest logic. These features are discussed in sources. Modulation can be reattime on the 
application note AN 381 (GaAs flip-flo H P  8118A, or created with the HP  8175A 
test), and application note AN 381-1 (208 arbitrary waveform. 
MHz Schm~tt trigger test). 

Physical Research 
IC test head, com uter backplanes As examples, scintillator si nals can be 

The HP 8 13 1A witR sub-nanosecond filter simulated by pseudo-random fata, and bio 
accessories provides a very smooth calibra- and mechanical signals by loading either al- 

Digital IC Test tion pulse, and the HP  8130As variable tran- gorithms or a digitized oscilloscope captures 
~~i~~~~ levels, timing and out ut drive, for sitions are ideal for bandwidth and crosstalk to the HP  81 75A. 

example, can be measure{ uslng an  tests. 
Analog Circuits and Components 

HP 54503A oscilloscope and an H P  81 12A LAN Devices Measuremen t s  such a s  amplifier 
pulse generator' Source resolution Is loo The H P  81 18A can generate any 2-, 3- or bandwidth, filter performance, servo step re- 
ps 10 mV and the measurement accuracy is 

% voltage and ps timing, For dynamic 4- level code, has lenty of memory for super- sponse, and diode reverse recovery time are 4 
devices, dual-channel sources are available. messages, variabi parameters for waveform performed quickest using rectangles or trap- 

mask, and can drive lines direct. ezoids from the HP  81 12A. For spike immu- 
Analog and Digital VLSl and Boards nity or stressing, the HP  214B generates 100 

Serial data devices can be function- and Automotive Applications V pulses. Programmable filters, DACs and 
parametric-tested by the HP  8 1 18A pulse Magnetic sensor ulses can be simulated ADCs can obtain input and control or com- 
Ktterns. Parallel data is the domain of the by several pulse anJpu~selfunction genera- are  signals simultaneously from the 

P 8175A which tests interactively, and can tors with external rate modulation. The ! I P  8175A. 

Pulse Parameter Definitions of Terms Used in Instrument Specifications 
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PULSEGENERATORS&DATAGENERATORS 
500 MHz High-speed Pulse Generator 
HP 8131A 

<200 ps fixed transitions optional second channel 
suitable for BICMOS, ECL, and GaAs technologies simulates data/clock signals 
10 ps 10 mV best case resolution 1 GHz Transducer Mode 

-I I- CO 

nnn 

HP 8131A with Optlon 020, second channel 

200 ps Transition Times 
The HP 81 3 1A delivers excellent performance to help you solve 

high-speed measurement problems. Transition times of less than 
200 ps from the 10% to 90% amplitude (20% to 80% of amplitude: 
typical 150 ps) enable repeatable and reliable timing measurements 
on high speed digital circuits. Since compromises in edge speed di- 
rectly affect your measurement accuracy, the clean and sharp edges 
offered by the HP  8 131A minimize errors due to threshold uncertain- 
ties. Matching the requirements of the most advanced ECL and 
GaAs devices, you now can characterize components and circuits 
with repetition rates up to 500 MHz (in Transducer Mode up to 1 
GHz). The HP 8131A is the first product that offers 200 ps edge 
speed in a fully programmable product which makes it extremely use- 
ful not only in R&D environments but also in high speed production 
test applications. 

10 ps Timing Resolution 
The high timing resolution allows precise measurement of timing 

parameters like setup and hold times. Especially in the two channel 
version, the ability to exactly position sharp pulses through indepen- 
dent delay and width makes the HP  8131A a very useful tool in evalu- 
ating fast digital circuits. With a timing resolution that is about one 
order of magnitude higher than the typical gate delay of ECL devices, 
it is easy to detect trends when varying a critical pulse parameter 
without losing a required timing relation. Spikes can be simulated 
with 500 ps small pulses, and in combination with the 10 ps width 
resolution, timing and energy related failures can be examined. 

5V Amplitude and 10 mV Resolution 
The 5V amplitude makes it possible tostimulate high speed circuits 

such as ECL. GaAs, or BICMOS devices. In addition, you now can 
test the excess-voltage immunity of your high speed components and 
evaluate crosstalk caused by 5 V, 200 ps transitions. The I0 mV reso- 
lution helps to slowly approach the threshold levels of digital circuits. 
The minimum amplitude of 100 mV is enough to check for minimum 
signal swing up to a 500 MHz (I GHz in Transducer Mode) repeti- 
tion rate. In combination with the full programmability, you now can 
do detailed analysis of critical level conditions in an automated test 
routine. 

500 MHz Repetition Rate 
The 500 MHz repetition rate of the HP  8131A establishes a new 

class of high speed programmable pulse generator, which allows test- 
ing at the maximum toggle rate of your ECL, CMOS and complex 
GaAs devices. Now it is possible to perform functional and paramet- 
ric tests of fast digital circuits under program control. In R&D, this 
means more reliable tests under repeatable conditions and easy docu- 
mentation of test results. In production, the programmability opens 
new possibilities to functionally test high speed digital components 
with significantly higher throughput under well defined conditions. 
For the first time, the HP  8 13 1A can test digital components at rated 
speed, thus increasing your confidence in the performance of your de- 
vice and ensuring high quality of your product. 

1 GHz Transducer Mode 
If you need to functionally test your component at  frequencies be- 

yond 500 MHz, the 1 GHz transducer mode allows to shape an exter- 
nally provided sinewave into a squarewave with transition times of 
200 ps. Especially if you need a very fast, programmable clock source, 
the combination of the HP  8131A and a microwave signal generator 
is ideal. This way, you can test maximum toggle frequency with a true 
digital 1 GHz signal. 



Transition Time Converters (HP 15432/3/4A) 
HP 8 13 1 A's fast edees are ideal for testing some of todav s fastest 

digital ICs. But what Lappens when a practkal circuit - th;ough un- 
avoidably long ground connections, for example - is reactive? 

It doesn't take much inductance to cause vtolent rin ing when shot 
at  with edges faster than 200 pa. It's unlikely that a refustion in repe- 
tition rate will improve circuit prerformance unless it is accompanied 
by an increase in switching time, but the transition time converter 
satisfy the need for slower edges. 
Flexibility 

You can test not only today's fastest digital ICs, but also those that 
need slower transition times and less overshoot and ringing. 

At high frequencies, the quality of cables, connectors, and termina- 
tions can influence the transition times significantly. Always think of 
the route from the HP  8 13 1 A to the device as a transmission line, and 
the transition time converter as simply a filter that removes some of 
the highest frequencies, slowing the edges, damping reflections, and 
reducing overshoot and ringing. 

I Output Transltlon Times 1 3 0 0  DS 1 5 0 0  DO I 1000 Ps I 

Typical Performance Characteristics: 

15432A 

intrinsic Trsnsltlon Tlmes 

3 dB Corner Frequency 

I Overshoot and Rlnglng I c 5% I 

15433A 

input Voltage 

lnsertlon Loss 

VSWR 1 

15434A 

2 6 0  ps 

1120 MHz 

C 10.0 V Dmak-to-peak 

e 0 . 2  dB 

Specifications 
Specifications describe the instrument's warranted performance 

(30 minutes warm-up, 50-Ohm load) at 0°C to 55°C ambient tem- 
rature. 

Rming Parameters (measured at 50% of amplitude) 
Common Specification 
Resolution: 3 digits (best case: I0 ps) 
Period: 2 ns to 99.9 ms 

480 ps 

Delay 
Fixed: 20 ns 
Variable Range: from 0 ns to 99.9 ms (max < Period) 
measured between trigger out and main out. 

Double Pulse: 2 ns to 99.9 ms (period 2 5.00 ns) 
Double Pulse and Delay are mutually exclusive. 
Width: 500 ps to 99.9 ms (max < Period) 
Transition Times: (for leading and trailing edges) 
10'5-90% of amplitude: <200 ps, 300mV to 3V range 

990 ps 

20%-80% of amplitude: <ZOO ps, 100mV to 5V range 

Differential outputs 
Output Levels: (into 50 R, output levels double when driving into 
open circuits, instrument disables outputs if levels exceed +6.5V, or 
ampl. exceeds 6.5V) 
High Level: -4.90V to +5.00V 
LOW Level: -5.OOV to +4.90V 
Resolution: 3 digits (best case: 10 mV) 
Settling Time: 10 ns 
Operating Characteristics 
(values describe typical, non-warranted performance) 
Inputs and Outputs 
External Input: (Trigger, Gate, Burst. Ext. Width) 
Trigger slopes can be selected pos neg. 
lnput impedance: 50 Ohm *2.5 hm 
Threshold: -5 V to +5 V 

d 
Input Frequency: dc to 500 MHz 
Mln. pulse width: I ns 
Input sensitivity: 1 300 mV (p-p) 
Transducer Input: 
lnput Impedance: 50 Ohm +2.5 Ohm 
lnput transition: <50 ns. 
Input Frequency: 10 MHz to 1 GHz 
lnput sensttivity: 2 600 mV (p-p) 
Trigger Output: 
Levels: high OV, Low-0.6 V 
Delay from external in ut to tri er output: 16 ns 
source impedance: 50 8 h m  +5 &m 
HP-IB Capabilities 
All modes and parameters are fully HP-IB programmable. 
Operating Modes 
Manual: Simulates an external input si nal 
1 Pulse: in Trigger, Gate and Burst mofe one pulse or double pulse is 
generated. 
Auto: Continuous pulse stream 
Tri ger: Each active input transition generates a single output pulse 
or fouble pulse. 
Gate: External signal enables period generation. First output ulse 
synchronous with active edge. Last pulse always completed. J i d t h  
and period of first pulse may deviate from subsequent pulses. 
E. Width: Restoration of external signal with selectable output levels 
E. Burst: Each active input transition generates a preprogrammed 
number of pulses (1 to 9999). min burst period is 5 ns. Width and 

riod of first pulse may deviate from subse uent pulses. 
Eansdueer: External sinewave (up to 1 GHS toggles output. Output 
levels are selectable 
Limit: Max. high and low levels into 50 Ohm can be limited to protect 
the device under test. Pushing the limit key declares present levels as 
limits which then can not be exceeded as long as the mode is active. 
Complement: Normal/complement selectable 
Disable: Relays connect/disconnect outputs 
Set: Sets parameters to fixed ratio relattve to period. 
Store: Stores complete settin? in displayed location 
Recall: Recalls complete settlng from displayed location. 
General 
Storage Temperature: -40°C to +65OC 
Operating Temperature: O°C to 55OC 
Power: 1001 120 2201240 Vrms, ~t 10%. 400 VA max., 48-66 Hz 
Weight: 20 kg ( h . 4  lb) 
Sizes: 145 H x 426 W x 525 mm D, 

(5.7" x 16.75" x 20.65") 
Recalibration Period: 1 year recommended 
Ordering Information Price 
HP 8131A 500 MHz Pulse Gemrator $14,800 
Options 

Opt 001 Rear Panel Connectors SO 
Opt 020 Second channel (not retrofittable) f 7.650 
Opt 908 Rackmount Flange Kit (PIN 5062-3977) S 3 6 T  
Opt 916 Additional Operating and Programming $32 

Manual (PIN 08131-9001 I) 
Opt H01 Preparation for rack slides (requires rack slide SO 

kit) 
Opt W30 Extended repair service. See page 723. $ 360 

Acceswries 
H P  15432A 300 ps Transition Time Converter $240 
H P  15433A 500 ps Transition Time Converter $240 
H P  15434A 1 ns Transition Time Converter S240 
H P  8493A Option 010; I0 dB Attenuator $120 
H P  8493A Option 020; 20dB Attenuator $120 

8120-4948 Cable. Coax (SMA) $210 
For same-day shipment, call HP  DIRECT at 800-538-8787 

6 6 0  MHz 3 3 0  MHz 



PULSEGENERATORS&DATAGENERATORS 
300 MHz Pulse Generator, Variable Transitions 
HP 8130A 

1 ns variable transitions 
300 MHz repetition rate 
5V p-p amplitude 

Minimum resolution: 10 ps; 10 mV 
1 channel (2 optional) 
fully HP-IB programmable 

I- - w -- - 

HP 8130A with Option 020, second channel 

01," -." ..u. I". I.- nrr 

300 MHz Pulse Generator 
The 300 MHz repetition rate of the H P  8130A Pulse Generator 

establishes a new class of high-speed programmable pulse generator 
with variable transition times. In many cases, the HP  8 130A will per- 
form parametric and function tests up to 300 MHz, because delay 
and width have a degree of adjustment a t  this speed. This increases 
your confidence in the device, because measurements can be per- 
formed at  a higher speed and even at-speed measurements are feasi- 
ble. 

Variable Transition Times 
Clean edges down to 1 ns mean repeatable, reliable measurements 

on fast digital ICs like BiCMOS, ECL and ECLips*. Variable transi- 
tion times mean you can optimize switching speed and thus reduce the 
effects of ringing and reflection when driving reactive or unmatched 
loads. In addition, the variable transitions open a wide range of ana- 
log and digital applications, such as measuring operational amplifiers 
slew rate, or comparator threshold uncertainty, because trapezoidal 
and triangular waveforms can be generated. 

zeroes in NRZ (non-return-to-zero) format. Data rates up to 280 
Mbit/s can be simulated. 

Rapid ATE Integration 
The HP 8 130A is the first fully programmable product to offer full 

pulse performance flexibility up to 300 MHz. Even the input trigger 
level can be programmed to automate your measurements. This 
makes it an extremely useful instrument not only for R&D and pro- 
duction engineering environments, but also in incoming component 
inspection, and for high-speed functional test applications in produc- 
tion test. A new standardized programming language (HP-SL) en- 
ables you to program, upload, and down-load new parameters or 
complete settings for future requirements; i.e., you can rapidly ac- 
quire set-ups you have previously set manually. 

SV p-p Amplitude and 10 mV Resolution 
With 5 V p-p pulse amplitude into 50 ohms, you can cover the level Fast and Convenient Manual Operation 

requirements of all high-speed semiconductor technologies like The proven design of Hewlett-Packard's pulse generators has been 
BiCMOS. ECL, and ECLips. Minimum signal sensitivity down to adapted to the requirements of the HP 8130A. This reduces your 
100 mV can be tested using a direct connection to the HP  8130A. training, and lets you concentrate on your measurement task. 
Attenuators can be inserted for smaller signal amplitudes; e.g., with a 
20 dB attenuator, the minimum amplitude is 10 mV with 1 mV reso- 
lution. 

10 ps Timing Resolution 
A timing resolution of an order of magnitude higher than typical 

gate-delays eliminates time-window uncertainties, making more ac- 
curate and reliable measurements possible. 

Data and Clock Simulation 
Two signals-data and clock-are needed in order to characterize 

flip-flops. The H P  8130A with Option 020, second channel, is a con- 
venient way of generating two different but synchronized signals. 
Double-pulse can be selected in one channel to simulate a clock, the 
other channel then appears to produce a series of binary ones and 

Specifications 
Specifications describe the warranted performance. Non- 

warranted values are described as "typical". All specifications apply 
after a 30 minute warm-up phase with 50 ohms load resistance at  all 
outputs, and are valid at  0°C to 5S°C ambient temperature. 
Timing ParameNm 

Common Specificcrtiom 
Measurement conditions: normal mode, measured at  50% of 
amplitude and fastest transitions. 
Resolution: 3 digits, best case: 10 ps 

Period 
Range: 3.33 ns to 99.9 ms 

Width 
Range: 1.5 ns to 99.9 ms (max < Period) 



Delay 
(measured between trigger out and main out) 

Fixed delay 18 ns 
Variable range: from 0 ns to 99.9 ms (max < Period) 

Double pulse (period 1 7.20 ns) 
Range: 3.33 ns to 99.9 ms (max < Period). Double pulse and de- 
lay are mutually exclusive. 

Transition Times (measured at 10% to 90% of amplitude) 
Range: 1 ns to 100 ps 
Linearity: 
transitions 1.00 ns to 1.99 ns: 1*20% of amplitude 
transitions 2.00 ns to 49.9 ns: <+lo% of amplitude 
transitions >50 ns: <* 3% of amplitude 

Under-Programmability 
Period, width and transitions are under-programmable to ensure 
that the specified minimum values can always be obtained. 

Output Levels 
Output levels double when driving into open circuits. Instrument 
disables outputs if levels exceed *6.5 V, or amplitude exceeds 
6.5 V p-p. 
High level: -4.90 V to +5.00 V 
LOW level: -5.00 V to +4.90 V 
Resolution: 3 digits, best case: 10 mV 
Level accuracy: *I% of programmed value *3% of amplitude 
*40 mV 
Settling time: 20 ns (at fastest transition time) 

Operating Characteristics 
Operating Characteristics describe typical, non-warranted perform- 
ance. 
Duty cycle 
(Width and duty cycle are mutually exclusive) 

Range: 1% to 90% 
Resolution: I% 
Subject to width and period specifications 

lnput and output 
BNC connectors on the front panel. Rear panel connectors are op- 
tional. 
Main outputs (differential outputs) 

Amplitude: I00 mV p-p to 5 V p-p into 50 R 
Offset: -4.95 V to 4.95 V into 50 R 
Source impedance: 50 R & I  Q 
Maximum external voltage *5 V 
Short circuit current: 200 mA 

External input 
Trigger. Gate. Burst, and External width mode 
Trigger slopes can be selected positive or negative. 

lnput impedance: 50 R +2.5 R 
Threshold: -5 V to +5 V 
Resolution: 100 mV 
Maximum input voltage: * 10 V 
lnput transition: <50 ns 
lnput frequency: dc to 300 MHz 
Minimum pulse width: 1.5 ns 
lnput sensitivity: 2300 mV p-p 

Trigger output 
Levels: h~gh at 2.4 V, low at 0.3 V into 50 R 
Trigger pulse width: 

Period (PER) Pulse width 
3.33 ns to 99.9 ns 50% of PER 
I00 ns to 999 ns 95% of PER 
1 .OO ps to 9.99 ps 99.5% of PER 
10.0 ps to 99.9 ms 99.95% of PER 

Transition times: < 1 ns 
Source impedance: 50 Q + 2.5 R 
Delay from external input or trigger output: 

In Trigger and External Width mode: 16 ns 
In Gate and Burst mode: 18.5 ns 

Max/Min external voltage: +7/-2 V 

Operating Modes 
Manual: simulates an external input signal. 
1 Pulse: in Trigger, Gate and Burst mode, one pulse to double pulse is 
generated. 
Auto: continuous pulse stream 
Trigger: each active input transition generates a single output pulse 
or double pulse. 
Gate: external signal enables period generator. First output pulse syn- 
chronous with active edge. Last pulse always completed. Width and 
period of first pulse may deviate from subsequent pulses. 
External bunt: each active input transition generates a preprogram- 
med number of pulses (1 to 9999). minimum burst period is 5 ns. 
Width and period of first pulse may deviate from subsequent pulses. 
External width: pulse recovery (external edges toggle output). Out- 
put levels and transition times are selectable. 
Limit: maximum high and low levels into 50 R can be limited to pro- 
tect the device unter test. Pushing the limit key declares present levels 
as limits which then cannot be exceeded as long as the mode is active. 
Complement: normal/complement is selectable per output 
Disable: relays connect/disconnect outputs. 
Set: sets parameters to fixed ratio relative to period (delay = 0 ns, 
width = 50% of period, transitions = 10% of period, limited to min 
1 ns; period, high level and low level = current values). 
HP-IS capabilities 
All modes and parameters are programmable, downloadable and 
uploadable. ASCII and binary formats are supported. 
Non-volatile Memory 
Current settings are saved on power-down. Additionally. 19 complete 
set-ups can be stored. 

General 
Storage temperature: -40°C to +65OC 
Operating temperature: 0°C to 55OC 
Power: 1001 120/220/240 Vrms, *lo%, 250 VA max, 50-60 Hz 
Weight: 20 kg (44.4 Ib) 
Size: 145H x 426W x 525mmD 

(5.7" x 16.75" x 20.65") 
Recalibration period: I year recommended 

Ordering Information 
HP 8130A 300 MHz Pulse Generator 

Opt 001 Rear Panel Connectors 
Opt 020 Second Channel (not retrofittable) 
Opt 908 Rackmount Flange Kit (P/N 5062-3977) 
Opt 916 Additional Operating/Programming 
Manual (PIN 08 130-9001 1) 
Opt W30 Extended Repair Service. See page 723. 
Opt H01 Preparation for rack slides 
(rack slide kit required) 

Accessories 

Price 
$12,100 

$0 
$6,300 

$36= 
$32 
$32 

$ 360 
$0 

HP 15104A Pulse Adder/Splitter dc to 2 GHz 5120 
HP 15116A Pulse Inverter 3 MNz to 2 GHz 5230 
HP 15115A Pulse Splitter/Inverter 3 MHz to 2 GHz 5230 

For same-day shipment, call HP DIRECT at 800-538-8787. 



PULSEGENERATORS 
MATE-approved Stimuli 
HP 8160A, 8161A 

HP 8160A:  6 n s  va r i ab le  edges120 V pp 
Hp 8161A:  1.3 ns  var iable  e d g e s / 5  V p p  
1-3% b a s i c  a c c u r a c y  

The H P  8 160A and 8 16 1 A are fully programmable pulse genera- 
tors designed for high performance applications on the bench and in 
automatic test systems. Operation is made easy because the pulse pa- 
rameters are controlled independently and do not inter-react. Dual 
channel options permit synchronous or complex waveforms to be gen- 
erated. With its 50 MHz repetition rate, 20 V output, and 6 ns varia- 
ble transition times, the HP 8160A is a general-purpose pulse 
generator. The HP 8161A covers the high end of technology with its 
100 MHz, 5 V, and 1.3 ns variable transition times. Measured be- 
tween the 20% to 80% amplitude points, these transitions are faster 
than 1 ns and meet ECL requirements. 

Combining high programming accuracy with microprocessor- 
based control capabilities, pulses can be set up without a measuring 
instrument. Pulse parameters are entered and displayed numerically. - .  

and generated with a basic timing accuracy of I-3%;depending upon 
parameter. 

An easy-to-use HP-IB interface brings high-accuracy pulses to au- 
tomatic test. All parameters and operating modes are remotely 
programmable using straight-forward command sequences. Faster, 
easier program generation and reduced software costs are direct ben- 
efits. 

Var iable  t r ans i t i ons  
Dual c h a n n e l  (Opt ion 0 2 0 )  

DESIGNED FOR 
MATE 

H P  8160 with options 020,700 SYSTEMS 

Complex Signals 
independent pulse parameters plus individual programmability of 

the Option 020s dual outputs are augmented by the A ADD B mode. 
Summation allows complex signals to be precisely and easily set up. 
Here are some examples: 

Ap~l i ca t ions  such a s  
r a d a r  co inc idence  cir- 
cuits and special codes  in 
communications require 
3- a n d  4-level signals. 
These  a r e  conveniently 
generated by combining 
channel A and channel B 
pulses. 

Precision Pulse Generation 
Both models provide precision control over all parameters of their 

output pulses. The HP 8160As leading and trailing edge transition Transponder  circuits 
times may be independently programmed down to 6 ns. The H P  n e e d  a c c u r a t e  delays ,  
8 161 As transitions have a common control from 1.3 ns to 5 ns, and of ten  with respect  t o  a 
are independent above 5 ns. Variable transition times are indispensa- double-pulse interroga- 
ble when digital ICs need to be characterized: either the ICs data tion signal. This is ar- 
sheeted input transition time is required, or the ICs functioning range ranged by operating one  
with various transitions needs to be evaluated. channel in double pulse 

Direct entry of the high and low levels of the output pulse enables [El mode and setting up the  
easy adjustment to the logic levels concerned. Pulse width is variable transponder delay in the  
from 4 ns (HP  8 161A) or 10 ns (HP 8160A) to 1 s, giving a wide other. 
range of duty cycle programmability. Delay shifts the output pulse in 
relation to the trigger output or, in double pulse mode, defines the 
pulse spacing. 

In the dual-channel versions, double pulse can be selected in either A critical test  for digital 
or both channels. This means, for example, that simultaneous clock c i r cu i t s  a n d  ICs is i ts  
and data signals can be generated. glitch and noise sensitivi- 

ty, which can  b e  easily 
performed with t h e  A 

Counted Burst ADD B mode. 
Using Burst Mode, a predetermined number of pulses is generated 

independent of frequency. Bursts from 0 to 9999 pulses in length may 
be produced, and can be triggered via an external signal manually or 
with an HP-IB command. 



User Features 

Fast, Reliable Setup 
Microprocessor control promotes highly accurate pulses. Parame- 

ters are directly entered via the instrument's keyboard, and are then 
displayed on numeric LED'S with 3-digit resolution. 

In bench applications, the vernier controls give a fine adjust capa- 
bility to "tweak-in" any pulse parameter. You can increment or dec- 
rement the selected parameter either in single steps or at  speed. 

Error detection by the microprocessor further simplifies pulse set- 
up by solving the old problem of incompatible settings. Should pulse 
width exceed pulse period, for example, the microprocessor indicates 
a TIMING error. All possible mis-settings are detected and the type 
of error is indicated to aid rapid correction. 

HP-IB Programming 
Microprocessor control over all interface functions makes remote 

programming as easy and straight-forward as manual control. The 
instruments employ keystroke programming so that data entry via the 
HP-IB is an exact simulation of manual entry. Bus commands for 
each front panel key simply replace manual keystrokes. 

Specifications 
Specifications apply over the temperature range 20°C to 40°C, with 
an output load of 50 ohms. More detailed specifications are available 
in the product data sheets. 

Period 
Range: 20 ns to 999 ms (HP8 16 1 A: I0 ns to 980 ms). 
Basic accuracy: + 3%. 
Basic jitter: 0.1 % pp 

Delayldouble pulse, width 
Range: 0.0 ns to 999 ms (HP8161A: 0 ns to 990 ms). 
Basic accuracy: 1%. 

Transition times (10 - 90% of amplitude) 
Range: 6.0 ns to 9.99 ms (HP8 16 1 A: 1.3 ns to 900 us). 
Basic accuracy: + 3% (HP8161A: + 10%). 

PULSEGENERATORS 
MATE-approved stimuli 

HP 8160A, 8161A 

Parameter Storage 
Complete parameter and mode information for 9 independent in- 

strument set-ups can be stored. Waveforms may be stored and recal- 
led either manually or via the HP-IB. 

By utilizing a single command to recall an entire instrument set-up, 
controller time is saved. In simple repetitive testing applications, stor- 
age of test waveforms gives a high degree of user convenience without 
an external controller. 

Learn Mode 
When interrogated by the system controller, the instruments out- 

put a character string to the interface bus. This string completely de- 
scribes the pulser's current set-up or any one of its stored parameter 
sets. Using Learn Mode, you can enter and try out waveforms manu- 
ally and then automatically transfer them via the HP-IB to the con- 
troller for storage in a program. 

General 
Recalibration period: 1 year. 
Repeatability: factor 2 better than specified accuracy. 
Operating temperature: 0°C to 50°C (Specifications apply from 
20°C to 40°C. Accuracy derating factors for 0°C to 20°C and 40°C 
to 50°C). 
Power: 1 151230 V ac + 10%. -22%. 48-66 Hz; 675 VA max. 
Weighk net 20.8 kg (46 Ibs). Shipping 25 kg (55 Ibs). 
Size: 178 H x 426 x 530 mm D (7" x 16.8" x 20.9"). 

Output (50 ohms into 50 ohms) 
Amplitude 0.10 to 9.99 V (HP8 161 A: 0.06 to 5.00 V). 
Window: * 9.99 V (HP8161A: * 5.00 V) 
Basic accuracy: + 1 %. Ordering Information Price 
Source resistance: 50 ohm (HP8 160A: 50 ohm / l kohm select- HP 818OA HP 8161A 
able. Output voltages double when 1 kohm is selected). HP 8160A/8161A programmable pulse gen- 516S00 18,800 
Normal/complemenk selectable (HP8 16 1 A without Option 020 erator* 
has normal and complement outputs). Opt 001 Rear panel inputs and outputs $0 SO 
Channel addition: selectable with Option 020, 3- and 4-level sig- Opt 020 Second channel (Rate common) $ 7,650 $8,100 
nals feasible. Maximum output: 20 V pp (HP8161A. 5 Vpp). Opt 700 Built-in MATEICIIL compatibil- $3,060 $3,060 

itv 
opt  907 Front handle kit (HP 5062-3990) $66* S66* 

Operating modes: normal, trigger. gate, ext burst (0-9999 pulses). Opt 908 Rack flange kit (HP  5062-3978) $36* $36- 
double ~ulse .  Opt 909 Opt 907, 908, combined ( H P  $92* $92= 
HP-IB capabilitr: all modes and parameters can be programmed. 5062-3984) 
Talk mode for status, error messages, stored parameters. Opt 910 Set of operating/programming $122 $153 
Memory: 9 programmable locations*, and service manuals 

I location for active operating state*, Opt W30 Extended repair service. See page f380 f310 
I location with fixed ~arameter  set. 723 

Capacity: 1 complete operating state per location. 
'Battery backup for power-off storage 

HP-I0 cables not supplied. see page 579 
For same-day shipment, call HP-DIRECT at 800-538-8787 



PULSEGENERATORS&DATAGENERATORS 
250 MHz Fast Pulse Source 
HP 8082A 

< 1 ns variable transition times 
Ultra-clean 50 ohm source 

Switch-selectable ECL levels 
Dual &5 V outputs 

The H P  8082A is a fast pulse generator with all pulse parameters 
variable. With repetition rates to 250 MHz, transition times down to 
1 ns and amplitudes to 5 V, the HP  8082A is ideally suited for state-of- 
the-art TTL and ECL logic designs. Using the HP 8082A. you can 
rapidly test logic circuits under all operating conditions by simply vary- 
ing pulse parameters. Although a highly sophisticated instrument, the 
HP  8082A is still easy to operate because of its logical front panel lay- 
out and switch selectable ECL output levels. Another feature that con- 
tributes to ease of operation is the square wave mode. You can, for 
example, carry out toggle rate tests in this mode up to 250 MHz with- 
out having to worry about pulse duty cycle. 

Hybrid IC's, manufactured by Hewlett-Packard, are used extensive- 
ly in the design of the HP 8082A. These ICs eliminate the need for fans, 
reduce power consumption and enable a low reactance 50 ohm source 
impedance to be used. This source impedance absorbs 98% of reflec- 
tions from signals up to 4 V amplitude. 

Specifications 

Pulse Characteristics (50 Q source and load impedance) 
Transition timer: (10% to 90%): 1 ns to 0.5 ms in 6 ranaes at amoli- 
tudes > 1.8 V and >4.5 V respectively in the two upper o;tput ranges. 
Minimum value may increase to 1.2 ns at  other amplitudes. Lead- 
ingltrailing times are common on fastest range. and independently va- 
riable over 1:10 ratio on other ranges. 
Overshoot and ringing: 1+10% of pulse amplitude may increase to 
* 10% with amplitude vernier CCW. 
Preshoot: < A %  of pulse amplitude. 
Linearity: linearity aberration for both slopes 55% for transition times 
> 5  ns. 
Output: maximum amplitude is 5 V from 50 R into 50 R. Maximum 
output voltage is +5 V (amplitude + offset). 
Offset: *2 V, into 50 Q. 
DC-source impedance: 50 51 +5% -10%. 
Reflection coefficient: 5% in ECL setting, increasing to 15% in 5 V 
range. 
Output protection: cannot be damaged by open or short circuits or 
application of ext. 1 + 6  V or +200 mA independent of control settings. 
Attenuator: two separate three stepattenuators reduce the outputs to 
1 V .  Vernier is common for both outputs and reduces the output to 0.4 
V minimum. A further position provides ECL-compatible outputs 
(-0.9 V to -1.7 V typ. open circuit). 

Timing 
Repetition rah: 250 MHz to 1 kHz in 6 ranges. 
Period jitter: <O. I% of setting +50 ps. 
Delay: 2 ns -0.5 ms in 6 ranges plus typ. 17 ns fxd. with respect to 

trigger output. Duty cycle >SO%. 
Delay jitter: <0.1% of setting +50 ps. 
Double pulse: up to 125 MHz max. (simulates 250 MHz). 

Pulse width: 2.4 ns to 0.5 ms in 6 ranges. 
Width jitter: <0.1% of setting +50 ps. 
Width duty cycle: >SO%. 
Square wave: delay and double pulse are disabled, max. Rep. Rate 
250 M H 7 .  Duty cycle is 50% *lo% up to 100 MHz, 50% +15% for 
> 100 MHz. 
Trigger output: negative going Square Wave (50% duty cycle typ.) 
>500 mV from 50 R into 50 R.  Internal 50 R can be switched off by 
slide-switch on PC-board. Amplitude up to 1 V into 50 R up to 200 
MHz. 
Trigger output protection: cannot by damaged by short circuit or 
application of external a200 mA. 

External Operating Modes 
External lnput 

lnput impedance: 50 R *lo%. dc coupled. 
Maximum input: +6 V. 
Trigger level: adjustable -1  .5 V to + 1.5 V. 
Slope control: positive, negative or manual selectable. In the manu- 
al position all ext. functions can be controlled by push button. Button 
pushed in simulates an "on-signal." 
Sensitivity: sine-wave >200 mV p p  pulses >200 mV. 
Repetition rate: 0 to 250 MHz. 

External-Controlled Modes 
External trigger: there is approximately 7 ns delay between the ex- 
ternal input and the trigger output. Rep. rate is externally controlled 
(is triggered by external signal). Trigger output provides the pulse- 
shaped input signal. 
Synchronous gating: gating signal turns rep. rate generator on. 
Last pulse normal width even if gate ends during pulse. 
External width: output pulse width determined by width of drive 
input. Rep. rate and delay are disabled. Trigger output provides 
shaped input signal. 

General 
Operating temperature: O°C to 55OC. 
Power: 100/ 120/220/240 Vrms; +5%, -10%; 48-440 Hz. 

85 VA max. 
Weight: net, 7.9 kg (17.44 Ib). Shipping 8.9 kg (19.63 Ib). 
Size: 133 H x 426 W x 345 mm D (5.2" x 16.75" x 13.6"). 

Ordering Information Price 
HP 8082A Pulse Generator 56,200 

Opt 907 Front Handle Kit (HP 5062-3989). +5561  
Opt 908 Rack Flange Kit (HP 5062-3977). +533 J 
Opt 909 Opt 907,908 Combined (HP 5062-3983). +$82 
Opt 910 Additional Operating and Service Manual +528 
Opt W30 Extended repair service. See page 723. +$I95 

For sarne-day shipment, call HP DIRECT at 800-538-8787. 



PULSEGENERATORS&DATAGENERATORS 
High Resolution Time Synthesizer 

HP 5359A 

Precise digital delays 0-160 ms 
50 ps increments 
Jitter < 100 ps 

Programmable 
Fully synchronous to external trigger 
Automatic calibration 

HP 5359A Time Synthesizer External trigger input: -2 V to + 2 V slope selectable. 

The H P  5359A Time Synthesizer produces two extremely precise. 'Ync Output: I - R; - MR. Width 35 ns 
low jitter time delays. These delays, Td and Tw, are individually se- Output Pulse 

lectable by means of the keyboard, in 50 ps or greater steps to gener- Amplitude: 0.5 V to 5 V into 50 R. 

ate delays of up to 160 ms. Polarity: positive or negative. 
Offset: - 1 V to 1 V. or OFF. 

EXTERNAL SYNC PULSE L 
SYNC OUTPUT PULSE 

OUTPUT PULSE 

EDGE 1 I I I I 

EDGE 2 1 I I L 

The H P  5359A has many applications and may be used for the 
calibration of Radar. Loran, DME and Tacan Systems, or for preci- 
sion generation of delayed sweeps in oscilloscopes, and for extremely 
accurate "time positioning" control of external gates on frequency 
counters. In component and circuit test, the instrument may be used 
for extremely accurate delay line simulation. 

Condensed Specifications 
Mode. 

External trigger mode: the delays from the sync out to the begin- 
ning of the output pulse, and the width of the output pulse, are se- 
lected. 
Internal trigger m e  the "period" or "frequency", and the width 
of the output pulse, are selected. 

Range 
Delay Td: 0 ns to 160 ms. 
Width Tw: 5 ns to 160 ms (width & delay 1160 ms). 
Period: I00 ns min or width + 85 ns; 160 ms max. 
Frequency: same as corresponding "period". 

Repetition rate: 10 MHz max. 
Accuracy: * I ns + time base error (a 100 ps + time base error after 
external calibration). 
Insertion delay: fixed at  <I50 ns; selectable as <50 ns for delays 
> I00 ns. 
Jitter: typical 100 ps rms; maximum 200 ps rms (delays to 10 ms). 

Transition time: <5 ns. 

External voltage must not be applied. Offset and Amplitude voltage 
into 50 R may be displayed. 
EDGE 1 OUTPUT (rear panel): occurs in Sync with leading edge of 
output pulse (same spec. as Sync out). 
EDGE 2 OUTPUT (rear panel): occurs in Sync with falling edge of 
output pulse (same spec. as Sync out). 
Events mode: substitutes external input (to 100 MHz) for the inter- 
nally counted clock (delay and width must both be specified in terms 
of events instead of time). 
Triggered frequency modc: the same as internal frequency mode 
except the output is a burst beginning in synchronism with an exter- 
nal trigger signal, and continues for the duration of this signal. 
Calibrate mode: performs an internal calibration to remove the ef- 
fects of internal delay differences. 
HP-IB: All controls except trigger levels are programmable as stan- 
dard. 
Time B a n  
High Stability Oven Oscillator 

Frequency: 10 MHz. 
Aging: <S X 10-1°/day. 
Temperature: <2.5 X O°C to 50°C. 
Line voltage: < 1 X 10-lo, + 10% from nominal. 

Size: 133 H x 426 W x 521 mm D (5.25 in. x 16.75 in. x 20.50 in.). 
Weight: 13.6 kg (30 Ib). 
Power requirements: 100, 120,220, or 240 Vac +5% -10%. 48 to 
66 Hz, less than 250 VA. 
Front handles: supplied with instrument. 

Ordering Information Price 
HP 5359A Time Synthesizer S 14.000 

Opt 908 Rack Flange Kit for use without handles + $33 
Opt 913 Rack Flange Kit for use with supplied han- + $35 
dles 
Opt W30 Extended repair service. See page 723 
Opt W32 Calibration service. See page 723 

HP 10870A Service Kit S 1.200 



Q PULSEGENERATORS&DATAGENERATORS 
Fast, High Power Pulse Generator 
HP 2148 

High power 100 V, 2 A output into 50 52 
10 MHz repetition rate 

Constant duty cycle 
Counted pulse burst option 

SL- E l l  lM T01G 00TLUT 
OIU. 

Dl.* - .(LY 

Picture shows 2148 with Option 001, Counted Burst. 

The HP 21 4B pulse generator employs semiconductor technology for 
high power pulse generation at  up to 10 MHz repetition rate. Deliver- 
ing 100 V pulses with 15 ns risetimes, the HP  214B meets the speed 
demands of today's applications. 

State-of-the-art VMOS FETS used as current sources for the out- 
put amplifier tubes enable pulse width to be specified down to 25 ns. 
The HP 2148 is thus well-equipped for low duty cycle applications 
such as laser diode pulsing or transient simulation. 

Where changing duty cycle threatens destruction to the device 
under test, the HP 214B Constant Duty Cycle (CDC) mode provides 
device protection. In CDC operation the duty cycle, hence power, re- 
mains constant as frequency is varied. The HP 2 14B is itself protected 
against excessive duty cycles via an overload protect circuit. 

Easy operation is assured by the timing error indication. Calibrated 
dials enable fast accurate adjustments. Operating into unmatched 
loads, clean pulse shape is guaranteed by the low reactance 50 f2 
source impedance. Pulse distortions such as preshoot and overshoot 
are specified as 5% at all amplitudes. 

Specifications 

Timing 
Repetition rate: I0  Hz to 10 MHz in 6 ranges. In 30 V - I00 V ampli- 
tude range, maximum rep. rate is 4 MHz. Calibrated vernier provides 
continuous adjustment within ranges. Vernier accuracy: +(lo% of 
setting + 1% full scale). Period Jitter: 50.170 + 300 ps. 
Pulse delay/dvance: pulse can be delayedladvanced with respect 
to the trigger output from 10 ns to 10 ms (+ fixed delay of 45 ns) in 5 
ranges. Calibrated vernier provides continuous adjustment within 
ranges. Vernier accuracy: +(lo% of setting + 1% full scale) + fixed 
delay. Position Jitter: 10.1% + 500 ps 
Maximum pulse position duty cycle: 250% 

Accuracy: *(15% of setting + 1% of full scale). 
Trigger Output 

Amplitude: 2 + 5  V (50 ohm into open circuit). 
Pulse width: 10 ns typical. 

External Operating Modes 
External lnput (impedance 10 k ohm, dc coupled) 

Repetition rate: dc to 10 MHz. Sensitivity: 500 mVpp. dc cou- 
pled. 
Slope: pos. or neg. Trigger Iewl: +5 V to -5 V adjustable. 
Maximum Input level: * 100 V. Trigger pulse width: 2 10 ns. 

EXT TRIG mode: an output pulse is generated for each input pulse. 
GATE mode: pate signal turns on rep. rate generator synchronously. 
Last pulse always completed. 
BURST mode (optional): preselected number of pulses generated on 
receipt of trigger signal. Number of pulses: 1 to 9999. Minimum 
spacing between bursts: 200 ns. 
Manual: pushbutton can be used for triggering single pulses (EXT 
TRlG mode), generating gate signals (GATE mode) or triggering 
pulse bursts (BURST mode). 

Output 
Amplitude: 0.3 V to 100 V in 5 ranges. Calibrated vernier provides 
adjustment within ranges. V m k r  accuracy: +lo% of setting. 
Source impedance: fixed 50 R nominal on ranges up to 10 V. Select- 
able 5OR nominal or HI-Zon 10- 30 - 100V ranges (with 50R/  50Q 
impedance. amplitude decreases to 5 - 15 - 50 V). 
Polarity: pos. or neg. selectable. 
Transition t lmw 5 15 ns for leading and trailing edges. 
Pulse top perturbations: 534% of amplitude. 

General 
Operating temperature: O°C to 55'C. 
Power: 100/ 120/220/240 Vrms; +5%, -10%. 48 to 66 Hz, 

360 VA max. 
Size: 133H x 426W x 422 mm D (5.2' x 16.8" x 16.6"). 
Weight: net 13.6 kg (30 Ib). Shipping 15.6 kg (34.3 Ib). 

Double pulse: 5 MHz maximum in all ranges except 30 V - 100 V 
range which IS max. 2 MHz. Minimum separation is 100 ns. Ordering Information Prices 

H P  214B Pulse Generator 
Pulse width: 25 ns to I0 ms in 6 decade ranges. Calibrated vernier 55,100 

Opt 001 Counted Burst 
provldes continuous adjustment within ranges. Accuracy: &(lo% of 5800 

Opt H04 48-440 Hz Line 
setting + I % full scale) + 5 ns. Width Jitter: _<0.1'?6 + 500 ps. 

on request 
Opt 907 Front Handle Kit (part number H P  5061- 

Max. duty cycle: 2 10% for 30 - I00 V range. 250% all other ranges. 9689). 
Constant duty cycle mode (disabled in ext. trigger mode): duty 

$ 5 6 1  
Opt 908 Rackmount Kit (part number H P  5061-9677). 

cycle of output pulse remains constant as the per~od is varied. The 
5 3 3 2  

Opt 909 Opt 907,908 Combined (part number HP  
duty cycle limits in this mode are typically 8% fixed for the 10 M - 1 5061-9683). f 8 2 a  
MHz range (max. 4 MHz); 2.5% to 10% for I MHz - . I  MHz range; Opt 910 Set of OperatingfProgr. and Service Manuals 534 
.25% to 10% for .I MHz - 10 kHz range: 0.1% for all other ranges. Opt W30 Extended repair service. See page 723. f120 
Calibrated vernier provides continuous adjustment within ranges. For same-day shipment, call HP DIRECT at 800-538-8787. 



PULSEGENERATORS 
50 MHz Pulse Generator 

HP 80128 

Independent rise and fall times from 5 ns to 0.5s Selectable source impedance 
Output voltage up to 10V A high-quality, low-cost pulse solution 

HP 80128 50 MHz Pulse Generator 
The HP XOl2B is a versatile and reliable low-cost pulse generator. 

It provides an excellent solution for those requiring clean pulses with 
low noise and fast edges. Independently variable rise and fall times 
allow the user to optimize switching speeds for use with digital cir- 
cuits, while variable amplitude and dc offset let you match levels to 
CMOS, ECL, TTL, and many other IC technologies. For amplitudes 
greater than 5V. you can switch out the internal 50-ohm load to doub- 
le the output voltage. 

Flexible Operation 
The HP 8012B provides operating modes to satisfy many basic 

pulse generator applications. External triggering and gating, double 
pulse mode, and external width mode combine to make design of your 
pulse simple and effective. The clear front-panel layout encourages 
creation of the desired waveform without timing errors. 

Low Cost Stimulus Source 
Stimulus-response testing is an excellent way to characterize ICs. 

boards. and other system elements. The HP 8012B is a high-quality, 
low-cost pulse source for such a system. When combined with one of 
HP's wide range of digitizing oscilloscopes, the HP 8012B fits your 
device test application cleanly and inexpensively. 

Specifications 
Pulse parameters 

Jitter: <0.1'; of programmed value + 50 ps. 
Period: 20 ns to 1 s ( I  Hz to 50 MHz) 
Delay: 35 ns to I s 
Width: 10 ns to 1 s 

Maximum duty cycle: 75% up to 10 MHz. 
Transition times: 5 ns to 0.5 s 
Source impedance switchable between 50 ohms and high Z. 
Amplitude: 0.1V to 5V. 50 ohm source into 50 ohm load. 0.2V to 
10\ Into h~gh impedance load or with high impedance source. 
Offset: * 2.5V: active only when using 50 ohm source. 

Pulse performance 
Overshoot and ringing: 5% of amplitude: 10% of amplitude 
(0.4 -4V) when using high impedance source. 
Preshoot: + 5% of amplitude 

Su~~lementaw Characteristics . . 
(values describe typical, non-warranted performance) 

Operating modes 
Normal: continuous pulse stream 
External: selected external input transition (+ or -) triggers out- 
put. Mln. external signal width 7 ns. 
Gate: positive external input edge starts synchronous output. Nega- 
tlvc external edge stops output after completion of current pulse. 
Other: Double Pulse, Square Wave, External Width, RZ 

General lnformation 
Operating temperature: O°C to 55°C 
Power: l00/ 120/220/240 +lo%/- 15% Vrms. 48 - 440 Hz, 70 VA. 
Weight: net, 4 kg (9 Ibs): shipping, 6.5 kg (14.6 Ibs) 
Size: 142H x 200W x 330mmD (5.6" x 7.9" x 13") 

Ordering Information Price 
H P  8012R pulse generator (includes power cord and $2.000 
operating / service manual) 

Opt 910 additional operating and service manual +S20 
Opt W30 Extended repair service. See page 723. +S65 

Accessories 
H P  15179A rackmount kit $235 

Stimulus-response solution: the HP 80128 and the HP 54504A A11 accessories included for mounting one or two pulse 
digitizing oscilloscope generators. 



Versatile 50 MHz Source 
HP 8112A 

Full pulse capability 
Modulation 
Ramps and haversines 

Width/duty cycle 
Device protection 
Error recognition and self test 

HP 81 12A Pulse Generator 
The HP 8 11 2A is a fully programmable 50 MHz pulse generator 

with 5 ns transitions and 32 Vpp (into open circuit) max output am- 
plitude. All pulse parameters are variable including delay and double 
pulse spacing. 

Besides the comprehensive trigger modes, external modulation ca- 
pabilities extend applicability. 3-level signals and upper level, width, 
period and delay-modulated signals are available. These can be com- 
bined with the trigger modes so that complex real-life signals like 
modulated bursts are simulated easily. 

Step response and trigger hysteresis measurements require fast 
transitions or sawtooth signals as obtained in the HP 81 12A's linear 
transition mode-either fixed 5 ns or variable from 6.5 ns. The new 
cosine transitions, also variable from 6.5 ns, mean that band-filtered 
signals are now just as simple to obtain. 

Sensitive devices are protected by programming output limits and 
the upper level can be controlled by the device supply. Also, constant 
energy or constant width can be programmed. 

Dual channel operation is feasible by operating H P  81 12A's in a 
master/slave combination. 

For really easy operation a green button gives error-free settings. A 
new softkey operating concept plus detailed error recognition make 
the HP  81 12A's powerful versatility easy to handle. 

Specifications 
Specifications apply with 50-ohm load, and temperatures in the range 
0°C to 55°C. 

Timing (specifications apply for min transition times) 
Period: 20.0 ns to 950 ms. 
Delay: 75.0 ns to 950 ms. 
Double puiw: 20.0 ns to 950 ms. 
Width: 10.0 ns to 950 ms. 
Accuracy: 5% of progr value a 2 ns (delay: + 4 ns). 
Duty cycle 1% to 99% (Min: 10 ns. Max: period -10 ns). 
Accuracy: 10% of progr value. 

Pulse Characteristics (voltages double when driving into open 
circuit) 
Levels 
High level: -7.90 V to 8.00 V. 
Low level: -8.00 V to 7.90 V. 
Accuracy: * 1% of progr value a 3% amplitude 40 mV. 
Settling time: 100 ns + transition time. 

Transition times 
Fixed: 5 ns typical 
Linear and Cosine: 6.5 ns to 95.0 ms (max edge ratio 1:20 within a 
1.5-decade range. Ranges overlap by 0.5 decade). 
Accuracy: 5% of programmed value 2 ns. 
Preshoot, overshoot, ringing: * 5% 10 mV (variable transitions), 

10% * 10 mV (fixed transitions). 
Output resistance: 50 ohm * 5%. 
Operating modes: Normal, Trigger, Gate, Ext Width (pulse resto- 
ration). Ext Burst (1 to 1999 pulses). 

Control (Modulation) Modes 
Period, delay, width covered in 8 non-overlapping decades (max in- 
put frequency 8 kHz.). 
High level: -8 V to +8 V, independent of progr low level (min input 
transition 200 ps). 

General 
HP-IB: all keys programmable. Learn, status and error reporting 
capability. HP-IB interface functions: SHI,  AHI. T6, L4, SR1, RLI,  
PPO. DCI, DTI. 
Memory: retains current operating state. 9 store/recall locations, 
I fixed set of parameters. 
Repeatability: factor 4 better than accuracy. 
Environmental 
Storage temperature: -40°C to +6S°C. 
Operating temperature: O°C to 55OC. 
Humidity: 95% RH. O°C to 40°C. 
Power: 100/120/220/240 V rms; +5%; -10%; 48 to 440 Hz; 
120 VA max 
Weight: net,  5.9 kg (13 Ib). Shipping, 8.0 kg (18 Ib). 
Size: 89 H x 212.3 W x 450 mm D (3.5" x 8.36" x 17.7"). 

Ordering Information Prices 
H P  8112A Programmable Pulse Generator* $6,000 

Opt 910 Extra Operating and Service Manual $49 
Opt W30 Extended Repair Service. See page 723 S l 5 0 s  

H P  5062-4001 Bail Handle Kit $38= 
HP 5062-3972 Rackmount Kit (single H P  8 11 2A) $5 l=  
H P  5062-3974 Rackmount Kit (two instruments) $31 
H P  5062-3994 Lock Link Kit (for use with H P  5062- $40 

3974) 
HP-I0 cab& not upplled, am page 706 

For same-day shipment, call HP DIRECT at 800-538-8787 



"Two HP 81 12As in one" 
Simulates data/clock signals 

Bench and ATE-System suitable 
The HP 81 15A is a fully programmable 50 MHz dual channel 

pulse generator, which delivers pulse trains with up to 32 Vp-p into 
high impedance and variable transitions from 6.5 ns up to 95 ms. 

The HP 8 1 15A is suitable to operate as a stand-alone instrument or 
in an ATE-System. The specifications are for a wide temperature 
range, 0°C to 55°C. useful for ATE-Systems. Much higher accuracy 
is achieved in the limited temperature range 20°C to 30°C; this is 
useful for bench-top applications which require higher accuracy. The 
high and low level for each channel is independently programmable. 
The output voltages can also be programmed as amplitude and offset. 

Two Channels / Channel Addition 
Two channels are available; they are designed as parameter-inde- 

pendent but synchronous outputs. With the delay capability, phase- 
shifted signals can be achieved. The two channels can be added, thus 
3-leve1, 4-level signals or spikes can be created. 

Specitications 
Specifications describe the instrument's warranted performance 

(30 minutes warm-up, 50-ohm load) at  O°C to 55°C (20°C to 30°C] 
ambient temperature. 

Timing Parameters 
(measured at 50% of amplitude with fastest edges). 
Common Specifications: 
Resolution 3 digits (best case 100 ps) 
Repeatability factor 4 better than accuracy 
RMS-jitter* 0.05% of programmed value +30 ps 
Period (PER) 20 ns to 950 ms 
Accuracy 4 %  of progr, value k 2  ns [+2% &I ns] 
Delay (DEL) 75 ns to 950 ms (max: PER + 55 ns) 
Accuracy +5% of progr. value +4 ns [*2% a 4  ns] 
'sea page 449 

PULSEGENERATORS 
50 MHz Dual Channel Pulse Generator 

HP 8115A 

Displays both channels 
Multi-level signals 

Double Pulse (DOUB) 20 ns to 950 ms (max: PER - WID) 
Accuracy 4 %  of progr. value +2 ns [+2% +2 ns] 

DEL and DOUB are mutually exclusive 
Width (WID) 10 ns to 950 ms (max: PER - 10 ns) 
Accuracy +5% of progr. value +2 ns [+2% +2 ns] 
Linear Transitions (between 10% and 90% of ampl) 
Range 6.5 ns to 95 ms 
Accuracy 4 %  of progr. value +2 ns [ a s% *2 ns] 

Output (voltages double when driving into open) 
High Level -7.90 V to +8.00 V 
Low Level -8.00 V to +7.90 V 
Resolution 3 digits (best case 10 mV) 
Level- Accuracy + I% of progr. value *3% of ampl. 

+40 mV [+ 1% +I% +20 mV] 
Repeatability factor 4 better than accuracy 

Supplemental Specifications 
Trigger Modes Manual, Auto, Trigger, Gate 
Addition Adds up channel 2 to channel 1. 
Control Modes High level, Period. Delay. Width 

General 
Storage Temperature -40°C to +6S°C 
Operating Temperature O°C to 55OC 
Power 100-120/220-240 Vrms, +lo%, 450 VA 

max., 48-66 Hz 
Weight 16 kg (35.5 Ib) 
Dimensions (H*WeD) 190 mm 426 mm * 584 mm, 

[7.5 in 16.75 in 23 in] 
Recalibratlon Period 1 year recommended 

Ordering Information Price 
HP 8115A 50 MHz Dual Channel Pulse Generator $10,300 

Opt 908 Rack Flange Kit (P IN 5062-3978) 
Opt 910 Set of Operating/Programming and Service $138 
Manuals 
Opt 915 Service Manual (P IN 081 15-90001) 5106 
Opt 916 Additional Operating and Programming $32 
Manual (P  N 081 15-9001 1) d Opt W30 xtendcd repair service. See page 723 $140 

For same-day shipment, call HP DIRECT at 800-538-8787 



100 Mbit/s Pulse Pattern Generator 
HP 8118A 

2 channels / 16 kbit each / 100 Mbit/s each 
Strobe channel (bit, word, or frame trigger) 
Variable word and frame length 

Variable width and delay 
Rise/fall time separately programmable 
Variable high and low level, channel addition 

HP 8118A Pulse Pattern Generator 

Parametric and Functional Test 
The HP 81 18A is a two-channel pulse and serial data generator. It 

provides full control over voltage levels, timing, and transition times 
in all operating modes, and in its pattern mode offers patterns of up to 
16 kbits with programmable word and frame lengths, and up to 100 
Mbit/s data rate, NRZ, 50 Mbit/s RZ. 

The HP 81 18A is an excellent combination of a fully program- 
mable serial data generator and a pulse generator in one package. It 
offers functional test capabilities for testing ICs, modules, and 
boards. With the built-in parametric capabilities, it is possible to 
combine the digital information with the signal degradation that oc- 
curs in practice, allowing evaluation of the effect of worst-case condi- 
tions on your device-under-test. 

Timing parameter display of both channels and the additional 
strobe channel. 

Serial Data Transmission - ISDN 
The Integrated Services Digital Network provides all forms of 

communication, including voice, data, video, etc. Specific line codes 
are used for transmitting this serial data. In the United States the 
four-level line code ZBIQ, is about to become standard. In Europe, 
the three-level code AM1 is used. With the HP  8 1 18A's channel addi- 
tion capability, and the help of the H P  81 18A Coder'program run- 
ning on a Series 200/300 controller, you can enter ASCII data and 
convert it to the line code you require, such as 2814,  AMI, HDB3, 
Manchester 11, NRZ, or RZ. Because the H P  81 18A allows you to 
vary pulse parameters on your data pattern, you can then simulate 
signal degradation by changing voltage or timing parameters of the 
pattern output. 

3- and Clevel signals produced by HP 81 18A's internal channel 
addition feature. 
a) HD83 signal 
b) 28 1 0  signal 

Powerful Editor 
The HP 8 1 1 RA offers a convenient and comprehensive set of edit- 

ing capabilities, making creation of the serial data pattern required 
for your application quick and easy. The digital patterns you create 
can also be combined with PRBS (pseudo-random-binary-sequence) 
capability to make segments of random data or a complete PRBS 
pattern. Word- and frame-oriented data patterns can be created using 
the "Word" mode of the HP  81 18A. with up to 3640 words and word 
lengths of up to 256 bits allowable. With these features, protocols 
with preamble-data-postamble structure and defined word and frame 
lengths, as used for data transmission in serial data networks, can be 
rapidly created. ' Unsupported program available on ruqwst.  ass HP BASIC 5.1 platform 



Bunt Signals Output (voltages double when driving into open) 
Complex burst signals with up to 16384 pulses can be gene-rated High kvel: -7.90 V to +8.00 V 

with the HP 81 18A in its pattern mode. Burst signals are often used Low level: -8.00 V to +7.90 V 
for testing sequential devices such as coun-ters and shift registers. Resolution: 3 digits (best case 10 mV) 
Bursts are also used in radar and navigation applications such as Level-accuracy: 1% of progr. value + 3% of amplitude 
baseband signal injection, simulation and testing tracking circuits, * 40mV [* 1% + 1% + 20mV] 
phase comparators. and transmitters. Cosine edges allow near-Gaus- RepeataMlity: factor 4 better than accuracy 
sian pulses to be set-up. 

- 

Both channels are time-synchronous and have the same period, but 
all other parameters - data, timing, and voltage - are independently 
programmable. With data on one channel, the second channel can 
also be added to the first to create spikes, glitches, or three- and four- 
level signals. 

..WOW U. ¶..WOO u. a.wo00 u. 

01. 1 - L.000 "olt./aLr 
cn. r - ~ . o o o  vo~t . /a iv  

Off..t - -?.¶a0 .volt. 
ri-b... - 200 nmlalr 

Off..C - -5.000 .volt. 
0.I.I - 4.10000 u. 

Complex burst patterns, and  independent second channel. 

Specifications 
Specifications describe the instrument's warranted performance 

(30 minutes warm-up, 50-ohm load) at  O ° C  to 55OC [20°C to 30°C] 
ambient temperature. 
Timing parameters 
(measured at 50% of amplitude with fastest edges). 
Common specifications 

Resolution: 3 digits (best case. 100 ps) 
Repeatability: factor 4 better than accuracy 
RMS-jitter': 0.05% of programmed value +30 ps 
Period (PER): 20 ns to 950 ms 

Accuracy: + 5% of progr. value * 2 ns [+ 2% + 1 ns] 
Delay: 7 ns to 950 ms (max: PER + 55 ns) 

Accuracy: 5% of progr. value + 4 ns [* 2% + 4 ns] 
Double pulse': 20 ns to 950 ms (max: PER - WID) 

Accuracy: 5% of progr. value + 2 ns [+ 2% 2 ns] 
Delay and Double pulse are mutually exclusive 

Width (WID): 10 ns to 950 ms (max: PER - 10 ns) 
Accuracy: * 5% of progr. value * 2 ns [* 2% * 2 ns] 

Linear transitions (between 10% and 90% of amplitude) 
Range: 6.5 ns to 95 ms 
Accuracy: + 5% of progr. value + 2 ns [+ 5% + 2 ns] 

Pattern 
Data capacity: 16384 bits per channel. (In bit mode: maximum 
numbers of bits) 
Data formats: R Z  with programmable Delay and Width up to 50 
Mbitls. DNRZ with programmable Delay up to 50 Mbit/s. NRZ 
up to 100 Mbit/s 
Word length: 3 to 256 bits, common for both channels (word mode 
only) 
No of words: Number of words X word length < 16384 bits, com- 
mon for both channels (word mode only) 
Random pattern: up to 16384 bits long. PRBS sequence if 
blocklength is 2" - 1 

Supplement Specifications 
Trigger mode: Manual, Auto, Trigger, Gate 
Addition: Adds up channel 2 to channel 1 
Operating modes: Bit Mode, Word Mode, Break, Start/Stop. Con- 
tlnue, Autocycle. Single Cycle 
Strobe output: Fixed TTL levels; Delay. Width independently 
programmable; bit, word, of frame trigger 
Control modes: High level, Period, Delay. Width 
General 

Storage temperature: -40°C to +65OC 
Operating temperature: O°C to 55OC 
Power: 100-1 201220-240 Vrms, + 10%. 450 VA max.. 48-66 Hz 
Weight: 17 kg (38.8 Ib) 
Size: 190H x 426W x 584mmD (7.5" x 16.75" x 23") 
Recalibration period: 1 year recommended 

Ordering Information Price 

HP 8118A 100 Mbit/s Pulse Pattern Generator $12,500 
Opt 908 rack flange kit (P IN 5062-3978) +$36* 
Opt 910 set of operating/programming and service +$I38 
manual 
Opt 915 service manual (PIN 081 18-90001) +$I06 
Opt 916 additional operating and programming +$32 
manual 
(P IN 081 18-9001 1 )  
Opt W30 Extended repair service. See page 723. +$I40 

Accessories 
HP 1494-0059 rack slide kit SlOO* 

For same-day shipment, call HP-DIRECT at 800-538-8787. 

'seepape449 
' 10 ns wlth NRZ data format 

available in Pulse Generator mode 



Interactive DigitalIAnalog Stimulus 
HP 8175A 

24 data c h a n n e l s  
2 a rb i t r a ry  c h a n n e l s  

Agile memory 
lnteract ive  test 

HP 8175A with Option 005 (TTL/CMOS output pods  and 
trigger input pod) 

HP 8175A Digital Signal Generator 
Test Under Real, Repeatable Conditions 

Whether your device needs analog or digital signals or -like 
programmable filters- both, the HP8175A helps you emulate the real 
environment. This is because programmable data patterns and arbi- 
trary waveforms can be made available at  the same time. Repeatable 
timing and voltage settings let you test the device's limits with confi- 
dence. 

Signal Quality at the Device 
The HP8 175A's 24 data outputs are connected to your device or 

test head by active pods. This reduces distortion because the connec- 
tions between pod and device can be kept very short. 

Each pod supports 8 channels so, if you are working with mixed 
logic, you can use any combination of the available ECL, TTL or 
variable-level TTL/CMOS pods. 

The two analog channels of the Option 002 arbitrary waveform 
generator have 50-ohm outputs. 

Interactive test 
An agile, segmentable memo- 

ry makes it possible for the H P  
8 175A to jump to different rou- 

INITlALIZATION 
tines as needed by a test proce- 

ROUT I NE dure. In the example on the left, 
an  init ial  da t a  pat tern  or  
waveform is output until the 
DUT changes state. This change 
is sensed bv the H P  8175A's 8- 
line trigge; pod, which then im- 
plements a user-defined jump. 

ACTUAL I TEST RWTINE I 

Start, stop, continue and tri- 
state can also be implemented 
from the DUT in this way. 

Designed for Stimulus-Response Test 
In addition to the 24 data outputs, there are also 8 flag outputs. 

These depend directly on DUT status, and so can make sure that a 
measuring device captures the right information. 

HP 8175A s tar ts  HP 1650A logic analyzer and HP 541 10D 
oscilloscope signal capture. 

Capture/Playback Applications 
Data patterns or analog signals captured by your H P  logic analyzer 

can be read into the HP  8175A's memory. Thus critical once-in-a- 
while occurrences that cause device problems are available for de- 
tailed evaluation. To help you move captured information into the HP  
81 7SA. a program' is available that converts HP  165x(x) files to HP  
8175A-readable form. The transfer can take place online via HP-IB. 
or offline with 3-y2 inch disks. 

Convenient Bench and System Implementation 
Internal storage plus support of external disk drive and printer 

make manual setups very convenient. For automation, binary learn 
strings speed updates over HP-IR from the computer. In racked sys- 
tems, temperatures can get fairly high; to ensure reliable results 
under these conditions, the HP  8 175A is fully specified up to 55°C. 
'This and other HP 8175A programs are avlllabb lo usas on rsquesl. The programs run on HP 
Bask 5.1 or HP Pl~cel3.1 platlorms. The programs are not eupported. 



Built-in Editor High-Resolution Edge Placement 
The HP 8 175A's internal processor lets you set up counter and ran- All edges can be placed with 20 ns resolution. For critical 

dom patterns in a few keystrokes. It offers copy, insert, and cursor clock/data ordata/data adjustment, option 001 provides 100ps reso- 
editing on tables and graphics plus special features for arbitrary lution delay on four channels. 
waveforms2. 

Memory Segments Sequenced in Real Time 
For long data sequences with repeating elements, the memory can 

be segmented so that only unique data need be entered. The menu 
below shows how the segments are set up: the first four lines produce a 
continuous data stream, re-using areas of memory with common 
data. A command from the device can cause a real-time jump to the 
line "TEST 2". 

Specifications 
(Please request data sheet for complete specifications) 
Outputs 

Data channels: 24, each I024 bits. 
Max data rate: 50 Mbit/s. NRZ format. 
( I f  Serial Mode is selected, two 8-kbit channels are available, max 
data rate 100 Mbit/s, NRZ format). 
Levels: ECL, TTL or variable-level TTL/CMOS pods. Different 

User-defined memory segments.  

Flexibility Through Bit-by-Bit Timing 
Long wait periods in a data stream or constant levels in an arbitra- 

ry waveform can use many k of memory. This is seldom a problem for 
the HP 8175A because each data pattern or sampling point can be 
given its own unique duration, from 0.02 ps up to 9.99 s. 

FIGURE 1 
Variable Pattern timing gives the user flexibility when program- 
ming long, asyrchronous da ta  systems. Note that the  long, l o p s  
pattern is solved by a single address.  
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Each memory location has  its own individual duration. 

Extra Clock Output for Dynamic Devices 
Devices that need a continuous clock do not force you to abandon 

the HP 8175A's variable timing feature because a clock with inde- 
pendent frequency is available. It is locked to the HP  8175A master 
crystal so that clock and data remain synchronized. 
'More information about the Optton 002 arbitrary waveform generator is available on page 439. 

in.a 20.0 to 40.0 ns window. 
Memory 

Size: 24 x 1024 bit 
Segments: as required up to 255. 
Capabilities: Start, stop, continue, restart, jump A, jump B and 
loop. 

Inputs 
Trigger pod: 8 lines to set flags and/or implement start, jump, out- 
put disable, etc. 
BNC inputs: for external clock, external 1 MHz reference and 
start/stop. 

Ordering Information Price 
HP 8175A digital/analog stimulus 5 1 1,900 
Note: HP  81 75A must be ordered with at  least one of 

the following options: 002, 003, 004 or 005,-or 
with individual pods. 

Opt 001 Fine Timing, I00 ps resolution on 4 channels +51,400 
Opt 002 Dual Arbitrary Waveform Generator +53,650 
Opt 003 4 ECL pods Model HP  15461A and +54.650 
1 Trigger pod Model HP  15463A 
Opt 004 4 TTL pods Model HP  15464A and +53,150 
1 Trigger pod Model HP  15463A 
Opt 005 4 TTLICMOS pods Model H P  15462A and +57,050 
1 Trigger pod Model HP 15463A 
Opt 908 Rack Flange Kit (PN 5062-3978) +S36= 
Opt 910 Operating/Prograrnrning and Service +16290 
Manual 
Opt 916 Additional Operating/Programming +f72 
Manual 
Opt W30 Extended repair service. See page 723. +5280 

HP 15430A cable, for master/slave operation of 2 +$85 
HP8175As 
HP 10062A cover, for protecting front panel +f 75 
=For Same-day shipment, call HP-DIRECT at 800-538-8787. 



DC ELECTRONIC LOADS 
Electronic Load Family 
HP 6050A - 6063A, 60501A - 60504A 

HP-IB control of current, voltage, and resistance Trigger for external synchronization 
HP-IB readback of current, voltage, and power Can be controlled by an analog voltage in constant 
Built-in pulse waveform generation with programmable current mode 
amplitude, frequency, duty cycle and slew rate. Contin- Can be paralleled in constant current mode 
uous and pulse modes Remote voltage sense in constant voltage mode 
Full protection from overpower, overtemperature, High voltage loads now available 
overcurrent, overvoltage and reverse polarity Standard 3-year warranty 
Software calibration 

HP dc Electronic Loads 
Hewlett-Packard dc electronic loads are ideal for the test and eval- 

uation of dc power sources and power components. The H P  dc elec- 
tronic load family offers advantages in performance, quality, and 
reliability. These loads are well-suited for applications in areas such 
as R&D, production, and incoming inspection. 

The Hewlett-Packard One-Box Solution 
HP single-input loads and load mainframes are equipped with stan- 

dard HP-IB interfaces. The built-in IEEE-488 interface allows com- 
plete control of all load functions as well as readback of input voltage, 
current, power. and detailed operating status. Each HP standalone 
load or load module also includes programming inputs that allow con- 
trol of load current via an analog control voltage. Other system fea- 
tures contributing to the one-box solution concept are internal voltage 
and current monitors and an internal transient generator with 
programmable amplitudes, frequency, duty cycle and slew rate. The 
HP one-box solution saves space, cost, and time while making HP dc 
electronic loads easy to integrate into automated test systems. 

Fully Compatible Operation 
The features and SCPl (equivalent to TMSL) instruction set of all 

HP  dc electronic loads are fully compatible with one another. For 
example, test programs developed for an HP  6060A 300-watt single- 
input electronic load or an HP  60502A 300-watt single-input load 
module are interchangeable. 

The HP dc electronic load family is also fully compatible with the 
H P  59510A relay accessory (see page 488). H P  dc electronic loads 
typically have a maximum input resistance of 10,000 ohms. The HP 
595 10A provides physical isolation of the HP dc electronic load from 
the device under test or any other test instrument by switching power 
and sense leads. Capable of switching up to 60 amperes and 200 volts 
dc, the HP  59510A can be controlled by rear panel signals on the HP  
electronic load. 

System or Manual Applications 
HP dc electronic loads are equally suitable for manual use on the 

bench. The front panel LCD meters indicate voltage, current and 
power readings. The full function front panel keypad allows easy, re- 
peatable, and reliable control of the load when it is used manually. Six 
volatile user-definable states allow you to easily save settings for later 
recall. An additional user-definable power-up state allows you to de- 
fine settings that are remembered when the unit is switched off and 
then recalled when it is switched on again. 

Single-Input Products 
The HP 6060A and HP 6063A are single-input loads with standard 

rear-panel inputs. They are also available with optional front-panel 
inputs in addition to the rear-panel inputs. Front-panel inputs (option 
020) make input connections to the HP electronic load convenient for 
bench applications. These front-panel terminals are capable of han- 
dling the entire current rating of the load and can accept wire gauges 
up to AWG #4 (22 sq mm). They require no tools to tighten, making 
the connections quick and easy. 

Mainframe Products 
The HP 6050A 1800-watt and H P  6051A 600-watt electronic load 

mainframes accept the user-installable HP  load modules for easy sys- 
tem configuration and future reconfiguration if desired. The HP 
6050A holds up to six HP  60501A. 60502A. and 60503A load mod- 
ules or three HP  60504A load modules, allowing up to 1800 watts 
total maximum power. The HP 605 1 A holds up to two HP 60501A. 
60502A. 60503A modules or one HP 60504A module allowing up to 
600 watts total maximum power. One HP-IB address is all you need 
for complete control and readback of all load modules within a single 
mainframe. 
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d c  Electronic Load Applications 
Specifying System Performance Why Not Make Your Own Load? 

Because Hewlett-Packard electronic loads feature an integrated Many load users have resorted to building their loads in-house 
HP-IB programmer, pulse generator, current shunt, DMM. and ca- when a commercially available electronic load with the right combi- 
bling, their performance is specified as a system. Our specifications nation of features. power rating, performance. and purchase price 
cover all the integrated functions as one unit, which eliminates the could not be found. By making these loads in-house, users incur many 
need to calculate the actual performance of the automated test sys- hidden costs that can easily be overlooked. There are cost components 
tem based on each component's specification. The HP one-box solu- associated with product development, parts procurement, manufac- 
tion makes the integration and documentation of your test system fast turing. product documentation, training, and product failure, mainte- 
and easy. nance or replacement. In addition, the cost components increase as 
Operating HP Loads Below the Minimum Input Voltage the design complexity changes from simply using resistors to more 
Specification sophisticated designs addressing application needs for HP-IB pro- 

H P electronic loads meet all specifications when operated above 3.0 gramming, readback. and triggering schemes for measurement syn- 
volts: however, the dc operating characteristics also extend below this chroni"ation. 
minimum input voltage for static tests. Because of the FET technolo- Equipment buyers with electronic load needs have realized that the 

gy in the power input circuits, ~p electronic loads have a low purchase price of commercially available electronic loads can be rela- 
minimum input resistance allowing them to sink high currents even at  tively insignificant when compared to the overall cost of designing, 
low voltages. manufacturing, and maintaining them in-house. 

The HP electronic load family reduces your total cost of ownership 
by providing superior performance, features, reliability, and complete 
product documentation at  a reasonable purchase price. These loads 

'O r allow you to use fewer resources for your electronic load test system 

I development. and more resources to remain successful and competi- 
tive in your particular industry. The standard 3-year warranty can 

T further reduce your maintenance costs. 
ICS The quality. performance, price, and HP support will help you 

make an intelligent and economical purchase decision. 

1 - 
50 60 1 

The figure above shows the operating range of a typical HP  dc elec- 
tronic load. Notice that low-voltage operation, completely down to 0 
volts, is possible at correspondingly reduced current levels depending 
on the minimum resistance of the load. HP  electronic loads. there- 
fore. can be used in many applications that previously required zero 
volt loads. 
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Q DC ELECTRONIC LOADS 
Specifications and Dimensions 

Specifications (Data 
A m w  
Volts 
Mulmum Pmr (at 40'C) 
Uewlelt-Packrrd Mc&l 
Comtmt c u m  ma& 

Ranges 
Accuracy 
Resolution 

Temperature coeffictent 
Regulation 

Constant vo lwe mode 
Accuracy 
Resolution 
Regulat~on 
Temperature c o e i f ~ M  

Constant rwlrtmce mode 
Ranges 

AmacY 

- 
Resc 

- 
Rea 

Temperature coeff~c~ent 

T-*nrrlor 
Frequency range 

Resolution 
Accuracy 

Duty cycle range 

Resolution 
Accuracy 

Cwent kvcl h i  range 
Resolut~on 
Accuracy 

Current level low range 
Resolut~on 
Accuracy 

CUmt temperature &dmt 

Voltage level 
Voltage kvel resolution 
Voltage level accuracy 
~~t --A+ 

(a 

Sh1pplr.g we~ght 

HP SOSOA, 8OslA weight Safety agency compliance 
N e t  W e i g h t :  6 0 5 0 A :  9.5 kg ( 2 1  Ib) H e w l e t t - P a c k a r d  E l e c t r o n i c  Loads a r e d e s i g n e d  t o c o m p l y  w i t h  t h e  

6 0 5 1 A :  5.5 kg ( 1 2  Ib) f o l l o w i n g  r e g u l a t o r y  s t a n d a r d s :  IEC 348,  VDE 0 4 1  1, UL 1244 ,  and 
Shipping W e i g h t :  6050A: 13.6 kg ( 3 0  Ib) CSA E l e c t r i c a l  B u l l e t i n  556B 

6 0 5 1 A :  7.5 kg ( 1 7  Ib) 

HP-IB interface capabilities 
T h e  f o l l o w i n g  HP-IB f u n c t i o n s  a r e  i m p l e m e n t e d :  SHI, AHI, L4. 

SRI. DCl.  DTl, a n d  RL I  

Subjeel to Change) 
W A  
W V  
300 W 
HP6MldA,60502A 

04 
0 1% 575 mA 
60 A range: 16 mA 
6 A range: 1.6 mA 
100 ppm1T t 5  mA 
i 1 0  mA 

0.1% t 5 0  mV 
16 mV 
t10 mV 
100 ppm1-C t 5  mVi 

0 033 - 1.0 R 
I R - 1KP 
10 R - 10 Kn 
1 0: 0.8% i 8  rrdl (with 16A at input) 
1 K 0: 0.3% t 8  mS (with 26V at Input) 
10 K a: 0.3% a8 mS (with 266 at input) 
I R 0.27 mR 
I KR: 0 27 mS 
10 KR: 0 027 mS 
1 0: 10 mV 
1 KO: 10 mA 
10 K k  10 mA 
1 R 800 ppmlDC 

i O  4 mllIDC 
1 Kn: 300 ppm/'C 

i0 .6 mSl°C 
10 KR: 300 ppmIeC 

,0.6 mSl°C 

0.25 Hz. 10 kHz 
4% or less 
3% 
3 - 978 (0.25 Hz - l kHz) 
6.94'6 (1 kHz - 10 kHz) 
4% 
6% of setting t2% 
60 A range: 
260 rnA 
0.1% a350 mA 
6 A range 
26 mA 
0.1% *80 mA 
100 ppm/.C i 7  mAPC 

3 to 
260 
0 1" 
%. 

3.2 kg ( 
6060A 
7 5 kg (17 Ib) 
60502A: 
4 5 kg (10 Ib) 

010 A 
3-240 V 
250W 
UP 606% -3A 

MA 
I d O V  
150 W 
HP 60501A 

0120 A 
340V 
6 0 0 W  
HP 6OWA 

0-1 A. (F1 (F3 A. (F30 A 2A.(F120A 
t 0  15 tl 
10 A rang.. - . 

1 A range: 0.26 mA 
150 ppml°C t l  mM0C 
t 8  mA 

t0.12% 4 2 0  mV 
64 mV 
110 mV 
120 ppm/.C t 1 0  mATC 

0.20 - 24.0 ohm 
24 - 1000R 
240-5ooon 
240: 0.8% 6200 rrdl (with l l A  at input) 
10 KO: 0.3% i0.3 mS (with >24V at input) 
50 KO: 0.3% a0.3 mS (with 224'4 at input) 
24R 6 mR 
10KR:OOll mS 
50KR.0001 mS 
240: 10 mY 
10 KO: 8 mA 
5OKk8mA 
24 (1  800 ppmIoC 
800 ppm1"C t 10 mn/'C 
10 KR. 300 ppmlDC 
300 ppmlT 50.03 mSIoC 
50 KO: 300 ppml°C 
300 ppmlTClO.03 rnSt0C 

0.25 Hz. 10 kHr 
4% or kr 
3% 
3u0-978 (0.25 HZ - I kHz) 
6.94% (1 kHz. 10 kHz) 
4% 
6'6 of setting t2% 
10 A r € q  
43 mA 
0.18% a5 
1 A range 
4 mA 
0.18% t13 mA 
180 ppnPC 4 . 2  M C  

3 -240V 31060V - 
1 V 260 mV - 
0 15% t 1  O 1 8 i 3 0 0 n  - 
6063A: 
6.4 kg (14 D) U(IJ ID) 
W503A: 
3.2 kg (7 Ib) - 
6063A 
7 5 kg (17 Ib) 4.5 kg (10 Ib) 7.3 kg (16 Ib) 
60503A: 
4 5 kg (10 Ib) 

0.1% t40 mi 
30Arange:E 
3 A range: 0.8 mA 
100 ppmJ0C 53 mM°C 
t10  rnA 

0.1% i 5 0  mV 
16 mV 
t 5  mV 
100 ppm/'C a5 mVPC 

0.067 - 2 R 
2R.2KR 
20Q- lOKn 
2 0: 0.8%. s 16 nd) (mtlh 2 a  at 'npvt) 
2 KI1: 0.3% t 5  mS (with 26V at input) 
10 Ka: 0.3% t 5  mS (with 26V at input) 
2 t O 5 4 m O  
2 K t  0.14 mS 
10 K t  0 014 mS 
2 0: 10 mV 
2 Ka: 10 mA 
10 KQ 10 m l  
2 R: 800 ppmi -L 

i O  8 mRl°C 
2 K t  300 ppmIeC 

50.5 mSl°C 
10 KR: 300 ppmPC 

t0.5 mM°C 

0.25 Hz - 10 kHr 
4% or lcrs 
3% 
3 .978 (0.25 HZ - 1 kHz) 
6 - 948 ( I  kHz - 10 kHz) 
4% 
6% of setting i 2 %  
Xl A range: 
130 mA 
0.1% t200 r 
3 A range 
13 mA 
01%+4OmA 
100 ppn r 5  mATC 

2 8  4 3 0  mA 
- 

.-J A range: 32 3 
- 

12 A range: 3.2 mA - 
120 ppmIi8 mM°C 
a10 rnA 

- 
- 

0.1% t 5 0  mV 
16 mV - 
t20 mV - 
100 ppm i 5  mVfLC 

0.017 - 0.5 R 
0 . 5 ~ - 5 0 0 ~  
5 0 - 5 K R  
0.5 0: 0.8% *5 rrdl (wlth 2l2A at hput) 
500 a: 0.3% i 16 mS (with 26V at input) 
5 KO: 0.3% t 16 mS (with 26V at input) 
50 .0  14mR 
500 0: 0.54 mS 
5 KR: 0.054 mS 
50:20mV 
500 a: I 0  mA 
5KO:lOmA 
0 5 R: 800 ppml°C 

10.2 mWaC 
500 t 3 0 0  ppmIoC 

t1.2 mSl°C 
5 KR: 300 pprnl0C 

+1.2 rnSl°C - 
0.25 Hz - 10 kHz 
4% or lcss 
3% 
3 - 97'6 (0.25 Hz - I kHz) 
6-948 (1 kHz - 10 kHz) 
4% 
6% of setting t2% - 
120 A rsngc: 
520 mA - 
0.15% t700 mA 
12 A range 
52 mA 
0.15% +I60 mA 
150 a In ppm/'c MAIOP 

- 



1 out) 

18ms 
(-3 db treq.) 

M 

ss~s ground 
n A 

1 2 6 - 8 n n  
10 kHz (-3 

4% a 2 o m  

db freq.) 

A 

Specifications - continued 
HewIet t -PrM W 
T - t - ( a  

Voltage temperature coefficient 
Programmable slew rate 

R M a H  time 
Analog pmgmnmln# bm&Mh 

A* pm(mmln#-r r l  
Current (low range) 
Current (hlgh range) 
Temperature coefficien 
Voltage 
Temperature cocffidcn 

Analog pogrmmlng v o w  
R a d b r k  rpnlfkrtlw 

current readback r e d l  

Current readback accuracy 
Temperature cocfficien 
Voltage readback resol1 

Voltage resdbadc arrm 
Temperature coeff~c~ent 
Power readbadc accuracy 

Analog monitor r c u n c y  
Current mon~tor (0 to 10 V out) 
Temperature coefficient 
Voltage monltor (0 to 10 \ 
Temperature coeffi&nt 

Remote wntlng 
Minlmum o p n t l ~  
Programmrble short 

Rsnrn-k(WW 
Drift (over 8 hour interval) 

Current 
Voltage 

PARD (20 Hz to 10 MHz nab) 
Current 

dc 80Iutl~ 

DillM In 

Notee: 
1. Opaatlng temperature range is 0 to 55%. 

HP M O A ,  02A 

150 p p m ~ c  a 5 m v r c  
60 A range 
1 Aims - 5 Mps 
6 A range. 
0.1 Aims - 0.5 14/16 

2. Maxlmum continuous povsr aMllable Is darned linearly from 40°C l o  75% of maxlmum at 55°C. 
3. dc current accuracy speclficatlons apply 30 sewnds anar Input is applled. 

Ordering Information Option Descriptions 

HP WJA,  W 3 A  

120 ppn/.c 10 ~ V P C  
10 A Range. 
0 17 Afms - 0.83 M~IS  
1 A range. 
17 U s  - 83 Mms 

Opt 020 Front panel inputs. 
Opt 100 87-106 Vac, 47-66 H z  (for Japan only). 
Opt 220 191-233 Vac. 47-66 Hz. 
Opt 240 209-250 Vac, 47-66 Hz. 
Opt 800 Rackmounting kit for two units mounted side-by-side. (HP 
part numbers 5062-3994 and 5062-3978). 
Opt 908 Rackmounting kit includes (HP P / N  5062-3978 with an 
HP 6050A. HP P/N 5062-3960 with H P  6051A, and H P  P/N 5062- 
3974 with an HP 6060A). 
Opt 909 Rackmounting kit with handles (HP P / N  5062-3984 when 
mounting an HP 6050A and HP P/N 5062-3975 when mounting an 
HP 6060A). 
Opt 910 Extra manual set, including one each of the Operating Man- 

Yodrl 

HP 6 0 % ~  
HP 6051A 
HP 6060A 
HP 6063A 
HP60501A 
HP 60502A 
HP 60503A 
HP 60504A 

HP W l A  

150 ppn/.C a 5 mVrC 
30 A range: 
0 5 Aims - 2.5 A/@ 
3 A range: 
0.05 Aims - 0.25 A/* 

1 2 r ~ t 1  - 1 6 f i t 0 8 m ~  
10 kHz 10 kHz (-3 db heq.) 

4.5% a 3%a8mA 

t Option 908 and 909 for the t i p  8050A, and Wlon 8d0urd 908 for the HP 8051A, rsquke either ual, Programming Reference Manual, and Service Manual. The Pro- 
the slide kIt(P1N 149d0059)orslideraIlsto WRPO~I IheWhtoftheloadmainhame. Slideklts gramming Manual is available with the Mainframe, and therefore 
can be purchased uslng the above part number. 
This feature is available as an option. not individual modules. (Operating Manuals and Programming 

- This feature is not ava~lable. Manuals only are shipped with standard units). 
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HP 60lCUA 

150 p p m ~ c  s m v r c  
120 A range: 
2 Aims - IOMps 
12 A range: 

4.5% t 250 mA 
100 ppm/'C a 6 mATC 
08% t200mV 
100 ppml0C l 1 ~ V P C  
010 V 

1 2 f i - 8 m  - 
10 kHz (-3 db freq.) - 
4.5% a 40 mA - 
4.5% a 130 mA 
100 ppmleC t 3 mAl 1 0 0 p p n V C a 1 2 W C  
08% i 200mV 0.8% + 200 mV 
100 pprnPC a 1 mVI 100 ppmIoC a 1 rnV/*C 

~1.920 
$1.700 
$2.100 
$2.500 
$1.315 
$1.620 
$1,950 
$2,275 

- 

3 8  a 12 mA 
150ppm/ "Ca lWC 
O 5 8 +  150mV 
120 ppml0C a 10 mVPC 
0-10 V 0-10 V 0-10 V 

2 volts (typicdl 1.2 V) 2 volts (typ~cal 1 7 

Oplknr 

17 mA (via HP-19) 2.7 ImA (via HP-IB) 
20 mA (front pa@ 10 rnA (front panel) 

Vdc, between any lnput and cha - - 
V~L - 0.9 V max at l l ~  - -1 r 

+ - 3.15 V rnin (pull-up resistor c - 
VOL = 0 72 V max at IOL = 1 mA 
VOH = 4.4 V mln at IOH = -20 p4 

All ~ ~ s p p l y  far 25% t5'C. except M noted. 

0.033 ll (0 020 typ~cal) 
- 

20 KQ (typical) 

0.03% a 10 rnA 
0.01% a 10 mV 

4 mA rms 
40 mA peakpeak 
c -SI .. 

2 volts (typical 1.2 V) 2 volh (typical 1.4 V) 
0 066 f l(0 040 typlca 0 017 ll (0012 typ~cal) 

- - 

20 KQ (typical) 20 KR (typical) 

0.05% i 65 mA 
5 0 p p m / ' C a 5 W C  
17 mV (v~a HP-10) 
20 mV (front panel) 
0.05% a 45 mV 
50 ppmIoC t 1.2 mVIQC 
0 .2%t4W 

4% a 85 mA 
50ppm/'C+6mATC 

9 mA (via HP-19) 32 mA (via t 
10 rnA (front panel) 100 rnA (fro1 - 
O068*40mA I 0.1% + 110 mn 
65 ppmleC a 3 m u -  100 ppm/'C a 8 mA1.C 
17 mV (vla HP-10) 16 mV (v~a HP.10) 
20 mV (front panel) 20 mV (front panel) 
0.05% a 45 mV 0.1% a 45 mV 

0.20 R (0 10 ty 
KR (typlca~) 

0.03% t 15 mA 
0.01% a 20 rnV 

1 mA rms 
10 mA peak-peak 
C l V  mv 

0.03% a 5 mA 
0.01% a 10 mV 

2 mA rms 
20 mA peakpeak 
5 mV 

Emr 
MMUJ~ 

910 
+$v* 
+$50* 
+$35* 
+$35* 
~$32 '  
+$32* 
+$32* 
+$32* 

Flont 
pml 
l np ts  

020 
- 
- 

+$ST 
+$ST 

- 
- 
- 
- 

0.128 * 10 mA 
100 ppmIoC a 1 W C  
67 mV (v~a HP.10) 
100 mV (front panel) 
0.1% a 150 mV 
100 ppmlT c 8 mVIoC 
0.2% t 3 mV 

3% + 10 rnA 
100 ppm/'C a1 mAX: 

50 ppmlT c 1.2 mVIDC 
0.24ba2W 

4% r 40 mA 

- 

0.03% a 20 mA 
0.01% a 10 mV 

6 mA rms 
60 mA peakpeak 
Q .nu u 

0.258 i 40 mV 0 4% + 240 mV 
50 ppdeC a 0.2 mVP( 70 p p m ~ ' ~  l 1.2 ~ V P C  

5 Vdc maximum between 

100 ppmIoC c 2 mV/*C 
0 .2%t8W 

4% t 170 rnA 

- 

W W C a 3 m A T r  106ppnVca 1 0 w c  
0250bt40mV 0.4% * 60 mV 
50 ppm/.C a 0.2 rnV, 100 ppdeC z 2 mVIeC 

sense and load ~nput 

r Input 
100 
VAC 
kpm 
Only 
100 
SO* 
$0' 
$0' 
$P 
- 
- 
- 
- 

RxLllnount Kk 

800 
- 

tS67t 
- 
- 
- 
- 
- 
- 

220 
VAC 

220 
$0. 
$0' 
$0' 
SO* 
- 
- 
- 
- 

240 
VAC 

240 
$0' 
$0' 
$0' 
$0' 
- 
- 
- 
- 

908 
t ~ t  
+$67t 
+$32' 
t$3? 

- 
- 
- 

'Ilith 
I*ndkc 

909 
+$gat 

- 
+$75* 
675 '  
- 
- 
- 
- 



POWER SUPPLIES 
General lnformation 
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Introduction The "One-Boxw Solution 
Hewlett-Packard's extensive variety of power supplies serve a wide Hewlett-Packard has power supplies which can be remotely 

range of applications, in research and development, industrial appli- programmed via resistance. voltage. or directly through the HP-IB. 
cations, and computer automated test systems. All power supplies are The new system power (HP models 
designed for high reliability and ease of use. Hewlett-Packard pro- 6030A-6038A9 6621A-6629A. 6632A-6634~. 6 6 5 1 ~ - 6 6 5 5 ~ )  have 
vides advanced capabilities through innovative technology. built-in HP-IB programmers for voltage and current. Also included is 

a built-in DVM and precision 

Power Supply Selection Tables - Page 472 
There are three selection tables 

HP-IB Programmable Power Supplies 
r Analog Programmable Power Supplies 

Laboratory Bench and Special Purpose Power Supplies 
Choose the table that most closely fits your requirements. Each ta- 

ble is structured In ascending order of maximum output voltage. Up- 
on selection of a model which fits your needs reference the 
appropriate page number for further information. If you are unsure 
of a selection or require additional information contact the nearest 
Hewlett-Packard sales office. A complete listing of Hewlett-Packard 
sales offices can he found toward the rear of this catalog. 

current shunt for measuied read- 
back of voltage and current via 
the HP-IB. 

New 1990/91 Power 
Supply Catalog 

For more details concerning 
Hewlett-Packard power sup- 
plies, ask your HP  sales repre- 
sentative for a DC Power Supply 
Catalog, or fill in the card at the 
rear of this catalog. 



f 

- - -  I - . * - - 
- - - - - - - - - HP-IB Programmable 

a 

I Power Supplies Pages 478 to 491 

1' 500 Watt S~ngle Output 
100 Watt S~ngle Output 

b 
Mult~ple Output 
Precis~on Mult~ple Output 
200 and 1000 Watt Autoranging 
HP-IB Programmer for Analog Programmable 
Power Suppl~es 

fl -/<- 

/ 

Laboratory Bench 
Power Supplies Page 500 to 502 

S~ngle Output Herich 
Dual Output Bcnch 
Triple Output Bench 

" ' ~ 0 ~  e. - 
?* y " -  

- 9 1  r r - uq 

-. 
I - 

Speclal Purpose 
Power Supplies Pages 503 to 505 

H~polar/Arnplilicrs 
Precision Voltage and Current Sources 

wvvw. hparchive.com 

Analog Programmable 
Power Supplies Pages 492 to 499 

General Purpow 25-200 Watt 
200 and 1000 Watt Autoranging 
General Purpose 200-2000 Watt 
General Purpose 300-1 1,000 Watt 



POWER SUPPLIES 
Voltage Ratlng lndex 

/--- 

SYSTEMS / 

lance Autoran 

HP-I6 Programmable Supplies 
All models listed in the tables on this page feature built-in HP-IB for direct voltage and current programming. as well as actual voltage and current 
readback. 

- 
- 
- 
'No rendback ?Must be ordered wlth Optlon W1 fw HP-IB m t r o l k  

- - - - - - - . . - - - - - - - -- - - - - - . - A - - - - - - - - - - - - - -- . -  - 

P4Y 

482 
482 
482 
482 
484 
484 
482 
484 
484 

Multiple Output HP-le -- Power Supplies - 25 W to 80 W (all models included here are linear designs) 
HP Model 
Number 

Low Range 
High Range 

HP 6621A 
HP 6622A 
HP 6623A 
HP 6624A 
HP 6625A 
HP 6626A 
HP 6627A 
HP 6628A 
HP 6629A 

4OW 
7 V, 5 A 
20 V, 2 A 

20 V, 2 A 
50 V, 0.8 A 

- 
- 
- 
- 

80 W 
7V,10A 
20 V, 4 A 

2 

Precision 
25 W W W  

20V,4A 
50 V, 2 A 
- 

7V, 15 mA 
5V, 500 mA 

- 

16 V, 200 mA 
W V , l A  
- 

- 
4 
- 
- 

- 
- 
- 
- 

2 
- 
- - 
- 
- 
- 
- 

L 

- 
- 
- 

L 

- 
2 
4 



,+ 0 .." - .+. 9. 1" C C : -  
-1 

_I -. 0 

' - ? *  
! ?*I". -- F - ,  

-%- 

iL: i - 1 -  ' 

I ,  
.t 

Analog Programmable Supplies 
All models listed in thls table are programmable either with an analog voltage or resistance signal. For lab bench applications where analog 
programming IS not required, also constder the Lab Bench Power Suppl~es listed on page 474. 
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POWER SUPPLIES 

I3 Voltage Ratlng Index (cont'd) 

Laboratory Bench Power Supplies Special Purpose Power Supplies 

Lab Bench Power Supplies 

Triple Outpl 

- .  

- 
Dual Output 

Type Max Amp (dc) Ma Voltt (dc) 

-. 

50 
100 
25 V 

Special Purpose Power Supplies 

Sinde Outo I 

Type I Ma Voka (dc) 

Precis~on Voltage 

HP Model Number 
1 HP 6214C 500 

0.4 HP 6216C 500 
0.2 HP 6218C 500 
0.1 HP 6212C 500 

100 

Pago 

0.2 

Max Amps (dc) 

+50 
+lo0 

20 
40 
50 

HP 6234A 1 500 

Bioolar Amolifier t 2 0  I +2 
*1 I HP 6826A I 503 

+0.5 HP 6827A 503 
2 HP 6114A 504 
1 HP 6114A 504 

0.8 HP 6115A I 504 

Precision C I 50 I HP 6177C 
I 

505 
0.4 I HP 6115A 

HP Model Number 
HP 6825A 1 503 

504 

Pago 



Modification of maximum output voltage or current. 
Customization of front panel paint, panel markings, or 
silk screening of logos or other special characters. 
Improvement of a specific performance specifications 
such as PARD, accuracy, resolution, programming 
speed, etc. 

Power Products Modification Service 
Although HP power supplies are intended to satisfy a wide range of 

applications, the standard products might not match all needs. To 
solve specific power supply problems. Hewlett-Packard offers a spe- 
cial modification service. This service entails the design and manufac- 
ture of modified versions of standard catalog models of dc power 
supplies and electronic loads. 

Modified products are designed, manufactured, tested, and sup- 
ported to the same high quality and reliability standards as other HP  
products. Any changes in the manufacturing processes are well docu- 
mented in the factory. Any necessary updates are also provided for 
the operating and service literature. 

By taking advantage of Hewlett-Packard's engineering expertise to 
address your special power supply needs, you can allow your engi- 
neering staff to focus on your main business. The associated engineer- 
ing costs can be amortized over a number of units, contingent on 
volume commitment and other project specifics. 

OEM customers find the modification services particularly valua- 
ble when integrating power supplies into their final products. Al- 
though the scope of this service is usually limited to the modification 
of standard products, HP  engineers welcome discussion to determine 
the feasibility of meeting particular requirements. 

Variable fan speed control. 

HP 601XA. 602XA, 603XA-J10: Thls modlflcatlon allows the  
power supply fan t o  operate a t  slower, quieter speeds  under 
conditions when less cooling is needed. 

For more information about the Power Products Modification Ser- 
vice, or any of the modified products described above, contact your 
local HP  Sales Office. 

POWER SUPPLIES 
Power Products Modification Service 

Alteration of a control loop's compensation in order to 
accommodate a highly reactive load. 
Alteration of a control loop's compensation for use as a 
power amplifier or in a closed loop application on some 
parameter other than output V or I. 
Rack and stack power products system. 

The Modification Process 
The basic steps of the modification process are as follows: 
Contact your local Hewlett-Packard sales office and discuss your 
power supply and/or electronic load needs with a sales representa- 
tive. 
The sales representative submits your request for quote to the power 
products engineering staff. 
Communication begins between you and an H P  power products ap- 
plication engineer. This direct line of communication continues 
throughout the project, to make sure that the design meets your 
needs. 
Your sales representative quotes a price based on proposed engi- 
neering design changes, production cost, and estimated quantity. 
You submit an order, letter of intent, or other contractual agree- 
ment appropriate for the project, as agreed with Hewlett-Packard. 
The modified product is designed, then prototypes are built and 
evaluated. 
HP  provides a prototype for your evaluation, based on previous 
agreement and complexity of modification. 
Hewlett-Packard writes manufacturing and service documentation. 
and any user literature necessary. 
The modified product is produced, and future production quantities 
are scheduled based on your requirements. 

Auxiliary outputs. 

HP 6031A-J07: Thls modlflcatlon provides an  auxlllary 5 V 
output. 



POWER SUPPLIES 
Power Supply Terms and Speclflcatlon Definitions 

Power Supply Terms 
Ambient temperature the temperature of the air immediately sur- 
rounding the power supply. 
Auto-parallel operation: a master-slave wnnection of the outputs of 
two or more supplies used for obtaining a current output greater than 
can be obtained from one supply. 
Autoranging power supply: a power supply that can provide maxi- 
mum rated power over a wide range of voltage and current without 
external intervention to change range. 
Auto-series operation: a master-slave wnnection of the outputs of 
two or more supplies used for obtaining a voltage greater than can be 
obtained from one supply. 
Auto-tracking operation: a master-slave wnnection of two or more 
supplies each of which has one of its output terminals in common with 
one of the output terminals of all of the other supplies. 
Complementary tracking: a master-slave interconnection of two 
supplies in which the voltage of the slave is equal to or proportional to 
that of the master and of opposite polarity with respect to a common 
point. 
Compliance voltage: the output voltage of a power supply operating 
in the constant-current mode. 
Constant-current (CC) power supply: a power supply that stabi- 
lizes output current with respect to changes in influence quantities. 
Thus, for a change in load resistance, the output current remains con- 
stant while the output voltage changes by whatever amount necessary 
to accomplish this. 
Constant-voltage (CV) power supply: a power supply that stabi- 
lizes output voltage with respect to changes in influence quantities. 
Thus, for a change in load resistance, the output voltage remains con- 
stant while the output current changes by whatever amount necessary 
to accomplish this. 
Constant-voltagelconstantcu~t (CV/CC) power supply: a 
power supply that operates as a constant voltage power supply or a 
constant-current power supply depending on load conditions. It acts 
as a constant-voltage source for comparatively large values of load 
resistance and as a constant-current source for comparatively small 
values of load resistance. 
Constant-voltage/curmnt-IlmItlng (CV/CL) power supply: a 
power supply similar to a constant-voltage/constant-current supply 
except that at  comparatively small values of load resistance, its out- 
put current is limited instead of being stabilized. 
Crowbar: see overvoltage protection. 
Current limiting: the action of limiting the output current of a con- 
stant-voltage s u v ~ l v  to some vredetermined maximum value (fixed or 
adjustab~ejand'a~uiomaticali~ restoring the output voltage to  its nor- 
mal value when the overload or short circuit is removed. There are 
three types of current limiting: 1) by constant-voltage/constant-cur- 
rent crossover, 2) by decreasing the output voltage as the current in- 
creases, 3) by decreasing both voltage and current as the load 
resistance decreases (referred to as foldback or cutback current 
limiting). 
Drift the maximum change of an output voltage or current during an 
8-hour period following a 30-minute warmup, with all influence and 
control quantities maintained constant during the warm-up time and 
the period of drift measurement. Drift includes both periodic and ran- 
dom deviations over the bandwidth from zero frequency (dc) to a 
specified upper frequency limit (usually 20 Hz). 
Load effocl: formerly known as load regulation, load effect is the 
change in the steady-state value of the stabilized output voltage or 
current resulting from a full-load change in the load current of a con- 
stant-voltage supply or the load voltage of a constant-current supply, 
with all other influence quantities maintained constant. 
Load e t k t  transient recovery time the time interval between a 
specified step change in the load current of a constant-voltage supply 
(usually a full-load or 5-ampere change, whichever is smaller) or in 
the load voltage of a constant-current supply and the instant when the 
stabilized output quantity returns to and stays within the specified 
transient recovery band. 
Master-slave oporatlon: a method of interconnecting two or more 
supplies such that one of them (the master) serves to control the 
others (the slaves). The outputs of the slave supplies always remain 
equal to or proportional to the output of the master. The outputs of 

the master supply and of one or more slaves may be connected in 
series, in parallel, or with just their negative or positive output termi- 
nals in common. (See also complementary tracking.) 
Nomlnal valw the value that exists "in name only," not the actual 
value. For example, in the case of a power supply with a calibrated 
output control, the nominal value is the value indicated by the control 
setting. For a supply with a fixed output, the nominal output is the 
output indicated on the nameplate. The nominal value of a 120-volt + 
10% line voltage is I20 volts. 
Output lmpedancm the complex ratio of a sinusoidal voltap and 
sinusoidal current at  the output terminals, the one being caused by 
the other and being of external origin. 
Overcurrent protection: protection of the power supply and/or con- 
nected equipment against excessive output current. 
Overtemperatun protection: protection of the power supply or 
parts of i t  against temperatures exceeding specified values. 
Overvoltage protection: protection of the power supply and/or con- 
nected equipment against excessive output voltage. Overvoltage pro- 
tection is usually by means of a crowbar protection circuit, which 
rapidly places a low resistance shunt across the supply's output termi- 
nals to reduce output voltage to a low value if a predetermined voltage 
is exceeded. A supply equipped with an overvoltage crowbar must al- 
so be protected by a means of limiting or interrupting output current. 
PARD (acronym for periodic and random devlatlon): the term 
PARD replaces the former term ripple and noise. PARD is the peri- 
odic and random deviation of a dc output voltage or current from its 
average value, over a specified bandwidth (20 Hz to 20 MHz) and 
with all influence and control quantities maintained constant. 
Programming speed: the maximum time required for the program- 
med output voltage or current to change from a specified initial value 
(usually zero or maximum output) to a value within a specified toler- 
ance band of a specified newly programmed value (for most models 
99.9% or 0.1% of maximum output, respectively; 99% and 1% for the 
HP 61 14A. 61 15A. 61 77C-6186C. and HP 6434B-6483C) following 
the onset of a step change in an analog programming signal, or the 
gating of a digital signal. 
Remote control: also referred to as remote programming, remote 
control is the setting of the power supply voltage, current, or other 
function by means of an external control quantity such as a variable 
resistance, voltage, or current, or a digital signal. 
Remote sensing: remote sensing, or remote error sensing, is a means 
by which a power supply monitors the stabilized voltage directly at  
the load using extra sensing leads. The resulting circuit action com- 
pensates for voltage drops in the load leads (up to a specified limit). 
Resolution: for a bench supply, the smallest change in output voltage 
or current that can be obtained using the front panel controls. For a 
system supply, the smallest change that can be obtained using either 
the front panel controls or a computer. 
Reverse voltage protection: protection of the power supply against 
reverse voltage applied at  the output terminals. 
Slave operation: see master-slave operation. 
Source effect: formerly known as line regulation, source effect is the 
change in the steady-state value of the stabilized output voltage on 
current resulting from any change in the source voltage within its 
specified range, with all other influence quantities maintained con- 
stant. Source effect may be measured at  any output voltage and cur- 
rent within rating. 
Temperature effect cooffkknt: the maximum steady-state change 
in a power supply's output voltage or current per degree Celsius fol- 
lowing a change in the ambient temperature within specified limits. 
with all other influence quantities maintained constant. 
Voltage limiting: the action of limiting the output voltage of a con- 
stant-current supply to some predetermined maximum value (fixed or 
adjustable) and automatically restoring the output current to its nor- 
mal value when the load conditions are restored to normal. There are 
two types of voltage limiting: 1) by constant-voltage/constant-cur- 
rent crossover, 2) by decreasing the output current as the voltage in- 
creases. 
Warm-up t l w  the time interval after switching on a power supply 
until it complies with all performance specifications. 



POWER SUPPLIES 
System Power Supply Programming Features 

Standard Control Features Comparison+* 

Programmable Feature 
Setting Output 
Set output voltage 

Set output current 

Set output V & C waiting for trigger 

Trlgger 

Set output V & C to max 

Change output V & C by step 

Set V & C output range 
Protection features 
Set OVP level 

Overcurrent protection (OCP) enableldiible 

Output enableldsable 

Reset tr~pped OVP or OCP 

Protect~on trrp t~rne-delay 

SRQ enableldlsable 

Power-on SRQ enablelc 

Status mask 

Soft voltage and current llmlt 

Display Control 
Dtsplay alphanumer~c n 
D~splay onloff 

Select output to  be metered 

Store/Recaii Output State 
StoreIRecall output state 

Define power-on settrngs 
Reset to power-on settlngs 

Maintenance 
Callbratton 

Self-test 

SCP1/8030 Serlea Pmgmnming Comp.HbiWty Mode 
Digital i/O 
Relay Control 
Extended Addressing 

Available as an optlon. 
" Commands used for servicing on&* have not bear Included. 
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HP 6030A 
to 

HP 6038A 

Readback information 
Actual Conditions 
Output voltage 

Output current 

Present status 

Latched status 

Programming enor codes 
Programmed Values 

X 
X 

X 
X 

X 
X 

I I ! 

HP 6621A 
to 

HP 6624A 
and 

HP 6627A 

X 

X 
X 

X 
X 

HP 6632A 
to 

HP 6634A 

X 
X 

X 1 

X 
X 

x l x  
) 

) 

1 

X 
X 

X 
X 
X 

X 
X 

X 
X 

X 

X 

X 
X 

X 

X 
X 

- 
X 
X 
X 

X 
X 

UP 6 6 2 5 A  
HP 6626A 
HP 6628A 
HP 6629A 

X 

X 
X 

X 
X 

X 

X 

- 

HP 66514 
to 

HP 6655A 

X 
X 

X 

X 

X 
X 
X 

X 
X 

X 
X 
X 

X 

X 
X 

X 
X 

X 

X 
X 
X 

X 
X 

X 
X 

X 

X 

X - 

X 

X 

X 

X 
X 

X 

X 



POWER SUPPLIES 
Single-Output Linear System Power Supplies 
HP 6651A, 6652A, 6653A, 6654A, 6655A 

500-watt linear output 
Low noise and ripple 
Fast up-and-down programming 
Measured output readback over the HP-18 

Full front-panel and HP-18 control 
Overvoltage and overcurrent protection 
Standard commands for programmable instruments 
(SCPI) 
Software calibration 

HP 6651A-6655A Power Supplies 
These single-output, CV/CC, series regulated dc power supplies 

provide superior performance, and many time-saving system features. 
As members of Hewlett-Packard's "one-box'' solution family of dc 
power supplies, these models have built-in programming and 
readback of both the output voltage and current over the HP-IB. This 
not only means fewer instruments to choose, mount, cable, and main- 
tain, but also results in more complete and accurate system specifica- 
tions. Most features can be controlled from the front panel as well as 
over the HP-IB, simplifying system verification. 

Up to 16 power supplies can share one HP-IB address, while still 
providing full independent control, when connected with a modular 
telephone-style cable. A two-meter cable is included with each unit. 
Up to a total of 30 meters in length can be used, divided in any way 
between all of the cables in a power supply chain. 

Up to three power supply outputs can be connected in auto-parallel 
to obtain higher total current. Power supply outputs can be connected 
in series to obtain higher voltage levels, up to the limit of 240 volts 
total. 

For remote-sensing, up to half the rated output voltage can be 
dropped in each load lead. This does, however, subtract from the volt- 
age available a t  the load. 

A digital port on the rear panel can provide one of a number of 
functions, chosen by moving a jumper: 

3 digital output or 2 digital output and one digital input line 
control of H P  relay accessories including DFI/RI (see Accessories) 
DFI/RI (see description under Protection Features) 
Fan soeed control automaticallv slows down the coolina fan when 

loading gnd ambient temperaturepermit. allowing for quiker opera- 
tion. 

Protection Features 
The HP 6650 series offers a wide variety of protection features for 

both the power supply and the load. Overvoltage conditions will trig- 
ger the SCR crowbar. Overcurrent conditions can also disable the 
output. Both of these features can be set and reset over the HP-IB or 
from the front panel. The power supply also automatically disables its 
output when an overtemperature situation exists. 

An external signal, DFI/RI (discrete fault indicator/remote inhib- 
it), can be used to disable the output independent of the HP-IB. This 
rear-panel port can also be used to chain multiple power supplies to- 
gether in such a way that an emergency shutdown of one output will 
automatically signal the other power supplies to disable their outputs. 

These power supplies have full SRQ interrupt capability, with ex- 
tensive status reporting. This allows the user's program to appropri- 
ately react to any of the error or state change conditions. 

Local lockout can be used to keep unauthorized operators from 
changing a power supply setting. 

Programmable Features 
The HP 6650 series power supplies are programmed with SCPI 

(also known as TMSL), the new language standard for program- 
mable test instruments. This standard means that all instruments per- 
forming the same function are programmed with the same command, 
thus increasing programming productivity. 
HP-IB programmable functions 
Output voltage and current (triggered or immediate) 
Overvoltage and overcurrent protection 
Output enable/disable 
Relay control/digital 110 
Display on/ofT 
Alphanumeric message display 
Calibration 
Self-test 
Save instrument state (5 including the power-on state) 
Service request enable 
Status registers 
Maskable trigger 
Group execute trigger 
HP-IB readback functions 
Measured voltage and current 
Last programmed state of any programmable feature 
Instrument identification 
Status registers 
Digital I /O  port status 
Recall instrument state 
Error codes 

Calibration/Maintenance Features 
Calibration can be accomplished without removing the covers of 

the power supply, so the unit need not be removed from the rack. It 
can be done either from the front panel or over the HP-IB. A user- 
specified password guards the power supply against unauthorized re- 
calibration. 

Self-test is run when the power supply is turned on, or it can be 
initiated by the computer over the HP-IB. 

Accessories 
HP 59510-59511A ntay accessories 

HP 595 1 OA relay accessory can be used to isolate the power supply 
from the load. HP 5951 1A relay accessory also performs polarity re- 
versal. See page 488 for more information. 
HP 14921A calibration software 

The HP 14921A power supply calibration software, along with the 
specified test equipment, can be used to quickly perform calibration 
and detailed performance tests of any models in the HP  6600 series of 
power supplies. See page 489 for more details. 



Specifications 
Specifications are warranted over a temperature range of 0-55°C. with the power supply remote sensing at  the rear panel power terminals. 

Derate output current 1% per "C from 40 to 55°C. 

Transient mponse time less than 100 f l  for the output voltage to recover to its previous level (within 0.1% of the voltage rating of the supply or 
20 mV. whichever is greater) following any step change in load current of up to 50% of rated current. 

Iwlation: output terminals can be floated up to *240 Vdc from chassis ground. 

o w  Rdne,  

Input-(*): standard ac input voltage is 104-127 Vac. 47-63 Hz. Other voltage inputs are available. see option descriptions. The input can be 
changed by moving internal jumpers. 

V d b  

0-8 

0.20 

0.35 

060 

0.120 

Supplemental Characteristics 
Supplemental characteristics are intended to provide information useful in applying the power supply by describing nonwarranted performance 

that has been determined by design or type testing. 

R g n n m i r  
Accuncy 

25% +5'C 

Pmhctlon 
Accuracy 

HP 6651A 160rnV 
HP 6652A 4CQmV 
HP 6653A lOmV 4mA 54mV 700mV 
HP 6654A 15mV 2.5mA 93mV 
HP 6655A 30mV 190mV 2.4V 

Ampems 
d 4 0 T  

M 

25 

15 

9 

4 

V m e  

::: 
0.06% 
t1OmV 

0.06% 
+15mV 

0.068 
t26mV 

!5962v 

Nominal Input Voltage Input Current 
100 Vac 12 A 
120 Vac 10 A 
220 Vac 5.7A 
240 Vac 5.3A 

PARD (nm/PP) 
20 Hz.20 mHz 

Cumnt 

!h- 
0.15% 
t25mA 

0.15% 
+13mA 

0.158 
t8mA 

:::: 

Maximum input power: 1380 VA. 1 100 W, 120 W at no load. 

Ampems 
C 5 5 T  

42.5 

21'3 

12.8 

7'7 

3.4 

Vdtrge 

O:,,": 

0.3mVI 
3mV 

0.4mV/ 
4mV 

0.5mVI 
5mV 

O;,," 

Command processing time: Average time required for the output 
voltage to begin to change following receipt of command is 20 ms for 
power supplies connected directly to the HP-IB. 

HP 
W 

HP6651A 

HP6652A 

HP6653A 

HP6654A 

HP6655A 

Cumnt 

25mN 

5mN 

3mA/ 

2mN 

Accuracy ol m 
Readback 

25°C 25'C 

Output programming response time The rise and fall time 
(1 0/90% and 901 10%) of the output voltage is less than 15 ms. The 
output voltage change settles within 1 LSB (0.025% X rated voltage) 
of the final value in less than 60 ms. 

R*um 

Valtqa  

::$ 
0.07% 
t15mV 

0.07% 
+25mV 

0.078 
t40mV 

fg2v 

Monotonlcity: The output is monotonic over the entire rated voltage, 
current, and operating temperature range. 

Safety agency compliance: designed to comply with IEC 348, 
VDE 041 1, UL 1244, and CSA 556B. 

+Currant 

+67rnA 0.15' 

0.15% 
t26mA 

0.156 
+15mA 

0.15% 
t7mA 

:{:: 

Lod E M  

Calibration intenal: One year 

- C U M  

tlOOmA 0.35% 

0'354, 
t44mA 

0.35% 
t15mA 

0;;:: 

Voltage 

ImV 

2mV 

3mV 

5mV 

Sourn E M  

Size (all models): 132.6H x 425.5W x 497.8mmD. (5.22" x 16.75" x 
19.6") 
Weight (all models): net, 25 kg (54 Ib): shipping 28 kg (61 Ib) 

Cumnt 

2mA 

ImA 

0.5mA 

0'5mA 

0.5mA 
I 

Vot tqa  

0.5mV 

0.5mV 

ImV 

lmV 

2mV 

HP-IB interface capbill* IEEE 488.2 SHI,  AHI, T6, L4, S R l ,  
RLI,  PPO. DCI, DTI, E l ,  and CO. 

Cumnt 

2mA 

ImA 

0.75mA 

OSmA 

0.5mA 

Warranty Periad: Three years. 

Ordering Information 
HP 6651A 8 volts, 50 amperes 
HP 6652A 20 volts. 25 amperes 
HP 6653A 35 volts, 15 amperes 
HP 6654A 60 volts, 9 amperes 
H P  6655A 120 volts, 4 amperes 

Option descriptions 
Opt 100: 87-106 Vac, 47-63 Hz. (for Japan only) SO 
Opt 220: 191-233 Vac. 47-63 Hz. $0 
Opt 240: 209-250 Vac, 47-63 Hz. $0 
Opt 908: Rackmount kit (HP  p/n 5062-3977) +$35 
Opt 909: Rackmount kit with handles (HP p/n 5062- +$85 
3983) 

Down-programming: An active down-programmer sinks approxi- Opt 910: Service manual and extra operating manual. +$30 
mately 20% of the rated output current. Standard unit is shipped with operating manual only. 

Maximum reverse current: With ac power applied, the supply will 
withstand reverse current equal to the output current rating of the 
supply continuously, without damage. 

Modulation (analog programming of output voltage and current): 
Input signal: 0 to -5 volts 
Input impedance: 10 kQ nominal 

RFI suppression: Designed to comply with VDE 0871 16.78 level B. 



POWER SUPPLIES 
Single Output Linear System Power Supplies 
HP 6632A, 6633A and 6634A 

100 watt linear output 
Current-s inking capabi l i ty  
Built-in HP-IB Interface  

Overvo l t age  & overcu r ren t  p ro tec t ion  
R e a d b a c k  m e a s u r e d  voltage a n d  current 
O u t p u t  via HP-IB 

HP 6632A-6634A Power Supplies 
HP Models 6632A-6634A are 100 Watt, single output, series pass 

regulated power supplies optimized for systems applications. They 
provide a high performance output with a full set of programmable 
features. 

The following voltage and current combinations are available: 

Most importantly, these models are one-box solutions for system 
power supply requirements. Both the voltage and current output can 
be programmed for either CV or CC operation. A built-in DVM and 
precision current shunt measure (readback) the actual power supply 
output. The internal HP-IB interface allows for complete program- 
mability, including status reporting and interrupt generation with us- 
er designated fault conditions. In addition, programming commands 
(such as VSET for voltage programming) are easy-to-use and self- 
documenting. 

Current Sinking 
HP Models 6632A-6634A sink as well as source current. This pro- 

vides very fast down programming times and speeds throughput in 
production test applications. The negative current setting tracks the 
user-programmed positive current (CC) setting. 

Remote Sensing 
Remote sense terminals allow for precise voltage regulation a t  the 

load. This feature will compensate for load lead IR drops of up to 2 
volts per lead. 

Protection Featum 
H P  Models 6632A-6634A have Overvoltage and Overcurrent pro- 

tection. Both features are programmable via the front panel keypad 
and HP-IB. The Overvoltage protection includes an SCR crowbar. 

Selftest 
HP Models 6632A-6634A have a built-in selftest capability. This 

feature verifies the function of all HP-IB circuitry, D/A's, and AID'S 
at  power on and upon HP-IB command. 

Software Calibration - - -~~ 

Software calibration eliminates shock sensitive potentiometers nor- 
mally used for calibration of power supplies and programmers. This 

feature enables calibration of these models via the HP-IB while 
mounted in the rack. An internal jumper is provided which, when re- 
moved, prevents recalibration of the power supply. 

Fast/Normal Mode Operation 
A rear-panel switch designates one of two operating modes. In Fast 

Mode, the output capacitors are disconnected to speed up the output 
response time. Normal Mode is optimized for minimal output PARD. 
See specifications for more information. 

Front Panel Binding Posts (Option 020) 
Option 020 adds a front panel output in parallel with the rear panel 

output terminal strip. These front panel binding posts provide flexibil- 
ity in accessing the power supply output, and are very useful in bench 
applications and system development. 

Isolation, Polarity Reversal Relay and DFI/RI (Option 
760) 

Optional built-in relays provide output connect/disconnect and po- 
larity reversal. Discrete Fault Indicator and Remote Inhibit lines are 
included along with a quick disconnect DC output terminal connec- 
tor. See page 488 for more detail. 

HP-IB Functions 
The following functions can be programmed via the HP-IB: 
Programmable Functions Readback Functions 
- Voltage Output - Actual Measured Voltage Output 
- Current Output - Actual Measured Current Output 
- Overvoltage Protection - Present Status 
- Overcurrent Protection - Accumulated Status 
- Output Enable/Disable - Programming Error Codes 
- Fault Interrupt - Fault Codes 
- Software Calibration -Service Request 
- Selftest 

Specifications (Data Subject to Change) 
HP-1B lnterface Functions: The following HP-IB functions are irn- 
plemented: 
SH1, AH1 T6. L4. SRl .  RLI. PPl,  DCi ,  DTO and El .  

Safety Agency Compliance: H P  Models 6632A-6634A power supplies 
are designed to comply with the following regulatory standards: 

IEC 348, VDE 041 1, UL 1244 and CSA Electrical Bulletin 556B. 
Weight kg (Ib) (all models): Net 10.5 (23), Shipping 12.3 (27) 
Input Current: 100 VAC 120 VAC 220 VAC 240 VAC 
(Max. rms all models) 3.3 A 2.9 A 1.7 A 1.6 A 
Input requirements: 350 VA max. 

250 watts max. 
Warranty p e r i d  Three years. 



-- 

Mat-Packnd Model Smified over an o~erating temperature r a w  of &55'C. I HP 6632A I HP 6633A 1 HP66- 

Specifications (Data Subject to Change) 

had Effect (Ld Re#ulrHon): For a I 
rated voltage or current of the supply. 

Note: Specifications are worst case unless otherwise noted. Volts 

Ampr 
Watts 

load change fi 
I* 

rom zero to n 

0.20 V 

0.5 A 

100 W 

iaximum 

Voltage 1 0.5 mV 

0.50 V 

0.2 A 

100 W 

Current 

0.100 V 

0.1 A 

100 W 

Source Effect (Line Regulation): Given for any change within the rated line 
voltage for any output w~th~n the rated output voltage, current, and power 
of the supply. 

Mppk md Noh (PARD): rmslpeak-peak (20 Hz - 20 MHz). 

Current 1 0.5 mA 1 0.25 mA 1 0.25 mA 1 

Odft (Stablllty): Change in output over &hour interval under constant line, 
load, and ambient temperature following 30-minute warm-up. 

. . - I 

Voltaae I o . o ~ ~ o + o . ~ ~ v  I 0.01%t1 m~ I 0.0196tl m~ 
L 5 1 

Current 1 0.019 I 0.014bt0.5 mA I 0.01%+0.3 mA 
Load Effect Trmrknt Maximum time required for output voltage 100 lr 100 r(s 1( 
to recover within a band of 0.1% of rated voltage around the nominal volt- - 
age following a 50% change in load current. Fast 50ra 50@ w@ 
Protrammine: (25i5"C) G~ven for control of the out~ut over the HP-IB or Resolution 5 mV 12.5 mV 25 mV 

Normal 

wlthfront paiei controls Voltage 
Accuracy 1 0.05%+10mV ( 0.069bt20 mV I 0.059bt50mV 

Output Raqam Maximum time for output voltage to change within Tr/Tf I 1 5 m  
+0.025% of final value (LSB). and from 10% to 90%. or 90% to 10% of 

p----l 

Resolution 
+Current 

- - 
Accuracy 

Minimum CC programming current. 

Temperature Coefflclent: Output change per degree Celsius change in am- Voltage 
b~ent following 30-m~nute warm-up. +Current 

LSB 

Tr/Tf 

LSB 

union (Tr/Tf) 

1.25 mA 

0.15%+7 mA 

20 mA 

70ppmt0.25 mV 

150pprnt500 A 
-I 

voltage exc - - 
mra - lo, - 
2 ms ms 

HP-IB Programming Command Promsing Time: (C Typ~cal 10 ms 10 ms 10 ms 

VoRnWm (25*5OC) Refen to data read back to tl Resolution 5 mV 12.5 mV 25 mV 
HP-1% and as viewed via the front panel display. Accuracy 0.07%+15 mV 0.07%+30 mV 0.06%+70 mV 

d) 

from the 

0.5 mA 

0.15%+2 mA 

8 mA 

70ppmt0.5 mV 

J\50ppm+150 A 

Ammeter: (25i5OC) Refers to data read back to the controller from the 
HP-I8 and as viewed vla the front panel display. 

0.25 mA 

0.15%tl mA 

4 mA 

70ppmtl mV 

150ppmt75A 

Resolut~on 1 1.25 mA 1 0.5 mA 1 0.25 mA 

Accuracv 1 0.18%+9 mA 1 0.17%+3 mA 1 0.15%+2 mA 

Ordering Information Price* Dimensions 
HP 6632A: 20 volts. 5 ammres bower SUDD~V S 1 7 0 0 ~  

DC Output holrtlon: Maximum voltage either output terminal (t) may be from chassis ground. 

Remote Sensing: Maximum allowable voltage drop per load lead. 

HP 6633A: 50 volts; 2 amkres  power subply 
HP 6634A: 100 volts, 1 amperes power supply 
Standard Inwt: 104-127 Vac. 48-63 Hz 

"Specification under Local Senslng. 

+240 Vdc 

2 Vdc 

Opt 100 87-106 Vac, 4 8 - 6 3 ' ~ ~ .  (for Japan only) SO 
Opt 220 19 1-233 Vac. 48-63 Hz. SO 
Opt 240 209-250 Vac. 48-63 Hz. SO 
Opt 020 Front output binding posts T ~ N U  smr a r m  
Opt 760 Isolation and polarity reversal relay + 3405 SCREW SIZE ~ 3 5  ~ 0 6  

Opt 908 Rackmount kit for one unit. (HP P/N 5061- + S 3 2 T  
9674) 
Oot 909 Rackmount kit with handles (HP PIN 5061- + 5 7 5 s  

~ 1 7 0 0 s  TOP 

- 

9d75) 
Accessory: Rack Slide Kit (HP P/N 1494-0059) 
Oot 910 One each extra omratina and service manu- + $32 1- 

i 240  Vdc 

2 Vdc 

S 1 7 0 0 ~  

als. (Operating manual only is shipped with standard 
unit.) 

*240 Vdc 

2 Vdc 

I IT 

I---- 4'5,:"" -1 
REAR 

For sameday shipment, call HP DIRECT at 800-538-8787 



POWER SUPPLIES 
Multiple Output Linear System Power Supplies 
HP 6 6 2 1  A, 6622A, 6623A. 6624A and 6627A 

2, 3 or 4 Independent Isolated Outputs per Model HP-IB Measurement of Voltage and Current 
160 Watts Total Output Power per Model Full Local Control or Local Lockout 
HP-IB Programming of Voltage and Current Programmable Overvoltage and Overcurrent 

Protection 

Description 
These HP-IB multiple output series regulated system power sup- 

plies feature a combination of intelligence, performance and low price 
which makes them the choice for power systems applications. 

Five models, each offering a total of 160 watts output power, offer a 
variety of output combinations of 40 and 80 watts with voltages up to 
50 volts and currents to 10 amps. Each output can produce power in 
two ranges (see fig. 1). For example. model 6622A has two 80 watt 
outputs. Each of these can produce 80 watts at either 20 volts or 50 
volts. When operating below 20 volts, each output can source or sink 
up to 4 amps. When operating between 20 volts and 50 volts, it can 
source or sink up to 2 amps. Output combinations include: 

6621A - 2 outputs at  80 watts, either 0-7 or 0-20 volts 
6622A - 2 outputs a t  80 watts, either 0-20 or 0-50 volts 
6623A - 1 output at 80 watts, 0-7 or 0-20 volts; 1 at 40 watts, 0-20 

or 0-50 volts: 1 at  40 watts, 0-7 or 0-20 volts 
6624A - 4 outputs at  40 watts: two at  0-7 or 0-20 volts and two at 

0-20 or 0-50 volts 
6627A - 4 outputs at  40 watts, either 0-20 or 0-50 volts 
The built-in interface is tailored to the power supply, resulting in 

simpler programming. Specifications supplied with these power sup- 
plies already take both the power supply and programming interface 
into account as a system. Self-contained measurement and readback 
capabilities eliminate the need for scanning the output or using a sep- 
arate DVM. 

VOLTAGE 

Operating voltage and current range is selected programmatically, 
with the last parameter programmed (voltage or current) determin- 
ing the range. No separate command is required to switch output 
range. 

Programmed command processing time is typically 7 milliseconds. 
Response time to within settling band is additional. 

Protection Featum 
Local lockout capability enables the programmer to disable all 

front panel controls over the HP-IB except the channel select (to al- 
low display of the output voltage and current of any channel.) 

Protection against overcurrent conditions is provided by either the 
current limit or overcurrent protection. Current limit will prevent the 
output current from exceeding a programmed value, while overcur- 
rent protection will disable the supply if that value of current is 
reached. Current limit is always active, while overcurrent protection 
can be enabled or disabled. 

As an example of its use, consider testing PC board subassemblies 
with a programmable power supply. A shorted component would 
cause current to be drawn from the power supply at  the current limit 
value, possibly burning the board. Enabling overcurrent protection 
would cause the power supply to disable itself when the current limit 
value is reached, thus minimizing damage. 

Protection against output overvoltage conditions is also provided. 
Normally, the power supply voltage will not exceed the programmed 
voltage setting. Programmable overvoltage protection guards your 
load against hardware faults by disabling and down-programming 
the power supply output if the programmed overvoltage setting is ex- 
ceeded. A crowbar circuit is activated and shorts the output under 
these conditions. 

This series also provides protection from unregulated output in the 
event of line voltage dropout and also guards against overtemperature 
conditions. The output is disabled when either of these conditions ex- 
ists. 

A service request can be generated to inform the controller in the 
event of any user-defined combination of overvoltage, overcurrent, 
overtemperature or mode change. 

Fault trips which disable the output can be reset over the HP-IB. 
I I 

Fig 1. Output Characteristic Curve for HP 662X Series Power Output Ratings And 
supplies I OUTPUT CHANNEL l NUMBER OF OUTPUTS PER MODEL 
Programming Capabilities 

These power supplies share the programming command set of HP  
Models 6632A-6634A and 6030A-6038A programmable power sup- 
plies. (see page 477) The following functions are implemented: 

Output Voltage and Current Programming 
Output Voltage and Current Measurement and Readback 
Present and Accumulated Status Readback 
Programmable Service Request Mask 
Programmable Overcurrent Protection 
Programmable Overvoltage Protection 
Storage and Recall of Programmed Value Sets (all outputs) 
Echo Queries of Programmable Functions/Settings 
Output Channel EnableIDisable 
Programming Syntax Error Detection 
Reprogramming Delay Time for Service Request Mask 



Software Calibration And Selftest 
With this series of power supplies, calibration is performed without will be displayed. Fault conditions will be spelled out in alpha charac- 

removing the instrument's cover. All that is required is a shunt, a ters. Output channel is indicated by an annunciator. 
dvm, a controller and a few lines of code. Simple commands instruct Changing the HP-IB address is done from the front panel, using 
the power supply to go to preset adjustment points, where voltages or the address key and the numeric keypad. 
currents are read with the dvm and shunt. Then the readings are sent 
to the power supply. which adjusts its calibration. Calibration is CllL Programming (Option 700) 
maintained through line voltage cycling. Enables programming in CIIL, Control Intermediate Interface 

Calibration integrity can be assured by using a jumper inside the ~ ~ n g u a g e .  Includes Option 750. 
box which, when removed, will prevent the supply from accepting cal- 
ibration commands. 

These supplies also have considerable selftest capability, which is 
exercised at  power on and upon receipt of the selftest command over 
the HP-IB. Running selftests over the HP-IB will not cause the out- 
put to change. 

System Configuration 
This series of power supplies offers a number of significant benefits 

in the area of simplicity and flexibility of system configuration. 
A convenient rear panel line voltage module allows switching of 

input line voltage without removing the covers. (The line voltage op- 
tion determines line cord plug configuration.) 

For applications which require different combinations of voltage 
and current for different loads, the dual range full power feature will 
be useful (see fig. 1). If this is not enough, two outputs can be com- 
bined in parallel or series combinations for more power at  a given 
voltage or current level. 

Where a precisely regulated voltage is required a t  the load, remote 
sensing at  the load can be used. This capability will compensate for 
load lead IR drops of up to 1 volt per load lead. Add 1mV to the load 
effect specification for each 200 mV drop in the negative load lead 
when remote sensing. 

All outputs of these power supplies are isolated for up to 240 volts 
dc from chassis ground and each other. 

For applications which require a hardware trip signal separate 
from the HP-IB remote disable, terminals are provided on the rear 
panel barrier block of each output which provide bidirectional 
overvoltage protection trip capability. These terminals can be used to 
monitor for an OVP trip signal, strapped together to disable all out- 
puts when one OVP is tripped or used as a remote disable separate 
from the HP-IB. 

These models can sink as well as source current. This means that 
downprogramming without a load takes the same time as upprogram- 
ming. Quick discharging of reactive loads is another benefit resulting 
from this capability. 

Front Panel Control 
To aid in system program development, the following capabilities 

of these power supplies are controllable from the front panel: 
Output Channel Select Voltage Setting 
(Controls and Display) Current Setting 
OVP Setting SRQ Mask Delay Time 
Overcurrent Protection Enable Output Enable/Disable 
Storage and Recall of OVP, OCP Reset 
Programmed Settings Local 

The alphanumeric LCD display will normally display output volt- 
age and current for the channel selected. When programming from 
the front panel, the function being programmed and the present value 

Relay Controls, Fault Indicator, and Remote Inhibit ?FF 
Option 750 

Opt~on 750 for the H P  662XA series includes protection features 
and relay controls. The protection features include the discrete fault 
indicator line (FLT) and the remote inhibit line (INH). The fault line 
is a two pin TTL output port which gces true whenever a user-speci- 
fied error condition exists. The remote inhibit line is a two pin TTL 
input port which can be used to disable the power supply output. 
These lines provide protection independent of the HP-IB. The relay 
controls (RLY), together with external user-supplied relay such as 
the HP  59510A or HP 5951 IA, physically disconnect the power s u p  
ply outputs from the load (or system). Each of the four open collector 
RLY controls can sink 120 mA. They can be programmed over HP- 
1B with the RELAY and OUT commands or operated with the front 
panel OUTPUT ON/OFF function key. See page 488 for further in- 
formation. 

Qeneral Specifications 
HP-IB interface functions: SHI,  AHI, T6, L4, SRl ,  RLI,  PPI, 
DC I .  DTO. 
Safety agency compliam This series of power supplies is designed 
to comply with the following regulatory standards: IEC 348, VDE 
041 1, UL 1244, ANSI C39.5, and CSA Electrical Bulletin 5568. 
Dimensions (all models): 132.6H x 425.5W x 497.8 mm D. (5.22' x 
16.75" x 19.6") 
Input current: 100 Vac 120 Vac 220 Vac 240 Vac 

(max.rms, all models) 6.3 A 5.4 A 3.0 A 3.0 A 
Standard input: 104- 127 Vac, 47-66 Hz 
Weights kg(lb) (all models): Net 17.4(38) Shipping 22.7(50) 
Warranty Period: Three years. 

Prices And Option Descriptions 
HP 6621A Dual output system power supply. 
H P  6622A Dual output system power supply. 
H P  6623A Triple output system power supply. 
H P  6624A Quad output system power supply. 
H P  6627A Quad output system power supply. 

Opt 100 87- 106 Vac, 47-66 Hz. (for Japan only) 
Opt 220 191-233 Vac, 47-66 Hz. 
Opt 240 209-250 Vac, 47-66 Hz. 
Opt 700 CllL programming for MATE in place of 
HP-IB 
Opt 750 Protection feature and relay controls 
Opt 908 Rackmount kit for one unit (no handles) 
Opt 909 Rack kit with handles 
Opt 910 One each extra operating and service 
manuals. (Operating manual only is shipped with 
standard unit.) 

Output Channel Specifications (READ ACROSS FROM PREVIOUS PAGE) (at O0 to 55" unless otherwise specified) 

LOAD 1 

VOLTAGE 

15 mV 

'% ol m l n g .  " For a +5"C range about the calibration temperature 

20 mA 50 mV + 

0.06%' 
40 mA + 

0.1690' 
50 mV + 

0.058' 
8 mA + 

0.18' 
3 mVi' 
500 pV 

1 mA 
rrns 

2 mV 1 mA 1 rnV t 
0.016' 

2 m A r  
0.066' 

7 5 0 ~ s  6 ms 50 mV 



POWER SUPPLIES 
484 Preclslon Multiple Output System Power Supplies 0 HP 6625A, 6626A, 6628A and 6629A 

2 or 4 independent isolated outputs per model HP-IB control and measurement of voltage 
14-bit programming of voltage and current and current 
Two ranges cover: 0.5 mv to 50 volts; 1 pA to 2 As Current sinking capability for fast response 

Extensive protection for DUT and Dower SUDDIV 

Description 
These HP-IB precision multiple output series regulated system 

power supplies provide a combination of features and performance 
that make them an excellent choice for automated component testing 
and other system applications requiring precision control. 

These models are one-box solutions for those applications that 
require both sourcing and measurement of the load voltage and cur- 

rent. The built-in DVM and precision current shunt allow readback 
of actual power supply output variables over the HP-IB. 

The models provide different combinations of two output types: the 
25 watt output offers 50 volts at  0.5 amps with a rectangular output 
characteristic; the 50 watt output offers 50 volts or 2 amps, with an L- 
shaped output characteristic (see fig. 1.). The HP 6625A is a dual 
output supply offering one of each output type for a total of 75 watts. 
The HP 6626A is a quad output supply offering two of each output 
type for a total of I50 watts. The HP 6628A is a dual output supply 
and the H P  6629A is a quad output supply. both of which offer all 50 
watt outputs. 

Each output offers a high and low range of operation for both volt- 
age and current. The ranges can be selected independently; the result- 
ing output combinations are shown in the table on the facing page. 

:;mR a . 5 R  

25 Watt Output 

:amf4 : H 2 R  

50 Watt Output - I 
O H 1  RRNGE VOLTRGE AND CURRENT 
B L O  RRNGE VOLTRGE H I  RRNGE CURRENT 
@HI RANGE VOLTRGE LO RRNGE CURRENT 
.LO RRNGE VOLTRGE LO RANGE CURRENT 

Figure 1: Output characteristics for HP 6625A. 6626A, 6628A, 
and 6629A. 

Current Sinking 
Each output has the capability to sink well as source current, so 

that voltage down-programming can be accomplished as quickly as 
up-programming, even without a load. 
Remote Sensing 

Remote sense terminals allow for precise voltage regulation at  the 
load. These power supplies can accommodate up to I0 volts of sense 
lead drop (within a maximum of 50 volts at the output terminals of 
the power supply). 

Output Configuration Flexibility 
Outputs of the same type can be operated in series or parallel com- 

binations for increased output voltage or current capability. All out- 
puts of these supplies are isolated for up to 240 volts dc from chassis 
ground and from each other. 

Bi-polar operation can be achieved by connecting two outputs of 
the same type in a series opposing mode. 

Programming Capabilities 
The ~nternal HP-IF3 interface allows complete programmability, 

including status reporting and interrupt generation with user desig- 
nated fault conditions. Programming commands (such as VSET for 
voltage programming) are easy to use and self documenting. These 
power supplies share the programming command set of HP  Models 
662 1 A-6624A. 6632A-6634A. and 6030A-6038A programmable 
supplies as described on page 477. The following functions are imple- 
mented: 

Output Voltage and Current Programming 
Voltage and Current Range Programming 
Output Voltage and Current Measurement and Readback 
Present and Accumulated Status Readback 
Programmable Service Request Mask 
Programmable Overvoltage and Overcurrent Protection 
Storage and Recall of Programmed Voltage and Current Values 

for all outputs 
Echo Queries of Programmable Functions and Settings 
Output Enable or Disable 
Programming Syntax Error Detection 
Programmable Delay Time for Service Request and Over Current 

Protection Mask 
Software Calibration of Voltage, Current, and Overvoltage 
HP-IR Interface Selftest 
Message Display Capability on the Front Panel 
Programmed command processing time is typically 7 milliseconds. 

Response time to within settling band is additional (see Output Re- 
sponse specification on the facing page). 

Front Panel Control 
To aid in system program development, a wide range of control 

capabilities are provided from the front panel. 
* Output Channel Select * Voltage and Current Setting 

(Controls and Display) * Output Range Setting 
* OVP Setting Output Enable/Disable 

Overcurrent Protection OVP. OCP Reset 
Enable Local / HP-IB Operation 

* Storage and Recall of 
Programmed Settings 

* Setting the HP-IB Address 
The alphanumeric LCD display will normally display output volt- 

age and current for the channel selected. When programming from 
the front panel, the function being programmed will be displayed. 
Fault conditions will be spelled out in alpha characters. Output chan- 
nel is indicated by annunciators. 



Protection Featum 
Local lockout capability enables the programmer to disable all 

front panel controls over the HP-IB except the channel select (for 
monitoring purposes). 

All outputs have both Overvoltage and Overcurrent protection. 
The Overcurrent protection will disable the supply if the programmed 
current limit is reached. Programmable Overvoltage protection 
guards your load against hardware faults by disabling and down- 
programming the power supply if the programmed overvoltage set- 
ting is exceeded. A crowbar circuit is activated and shorts the output 
under these conditions. 

This series also provides protection from unregulated output in the 
event of line voltage dropout, and guards against overtemperature. 
The output is disabled when either of these conditions exists. 

A service request can be generated to inform the controller in the 
event of any user-defined combination of overvoltage, overcurrent, 
overtemperature or mode change. Fault trips which disable the out- 
put can be reset over the HP-IB. 

For applications which require a hardware trip signal separate 
from the HP-IB remote disable, terminals are provided on the rear 
panel barrier block of each output which have bi-directional trip ca- 
pability. These terminals can be used to monitor for an OVP trip sig- 
nal, can be strapped together to disable all outputs when one OVP is 
tripped, or can be used as a remote disable, separate from the HP-IB. 

Relay Controls, Discrete Fault Indicator, 
and Remote Inhibit 

Option 750 includes additional protection features and relay con- 
trols. Included is a discrete fault indicator line (FLT) and the remote 
inhibit line (INH). The fault line is a two pin TTL output port which 
goes true whenever a user-specified error condition exists. The remote 
inhibit line is a two pin TTL input port which can be used to disable 
the power supply output. These lines provide protection independent 
of the HP-IB. The relay controls (RLY), together with external user 
supplied relays or accessory relays such as the HP  59510A or HP  
5951 IA, physically disconnect the power supply outputs from the 
load (or system). Each of the four open collector RLY controls can 
sink 120 ma. They can be programmed over HP-IB with the RELAY 
and OUT commands or operated with the front panel OUTPUT 
ON/OFF function key. See page 488 for a complete description of 
the Models 595 10A and 595 1 1 A Relay Boxes. 

Software Calibration and SeWtcrt 
Just as on the HP  662XA and 663XA series, calibration can be 

performed without removing the instrument's cover. All that is re- 
quired is a shunt, a DVM, a controller and a few lines of code. Simple 
commands instruct the power supply to go to preset adjustment 
points, where voltages or currents are read with the DVM and shunt. 
Then the readings are sent to the power supply which adjusts its cali- 
bration. 

Calibration is maintained through input line voltage cycling. An 
internal jumper can be removed to prevent the supply from accepting 
unintentional calibration commands. 

The selftest is exercised at  power on and upon receipt of the selftest 
command over the HP-IB. Running selftests over the HP-IB will not 
cause the output to change. 

General Specifications 

For additional output channel specifications, see table below. 
Output Response (all outputs) 

Max Output Programming Time: 6 ms 
Max Time Constant: 750 ps 
Settling Band: Within 50 mV of programmed value 
Command Processing Time: Typically 7 ms (with front panel dis- 
play disabled) 

Load Transient Recovery: (all outputs) Time to recover within 
75 mV of nominal value: 75 f l  
Current Sink Capability: (for any voltage above 4 volts) 

50 watt outputs: 1 amp (2 amp below 16 volts) 
25 watt outputs: 0.5 amps 

HP-IB interface functions: S H l ,  AHl ,  T6, L4, SR1. RLl .  PPl, 
DC I .  DTO. CO. El .  For more information on these codes, refer to the 
HP-IB section of this catalog. 
Safety agency compliance: This series of power supplies is designed 
to comply with the following regulatory standards: IEC 348, VDE 
041 1 ,  U L  1244, ANSI C39.5, and CSA Electrical Bulletin 556B. 
Size (all models): 132.6 mm H x 422.5 mm W x 497.8 mm D. 

(5.22" x 16.75" x 19.6") 
Input current: I00 VAC 120 VAC 220 VAC 240 VAC 

(max. rms. all models) 6.3 A 5.4 A 3.0 A 3.0 A 
Standard input: 104- 127 Vac, 47-66 Hz 
Weight kg (Ib) (all models): Net 17.4 (38) Shipping 22.7(50) 
Warranty Period: Three Years 

Output Ratings 
Output 

Channel 
25 watt 

50 watt 

Accessory 
HP Model 14852A Bias Cable can be used with either quad output 
supply ( H P  6626A or 6629A) to simplify the design of a three-termi- 
nal device test set-up. It leads the four outputs and sense lines to two 
bnc-style connectors, as described in Application Note 376-1. 

Ordering information 
HP 6625A Dual output system power supply 
HP 6626A Quad output system power supply 
HP 6628A Dual output system power supply. 
HP 6629A Quad output system power supply. 

Opt 100 87- 106 VAC. 47-66 Hz. (for Japan only) 
Opt 220 191 -233 VAC. 47-66 HZ. 
Opt 240 209-250 VAC. 47-66 HZ. 
Opt 750 Relay Control and DFI/RI 
Opt 908 Rackmount Kit for one unit (no handles) 
Opt 909 Rack Kit with handles 
Opt 910 One each extra operating and service manu- 
als (Operating manual only is shipped with standard 
unit.) 

HP 14852A bias cable 

and Combinations 
, Number of O@ub pr HP W 

Price 
54675 
57800 
$4675 
$ 7800 

$0 
$0 
50 

+ $265 
+ $35 
+ $85 
+ 532 

$300 

66BA 
1 
1 

Output Channel Specifications (at O°C to SO°C unless otherwise specified) 

' Fur  +S°C r m  about the dlbratlon temporawre 

66261 
2 
2 

6628A 
0 
2 

0 
4 



POWER SUPPLIES 
Autoranging System Power Supplies 
HP 6030A, 6031A, 6032A, 6033A, 6035A and 6038A 

HP-IB programming o f  voltage and current 
R e a d b a c k  of vol tage ,  current and status 
Overvo l t age  and overcu r ren t  p ro tec t ion  

Built-in self-test and diagnostics 
U p  to 1200 watts o u t p u t  
Full local con t ro l  e n a b l e / d i s a b l e  

HP 6030A, 6031A. 6032A and 6035A 

with Opt 001 

Descri tion 
There R P - 1 8  CY/CC dc power supplies have many productivity- 

oriented features which make them easy to program, integrate into 
systems and use. 

A conventional power supply subsystem capable of monitoring and 
controlling power supply voltage and current requires a variety of 
hardware in addition to the actual supply. These new power supplies, 
however, have built-in capabilities which eliminate the need for D/A 
programmers, DVMs, and associated auxiliary circuitry. Fewer in- 
struments mean less rack space, easier calculation of system specifica- 
tions, quicker configurations, hi her system reliability, more rapid 
troubleshooting, and simpler sokware. AS autoranging power su 
plies, these models can provide a wide and continuous range of vot: 
a e and current combinations at  the maximum rated power. This 
often allows both present and future requirements to be satisfied with 
fewer supplies, also reducing the number of instruments in the sys- 
tem. 

Front Panel Control 
Most of the extenslve programmable instruction set can be simulat- 

ed with front panel controls, thus facilitating design and debugging of 
system hardware and software. During system operation, if local con- 
trol is not needed, the front panel controls can be disabled with a com- 
puter command. If operator interaction is required, a computer 
command can place limits on the output voltage and current availa- 
ble. Often, control and monitoring via the front panel is very useful 
during system development, but not needed afterwards. If the system 
is reproduced without further development, power supplies wlthout 
front panel controls and meters (Opt~on 001) can then be used (ex- 
ce t HP 6035A). Ordering your power supplies with Option 001 sig- 
niX)cantly decreases the cost. 

Protection Features 
Because of the delicate nature of most loads, these system power 

supplies provide several different types of protection. Since they are 
CVlCC supplies, both the output voltage and current will be auto- 
matlcally l ~ m ~ t e d  to the programmed values. If reaching a pro ram 
med value indicates an undesirable condition, the power sup can 
be instructed to automatically down-program to zero output. !'or ex- 
ample, if the programmed current limit is reached while testing a PC 
board assembly, it may indicate a shorted com nent. In thiscase, the 
FOLDBACK feature, if enabled, would be a E  to serve as an over- 
current protection circuit and down-program the power supply auto- 
matically. FOLDBACK can be enabled and reset over the HP-IB. 

The built-in overvoltage protection circuit is adjustable with a front 
panel control. The set trip level can be dis layed on the front anel 
meter and also can be read back over the HI-IB,  thus making a8Just- 
ing the level easy. The OVP circuit, once tripped, can be reset over the 
HP-IB. 

Production procedures sometimes require the operator to adjust 
the output voltage or current of a power su ply locally with the front 
panel controls. If this is done. prograrnrne!levels can be set to limit 
the available adjustment range to a safe margin. 

Potentially harmful conditions, such as overtemperature and high 
or low ac input, will trigger the power supply to automatically down- 

rogram to zero output. When these conditions occur, or the k OLDBACK or OVP circuits trip. LEDs on the front panel light to 
indicate the failure. This status can also be read back to the computer 
over the HP-IB and can be used to generate interrupts. 

001% 0 01% 001% 001% 
060 0-10 60V MOW W 240W 2W 2WW WBL I t3mV t5mA t2mV t2mA 

0 0lK" 0 OlUo 0 0l0" o0lm" 
060 0-54 60V lOOOW 40V 1200W 20V lOOOW 6032A t5mV +10mA ~ 3 m V  +IOmA XV 

001% 001% 0 01% 0 01% 
0-200 0-17 200V lOOOW 120V 1200W 60V 1 0 m  6030A , t5mV t10mA t5mV t5mA 

0 01% 0 03% OOlan 0 03'0 
0-500 0-5 500V lW 3 W  lO5OW 2mV 1CMlW 6035At I -13mV t34mA +l3mV i l7mA X V  - 

'See the generallred wtoranging output charactensllc curve 
*HP Models 6030A. 6031A. 6032. end 6035A are equlped wlth barrier block connectors to anach user supplied Ilna cord 



Programmable Features 
Below are the parameters which can be programmed on the H P  

6030A - 6038A and the information which is available for readback 
over the HP-IB. All of these features are included with the standard 
programming language or TMSL (Test and Measurement Systems 
Language). 
programmable Functions Read-k Functions 
Output Voltage Programmed Voltage 
Output Current 
Output DisableIEnable 
Soft Voltage Limit 
Soft Current Limit 
Group Trigger 
Foldback Mode 
Device Clear 
Interrupt Mask 
Interruot Delav 
Preset Power ~ u ~ ~ l ~  States 
Self-Test 
Local Lockout 

Programmed current 
Actual Voltage 
Actual Current 
OVP Trip Level 
Soft Voltage Limit 
Soft Current Limit 
Foldback Mode 
Present Status 
Accumulated Status 
Interrupt Mask 
Programming Error Codes 
Self Test Error Codes 
Output Disable/Enable 
Device ID 

System Configuration 
Up to 16 power supplies can share one HP-IB address, while still 

providing full independent control, when connected with a modular 
telephone-style cable. (This feature requires programming in TMSL 
mode.) To use this feature you will also need to order a serial link 
cable for each unit to be added to the chain, with the first unit con- 
nected directly to HP-IB. The standard serial link cable is 2 meters 
(6.6'). 

I f  your application requires more power than the output capability 
of a single unit, you can use an auto-series connection for greater out- 
put voltage or an auto-parallel connection for greater output current. 
Consult your local H P  sales office regarding restrictions/limitations 
for auto-series and auto-parallel operation. 

Remote sensing can be used to maintain the CV load effect specifi- 
cation at  the load with up to 0.5 volt drop per load lead, and sense 
wires which are less than 0.2 ohm per lead. Operation is possible with 
UD to 2.0 volts droa Der lead: however. the load effect s~ecification . . 
may be degraded. 

Either terminal may be grounded, or may be floated up to + 240 (+ 
550 volts for the H P  6030A and 6035A) volts from chassis ground. 

Analog programming inputs and monitoring terminals are provid- 
ed on the rear panel in addition to the HP-IB programming capabili- 
ties. Zero to full scale voltage or current can be programmed with 
either 0-5 volt voltage signals, or 0-4000 ohm resistance signals. The 
monitoring terminals present 0-5 volt buffered signals which are pro- 
portional to the output voltage and current. 

H P  models 6030A. 6031A. 6032A. 6035A. and 6038A are stable 
when operating in CC into inductive loads up to 100 mH, and the 
H P  6033A and 6038A can handle up to 1 H. A special modification is 
available for HP  Models 6030A, 6031A and 6032A to ensure stable 
operation when operating into inductive loads up to 10 H. 

General Specifications 
HP-IB interface functions: SHl ,T6,  AHI, L4, SRl ,  RLl,  PPI, DCl, 
n-r 1 

Generalized autoranging output characterlstlc curve 
Warranty period: Three years. 
Fault Indicator and Remote Inhibit 

These HP-IB DC power supplies include a discrete fault indicator 
line (FLT) and remote inhibit line (INH). FLT is a two pin TTL 
output port that will go true whenever the power supply goes into 
fault mode. INH is a two pin TTL input port that provides a means 
for disabling the power supply directly. Both the Fault Indicator and 
Remote Inhibit Lines are separate from, and in addition to, the 
HP-IB programming control. 
Isolation/Polarity Reversal Relay Control 

These models can control HP  Models 59510A. 5951 1A relay de- 
vices with HP-IB commands. This applies to H P  603XA scries prod- 
ucts manufactured after May 1, 1988. Consult HP  regarding retrofit 
kit for older HP  603XA series power supplies. See page 488 for more 
details. 

Option Descriptions ~ d c e  
o p t  001 Front pinel which has only line switch, line 
indicator, and OVP adjust. 
Opt 100 87- 106 Vac, 48-63 Hz. This option is for use 
in Japan only. The power supply output power is 
75% of the output power available with the other line 
voltage options. 
Opt 220 191-233 Vac. 48-63 Hz. 
Opt 240 208-250 Vac. 48-63 Hz. 
Opt 800 Rack mount kit for two units side by side. 
This applies to HP  6033A and 6038A only. 
Opt 908 Rack mount kit for a single unit. A blank 
filler panel is supplied when this option is ordered 
with HP  6033A and 6038A. 

HP 6033A and 6038A 
HP 6030A. 603 1A. 6032A and 6035A 

Opt 909 Rack mount kit with handles for H P  Models 
"l 1. 

Dimensions: H P  6033A and 6038A: 177.0 mm H x 212.3 mm W x 6 0 3 0 ~ ,  6031A, 6032A. 6035A 
443.6 mm D (6.97" x 8.36" x 17.872") Opt 910 One extra operating and service manual +S32 
H P  6030A, 603 1 A, 6032A and 6035~': 132.6 mm H x 425.5 mm W x shipped with each power supply. 
503.7 mm D (5.2" x 16.75" x 19.83") Accessory 

HP 5080-2148 serial link cable. 2m (6.6') $6 
Specifications cont. 

"Fw a +5"C rangeabout thecallbration tapsrature. 



POWER SUPPLIES 
DC Output Connect/Dlsconnect and Polarlty Reversal Relay Accessories 
HP 59510A, 5951 1A 

Isolates load from dc output 
Switches and sequences power and sense leads 
DC output polarity reversal (HP 5951 1A only) 

i ..,'- 'I? 

Relay Devices 
The HP 595 10A and 5951 1A are remotecontrollable relay devices. 

These power supply accessories can be configured to switch dc power 
to multiple test fixtures or can be used to provide extra protection 
when a fault condition requires emergency shut-down. Each unit 
switches one power supply output. These relays can be used with any 
dc power supply within the voltage and current limits. The HP 
5951 1A has all of the features of the HP  59510A and also provides 
relays for polarity reversal. 

An internal microprocessor sequences the switching of power and 
sense leads. This protects the load by minimizing possible voltage 
overshoots. When used with HP system power supplies that are con- 
figured appropriately (see table on this page), the relays can be con- 
trolled through the power supply HP-IB port. For other applications. 
the HP 59510A and 5951 1A are controlled through a TTL signal 
port. 

Configuring HP Power Supplies for Relay Control 
The following table shows the HP power supplies that can be or- 

dered with rear panel connections for direct control of HP  59510A 
and 595 1 1 A. 

HP Power Supply Power Supply Option Relay Devices Controlled 
HP 6621A-6629A 750 4 HP 59510A relays or 

2 HP 59511A relays 
HP 6632A6634A 760 This optton includes 

built-in relay devtces 
HP 6651A6655A std 1 HP 59510A or 59511A 
HP 6030Ad038A std* 1 HP 59510A or 59511A 

Models manufactured Mom May 1, 1988. do not have thls capablllty. Contact your HP sales 
otltce lor retroflt ~nlormatlon. 

Mounting 
Both relay accessory models can be mounted on any one of three 

sides to a flat surface with the PEM fasteners provided. The rack 
mount kit (option 850) eases mounting behind the power supply or 
toward the front of the equipment rack. 

Specifications 
Operating ranges: 200V at 20A, or 120V at 30A, or 48V at 60A. 
Isolation: input to output: 200 Vdc 

input/output to ground: 500 Vdc 
TTL control to ground: 240 Vdc 

Settling time (TTL control): connect 440 msec, disconnect 160 ms, 
polarity reversal 600 ms 
DC voltage drop (at 60A): 0.5 volts maximum on each relay 
AC input: equipped with a line module settable to nominal 100, 120, 

220, or 240 Vac (-1 3% 6%), 48-63 Hz 
Weight: 

HP 59510A: net, 2.3kg (51b); shipping. 3.6kg (81b); shipping with 
option 850.4.lkg (91b) 
HP 59511A: net, 3.6kg (81b); shipping, 5.0kg (I I Ib); shipping with 
option 850, 5.5kg (121b) 

Mounting orientation: within * 10 deg from vertical. 
Size: 130.6H x 185.4W x 198.6mmD (5.14" x 7.26" x 7.81") 

The relay accessories can b e  mounted behind power supplies 
using the  option 850 rack mounting kit. The device can b e  ori- 
ented in any horizontal position on  the  tray. The orientation 
shown above can b e  used in shallow racks wlth n o  space  to  run 
cables from the  relay accessory to  the rear of the  rack. 

Options 
Option 850 is a rackmount kit to facilitate mounting relay accesso- 
rlez. Side-by-side mounting of two devices requires two kits. For side- 
by-side mounting, adequate clearance is required so that the rear- 
exiting cables fit inside the rear wall or door of the rack. The clear- 
ance needed varies according to the flexibility of the user supplied 
cables. Approximately four inches from the relay accessory panel is 
usually adequate. 
Option 910 is one extra operating and service manual. 

Ordering Information Price 
HP 59510A Output Isolation Relay Accessory 5 1050 
HP 5951 1A Output Isolation/Polarity Reversal Relay 5 1400 
Accessory 

Opt 850 Rackmount Kit +f 77 
Opt 910 extra Operating and Service Manual +f 26 



POWER SUPPLIES 
Power Supply Callbratlon Software 

HP 14921A Power Supply Calibration Software 
The HP 14921A power supply calibration software, together with 

the specified HP  test equipment, automates the performance testing 
and alignment of Hewlett-Packard 6600 Series system power supplies 
This includes models HP  6621A-6629A. 6632A-6634A. and 665 1 A- 
6655A. 

The software runs on any HP 9000. Series 300 controller, and it is 
compatible with HP  BASIC versions 5.XX. It includes an INSTALL 
program for easy installation. The menu system makes selecting tests, 
modifying the hardware configuration, and printing test records easy. 

The H P  14921A power supply calibration software will be especial- 
ly useful in large installations of Hewlett-Packard system power sup- 
plies, where regular calibration cycles are performed. For these 
installations, productivity will be greatly improved by using the 
software and associated hardware system. 
The performance specifications that are tested include: 

CV and CC line regulation 
CV and CC load regulation 
CV, CC, and OVP programming accuracy 
CV and CC readback accuracy 
CV p-p ripple and noise 
Up and down programming speed 
Transient settling time 

Alignment of programming and readback accuracy can also be 
performed. 

Required Hardware 
The following hardware is required to run the H P  14921A calibra- 

tion software. The program does not permit substitutions. 

Controller 

HP 9000 Series 300 workstation 
HP BASIC 5.XX Language System 
2 Mbyte RAM Memory 
Hard disk drive recommended 
HP ThinkJet or HP  QuietJet HP-IB printer (optional) 

Instruments 
HP 345RA digitizing DMM 
HP 3488A switch control unit 
HP  4447 1 A relay actuator 
HP  44472A VHF switch 
HP  6030A power supply 
HP  6050A electronic load mainframe 
HP 60503A high voltage load module (for up to 240 V and 10 A) 
HP  60504A high power load module with special option J10 (for up 
to 120 V and 60 A) 
HP  595 10A relay accessories 

(3 H P  59510A for a system with I load module, 4 HP 59510A for a 
system with both load modules) 

AC Source 
(1 5 amp variable transformer) 

Precision Current Shunts 
0.1 ohm, 0.04%. 15 amp, 25 watt (Guildline 9230/15). For testing 
models HP  6651A and 6652A only: 0.01 ohm, 0.04%. 100 amp, 
100 watt (Guildline 923011 00) 

Ordering Information Price 
HP 14921A power supply calibration software 5 1,200 

Note for A.OO.OOusers. contact your local HP ~IedoMcefor upgrade klt toaupport HP 6851A and 
HP 6855A. 



POWER SUPPLIES 
200 Watt System Power Supply 
HP 6002A 

200 watt autoranging dc output 
Constant-voltage/constant-current operation 
HP-IB programming option 

Built-in overvoltage protection crowbar 
CV/CC operating status indicators 
Remote analog programming and sensing 

@#$ 
SYSTEMS 

Autoranging Output Charactwhtk 

Descri tion ! The H 6002A dc wer supply offers an exceptional combination 
of performance and Exibility. It employs a unique control concept 
whlch provides for an autorangin out ut with the performance char- 
acteristics of linear regulation. T R ~  HP 6002A is a 200 watt cv cc 
power supply which may be remotely programmed via the H b I B  
when equipped with Option 001. 

As an autoranging power supply, the H P  6002A can provide 200 
watts over a wide range of voltage and currents without external In- 
tervention. This allows it to take the place of multiple conventional 
power supplies. For example, the HP 6002A can replace both a 50 
volt. 4 ampere supply and a 20 volt, I0 ampere supply. 

System Featuns/Remote Control 
Analo programming of output voltages and current can be accom- 

plished tfrough the use of remotely controlled resistance or voltage 
ap lied to rear panel terminals. Additional control terminals are pro- 
vl&d for remote load voltage sensing, auto-series or parallel opera- 
tion, and for remotely activating the crowbar circuit. A pulse output 
from the crowbar terminal indicates the overvoltage circuit has been 
self-activated. A voltage step change appearing on terminal indicates 
a changeover to or from constant-current operation. 

HP-1B Option 
Digital programming via 0 tion 001 permits control of out ut 

voltage or current by the ~ e w L t - ~ a c k a r d  Interface Bus (HP-IL). 
Two programmable ranges allow better resolution below 10 volts or 2 
amperes. The selection of HP-IB control of either voltage or current is 
done by rear panel switches. The IEEE 488 interface functions s u p  
ported by the HP 6002A with Option 001 are basic listener (L2) and 
acceptor handshake (AHI).  Complete explanation of these interface 
functions is available in the IEEE Std. 488-1978. 

Specifications 
DC output: voltage and current out ut can be adjusted over the 
ranges indicated by front panel controys, analog programming, or an 
optional HP-IB interface. 

Voltage: 0-50 V. Currenl: 0 -10 A. 
Maximum 200 watts output from 20 V to 50 V. 

4 5 

AMP 

L d  efk& constant-voltage, 0.01% +I mV. Constant-current. 
0.01% + I mA. 
Source effect: CV, 0.01% +I mV; CC, 0.01% + 1 mA. 
Ripple and noise (PARD): rms/p-p, 20 Hz to 20 MHz; CV, 1 
mV/ I0 mV; CC, 5 mA rms. 
Temperature coctticient: CV, 0.02% +200 uV/"C: CC 0.02% . , 
+5 mA/"C. 
Drift: CV, 0.05% +I mV/8 h; CC, 0.05% +5 mA/8 h. 
Load transient recovery: 100 ps for output voltage to recover within 
15 mV of nominal voltage setting follow~ng a load current change of 
50% to 100% or 100% to 50% of full load current. 
Response time: maximum time for output voltage to change be- 
tween 0 to 99.9% or 100% to 0.1% of maximum rated output voltage. 
Up Programming: no load, I00 ms: full load, I00 ms. Down Program- 
mlng: no load, 400 ms; full load. 200 ms. 
Over~oltage protection: trip voltage adjustable from 2.5 V to 60 V. 
DC output isolation: 150 V dc. 
Power: 100, 120,220, or 240 V ac (-136, +6%), 48-63 Hz. 
Temperature rating: O°C to 55°C operating, -40°C to +7S°C stor- 
age. Supply is cooled by built-in fan. 
Size: 180 H x 21 2 W x 422 mm D (6.97" x 8.36" x 16.6"). 
Weight: net. 14.5 kg (32 Ib); shipping. 15.9 kg (35 Ib). 

HP-IB Option 
Programmable ranges: high: 0-50 V or 0-10 A, 

low: 0-10 V or 0-2 A. 
Programming spnd: same as response time. 
Accuracy: hi range: CV, 0.2% +25 mV; CC, 0.2% +25 mA. 

lo range: CV. 0.2% + 10 mV: CC. 0.2% +25 mA. - - - - - ~  

Resolution: hi raige: CV, 50 mV; CC, i 0  mkI ( I  2 bit) 
lo range: CV, 10 mV; CC, 2 mA. (1 2 bit) 

Isolation: 250 volts dc from bus data lines to power supply. 

Order Information Price 
HP 6002A Autoranging dc Power Supply $2575 

Opt 001: HP-IB interface +$585 
Opt 800: rack flange kit to mount 2 locked +$79 
H P 6002As 
Opt 908: rack mounting adapter kit for one +S84 
HP 6002A; includes blank filler anel. 
opt  910: one extra operating anBsewice manual +SIO 



HP-IB power supply control 
HP-IB-to-power-supply isolation 
Programmable range 

Description 
The HP 59501 B is an isolated digital-to-analog converter designed 

to provide a convenient interface between the Hewlett-Packard Inter- 
face Bus and HP power supplies. With the HP  59501B, a wide range 
of dc voltages and currents becomes automatically controllable via 
the HP-IB. With proper wiring, the built-in isolation devices protect 
other instrumentation on the HP-IB from damage that could be 
caused by power supply outputs. In addition, an internal control cir- 
cuit holds the output level near zero until programmed data is re- 
ceived. A programmable High/Low range control improves 
resolution by ten-to-one. 

Power supply control is accomplished through the H P  59501B's 
programmable output voltage and programming network (see be- 
low). By making the appropriate connections between the 59501 B's 
rear terminals and the remote programming terminals on the supply, 
the output voltage (or current) of the supply can be programmed 
from zero to its full rated output. The HP 59501B front panel controls 
provide fast and easy calibration of power supply outputs. The Zero 
Adjust enables the user to correct for small offsets in power supply 
response to programmed inputs. The Power Supply Full Scale Adjust 
(part of programming network) enables the user to set the maximum 
output desired from the power supply when the HP  59501B is 
programmed to its maximum value. For example, this adjustment 
would normally be used to calibrate the maximum programmable 
output of a 320Vdc power supply to 320 volts. However, it could also 
be used to set the maximum to 200 volts. 

The HP 59501B also can be used directly as a low level dc signal 
source. Unipolar and bipolar output modes are available with output 
voltages programmable from zero to 9.99 volts, or minus 10.0 to plus 
9.98 volts. Output current up to 10 milliamperes is available and is 
automatically limited to protect the HP  59501B and user equipment. 
The HP 59501 B produces a full scale voltage change in approximate- 
ly 250 ps from the time the digital data is received. 

POWER SUPPLIES 
Digital Programmable: HP-lB Programmer 

HP 595018 

Programmable 10-volt dc output 
Unipolar/bipolar operation 
Fast digital to analog conversion 

Specifications 
Diaital to Analoa Converter a = 
DC output voltage: programmable in high or low ranges within the 
voltage ilrnits qhoun below. Output mode is unipolar or bipolar and is 
selected by a rear panel switch. 

Unipolar: 0 to 9.99 V (low range, 0 to 0.999 V). 
Bipolar: - I0 to +9.98 V (low range, - 1 to +0.998 V). 

DC out~ut current: 10 mA maximum. 
Ripple ind noise (PARD): 2 mV rms/lO mV p-p. 
Resolution: unipolar. I0 mV (low range, 1 mV). Bipolar, 20 mV (low 
range. 2 mV). 
Accuracy: specified at  23OC 4 ° C .  

Unipolar: 0.1% +5 mV (low range. 0.1% +I mV). 
Bipolar: 0.1 % + 10 mV (low range. 0.1 % +2 mV). 

Stability: change in output over 8 hour interval under constant line, 
load. and ambient following a 30 minute warm-up. Stability is includ- 
ed In accuracy specification measurements over the temperature 
range indicated. 

Unipolar: 0.04% + 0.5 mV (low range, 0.04% +0.l mV). 
Bipolar: 0.04% + 1 mV (low range, 0.04% +0.2 mV). 

Temperature coefficient: unipolar, O.Ol%/OC +0.5 mV/OC (low 
range. O.l%/"C +0.1 rnVI0C). Bipolar. 0.01%/ OC +0.5 mV/OC 
(low range, O.Ol%/"C +O. 1 mV/OC). 
Zero adjust: plus or minus 250 millivolts. 
D/A full scale adjust: plus or minus 5%. 
Programming speed: the time required for output to go from zero to 
999 of programmed output change is 250 fis (measured with resistive 
load connected to output terminals). 
Power Supply Programming 
Programming network specifications: in the following specifica- 
tions, M represents the calibrated full scale value of the supply being 
programmed and P is the actual programmed output. The full scale 
value (M) can be any value within the supply's output range and is 
calibrated with the HP 59501B programmed to its maximum high 
range output. 
Accuracy: specified at  23OC 4 O C .  

Unipolar: 0.05% M +0.25% P (low range, 0.01% M + 0.25% P). 
Bipolar: 0.1 % M +0.25% P (low range, 0.02% M +0.25% P). 

Isolation: 600 V dc between HP-IB data lines and output terminals. 
Temperature coefficient: 0.005% M/OC + 0.015% P/OC (low 
range. 0.01% M/OC +0.015% P/OC). 
Programming resolution: 0.1 % M (low range, 0.01% M). 
Programming speed: D/A programming speed plus the program- 
ming speed of the power supply. 
General 
Temperature range: operation, 0 to 55OC; storage. -40 to 75OC. 
Power: 100, 120, 220. or 240 Vac (+6% -1 3%) 47-63 Hz, 10 VA 
(selectable on rear panel). 
Size: 101.6 H x 21 2.9 W x 294.6 mm D (4" x 8.38" x 1 1.6"). 
Weight: net, 1.82 kg (4 Ib); shipping. 2.27 kg (5 Ib). 

- Several programming notes a r e  
. . available to  assist in operating 

- - -  the  HP 595018 Power Supply 

. e- Programmer with the HP desktop 
computers. For more on free 
publ~cations, see 760. 

.- 
I*-- - 

Ordering Information Price 
H P  595018 HP-IB Isolated D/A Power Supply $1000 
Programmer 
Accessories 
H P  5060-0173: rack mounting adapter kit for one H P  S 8 5 m  
59501 8 
H P  50660174: rack mounting adapter kit to connect S 7 5 w  
two H P  59501B's 

For samaday shipment, call HP Dlrect at 800-538-8787 



POWER SUPPLIES 
General Purpose: 25-200 W Output 
HP 6227B4299A 

Constant voltage/constant current operation 
Remote sensing and programming 
Auto-series, -parallel, & -tracking operation 

Description 

HP 6281A-8299A Single Output 
This series of medium-power constant voltage/constant current 

power supplies is available in two power ranges: 37-75 watts (pack- 
aged in 3%-inch high half-rack cases) and 100-200 watts (packaged 
in 5%-inch high half-rack cases). All models except HP 6294A and 
6299A have separate coarse and fine voltage and current controls that 
allow the voltage and current outputs to be varied from zero to the 
maximum rated values. The latter two models have ten-turn voltage 
controls. Crossover from constant voltage to constant current opera- 
tion occurs automaticallv when the load current exceeds the value 
established by the current control settings. A four-position meter 
function switch selects either of two output voltage or output current 
ranges (XI. XO.l) for display on the panel meter. 

The 37-75 watt models are of the series-regulated type. They have 
excellent regulation and ripple characteristics and include a special 
output-capacitor discharge circuit for improved programming speed. 
The 100-200 watt models employ a series-regulator/SCR-preregu- 
lator configuration to achieve the high efficiency necessary for a con- 
vection-cooled package of this size. They also have excellent 
regulation, low ripple and noise, and moderate programming speeds. 

Front and rear output terminals 
Floating output-use as positive or negative source 
Bench or rack mountlng 

HP 6253A and 6255A Dual Output 
These versatile dual-outout models each contain two identical. in- 

dependently adjustable 60'watt power supplies in a full-rack width 
case. The regulator, voltage and current control, and metering cir- 
cuits of each section of the supply are electrically identical to those of 
the individual 37-75 watt models described above. 

By combining the versatility of a dual power supply with the flexi- 
bility of auto-series and auto-parallel operation, twice the maximum 
rated output voltage or current of each section can be obtained from 
the one supply. In addition, using the supply's auto-tracking capabili- 
ty. opposite-polarity voltages (+20 V for HP 6253A or +40 V for HP 
6255A) are possible. 

HP 62278 and 62288 Dual Output 
These versatile lab supplies each house two identical 50 W regulat- 

ed power supplies. A convenient front panel switch selects either inde- 
pendent or tracking operation. In the track mode, the right supply 
tracks the left within 0.2% +2 mV. The tracking mode is especially 
useful for powering operational amplifiers, push-pull stages, deflec- 
tion systems, or any application where plus and minus voltages must 
track with insignificant error. The independent mode permits opera- 
tion of the two supplies individually. in auto-parallel or in auto- 
series. 

Specifications 

'Models 62278. 62288. 6253A. and 6255A contain two identical. Independently-adjustable power supplies. 
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Each side of the dual supply can be operated as a constant voltage 011: lnternal overvoltage protection crowbar. Protects 
or constant current source, and each has its own crowbar for sensitive loads against power supply failure or operator 
overvoltage protection. In the tracking mode, an overvoltage condi- error. Monitors the output voltage and places a virtual 
tion in either supply trips both crowbars. The power supply outputs short circuit (conducting SCR) across load after preset 
are isolated up to 300 V from output to chassis or output to output. trip voltage is exceeded. 

H P  6281 A, 6284A, 6289A. 6294A. 6299A +S132.00 
Smifications-General HP 6 2 5 3 ~ .  6 2 5 5 ~ .  6 2 8 2 ~ .  6 2 8 6 ~ .  6 2 9 1 ~ .  6 2 9 6 ~  is215.00 

Load effect transient recovery: time, 50 ps; level. I5  mV. 
Meter accuracy: 3% of full scale. 
Power: standard input voltage is 11 5 V ac  10%. Order Option 028 
for 230 V ac * 10% operation. Input power frequency, maximum in- 
put current, maximum power consumption are: 
H P  6227B and 6228B. 48-63 Hz, 2.7 A. 260 W; 
H P  6253A. 48-440 Hz, 2.6 A, 235 W; H P  6255A, 48-440 Hz, 2.6 A, 
235 W; H P  6281A. 48-440 Hz, 1.3 A, 118 W; HP6282A. 57-63 Hz, 
3.5 A. 200 W; H P  6284A. 48-440 Hz. 1.5 A. 128 W; H P  6286A. 
57-63 Hz, 5.5 A, 320 W; H P  6289A. 48-440 Hz, 1.3 A, l I0 W; HP 
6291A, 57-63 Hz, 5.5 A, 280 W; H P  6294A. 48-440 Hz, 1.3 A, 1 14 
W; H P  6296A. 57-63 Hz, 4.5 A. 250 W; H P  6299A. 48-440 Hz, 1.5 
A. 135 W. 
Sizt: 6227B, 62288: 155 H x 197 W x 309.55 mm D (6'/32" x 725/32" x 
123/16"). 
H P  6253A. 6255A: 87 H x 483 W x 403 mm D (3%" x 19" x 15%"). 
H P  6281A. 6284A. 6289A. 6294A, 6299A: 87 H x 209 W x 398 mm 
D (3'/16" X 8'/32" X I 578"). 
H P  6282A. 6286A. 6291A. 6296A: 131 H x 210 W x 435 mm D (732" 
x 8'/ra x 179"). 

Option Descriptions 
See list under "Options" in table below for availability. 

005: 50 Hz ac input: optimizes power supplies that re- SO 
quire adjustment/modification for 50 Hz operation. 
010: Chassis slides. Enable convenient access to rack- + $90 
mounted power supply for maintenance. 

028: 230 Vac + 10%. single-phase input.  actor^ modi- 
fication reconnects the multi-tap input power trans- 
former for 230 V operation. 
040: Interfacing for Multiprogrammer operation. 
Prepares standard H P  power supplies for resistance 
programming by the HP 6942A, 6944A or 6954A. 
Single-output models 
Dual-output models 
910: one additional operating and service manual 
shipped with the power supply 
H P  6227 
H P  6253A. 6255A. 62288 
H P  6281A. 6282A, 6284A. 6286A. 6289A, 6291A. 
6294A, 6296A. 6299A 

Accessories 
- HP 14513A: 3.5 in. high rack kit for one H P  6281A. 

6284A. 6289A. 6294A. 6299A 
- HP 14523A: 3.5 in. high rack kit for two above supplies 
HP 14515A: 5.25 in. high rack kit for one H P  6282A. 
6286A. 6291 A, 6296A 
HP 14525A: 5.25 in. high rack kit for two above s u p  
plies 
HP 5060-8760: blank filler panel for H P  62279,6228B 
HP 5060-8762: adapter frame for rack mounting one or 
two H P  6227B. 6228B 

1200 RN t1% 1 1 U A  4 0 %  1 1 VN +1% I I VIA 4 0 %  1 50 ms 1350 ms I 1 s 150 ms 1 5-55 V 17% t 1.5 VI 11 kaI24 Ib 1 12.9 kg128 1b 140 112250 1 

'UP = lncreedlng output voltage. NL - NO output bad current. FL = Full rated output load current. For same-day shipment, call HP Direct at 800-538-8787 



POWER SUPPLIES 
Autoranging Power Supplies 
HP 6010A, 601 1 A, 6012B,6015A, 6023A, and 6024A 

Complete front panel control/display 
Constant voltage/constant current operation 
Remote programming and sensing 

Autoranging output 
High efficiency, compact, and light weight 
Ten-turn voltage and current controls 

Description HP Model 6023A is stable when operating in the CC mode into in- 
ductive loads up to one henry. HP Models 6010A, 601 IA, 6012B and 
6015A are stable when operating in the CC mode into inductive loads 
up to 100 mH, and a special modification is available for these three 
models to assure stability with loads up to ten henries. 

HP Models 6010A, 0011A, 60128,6015A, and 6023A 
This versatile family of dc power supplies provides laboratory 

grade performance along with many features to meet both laboratory 
and system needs. 

Ten-turn front panel controls provide the means to precisely adjust 
the output voltage and current. The settings of these controls can be 
observed on the front panel meters by pressing the Display Settings 
button. This allows the current limit to be set when operating in the 
CV mode without shorting the output terminals and the voltage limit 
to be set when operating in the CC mode without opening the load 
leads. 

Three and one-half digit front panel meters provide a convenient 
means for monitoring the output voltage and current. The accuracy of 
these meters allow them to replace external DVMs and monitor resis- 
tors in many applications that require monitoring of the power supply 
output. 

The overvoltage protection (OVP) trip level can also be displayed 
on the front panel meters, allowing the trip level to be accurately ad- 
justed without actually activating the OVP circuitry or disconnecting 
loads. In addition to the protection provided to the power supply and 
load by the OVP, these supplies also have protection against operat- 
ing under excessive ac line or thermal conditions. 

As autoranging power supplies, these units can operate at their 
maximum rated power over a wide and continuous range of voltage 
and current combinations. This often allows both present and future 
requirements to be satisfied with fewer supplies. 

System Features 
The output voltage and current of these supplies can be remotely 

controlled with either 0-5 volt or 0-4000 ohm analog programming 
signals. The actual output levels can be monitored without complicat- 
ed external circuitry by connecting DVMs to the buffered 0-5 volt 
monitor outputs. All programming and monitoring signals are refer- 
enced to the same common and are accessed through the rear panel 
barrier strip. 

Either terminal may be grounded, or floated up to k 240 volts from 
chassis ground for the H P  601 IA, 6012B and 6023A. and *550 volts 
for the HP  6010A and 601 5A. 

If more output voltage or current is needed than a single unit can 
provide, auto-series or auto-parallel configurations can be used. Up to 
four 1000-watt units, or up to two 200-watt units can be connected in 
auto-parallel, and any combination can be used in auto-series provid- 
ing up to 240 volts total (550 Vdc for H P  6010A and 601 5A) from 
chassis ground including output voltage. Remote sensing can be used 
to maintain the CV load effect specification at  the load with up to 0.5 
volt drop per load lead and sense wires that are less than 0.2 ohm per 
lead. Operation is possible with up to 2.0 volts per lead; however, load 
effect specification may be degraded. For more system control and 
monitoring capabilities, see Option 002.** 

Specifications 

'See the genaalkd artwanging output characteristic curve. 
tHP models 601OA. 601 1A. 60128 6 6015A are equipped with ban% block connectors to attach ussr suppllad cords. 
"Option 002 not available wlth HP model 6015A. 



HP Model 602449 
As an autoranging dc power supply, the HP  6024A can provide 200 

watts over a wide and continuous range of voltage and current combi- 
nations, with maximums of 60 volts and 10 amperes. This provides 
greater flexibility than traditional power supplies that have only one 
maximum power point. 

Ten-turn potentiometers provide precise control of the output volt- 
age and current. The output levels can be observed on the separate 
front panel voltage and current meters. Terminals are available on 
both the front and rear panel for load connections. 

The built-in OVP is adjustable from the front panel. Other protec- 
tion features include over-temperature and high ac line detection. 

The HP 6024A has many system oriented features. It can be re- 
motely programmed with 0-5 volt or 0-2500 ohm analog signals. The 
output current can be easily monitored without an external shunt 
with the proportional 0-5 volt buffered monitor output. Remote sens- 
ing can be used to eliminate the effects of voltage drops in the load 
leads. and either terminal mav be floated U D  to *240 volts from chas- 
sis Several units can be combined in auto-series, auto-paral- 
lel, and auto-tracking configurations, further increasing the H P  autoranging Output 
6024A's flexibility. 
For more system features, see Option 002. These features can all be taken advantage of with an HP  6942A. 

6944A or 6954A Multiprogrammer instrument sub-system con- 
figured with an H P  69709A Power Supply Programming Card. The 

General Specifications Multiprogrammer provides a cost-effective solution for controlling a 
Dimensions group of power supplies, and also can provide many other digital and 
HP6010A*6011A,6012Band60sA: 132.6 mm 425.5 analog monitoring and control functions, all on the HP-IB. The volt- 
516.4 mm D (5.2" x 16.75" x 20.33"). age and current programming resolution available with this card is 
HP 6023A: 177.0 mm H x 21 2.3 mm W x 443.6 mm D (6.97" x 8.36" I / 1000th of full scale. 
x 17.872"). The features available with Option 002 can also be interfaced to 
HP 6024A: 133.4 mm H x 212.3 mm x 415.33 (5.25" 8.36" your own external circuitry rather than an HP  Multiprogrammer. 
16.35"). 

Opt 100 87-106 Vac, 48-63 Hz. H P  6024A Only! 
Ordering Information Price This option is for use in Japan only. The power 
Option Descriptions supply output power is 75% of the output power 

Opt 002 provides extra programming and $345 available with the other line voltage options. For 
monitoring capabilities for system use. A card HP 6024A only. 
inserted into the power supply is accessible through Opt 220 191 to 233 Vac, 48-63 Hz. 
a 37-pin connector on the rear panel. It provides Opt 240 208 to 250 Vac, 48-63 Hz. 
easy access to the control and monitor signals Opt 800 Rack-mount kit for two units side by side. 
available on standard units, as well as these This applies to HP  6023A and 6024A only. 
additional features: H P  6023A 
OVP trip and reset HP  6024A 
power supply inhibit Opt 908 Rack-mount kit for a single unit. A blank 
status bits indicating CV mode, CC mode, unregulated output, filler panel is supplied when ordered for half rack 
OVP tripped, overtemperature condition, and ac line dropout width units. 
remote programming via a 0-2 mA current sink H P  6010A. 601 IA, 6012B. 6015A 
bias supplies for your circuitry: +5 volts at  100 mA, +I 5 volts at  75 H P  6023A 
mA, and -I5 volts at  75 mA. HP  6024A 
buffered 0-5 volt outputs representing both the output voltage and Opt 909 Rack-mount kit with handles for HP  
output current. (HP  6010A. 601 IA, 6012B. 6015A and 6023A Models 6010A. 601 IA, 6012B. and 6015A 
provide this feature standard, but H P  6024A provides only a scaled Opt 910 One extra operating and service manual 
0-5 volt output to represent output current, not output voltage.) shipped with each power supply. 
programmable remote/local for use when programming with a H P  6024A 
current sink. HP  6010A, 601 IA, 6012B, 6015A, 6023A 

t ~ m g m m ~ n g  nm omrl* 

I UP DOWN I 

1 1 - 1  750 mV 1 350 m i  1 250 ms I 600 ms j 7 0 s 1 Open - 24 15 14 163(361 21 7 
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An ac Input optlon must be specified when ordering 



POWER SUPPLIES 
General Purpose: 200-2000 W Output 
HP 6259B-6274B 

a Built-in overvoltage protection 
Constant voltage/constant current operation 

a Remote programming and sensing 

a Remote sensing 
Auto-series, -parallel, and -tracking operation 

a s50 ps load transient recovery 

Description 
. .. 

-.. Models 62598-82748 
+ 4 This series of high-performance constant voltage/constant current 
-- - .- . supplies includes twelve models with output rating from 10 to 60 V. 

. - -  . ~ All models employ a transistor series-regulator/triac-preregulator 
, circuit to achieve high efficiency, excellent regulation. low ripple and 

noise, and moderate programming speeds in a compact full-rack 

.ld * " 
- P width package. 

Separate coarse and fine voltage and current controls allow the 
voltage and current outputs to be varied from zero to the maximum 

H P 62748 rated value, crossover from constant voltage to constant current oper- 
ation occurs automatically when the load current exceeds the value 
established by the current control settings. 

Additional features include built-in overvoltage crowbar protec- 
tion; remote error sensing; and auto-series. auto-parallel, and auto- 
tracking operation. The crowbar trip point adjustment and associated 
overvoltage indicator are conveniently located on the front panel. 

Auto-series, auto-parallel, and auto-tracking connections should 
ordinarily include no more than three supplies. If a specific applica- 
tion requires the use of more than three supplies in any of the three 

,---- , -.I I - -..- I- connections, consult your local HP Field Engineer for additional in- 
\ , formation. 

All dc output, ac input, sensing, control, and programming connec- . a tions are made to rearlpanel terminals. Either the positive o;negative 
output terminal may be grounded or the supplies may be operated 
floating at  up to 300 volts above ground. Models 6263B. 6264B. 
62668 and 6267B are convection cooled. All other models in this se- 
ries employ cooling fans. Models which output more than 200 watts 
are equipped with terminal blocks for ac input and are not shipped 
with line cords. 

Specificationst 
I RATINGS I 1 

040 0-10 62678 0.01% + 200 pV 0.02% + 500 0.01% + 200 pV 0.02% + 500.d 200 pV110 rnV 3 mA rms 0.03% + 2mV 0.03% + 3 mA 

0-40 0-30 62688 0 Old0 T 200 pV 0 02% * 2 mA 0 01% + 200 pV 0 02"3 + 2 mA I mV'5 mV 20 mA fms 003% A 2 mV 0 03% 1 5 mA 

040 050  6269B 0.01% + 200 pV 0.02% + 2 mA 0.01% + 200 pV 0.02% + 2 mA 1 mVl5 mV 25 mA rms 0.03% + 2 mV 0.03% + 10 rnA 
0-60 0-15 62748 0 01% + 200 pV 0 02% + 500 pA 0 0 1 4  + 200 pV 0 0 2 8  + 500 JLA 200 pV/20 mV 5 mA rms 0 03% 2 mV 0 0 3 5  + 5 mA 

t R m  to page 476 for complsts sped(lca(lan dsnnlllana. 



Specification-General 
Load effect transknt rccovew time, 50 ps; Level. 10 mV. 
Resolution: voltage control, less than 0.02%; current control, less 
than 0.15%. 
Temperature coefficient per OC: 0.01% of output plus 200 pV. 
Temperature ratings: operating, 0 to 55OC; storage, -40 to 75OC. 
Remote control programming: these power supplies are capable of 
being programmed in constant voltage and constant current opera- 
tion by using an external resistance or dc voltage with coefficients as 
shown in the table below. 

Rear terminal wiring configurations for remote control operation 
are specified in the operating and service manual supplied with the 
power supply. For remote control programming procedures and tim- 
ing considerations, contact your local HP field engineer. 
Power: input voltage tolerance is *lo%, 57-63 Hz. For other input 
voltage and frequency options available, see option listing in the spec- 
ifications table below. Standard input voltage, maximum input cur- 
rent, and maximum power are: 
H P  6259B, 230 V ac, 6 A, 850 W; 
HP 6260B. 230 V ac, 12 A, 1600 W; 
HP 6263B. 115 V ac. 4.5 A, 350 W; 
HP 6266B. 115 V ac. 4 A. 325 W; 
HP 6268B. 230 V ac. 12 A. 1600 W; 
HP6261B,230Vac, 1 2 A  1500 W; 
H P  6264B, 11 5 V ac, 8 A, 600 W; 
H P  6267B. 1 15 V ac, 8 A, 550 W; 
HP 6269B. 230 V ac, 18 A, 2500 W; 
H P 6 2 7 4 B , 1 1 5 V a c , 1 5 A , 1 2 0 0 W .  

Option Descriptions 
005: 50 Hz ac input: optimizes power supplies that 
require adjustment/modification for 50 Hz operation. 
010: chassis slides. For access to rack mounted power 
supplies: HP  62638,6264B. 6266B. 6267B 
HP 6274B, 6259B. 6260B, 6261 B, 62688,6269B 
016: Model 62608 only. 115 Vac 10% single phase 
input. Consists of replacing power transformer and cir- 
cuit breaker, and reconnecting bias transformer, RFI 
choke and fans. 
022: voltage and current programming adjust. Allows 
the V and I programming coefficients and zero output 
to be conveniently adjusted to 0.1 % accuracy via access 
holes in the rear panel. Consists of four potentiometers 
and resistors located inside the rear panel. 
026: 115 Vac =t 10%. single phase input. Consists of 
replacing the input circuit breaker and reconnecting the 
power transformer, bias transformer, RFI choke, and 
fans. Models 6259B, 6261 B and 6268B only. 
027: 208 Vac. + 10%. single phase input. Consists of 
reconnecting power transformer taps, and other compo- 
nents where necessary. 
028: 230 Vac + 10%. single phase input. Consists of 
reconnecting power transformer taps, and other compo- 
nents where necessary. 
040: Multiprogrammer interface. Prepares standard 
HP  power supplies for resistance programming by the 
HP  6942A. 6944A or 6954A Multiprogrammers. 
This option includes Option 022, special calibra- 
tion, and protection check-out procedures (where 

Price 

AC line connections: three wire, five foot ac power cord includ- required): + 580.00 
ed-HP 6263B and 6266B. 910: one additional operating and service manual 

Three-terminal barrier strip provided on power supply for ac power Shipped with each power HP 6259B-6274B + S7.88 

connections-HP 62598. 6260B. 6261B. 6264B. 6267B. 6268B, 
6269B and 6274B. 
Size 
HP 62638,6266B: 83.7 H x 483 W x 479.4 mm D (3.296" x 19" x 
18.875"). 
HP  6264B, 62678, 6274B: 127 H x 483 W x 479.4 mm D (5.00" x 19" 
x 18.875"). 
HP  6259B, 62608, 62618, 62688, 62698: 173 H x 483 W x 479.4 
mm D; (6.812" x 19" x 18.875"). 

Specifications, Continued 

200 W tlmo 10 IUA t108 1 VN 21% 25 mV/A a108 140 ms 140 ms 10 s 150 ms 2 5-23V 5 8  + 1 V 21.3 kgi47 1b 24.5 kg/54 1b 5, 10, 22 27.28 40 $2000 

200 W 11% 4 WA 4 0 %  1 VN 4 %  10 m VIA 110% 150 IIIS 150 rm 250  IT^ 250 nn 2-23 V 5% + 2 V 35.3 kg78 lb 39.4 ke/87 1b 5,10,22,26,27,46 $2900 

'Up = Iw&ng output vanape. NL - No outplt load armt. FL - Full fo ld  ouw load arm1 



POWER SUPPLIES 
498 General Purpose: 300-1 1,006 W Output u HP 64348-6483C 

Outstanding value-low cost/watt Protective Features 
Up to 75% efficiency at full output In addition to the overload protection inherent in constant voltage/ 

Constant voltage/constant current operation constant current operation, there are many other built-in protective 
features included in these supplies. The features vary within the three 
model classifications as follows: 
HP 64348-64488: (1)  Reverse voltage protection. (2) Fused ac in- 

HP 6434B-6483C 

Description 

put. 
HP 6453A. 64568, 6459A: (1) AC line loss protection circuit 
monitors 3-phase input and cuts off SCR's and opens output bus if a 
phase drops out; operation resumes when ac input returns to normal. 
(2) 3-phase input circuit breaker. (3) Optional internal crowbar ( O p  
tion 006) protects load from overvoltage condition. 
HP 6464C-6483C: ( I )  High-temperature protection thermostat 
opens input to power transformer and lights front panel indicator if 
supply overheats. (2) Prolonged overload protection circuit is activated 
and lights front panel indicator if output current exceeds approximate- 
ly 11 5% of maximum rating. (3) Optional internal crowbar (except on 
HP 6464C) protects load from overvoltage condition. (4) Turn-on cir- 
cuit limits peak line current during start-up into low impedance loads. 
(5) Phase-balance circuit permits operation with line-to-line input volt- 
age imbalance up to 8%. (6) Overcurrent and over-voltage circuits of 
master slave supplies used in auto-series, -parallel, or -tracking opera- 
tion can be interlocked. 
Auto-Series, -Parallel. -1 racking Omration 

Supplies may be connected in auto-series, or auto-tracking (except 
HP  6448B and 6483C. which cannot be connected in auto-series). 

Up to three lower-power models (HP 6434B-6448B) may be con- 
nected in any of the above configurations. Higher-power model (HP 
6453A16483C) interconnection should ordinarily include no more 
than two supplies. 

This series of SCR-regulated power supplies is designed for medi- Remote Programming 
urn to high-power applications requiring a fixed or variable dc source 

The voltage and current outputs of the supplies can be programmed 

with moderate regulation and ripple. For supplies with better 
by a remote resistance. or for most models, a remote voltage source. 

tion, faster response time, and lower ripple, see models H P  
Programming speeds and coefficients are detailed in the specifications 

6259B4274B on page 496. 
table. 
AC Power Reauirements 

The ac powe&equirements vary with the three model classifica- 

Operating Featum tions (see option listings). When powered from a 50 Hz source (possi- 
All supplies in this series are of the constant voItage/constant cur- ble with option 005)1 the rms ripple and transient response 

rent type. Large easy-to-read panel meters continuously monitor out- specifications increase by 50%. The p-p ripple specification is un- 
D U ~  voltage current. changed by line frequency. - 

Input and output power, remote sensing, remote programming, and Line Cords 
auto-series, -parallel, and -tracking connections are made to bus bars Line cords are not supplied with models 6434B, 6448B and 6453A- 
and terminal blocks on the rear panel. 6483C. 

w w  Lod Efhc( Soum E M  

VW ~ m p r a t  HPW vw cum VW Cum 

Specificstionst 

1 

t~eter to pago 478 for cornpbte wedtiation dsflnnions. 6 Under light losdlng conditions, po*a supply may not met all puMlshsd speclticatlons. The 
ttspeclfbd for cwnblned line and load regulatlon. graph on the next page defines the permlssibb operating regions for CV and CC modes of oper- 
A For operation with a 50 Hz input (possible only wlth Option W5), the rms rlppb and trmsisnt ation. 

response specif~cations are Increased by 50%. For operation wlth a 50 HZ input ~Wsalble only with Option W5), output current Is llnearfy derat- 
The output current rating is given In the same order mrmponding wlth the voitsge rating. ed from too./. at 40'C to 80.l. at 50'C. 

R A ~ W O S  PERFORIANCE 
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UNSPECIFIED REGION FOR CC WERATION. I 
MEETS SPEClFlCATlW IN CV OPERATIOW. I 
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I 

30 100 
X OF RATED OUTPUT CURRENT 

ac input connections are by means of a 4-conductor 
connector at rear of unit. Low voltage (208 V, 230 V) 
models are furnished with an Arrow Hart and Hage- 
man plug (HP 1251-6896). High voltage (380 V, 400 
V, 460 V) models are furnished with an Arrow Hart 
and Hageman plug (HP 125 1-6897). 
001: 208 V ac, + 10%. 3-phase, 15.5 A/phase, 
57-63 HZ 
002: 230 V ac, + 10%. 3-phase, 14 A/phase, 57-63 Hz 
003: 460 V ac. + 10%. 3-phase. 7 A/phase, 57-63 Hz 
005: realignment for 50 Hz operation 
008: overvoltage protection crowbar for 

HP 6453A. 6459A 
HP 64568 

010: chassis slides 
031: 380 V ac. * 10%. 3-phase. 8.5 A/phase, 
57-63 HZ 
032: 400 V ac, + 10%. 3-phase- 8.0 A/phase, 
57-63 HZ 
910: one extra operating and service manual shipped 
with each power supply. 

Site Evaluation 
Hinher wwer units (HP Models 6464C-6483C) most likelv will HP 6464C-6483C 

u s  

require installation of a'dedicated electrical branch service. It ii sug- An ac input option must be specified when ordering. 
gested that a site evaluation be conducted by a qualified electrician or 3 phase voltages are phase-to-phase. 
engineer prior to ordering. At that time, the electrician can help de- AC input connections are by means of encl~sed 4-wire 
termine the correct line voltage option to order. terminal block 
-. Opt 001: 208 V ac. + 10%. 3-phase, 55 Afphase. 57-63 Hz $0 
Si te  Opt 002: 230 V ac, + 10%. 3-phase, 50  phase, 57-63 Hz $0 
Modeh 64348, & 64488: 133 H x 483 W x 432 mm D (5.25" x 19" x Opt 003: 460 V ac. + 10%. 3-vhase. 25 Alvhase. 57-63 Hz + 3270 
17"). 0bt 005: realignment for 50 HZ operation' ' $0 
~ o d e l s  6453A. 64568, a 6459k 356 H x 483 W x 500 mm D (14" x Opt 008: internal overvoltage protection crowbar for 
19" x 19.7"). HP 6477C. 6479C. 6483C + $420 
Models 6464C, 6488C, 6469C. 6472C, 6475C, 6477C. 6479C. & HP 6466C + $605 
6483C: 705 H x 483 W x 715 mm D (27.75" x 19" x 28.12"). HP 6469C + 5540 - -  - 

HP 6472C. 6475C 
Option Descriptions + $490 

Opt 023: rack mounting attachments for standard 19" + $137 
HP 64348-04488 Price rack 
Std: 1 15 V ac. + 10%. single ~hase.  57-63 Hz $0 Opt 031: 380 V ac, + 10%,3-phase, 30 A/phase, 57-63 + S270 
005: 
010: 
027: 
028: 
910: 
with 

realignment for SO ~ l z  obratibn 
chassis slides 
208 V ac. + 10%. single phase. 57-63 Hz 
230 V ac, + 10%. single phase, 57-63 Hz 
one extra operating and service manual shipped 
each power supply 

HP 6453A. 64568, 645BA 
An ac input option must be specified when ordering. 
3 phase voltages are phase to phase. 

Hz 
Opt 032: 400 V ac, + 10%. 3-phase, 28.5 A/phase, 
57-63 HZ 
Opt 040: prepares power supply to be programmed 
with resistance by an HP 6942A. 6944A or 6954A. 
Opt 910: one extra operating and service manual 
shiooed with each wwer sua~lv.  

Accessory 
HP 14545B: casters for HP 6464C-6483C--set of four $103 

Specifications, continued from page 498 
RENOTE COWIR(K G E N m l  I 

AFor opaatlon with a 50 Hz Input (posslbb only with Optlon 005). the rms rlppb and translsnt rsaponw sceWcallons am Increased by 50%. 
"Thls feature Is not wallable. 
'An sc input ~pl lon must be sped(i.d w t m  or- lhae 3-ptUaE models. 
tSpecial Option J30 must be ordered with rodels 6434564480 and &UIBC(UWC to be programfwd with m HP SBSOlB P w r  Supphl Progmmma. Contu3 your bed HP MM Enghmf for ordering 
instructions. 



POWER SUPPLIES 
Laboratory: Single & Multiple Output, 10W to 38W 
HP 62008-6218C and 6234A-62378 

HP 6212C-6218C . . . 10 watts output 
Compact, impact-resistant stackable case 
Short-circuit proof 

HP 62008-62098.. .30  watts output 
Auto series, parallel, and tracking 
Remote sensing 

Single Output: HP 6212C-6218C Single Output: HP 62008-62098 Dual Output: HP 6234A 

Description-Single Output Models 
Mod~ls 6212C-6218C 

These popular low-cost CV/CC bench supplies are designed for 
general laboratory use and are equipped with front-panel mounted 
voltage and current controls, a combination volt/ammeter, and out- 
put binding posts. Output voltage and current are continuously varia- 
ble, via multiple-turn controls from 0 to 15% above the maximum 
rated output. A switch selects either output voltage or current for dis- 
play on the panel meter. 

Load connections are made via three binding posts. Either the + or 
the - post may be grounded through an adjacent GND terminal or 
the supply may be operated floating at  up to 300 volts above ground. 

The supplies can also be operated as constant current sources with 
500 pA load regulation. All of these models can be connected in series 
or parallel. 

The molded, impact-resistant case includes an interlocking feature 
for stacking several units vertically, thus minimizing bench space re- 
quired for multiple supplies. Alternatively, up to three units can be 
mounted side by side in a 19" rack using Rack Mounting Kit HP 
14521B. These supplies measure 86 H x 133 W x 368 mmD (3.40" x 
5.25" x 8") and weigh 2 kg (4.4 Ib). 

HP 62008-62098 
This series of low-cost bench supplies includes three models cover- 

ing an output voltage range from 0-20 V to 0-320 V. All models are 
equipped with ten-turn voltage and current controls. (except the H P  
6206B. which does not have a current control). volt/ampere meter. 
meter functionlrange switch, and front and rear output terminals. In 
addition, on the dual-range models (HP  6200B and 6206B). an out- 
put rangeswitch permits the selection of either a high or a low output 
voltage range. 

The constant voltage/current limiting supply, H P  6206B. is short- 
circuit protected by a fixed current limiting circuit which is activated 
at  approximately 110% of rated load current. The current-limit point 
can be reduced by changing the value of a single internal resistor. For 
the constant voltage/constant current supplies. ten-turn current con- 
trols allow the current-limit point to be set to any value within the 
current rating. Using these controls the CV/CC supplies can also be 
operated as constant-current sources. 

Units may be bench operated or rack mounted individually or in 
pairs using accessory rack mounting hardware. 

All models in this group of supplies measure 89 H x 216 W x 317 
mm D (3.50" x 8.50" x 12.50") and weigh 4.5 kg ( I0  Ib). 

Description-Dual Output Models 

HP 6234A 
The H P  6234A is a low-cost, dual-output bench power supply with 

two independently adjustable and isolated power sources in one com- 
pact unit. Both of the dc power sources are of the constant voltage/ 
current limit type with each output voltage being adjustable continu- 
ously over a 0 to 25 V range. The maximum current available per 
output is 0.2 A and is limited automatically to prevent overload. 

The HP 6234A offers considerable flexibility to the user with out- 
put voltages that can be arranged to provide identical or different 
voltages in any polarity combination with respect to 0 or other com- 
mon positive or negative voltage points. The outputs can also be con- 
nected in series to provide up to 50 V at 0.2 A. Both sources are fully 
isolated to permit either of the output terminals to be grounded. 

With pushbutton switches, users can select either voltage or cur- 
rent for each output to be monitored on the unit's meter. Other fea- 
tures include two multiple-turn controls for precise voltage setting, 
regulation to 0.01%. and ripple and noise of less than 200 microvolts 
rms. 

With dimensions of only 93 mm high, 157 mm wide and 210 mm 
deep (3.64" x 6.17" x 8.25"). the HP  6234A supply takes up a mini- 
mum amount of bench space. Its weight is 2.3 kg (5 Ib). The unit can 
be powered from a 1 15 V or an optional 230 V, 47-63 Hz ac input. 
(Option 028). 

HP 6205C 
This low-cost bench supply is equipped with ten-turn output volt- 

age controls, volt/ampere meter, meter function/range switch, and 
front and rear output terminals. In addition, an output range switch 
permits the selection of either a high or a low output voltage range. 

The HP 6205C combines the versatility of a dual power supply with 
the flexibility of auto-parallel and auto-series operation to extend the 
output ratings of this supply to 20 V11.2 A, 40 V10.6 A, and 80 V10.3 
A. In addition, using the supply's auto-tracking capability, opposite 



Dual output to 24 watts 
Short-circuit proof 
Independent voltage controls 

Dual Output: HP 6205C 

Triple output to 38 watts 
Short circuit proof 
Tracking *20 volt outputs 

polarity voltages (+20 V, +40 V) can conveniently be obtained from 
this one supply. 

This constant voltage/current limiting supply is short-circuit pro- 
tected by a fixed current limiting circuit which is activated at  approxi- 
mately 110% of rated load current. The current-limit point can be 
reduced by changing the value of a single internal resistor. Units may 
be bench operated or rack mounted individually or in pairs using ac- 
cessory rack mounting hardware. 

Description-Triple Output Models 
HP 8235A 

This compact, low-cost, three-in-one power supply is a handy addi- 
tion to the lab bench where single or multiple voltages are needed for 
designing and testing breadboards and prototypes. The HP 6235A 
delivers three adjustable dc output voltages: 0 to +6 V at 1 A, 0 to 
+ 18 V at 0.2 A, and 0 to - I  8 V at  0.2 A. A single 0 to 36 volt output 
at  0.2 A can also be obtained by connecting across the + I  8 V and -1 8 
V terminals. 

The controls, meter, and binding posts are conveniently arranged 
on the front panel. One voltage control simultaneously adjusts the 
+ 18 V and - 18 V outputs, which track one another and can be used 
to power operational amplifiers and other circuits requiring balanced 
positive and negative voltages. The supply's dual outputs have added 
versatility with an adjustable tracking ratio control (TRACK) that 
can set the negativeoutput toa lower voltage than the positiveoutput. 
Once the tracking ratio control has established a voltage ratio be- 
tween the positive and negative outputs, the ratio remains constant as 
the + 18 V voltage control is adjusted. A third control sets the 0 to +6 
V output voltage. 

The supply is a constant voltage/current limit type with each out- 
put voltage continuously adjustable over its range, while the maxi- 
mum current available is automatically limited to prevent over 
loading. The power supply's outputs share a common terminal and 
are isolated from chassis ground so that any output terminal can be 
grounded if desired. Each output voltage or current can be quickly 
selected and monitored with the push-button meter switches. 

Model 6235A measures 89 H x 157 W x 210 mm D (3.5" x 6.17" x 
8.25") and weighs 2.3 kg (5 Ib). 

Triple Output: HP 6235A Triple Output: HP 62368,62378 

Microprocessors, digital and linear integrated circuits, and displays 
used in lab development frequently require triple output power s u p  
plies for operating prototypes. The H P  6236B and 62378 are valued 
additions to the design bench due to their multiple output voltages, 
small size, ease of operation and application-related performance. 

These compact constant voltage/current limiting supplies combine 
0 to + 20 V tracking outputs rated at  0.5 A with a single output rated 
at 0 to +6 volts at up to 2.5 A in the H P  6236B. and 0 to +18 volts at  1 
A in the HP 6237B. 

Controls, meters, and binding posts are logically arranged on a 
neatly laid out front panel. One voltage control simultaneously ad- 
justs the 20 V and -20 V outputs, which track within 1% to power 
operational amplifiers and circuits requiring balanced voltages. A 
tracking ratio control can disable the 1 :I tracking feature and set the 
negative output to a lower voltage than that of the positive output. 
Once the tracking ratio control has established a voltage ratio be- 
tween the positive and negative outputs, the ratio remains constant as 
the +20 V voltage control varies both outputs. Another voltage con- 
trol sets the 0 to +6 V (HP 6236B) or 0 to + 18 V (HP 6237B) output. 

All outputs are protected against overload and short-circuit dam- 
age by fixed current limiting circuits. For any overload condition, the 
+20 V and -20 V outputs in both models are limited to 0.55 A and 
the + I8  V output in the HP 6237B is limited to 1.1 A. The overload 
protection circuit for the +6 V output in the H P  6236B has a current 
foldback characteristic that reduces the maximum available current 
from about 2.75 A at a 6 V terminal voltage to 1 A at zero volts (or 
short circuited). This foldback limiting characteristic maximizes the 
available current in the important 5 to 6-volt range while minimizing 
dissipation during overloads. 

Another protective feature safeguards sensitive load circuitry by 
preventing an output voltage overshoot when the supply is turned on 
or off. 

Separate dual-range panel meters allow both the voltage and cur- 
rent of any output to be monitored simultaneously. A three-position 
switch selects the output which the meters will monitor. 

Both models measureonly 89 H x 216 W x 319 rhm D (3.5" x 8.5" x 
12.5") and weigh 4.3 kg (9.5 Ib). 



Specifications 

a 
a 
a 

Otot20and 0.01% t 63 Hz 
0 to -20 

TRIPLE OUTPUT-38 WATTS* 
Tr~ple Output 104127 Vac 100 

0 to + 18 and 1 ** 47-63 Hz 
0 to t20 and 0.5 HP 62370 0.01% + 2 mV 0.01% t 2 mV 350 pVl1.5 mV CVICL 1.2 A. 112 W 220 

a 
0 to -20 0.5 70 mVP 240 

.fixed current iimlt 
"remote control not available 
*ac input vonage option must be spxUbd when orduing 

Option Descriptions 

Opt 011 internal overvoltage protection crowbar. Pro- 
tects delicate loads against power supply failure or op- 
erator error. Dual output model has dual crowbar. 

CVICL 
70 mVf  

Opt 220 191-233 Vac, 47-63 Hz, single phase input SO 
Opt 240 208-250 Vac, 47-63 Hz, single phase input SO 
Opt 910 one additional operating and service manual is 
shipped with each power supply 
H P  6200B-62378 +$5.35 

HP 6200B. 6206B 
+S105 Acmsorks HP 6205C 

Opt 028 230 Vac + 10%. single phase input. Consists of +I2:: HP 14513A: rack kit for one H P  6200-6209B. 62368, $ 9 0 1  
reconnecting power transformer taps, and other compo- or 6237R supply 

nents where necessary. HP 14523A: rack kit for two of the above power sup- ~ 5 0 a  
Opt 040 Multiprogrammer interface. Prepares HP  +$go plies 
6205C power supplies for resistance programming by HP 14521C rack kit for one, two or three H P  621 2C- S l 3 0 a  
the HP  6942A, 6944A or 6954A Multiprogrammer 62 18C power supplies 

Opt 100 87-106 Vac. 47-63 Hz. single phase input SO For sameday shipment, call HP DIRECT at 800-538-8787 



High speed remote programming 
Overload protection 
Wide-band response 

POWER SUPPLIES 
Speclal Purpose: DC Power Supply/Ampllflers 

HP 6825A-6827A 

Bipolar voltage 
Current sink or source 

Power Supply/Amplifiers General Specifications 
The Power Supply/Amplifier is a general-purpose instrument use- Temperature: operating. 0 to 55OC; storage, -40 to +75OC. 

ful in any laboratory engaged in research and development of elec- Power: HP 6825A. 6826A. 6827A. switchable, 100,120,220, or 240 
tronic systems, circuitry, or components. The unit can be operated in V ac, -1 3% +6%, 48-63 Hz, 150 W. 
one of two basic operating modes: power supply or amplifier. Termi- Size: HP 6825A. 6826A & 6827A. 155 H x 198 W x 316 mm D 
nals a t  the rear permit access to various internal control points to fur- (6y12" x 72J/3z" x l2)/16"). 
ther expand the operational capabilities of the instrument. The Weight: 6825A. 6826A & 6827A, 8.2 kg (18 Ib). 
resulting flexibility lends the Power Supply/Amplifier to an almost 
unlimited number of applications. 

Models 6825A Through 6827A 
These models feature dual-range output and constant-voltage/ 

constant-current operation. Output voltage and current as a dc s u p  
ply, or gain as a power amplifier, are remotely controllable and are 
compatible with Hewlett-Packard Multiprogrammer Systems. 

The unit can furnish a bipolar, constant-voltage or constant-cur- 
rent output. It can be remotely programmed with a resistance, volt- 
age, or current and its high speed programming characteristics adapt 
it to a wide variety of laboratory and production testing applications. 
The unit can sink, as well as source, current permitting it to serve as a 
variable load device. 

As a direct-coupled power amplifier, each unit offers a signal-to- 
noise ratio of approximately 80 dB at full output with low distortion 
and a frequency response up to 40 kHz in the fixed gain mode. 

Specifications 

Options Descriptions 
910: one additional manual 
" ~ P P ~ Y  

Price Accessories Price 
shipped with each power add $1 5 HP 5080-8782: adapter frame for rack mounting one $l50* 

or two H P  6825A-6827A units 
HP 5080-8780: blank filler panel to be used with above 
units 

544 * 
For same-day shipment, call HP DIRECT at 800-538-8787 



POWER SUPPLIES 
Special Purpose: Precision Voltage Sources 
HP 6114A and 6115A 

0.025% output voltage accuracy 
Pushbutton voltage control 
Five minute warm-up 

Description 
HP Models 6114A and 61lSA 

These 40-watt precision power supplies are high-accuracy instru- 
ments designed for use as low-cost calibrators, working voltage stan- 
dards, systems reference supplies, or high-performance lab supplies. 
They are ideal for applications where an accurate, highly stable, and 
easy-to-use source of dc voltage is required. 

Output Ratings 
Both models feature automatic dual-range operation. For example. 

the H P  61 14A can supply 0-20V at 0-2A, and 20-40V at 0-1 A, with- 
out manual range switching. Automatic output current range cross- 
over occurs when the supply is providing greater than one-half of the 
maximum rated output voltage. 

Output Voltage Controls 
Pushbutton voltage controls allow the output voltage to be set rap- 

idly and accurately. The setting is displayed in large. easy-to-read 
numerals. A four-digit pushbutton switch increases or decreases the 
output voltage in unit steps, and the switches go directly from "9" to 
"0" without backing down. A fifth digit, set via a separate front-panel 
control. provides output voltage resolution of 200 pV. 

The output voltage accuracy is 0.025% (250 ppm) plus 1 mV - for 
example, at  40 volts output, the output voltage of Model 61 14A is 
accurate within * I  I mV. This accuracy is attained after only five 
minutes' warmup, thus making these supplies especially suitable as 
portable calibrators. 

Output Current Controls 
A front-panel current control allows the maximum output current 

of these supplies to be set to any desired value within the maximum 
rating. Using this control, the supplies can be operated as constant- 
current sources with 0.01% current regulation. A current mode indi- 
cator (a light-emitting diode) immediately lights when the supply is 
operated in the gross current limit region or when the output current 
level established by the setting of the front-panel control is reached. 
When the indicator is lighted, the output voltage is uncalibrated, but 
the front panel voltmeter continues to indicate the output voltage with 
an accuracy of 2%. A ten-turn current control with a three-digit grad- 
uated dial provides 2 mA current resolution. 

Remote Programming 
Models 61 14A and 61 15A are designed to be programmed with 

either the HP  Multiprogrammer or the HP-IB Isolated D/A Power 
Supply Programmer. Interfacing for Multiprogrammer operation is 
included as a standard feature in these models; therefore, the addition 
of Option 040 is not required. Both supplies can also be remote 
programmed by means of an external voltage or resistance. However. 
most specifications will change to those of the programming source. 

The output capacitor can be disconnected to reduce current surges, 
thereby improving the performance of the supply as a constant-cur- 
rent source; this also increases the programming speed by approxi- 
mately an order of magnitude. Note, however, that some capacitance 

May be used with HP-IB Power Supply Programmer 
Overvoltage and overcurrent indicators 
Built-in overvoltage crowbar 

at the load may be required to maintain power supply stability under 
all loading conditions when the output capacitor is disconnected. 

Overvoltage Protection 
A built-in overvoltage protection circuit (an SCR crowbar) 

monitors the output and reduces the output voltage and current to 
zero whenever a preset voltage limit (adjustable from the front panel) 
is exceeded. This feature provides a convenient method of limiting the 
maximum output voltage supplied to voltage-sensitive loads. 

Specifications 
DC Output: voltage and current output can be adjusted over the 
range indicated by front-panel controls or analog programming. 
HP 6114A: 0-20 volts, 0-2 amperes 

20-40 volts. 0- 1 amperes 
HP 6115A: 0- 50 volts, 0-0.8 amperes 

50- 100 volts, 0-0.4 amperes 
Both models feature automatic dual-range operation, which elimi- 
nates manual range switching. 
Load effect: constant-voltage deviation. 0.0005% + 100 pV. con- 
stant-current deviation, 0.01 % +500pA. 
Source ettcct: over the rated input voltage range: constant-voltage, 
0.0005% + 100pV; constant-current. 0.005% +40pA. 
Ripple and noise (PARD): rms/pp. 20 Hz to 20 MHz; CV 40 
pC 1200 pV, CC 200 pA/ I mA. 
Temperature coefficient: CV, 0.0001% + 15 pV/"C: CC, 0.02% + 
50 PA/"C. 
Drift: CV, 0.0015% + 15 pV per 8 hours, 0.0075% + 30 pV per 90 
days. 
Output voltage .ccur.tF output voltage accuracy obtained from 
front-panel controls at 23 + 3OC at any ac line voltage and load cur- 
rent within rating and following a five-minute warm-up: 0.025% + 1.0 
mV. 
Resolutian: front-panel voltage control, 200 pV; front-panel current 
control, 2 mA. 
Output impedance: typical value is approximated by 0.05 m a  in se- 
ries with 3 mH. 
Load transient recovery time less than 50 pS is required for output 
voltage (constant voltage operation) to recover within 50 mV of the 
nominal output level following a change in output current equal to the 
current rating of the supply. 
Remote programming speed: up programming of voltage at full 
load: H P  61 14A. 1.75s; HP 61 ISA, 4.5s. Down programming, no 
load: HP6114A. 350 ms; HP6115A, 500ms. 
Ovenoitage protection crowbar: adjustable front-panel screwdriv- 
er control from 0.5 to 45 volts on the HP 61 14A and 0.5 to 110 volts 
on the HP 61 15A. 
Powet: 104- 127 or 208-254 Vac (switchable), 48-440Hz. 150 VA 
max. 
Temperature rating: operating. 0 to 50°C; storage, -40 to +75"C. 
Size: 197 mm W x 165 mm H x 337mm D (7.75" x 6.5" x 13.25") 
Weight: 7.7 kg (17 Ib) net. 9.5 kg (21 Ib) shipping. 

Ancrsork. Price 
5060-8762: adapter frame for rack mounting one or two 5 1 5 0 s  
'/: rack width units. This frame applies to HP  61 14A, 
61 15A 
5060-8760: blank filler panel. This '12 rack width panel 544 s 
applies to HP 61 14A. 61 15A 

Ordering Information 
HP 61 14A Precision Power Supply $2300 
HP 6115A Precision Power Supply 52300 

Opt 910 Extra Operating and Service Manual 510 

For sameday shipment, cell HP DIRECT at 800-538-8787 



Continuously variable voltage limit 
Out~ut useful to micro-am~ere reaion 

POWER SUPPLIES 
Special Purpose: Precision Constant Current Sources 

HP 6177C, 6181C & 6186C 

High output impedance-no output capacitor 
- 

voltage to vary from zero to maximum. 
HP 6177C, 6181C Source effect (line regulation): less than 25 ppm of output + 5 ppm 

of range switch setting for any change in the line voltage between 104 
and 127 V ac at  any output current and voltage within rating. 
Load effect transient recovery: less than 800 ps for recovery to 
within 1% of nominal output current following a full load change in 
output voltage. (On HP 61 86C, recovery time for 100 mA/ 10 mA/ 

HP 6186C 
I mA ranges is I ms/ 1.6 ms/4 ms, respectively.) 
Temperature coefficient: output change per degree C is less than 75 
ppm of output current +5 ppm of range switch ;etting. 
Drift (stability> less than 100 ppm of output current +25 ppm of 
range switch setting. Stability is measured for eight hours after one 
hour warm-up under conditions of constant line, load, temperature, 
and output setting. 
Resolution: 0.03% of range switch setting. 
Temperature rating: operating 0, to 55OC; storage, -40 to +7S°C. 

These solid-state constant-current sources are ideal for semicon- 
ductor circuit development, component testing, and precision electro- 
plating applications. Ordering Information Price 

Their high-speed remote programming characteristics make these HP 6177C. 6181C Constant Current Source 52050 
supplies useful in testing and sorting semiconductors, resistors, relays, HP 6186C Constant Current Source 52780 
meters, etc. The ability to superimpose ac modulation on the dc out- 
put permits the supplies to be used for measurement of dynamic or 
incremental impedance of circuit components. When remotely 
programmed, accuracy, stability and some other specifications 
change to those of the programming source. The output current is 
continuously variable with the ten-turn front panel control. 

Specifications 

Opt 028 230 Vac + 10%. single-phase input. 
Opt 910 one additional operating and service manual 

Accessorles 
HP 506-764: rack adapter for rack mounting one or 
two H P  61 77C or 6181C supplies 
HP 5060-8762: rack adapter for rack mounting one or 
two H P  61 86C supplies 

Load effect (load regulation): less than 25 ppm of output + 5 ppm of HP 50604530: fiiler panel for HP 6177C, 6181C $loo* 
range switch setting for a load change which causes the output HP 50604760: filler panel for HP 6186C $44 

Typical Output Impedance (R in parallel with C)' 

PARD (Ripple and Noise): rms/pp (20 HZ to 20 MHz) 
w~th either output term~nal grounded 

- -~~ 

This network is a slmplffled repnmtat lon of a wrnpkx mhm-k. Ths formula Z - FIX,/- linearly to 10% at 500 Hz. 
is  used for frequencies u p  t o  1 MHz by wbstitutlng the valued Given for R and C. Above tt For operation above 40°C the maximum output current muat be reduced llnesrly to 130% of 
I MHz. the wtput impedance b gmter  than the lormula would indicate. rating at 55°C (maximum temperature). 
" Output current can be modulated 100% up to 50 Hz: percent modulation deeressg, A Minlmum voltage obtainable with voltage limn conholi8 0.5 V. 

For same-day shipment, call HP DIRECT at 800-538-8787 

Modal 

Output Current tt 

Voltage Compliance A 

**(Output Current Modulat~on) 

D~mens~ons 

We~ght (NetlShlpp~ng) 

0-5WmA 

0-9 V dc 

0-5mA 

&50 mA 

0-500mA 

115V ac # l b a . w a  nr. 
06A.55Wat115Vac 
For 230 V ac see Option 028 

2W mV1mA 

20 mV,mA 

2 mV/mA 

400 ohmsln 

a 
4 ohmslmA 

1 VN 

870 ohmsN 

25% 

Output Ranges 

Range A - 
Range B 
Range C 

Range A 

Range B 

Range C 

A 

B 
C 

Programm~ng Speed: from 0 to 99% of range switch setting with a 
reslstlve load 

7 . 7 ~ m x 3 2 ( . ( ~ ) ~ 1 2 ~ @ )  
197 mm (W) x 88 mm (H) x 315 mm (D) 

4 53 kg (10 lbV5 9 kg (13 Ibl 

HP 6181C 
0-250 mA 

&I00 V dc 

0-2.5 mA 

&25 mA 

0-250 mA 

115 V ac #lo%, M 3  Hz. 
06A.55Wat115Vac 
For 230 V ac see Option 028 

1 VlmA 

100 mV1mA 

10 mVImA 

2 klUmA 

2w ohms/mA 

20 ohms!rnA 

1 VN 

435 ohmsN 

25% 

R = 330 Meg. C = HX) pF 

R = 33 Mg. C - 0.005 rF 
R = 3 3 Meg. C = 0 05 pF 

1.6 rJ\ rms/40 fi  pp 

16 A rmsi200 p-p 

160 ~ I A  ms/ l  mA pp 

UP 6186C 
0-100 mA 

0-300 V dc 

0-1 ml - 
0-10 n - 
0-100 - 
1151230 V ac. 486~ HZ: 
0.9A. 90Wat115Vac 
1151230 V ac sw~tch - 
10 VlmA - 
1 VImA 

100 mV1mA - 
I 0  kWmA - 
1 WmA 

100 WmA 

1 VN - 
820 oh - 
15% - 

AC Input 

6 ms 

7 75' 0 x 3 44' (H) x 12.38' @) 
197 mm (W) x 88 mm (H) x 315 mm @) 

4 53 kg (10 lbl5 9 kg (13 Ib) 

Constant Current 

Remote 

hogramming 

voltage ~ i ~ i t  
Remote 
Programming 

R = 1330 Meg, C = 10 pF 

R -133 Me& C -100 pF 

R = 133 Meg, C =1000pF 

0.8 rA rms/20 pA pp 

8 rms, 100 A p-p 

@ r A m J / ~ d F - P  

7.75' 0 x 3 4' (H) x 12.38' @) 
197 mm (W) x 158 mm (H) x 315 mm (D: 

5 9 kg (13 lb)17 7 kg (17 Ib) 

R = 10.000 Meg. C = 900 pF 

R -1,000 Mg. C - 700 pF 

R =I00 Meg. C =I500 pF 

0.2 rJ\ rms/5 pA pp 
2 A rms150 p-p 

20 rA md500 rA F-P 

6 ms 

Voltage Control (accuracy: 0.5% of output 

current +.M% of range) 

Resistance Control (accuracy: 1% of 

output current +0.04% of range) 

10 ms 

Rang A 

Range 
Range C 

Range A 

Range - 
Range C 

Voltage Control (Accuracy: 20%) 
Res~stance Control 

Accuracy I 



1506l General lnformatlon 

Hewlett-Packard offers frequency stan- 
dards and clocks which provide accurate fre- 
quency, time interval and timekeeping 
capabilities. Further. Hewlett-Packard stan- 
dakds provide means for comparing these 
quantities against national standards such as 
the U.S. National Institute of Standards and 
Technology (NIST) and the U.S. Naval Ob- 
servatory (USNO). Units of frequency or 
time cannot be kept in a vault for ready refer- 
ence. They must be generated for each use, 
hence be regularly compared against recog- 
nized primary standards. 

Frequency standards and clock systems 
manufactured by Hewlett-Packard are used 
for control and calibration a t  observatories, 
national centers for measurement standards, 
physical research laboratories, missile and 
satellite tracking stations, communication 
systems, radio navigation systems, manufac- 
turing plants and radio monitoring and trans- 
mitting stations. 

Types of Frequency Standards 
At the present time, three types of fre- 

quency standards are in common use. These 
are: 

1. The cesium atomic beam controlled os- 
cillator. 

2. The rubidium gas cell controlled oscilla- 
tor, and 

3. The quartz crystal oscillator. 
Hewlett-Packard manufactures all three 

types of frequency standards. Of these three 
standards, the first is a primary frequency 
standard and the last two are secondary fre- 
quency standards. The distinction between a 
primary standard and a secondary standard 
is that the primary standard does not require 
any other reference for calibration; whereas 
the secondary standard requires calibrations 
both during manufacturing and at  inter- 
vals during use depending on the accuracy 
desired. 

Cesium Beam Frequency Standard 
Cesium beam standards are in use wher- 

ever the goal is a very high accuracy primary 
frequency standard. In fact, the NIST fre- 
quency standard itself is of the cesium beam 
type. The cesium beam standard is an atomic 
resonance device which provides access to 
one of nature's invariant frequencies in ac- 
cord with the principles of quantum mechan- 
ics. The cesium standard is a true primary 
standard and requires no other reference for 
calibration. 

Rubidium Freqmncy Standard 
Rubidium frequency standards feature a 

high order of both short-term and long-term 
frequency stability. These are both impor- 
tant in certain fields such as deepspace com- 
munications, satellite ranging, and doppler 
radar. 

Rubidium standards are similar to cesium 
beam standards in that an atomic resonant 
element prevents drift of a quartz oscillator 
through a frequency lock-loop. Yet the ru- 
bidium gas cell is dependent upon gas mix- 
ture and gas pressure in the cell. It must be 
calibrated and then it is subject to a small de- 
gree of drift. The drift is typically 100 times 
less than the best quartz crystal standard. 

Rubldlum Gas Cell Resonator Controlled 0s. I Gas buffered resonance cell with optically I Compact and lhaht wetght. Him 

StHldrrd 
Ces~um Atom~c Beam Resonator Controlled 
Osc~llator 

c~llator I pumped state select~on 1 short-term stad;llty - - - 
Quartz Crystal Osc~llator I P~ezoelectr~cally actlve quntr crystal with I Verv com~act, l t ~ h t  and rue&. Inexocn. 

Quartz Crystal Oscillators 
Quartz oscillators are used in virtually eve- 

ry frequency control application including 
atomic standards. The excellent short-term 
stability and spectral purity of the quartz 0s- 
cillators used in Hewlett-Packard atomic 
standards contribute to the high quality of 
the output signal of these standards. For less 
demanding applications where some long- 
term drift can be tolerated. auartz oscillators 

l'rlndpc( caabuctkn fatlm 
Beam of free cestum atoms, spat~ally state se 
lected, IS subjected to a microwave s~gnal at 
resonance heouencv 

are used as independent frequency sources. 

W m l @  

Hlgh ~ntnnstc reproduclb~l~ty and long-term 
stab~l~ty Destgnated as prlmary standard 
for deflnn~on of t ~ m r  ~nterval 

Frequency Standards and Clocks 
Frequency standards and clocks have no 

fundamental differences-they are based 
upon dual aspects of the same phenomenon. 
Time and frequency are intangible quantities 
which can be measured only with respect to 
some physical quantity. The basic unit of 
time, the second, is defined as the duration of 
9,192.63 1,770 periods of transition within 
the cesium atom. Conversely an unknown 
frequency is determined by counting the 
number of cycles over the period of a second. 
The Master Clock at  the USNO, one of the 
world's most accurate clocks, is made of an 
ensemble of more than a dozen Hewlett- 
Packard cesium beam frequency standards. 
The USNO directly controls the distribution 
of precise time and time interval (frequency) 
from Naval radio stations. Loran-C (operat- 
ed by U.S. Coast Guard), Omega and Satel- 
lite Navigation Systems. Hewlett-Packard 
portable cesium standards, "flying clocks," 
are used to periodically check the synchroni- 
zation between these stations and the Master 
Clock. 

Hewlett-Packard cesium beam standards 
are widely used to drive precision clocks be- 
cause of the extremely good long-term stabil- 
ity and reliability of this primary standard. If 
a quartz oscillator or other secondary stan- 
dard is used, it must be evaluated for rate of 
drift and be corrected periodically. 

Time Scale 
The time interval of the atomic time scale 

is the International Second, defined in Octo- 
ber 1967 by the Thirteenth General Confer- 
ence of Weights and Measures. Since 
January 1972 the frequency offset between 
UTC and Atomic Time has been zero and the 
UTC time scale is kept in synchronism with 
the rotation of the earth to within +0.9 sec- 
ond by steptime adjustments of exactly 1 
second. when needed (see Hewlett-Packard 
Application Note 52-2). 

The USNO provides the official basis for 
Standard Time for the United States. The 
UTC signal is broadcast from the NIST sta- 
tions WWV and WWVB and by several oth- 
er stations throughout the world. (See 
Hewlett-Packard Application Note 52-1, 
Fundamentals of Time and Frequency Stan- 
dards, for a list of stations broadcasting time 
signals). 

Standby Power Supplies 
Minimum down-time, important for any 

system, is vital to a time standard. Its worth 
depends directly on continuity of operation. 
Noninterrupted operation is also important 
to ultra-precise quartz oscillators. 

Hewlett-Packard standby power supplies 
ensure continued operation despite line inter- 
ruptions, and operate over a range of ac line 
voltage to supply regulated dc to operate fre- 
quency standards and frequency dividers and 
clocks. The batteries in the supplies assume 
the full load immediately when ac power 
fails. 

Hewlett-Packard Time and 
Frequency Standard 

The Hewlett-Packard House Standard at  
the Santa Clara Division consists of an en- 
semble of five Hewlett-Packard Cesium 
Beam Standards each with the Option 004 
High Performance Tube. 

The standard is compared to the U.S. Na- 
val Observatory Master Clock in Washing- 
ton, D.C. by means of the Global Positioning 
(GPS) navigation system. It is also compared 
with the NIST Frequency Standard at  Boul- 
der, Colorado by means of GPS through the 
Naval Observatory. The frequency uncer- 
tainty of the standard is within a few parts in 
10'' with respect to the standards maintained 
by the NIST and the USNO. 

Time is maintained relative to the USNO 
and the NIST master clocks to an accuracy 
of better than *I .0 microseconds. This accu- 
racy is verified with flying clock trips from 
the Naval Observatory to both Hewlett- 
Packard Santa Clara Division and Hewlett- 
Packard Geneva. Both locations have been 
designated U.S. Naval Observatory Time 
Reference Stations. 



FREQUENCY & TIME STANDARDS 
Frequency Standards 

HP 50618,5065A, 1056 

Specifications - Frequency Standards 
instrument: 

Type of Standard: 

Accuracy: ma~ntained in a dc mannetic field to 

Long-term Stablllty ( i2x10-12c4) ( i 2 ~ 1 0 - ' ~ * )  I ilxlO-"/month 

DC Magnetic Field Stability, freg. change, any I ti2x10-l3 I <+2x10-" I t + 5 ~ 1 0 - ~ ~  

2 gauss over a temperature range of 0-50°C 

Accuracy: limited temp. range 

Reproducibiilty 

Retrace 

Settabillty (frequency) 

- .  I orlentailon In a 2 gauss fieid I ( I  gauss field) 

HP 50618 Option 004 

Cesium 

i 3 ~ 1 0 - ' ~  

i2x10-l2 

i 1 . 5 ~ 1 0 - ~ ~  

i5xlO-l3 

i lx10- l3  

I output Voltage 1 volt into 50 R 

HP 50618 

Cesium 

*5x10-': 

Time Constant, quartz OSC. control loop 

Warm-up Time at 25'C 

Tube Warranty 

Sinusodiai Outputs 

i3x10-" 

i 3 ~ 1 0 - ' ~  

*3x10-" 

*7x10-l3 

I Temperature, Nonoperatlng -40 to 70°C131 -40 to W°C 1 

HP W 5 A  

Rubidium 

1 s 

30 min 

3 yrs. 

Harmonic Distortion 

- 

HP l M B  

Quartz 

i 2 ~ 1 0 - ~ ~  

>40 dB (from rated output) 

5~10-'~/day 

lxlO-'O 

1s 
45 min 

5 yrs. 

Power, AC 

10 MHz, 5 MHz, 1 MHz, 100 kHz 

Non-Harmonic Distortion 

50,60 or 400 Hz *lo%, 1151230V *lo%, 44W (Cesium), 49W (Rb), I 19W(71W Warm-up) 

Power, AC/DC rrHh optlons - add 

Clock: 

5x10-I' 4 hrsol 

3 yrs. 

>80 dB (from rated output) 

5 to 16W I 0 to 16W 

inches: 

Weight (lblkg) 

Option 002 
Option 003 

Amplitude 

- 

5~10-~115 min 

5 MHz, 1 MHz, 100 KHz 

Power, DC 

Wldth 
Rlse Time 
Fall Tlme 

5M, 1M. 100k. Clock (1M) 

22 to 30V. 30W I 23 to 30V. 35W I 8W (16W Warm-up) 

Dimensions (HxWxD): mm: 

Tlme Standard (Clock) 

1 PPS Outouh: Mastar: I 
Front and Rear BNC I Front BNC 

10V Peak into 50 R load 

8.7~16.7~16.4 

20 j ~ s  min. 
t50  ns 
t50  ns 

221x425~416 1 133x425~416 
5.2~16.7~16.4 

34115.4 
210.9 
3.511.6 

68130.9 

612.7 

88.2~425~286 
315/~163/(x1 1'/4 

24110.9 64/29.] 

612.7 

I Clock Display: I LCD I LCD I LED 

T i t t e r ,  pulrabpulse 

Synchronization 

Clock Pulse Adlustment Ranee: 

tl ns, rms 

Automatic. 100 + 100 ns delay 

. l u s t 0  1s 

Ordering Information Price 
HP 50619 Cesium Frequency Standard $38.700 

Opt 003 Clock and Standby Power Supply 54.800 
Opt 004 H i g h  Performance Beam Tube  56.900 
Opt 908 Rack  Flange Kit 580 

Special Option HP E21-506lB F ly ing  Clock +$8.550 
Consists of: HP5061  B, O p t  003. E21. + 5089A. 
(The 5061 B, + O p t  003 are not  included in the E 2 1  
price.) 
Weight: 6 4  k g  (141 lb). 
Size: 425 H x 405 W x 546 mm D (16.7 in. x 15.9 x 
2 1.5 inches) includes handles. 

HP 10638A Degausser $2.300 

Standby Power Supply-Capacity at 25OC w/cik 1 45 min. I 45 min. 1 10 min. 

Special Option K34-59991A Phase Comparator $2,700 
HP 5065A Rub id ium Frequency Standard S36.200 

Opt 001 Clock +54,100 
Opt 002 Standby Power Supply +$1,700 
Opt 003 Clock and  Standby Power Supply  +S5,700 
Opt 908 Rack  Flange Kit +$90 

Special Option HP E21-5065A Portable Standard +$8.550 
Consists ot: H P  5065A, E21, O p t  001 + 5089A 

Standby power supply. (The  5065A, + O p t  001 are not  
included In  the E2 I price.) 

Weight: 50  k g  (1 10 Ib). 
Size: 314 H x 425 W x 546 mm D (8.4 x 16.7 x 21.5 

inches) includes handles. 

6 hrs 

Recharge 1 Automatic 1 switch I fastjfloat 

(1) Stat~c mechanical and atmospheric and electromagnetic environment +2.5T range at any temperature between 15 and 35OC. 
(2) After 24 hours off @ 25". 
(3) If options installed In HP 5065A, Non-Op. Temp -40°C to +W°C. 
(4) For life of Cesium Beam tube. 
NOTE: Tubes are intrinsically capable of meeting these specifications when installed in HP 50610's currently in production. 



FREQUENCY & TIME STANDARDS 
Primary Standards 
HP 50618 

HP 5061B 
Accuracy &3 x 10-j2 
Primary standard 
Proven reliability 

HP 50618, Opt 004 
Improved accuracy +2 x 10-j2 
Settability k1 x 10-l3 
Time domain stability 5 x (1 s avg) 

HP 50619 (shown with Option 

HP 5061B Cmium Beam Standard 
The first Hewlett-Packard Cesium Beam Standard, the H P  5060A. 

was introduced in 1964. This was followed in 1967 with the improved 
HP 5061A. in 1973 with the high performance beam tube option for 
the HP  5061A and in 1986 with the 5061B. Since this time the accu- 
racy and reliability of Hewlett-Packard cesium beam standards con- 
tinues to be demonstrated and these standards have become the 
world-wide standard for frequency and time keeping. The HP 5061 B 
has provision for an optional digital divider and reliable, easy-to-read 
LCD clock (Option 003) and for a battery with 3/4 hour standby pow- 
er capacity with automatic charging. 

Reliablllty and warranty: over 100 million operation hours have 
proven the performance and reliability of Hewlett-Packard cesium 
beam standards in various world-wide applications. The units have 
provided dependable microsecond accuracy in aircraft, ship and fixed 
environments. 

A five-year warranty on the HP  5061 B standard cesium beam tube 
is provided as a result of proven field reliability. This warranty in- 
cludes replacement of the cesium beam tube if it should fail within the 
warranty period. 

Option 004, High Performance Cesium Beam Tube 
with three-year warranty 

HP 50618 with Opt 004, High Performance 
Cesium Beam Tube 

The Hewlett-Packard 5061B primary frequency standard with the 
Option 004 Cesium Beam Tube offers increased stability and accura- 
cy in the instrument which has become the worldwide standard of 
frequency and time keeping since its introduction in 1967. Improve- 
ments in magnetic shielding, ruggedization and environmental per- 
formance permit improved performance and expansion of navigation 
and communication systems. 

The design concept of the high-performance beam tube includes 
unique HP designed dual-beam optics with higher beam intensity to 
accomplish better short-term stability and greater immunity to ef- 
fects of shock and vibration. A 50 percent increase in resonance cavity 
length without change in the overall beam tube size contributes to 
better accuracy and settability because of the high Q of the narrower 
resonant line width. This tube retains the unique cesium standard fea- 
ture of virtually no long term instability or aging. 

The intrinsic accuracy is improved to +2 X 1012 which provides an 
excellent reference standard without need of calibration. If desired, as 
in many timekeeping applications, two or more units may be cali- 
brated to determine the difference in rate or may be adjusted to the 
same frequency. With the improved settability specifications of 1 x 
lo-" small changes in frequency are accomplished rapidly and accu- 
rately. A provision for degaussing the tube without adversely affect- 
ing the instrument operation allows removal of any residual magnetic 
field in the tube. This is important in achieving the settability per- 
formance. 

The short term stability specification is improved by a factor of ten 
with this tube. The 5 X 10-12 (1 s avg.) performance compares very 
favorably with that of rubidium type standards which are noted for 
their excellent short term stability. An important advantage from the 
better short term stability is the capability to make measurements to 
1 sigma precision of 1 X lo-" in about one minute compared to the 
two hours required previously. The HP 5061B with the Option 004 
High Performance Tube has the same high reliability as the HP  
5061B with the standard tube. The new high performance tube is 
warranted for three years, but is designed to have the same long life as 
the standard tube.* 

HP E21-5061B Flying Clock 
The HP E21-5061B consists of a HP  5061B Cesium Beam Stan- 

dard with Option 003 LCD Clock and Special Option E21, all fast- 
ened to an HP  5089A Standby to form a portable unit. The power 
supply, which can be operated from 1 1 to 30 V dc, 85 to 255 V ac, will 
provide approximately I0 hours standby power (from sealed immobi- 
lized electrolyte lead calcium batteries) for the HP  5061 B Cesium 
Beam Standard. 

This wide range of operating power capabilities enable the H P  
E21-5061B to operate on local power in virtually any country in the 
world. The 10 hours standby capability makes it possible to travel 
where there is no power available and, of course. allows the HP  E21- 
5061 B to conveniently be transported between power sources and op- 
erated in almost any air or surface vehicle as a "flying clock" (see 
Hewlett-Packard Journal, August 1966 and December 1967). 

The Option 004 tube, because of the improved shielding, offers a 
significant increase in accuracy under the varying earth's magnetic 
field conditions experienced by flying clocks and is a desirable addi- 
tion to the HP  E21-5061B. In addition, the better short term stability 
permits more accurate and rapid comparison of standards. 
*See page 507 for ordering Information. 



FREQUENCY & TIME STANDARDS 
Secondary Standards 

HP 5065A 

Compact, high reliability, proven performance Proven performance 
Long term drift rate <1 x 10-''/month Compact 
Time domain stability <5 x 10-l3 (100 s, avg) Long-term drift rate < 1 x 10-ll/month 
High reliability Time domain stability <5 x 10-l3 (100 s, avg.) 

HP 5065A Rubidium Frequency Standard 
The H P  5065A is an atomic-type secondary frequency standard 

which uses a rubidium vapor resonance cell as the stabilizing element. 
As a result, it has long-term stability of better than 1 x lo-" per 
month which exceeds that of high quality quartz oscillator frequency 
standards by 50 to 100 times. Furthermore, it has excellent short- 
term stability. These features contribute to its desirability as a coher- 
ent signal source, as a master oscillator for radio and radar systems 
where special requirements for stability and/or narrow bandwidth 
must be met, as a precision time keeper where the better performance 
of a cesium beam primary standard is not required. and as a house 
frequency standard for improved accuracy with fewer NlST calibra- 
tions compared to that required with quartz standards. 

Front panel controls and circuit check meter of the H P  5065A are 
protected by a panel door. The magnetic field control provides fine 
frequency adjustment with which the frequency can be set to a preci- 
sion of better than 2 x lo-'* without reference to a chart. The low 
noise quartz oscillator is phase-locked to the atomic frequency and 
provides the standard 5 MHz, 1 MHz. and 100 kHz outputs. The 
circuit check meter with selector switch monitors key voltages and 
currents for routine maintenance readings, calibration procedures, 
and fault finding. 

The HP 5065A is designed for assured operation-to give the user 
confidence that the standard output signals are correct and locked to 
the atomic frequency. Logic within the unit maintains power to a 
"continuous" operation light on the front panel. If operation is inter- 
rupted, even momentarily, for any reason the light goes out and stays 
out until manually reset. An integrator limit light warns when the 
frequency correcting servo loop is approaching the limit of its dynam- 
ic range. 

The HP 5065A is contained in a small-size package and is light- 
weight in comparison to a cesium beam standard. idditionally-the 
rubidium resonance cell is much more frequency stable than quartz 
oscillators while subjected to shock and vibration, EMC, humidity, 
and magnetic field effects. 
Reliability and warranty: the most significant module in the HP  
5065A in terms of performance is the Rubidium Vapor Frequency 
Reference (RVFR). This temperature controlled, magnetically 
shielded unit includes the Rb gas cell and a photo sensitive detector 

designed for maximum possible reliability. Field experience, includ- 
ing several million hours of operation, have demonstrated this reli- 
ability and the RVFR is now warranted for a period of three years. 
This increased warranty protects the owner in the event of random 
failure. 

The Option 001 Digital Clock has an easy to read LED time-of-day 
display. The olive black upper panel provides a dark background 
around the readout for excellent contrast and readability. Initial 
clock setting is accomplished by means of pushbuttons easily accessi- 
ble by removing the top cover. The LED display offers high reliabili- 
ty, freedom from errors due to mechanical shock, and performance 
over the full environmental range of the H P  5065A. A sync button on 
the digital divider permits automatic synchronization of this 1 PPS 
pulse to an external pulse. The clock 1 PPS is adjustable in decade 
steps from 0.1 jts to 1 s. with respect to the synchronized reference, 
with 7 thumbwheel switches. 

To conserve battery power, the display is not illuminated when ac 
power is not available. A STANDBY READ pushbutton below the 
display is used for readout when operating on the internal battery or 
external dc. 

The Option 002 Standby Battery provides the H P  5065A with a 
minimum of 10 minutes standby power at  25OC. Switchover from line 
to battery is automatic so there is no interruption of operation if ac 
line power should fail. A front panel ac interruption light warns when 
ac power has failed or has been disconnected. Fast or float charging 
rates may be selected when ac power is available. 

The Option 003 combines the Option 001 Clock and Option 002 
Battery and should be specified if both Options 001 and 002 are re- 
quired. 

HP E21- 5065A Portable Time Standard 
HP E21- 5065A Portable Time Standard is a complete system for 

precision timekeeping and for transporting time from one location to 
another. It consists of the H P  5065A Rubidium Standard with digital 
clock and divider (Option 001) and the HP  5089A Power Supply with 
6 or more hours standby capability. The component units are held 
together by side bars, and the interconnecting cables are protected by 
a back cover. 





FREQUENCY & TIME STANDARDS 
Accessories 

HP 5061B, J45-5061B, 10638A, K34-59991A 

HP 10638A Degausser 
The HP 10638A Degausser is designed for use with the Option 004 

High Performance Cesium Beam Tube without interrupting normal 
operation. The degausser removes residual magnetism in the shields 
of the beam tube which can build up over time, due to a changing 
magnetic environment, and can cause a frequency offset. Relaxation 
of the residual magnetism insures a settability of a 1 X lo-", al- 
lowing stable precise changes in output frequency and a reproduc- 
tibility of a 1.5 X The degausser should be used when initially 
setting up the H P  5061B with Option 004 or after the instrument has 
been moved or adjusted.* 

HP 50618 with Option 003, Time Standard and 
Standby Power Supply 

The HP 5061 B has provision for an optional digital divider and 
reliable, easy to read LCD, time-of-day, 24-hour digital clock (Op- 
tion 003). By including this option, the number of applications and 
the versatility of the cesium standard is increased. The one-pulse-per- 
second output can simplify the comparison with other standards 
(such as portable and secondary standards) as well as GPS and Loran 
Systems. The techniques for such comparisons are described in Appli- 
cation Note AN 52-2. Option 003 also includes an internal battery 
power supply which will provide at least 45 minutes of standby power 
if the line power should fail. This will prevent phase and frequency 
interruptions due to intermittent or an extended power failure. Bat- 
tery power also enables moving thecesium beam standard to locations 
of other secondary standards without losing time.' 

HP K34-59991A Phase Comparator 
The HP K34-59991A Broadband Linear Phase Comparator accu- 

rately compares the phase relationship of the output signals of two 
frequency standards having the same nominal frequency. This will 
enable resolving extremely small differences between precision fre- 
quency sources. The Phase Comparator operates over a frequency 
range of 10 kHz to 50 MHz and input levels between 100 mV and 10 
V rms. A linear dc output voltage, proportional to the phase differ- 
ences between the two standards, is available at both the front and 
rear panels. This voltage is also monitored on a front-panel meter and 
is suitable for driving a stripchart recorder, thus allowing longterm 
monitoring of the frequency standards. By using this comparator, 
very small frequency differences can be detected and adjustments can 
be made to frequency standards to correct for timekeeping errors.' 

HP J45-5061 Certified Stability of 1 x 10-lS 
The HP J45-5061B is a special option which will certify that the 

Model HP 5061B with standard Options 003 and 004 has stability 
performance of better than or equal to 1 X lo-" in a day, when mea- 
sured each day for any five consecutive days. This means that the 
cesium standards absolute deviation from the H P  Santa Clara Divi- 
sion House Standard is less than or equal to 8.64 ns per day on each of 
the five consecutive days during the certification. The certification a p  
plies only to original shipments and is performed under calibration 
laboratory conditions with the cesium beam tube degaussed and oper- 
ating in a stable magnetic environment and over a restricted tempera- 
ture range of a2.5 degrees range at any temperature between 15 and 
35 degrees C. 

* See page 507 for orderlng Infomatla, 



FREQUENCY & TIME STANDARDS 
Accessories (cont'd) 
HP 5087A 

Versatile with 3 input and 12 output channels Exceptional phase stability 
Low noise, high stability, and isolation Plug-in modular construction 

t-l ."."I '"F. - c 
HP 5087A Distribution Amplifier Isolation 

The Hewlett-Packard 5087A Distribution Amplifier provides the (Open Or On any other channel) 
isolation and flexibility required for distribution of the output of high- Amplitude change: 0.1 %. 
quality frequency standards. Low distortion and excellent isolation Phase change: <0.1 ns at  5 or 10 MHz. 
make it ideal for providing multiple outputs from atomic or crystal <O.5 ns at  1 MHz. 
frequency standards. The 3 input channels will accept 10 MHz, 5 <5.0 ns at  100 kHz. 
MHz, 1 MHz or 100 kHz in any combination. The number of outputs In/"td signal: 1 V signal UP to 50 MHz applied to any output ex- 
for each channel is selectable up to a total of 12 outputs. The output cept l o  MHz* will be more than 60 dB in Outputs; l o  
levels are individually adjustable from 0 to 3 V rms. All input and MHz Output be more than 50 dB. 
output levels are monitored on a front-panel meter. SSB phase noise (5 MHz): > 145 dB below signal in 1 Hz BW for 

The Distribution Amplifier features plug-in modular construction, frequencies > kHz carrier. 
short circuit isolation, exceptional phase stability, low noise and Short term stabiliw dqrdatiOn (5 MHz): < l o  - I 2  in l o  kHz 
cross-talk, and uninterrupted switchover to standby dc in event of ac band. (I average). 
power failure. 

The shielding around each input and output plug-in amplifier as- Envlronmmtal 
sures minimum noise and crosstalk. The tuned output amplifiers pro- T ~ ~ ~ ~ ~ ~ ~ ~ :  M I L - E - ~ ~ ~ M ,  class 4. 
vide clean signals and high channel-to-channel isolation. Operating: 0-50°C; storage: -62" to +75OC. 

The instrument is designed for maximum versatility and can be stability 
supplied to meet a wide variety of special requirements. The standard Amplitude +0.5 dB, 0" to 50°C. 
configuration of input and output amplifiers is shown in Figure 1. Phase: <0.1 ns/"C., 5 and 10 MHz. 

Several other commonly used configurations are also available and Humidity: 95% at 40°C. 
special combinations of the various input and output modules can be Altitude: up to 30,000 ft. 
supplied. Input and output amplifiers can be added or the configura- 
tion easily changed at any time. 

General 
Power: l I5 or 230 V 10%. 48 to 440 Hz, 20 VA. max. or 22-30 V 

INWT OVTWT dc, 500 milliamperes, max. 
PREAMPS AMPLIFIERS Dimensions: 88 mm H x 425 mm W x 286 mm D (3.5 in. x 16.7 in. x 

1 1 1.3 in.). 
2 Weight: typical, Opt 03 1 -Net 7 kg (1 5 Ib). 

A 
3 

4 
Ordering Information Price 

6 H P  5087A Distribution Amplifier Mainframe $2,600 
6 

B Normal Configurations (input and output amplifiers) 
7 Opt 031 5 ,  1 and 0. I MHz inputs and 4 outputs at  + $2,600 
B each frequency 
9 Opt 032 Single 5 MHz input and 12 outputs + $2,300 
10 

Opt 033 Single 10 MHz input and 12 outputs + $2.300 
C 

11 
Opt 034 Single 5 MHz input, 4 each outputs at  5, 1 + $2.700 
and 0.1 MHz 

12 

Figure 1. HP 5087A Distribution Ampilfier with Option 031. 
Standard Configuration input and output amplifiers. 

Specifications 
Inputs: (up to three, rear panel BNC). 
Frequencies: 10 MHz, 5 MHz, 1 MHz or 100 kHz. 
Level: 0.3 to 3.0 V rms, 50 ohms. 

Outputs (up to 12 rear panel BNC). 
Frequemh 10 MHz, 5 MHz. 1 MHz or 100 kHz. 
Level: 0-3 V into 50 ohms (screwdriver adjustment). 
Harmonk distortion: >40 dB below rated output. 
Non-harmonic distortion: >80 dB below rated output. 

Special Conflguntlons 
Input Preamplifiers (up to 3 total) 

Opt 004 Input Preamplifier (0.1 to 10 MHz) 
Opt 005 5 to I MHz Input Divider 
Opt 006 1 to 0.1 MHz Input Divider 
Opt 01 1 5 to 10 MHz Input Doubler 
Opt 013 10 to 5 MHz Input Divider 
Opt 014 10 to 1 MHz Input Divider 

Output AmplWks (up to 12 total) 
Opt 0 1  5 MHz Output Amplifier 
Opt 002 1 MHz Output Amplifier 
Opt 003 0.1 MHz Output Amplifier 
Opt 012 10 MHz Output Amplifier 
Opt 908 Rack Flange Kit 



15 ampere-hour capacity 
Maintenance free lead-calcium batteries 

FREQUENCY & TIME STANDARDS 
Accessories 

HP 5089A 

Used in "Flying Clocks" 
Automatic recharge 

HP 5089A Standby Power Supply 
The HP 5089A Standby Power Supply furnishes dc power to keep 

frequency or time standard systems operating during extended inter- 
ruptions of ac line power. For applications where it is essential to 
maintain continuous operation and avoid loss of precise time, the use 
of a standby power supply is an absolute necessity. This unit is de- 
signed for use with Hewlett-Packard Cesium Beam Standards, Ru- 
bidium Vapor Standards, Quartz Standards, and other equipment 
which will operate from 22 to 28 V dc. No switching is used in trans- 
ferring power from line to battery operation and back again, thus as- 
suring uninterrupted operation. 

Versatility 
The HP 5089A is an extremely versatile unit. It was designed both 

as a portable power supply for the HP  5061 B and HP 5065A "flying 
clocks". and as a standby supply for stationary applications. 

Portable Applications 
Portable or "flying clock" applications require a power supply to 

operate from a wide range of power sources, along with the standby 
capability to maintain continuous operation where no external power 
is available. A special inverter permits operation from a 12 V dc auto- 
mobile battery. In addition. the 85 to 255 V ac. and I1 to 30 V dc 
capability enables the HP  5089A to operate from almost any power 
source in the world. The 15 ampere-hour standby batteries are the 
double sealed lead-calcium type, and thus are virtually spillproof. 
Mounting hardware is available to attach the HP  5089A to either the 
H P  5061 B or the HP  5065A standards to make a portable frequency 
time standard package. These portable packages are available from 
Hewlett-Packard under H P  E21-5061 B and HP E21-5065A. 

Stationary Applications 
Stationary applications require long periods of power supply opera- 

tion in a float or standby mode. Then, when an ac supply failure oc- 
curs, the supply must provide full standby capability. The charging 
circuits inside the H P  5089A are designed to charge the batteries in 
such a way that they will provide both long, trouble-free, reliable op- 
eration, and full standby power. After use, when ac power is restored. 
the HP  5089A will fully recharge its batteries. The double sealed bat- 
teries will not leak or require maintenance of any kind. Thus, the HP 
5089A allows you to add standby capability to your system with very 
little increase in maintenance costs. 

E ~ K  of Operation 
In normal operation there is virtually no required operator inter- 

vention. The HP 5089A automatically maintains the batteries in a 
fully charged state, ready to supply standby power. Should regular 
line power fail, the HP  5089A will provide uninterrupted dc power (to 
the limit of its standby capacity) for your equipment. After normal 
operating power is restored, the H P  5089A will automatically 
recharge its batteries back to the standby level. 

The H P  5089A tells you its operational status at  a glance through 
three LED lamps: GREEN indicates the battery is being charged; 
YELLOW indicates there has been an ac line failure; a RED lamp 
lights when the battery is almost fully discharged. Two front-panel 
meters show battery voltage and charge/discharge current. 

Batteries 
The HP 5089A utilizes the "immobilized electrolyte" technology 

in its maintenance-free lead-calcium batteries. The lead-calcium grid 
gives these batteries longer life with better reliability than conven- 
tionally designed batteries. The batteries are double sealed to provide 
virtually leakproof, and thus maintenance-free operation. 

HP 5089A Specifications 
lnput Voltage 

AC charging: 85 V to 130 V ac rms. 48 to 440 Hz, 300 VA max. 
85 V to 255 V ac rms. 48 to 66 Hz. 300 VA max. 

DC operation: l l V to 30 V dc, l I0  W max. 
Output voltage: 22 V to 28 V dc (nominal). 2 A maximum. 
Standby capacity: 15 AH at +25OC when fully charged. 
Recharge: complete recharge in 24 hours when operating from ac 
line. 
External low battery voltagealarm: floating contact closure at  rear- 
panel barrier block for external visible or audible "low battery" warn- 
ing. Contact rating is 30 V dc at  2 amperes. 
Operating Environment 

Temperature: O°C to 50°C. 
Humidity: up to 95% at 40°C (with no internal condensation). 
Altitude: 12.000 metres (40,000 feet). 

Storage Environment 
Temperature: -40°C to +65OC. 
Humidity: up to 95% noncondensing. 
Altitude: 15.000 metres (50,000 feet). 

Dimensions: 177 mmH x 425 mmW x 416 mmD (7 in. x 16.7 in. x 
16.4 in). 
Weight: net weight 30.5 kg (67 Ib). 

Accessories Supplicd 
HP 05061-6091: AC Power Input Cable Assembly 
HP 05089-60102: DC Power lnput Cable Assembly 
H P  05089-60101: DC Output Cable Assembly 
HP 5060-0169: Extender Board Assy (Dual 25 Pin) 

Ordering Information Price 
HP 5089A Standby Power Supply $7,000 

Opt 001 Spare Al Board Assembly (HP 05089- +$1,000 
6000 1 ) 
Opt 908 Rack Mounting Adapter Kit +S75 
Opt 910 Extra Operating and Service Manual +S90 



SEMICONDUCTOR TEST EQUIPMENT 
514 General Information n 

Parametric Measurement 

Semiconductor Parametric 
Measurement 

Semiconductor parametric measurement 
instruments are used for measuring and eval- 
uating the electrical characteristics of semi- 
conductors. 

Competition within the semiconductor 
field is fierce, and major goals are: developing 
new products rapidly, improving yield and 
reducing costs. 

HP  semiconductor parametric measure- 
ment instruments provide: 

1. Precise, high-resolution measurements 
for accurate and reliable evaluation and 

2. Automated operation from measure- 
ment through analysis. 

Semiconductor measurement applications 
vary widely, from device R&D to large- 
volume manufacture on mass-production 
lines. Measurement equipment must fit the 
measurement functions required. 

In R&D, parametric testers make compre- 
hensive physical and electrical evaluations of 
new materials, prototype devices and evalua- 
tion test patterns. As the integration and per- 
formance of semiconductors advance, 
measurement instruments must have the ex- 
pandability to adapt to the high resolution 
and precision demanded by new evaluation 
methods. 

For production departments, parametric in outgoing inspection. Cost reduction for both 
testing helps stabilize new processes for mass types of test requires high-speed, multiple- 
production and make Process yield im- pin measurements and reduced down-time. 
provements. Functional testing is used mostly ~h~ yield of new V L S ~  devices is less than 

percent, and bad devices must be discarded. 
The accurate parametric testing provided by 
H P  parametric testers can help improve 
processes and raise yields. 

Parametric measurements are generally 
divided into capacitance (C) and dc, ac, and 
functional measurements. The following 
summarize each type of measurement. 

1. Capacitance measurements include, 

- 
2 

primarily, capacitance vs voltage (C-V) and 
capacitance vs time (C-t). These capacitance 
measurements require correct measurement 
timing and good capacitance measurement 
resolution. 

2. dc measurements measure the dc cur- 
rent vs voltage (I-V); dc parameter evalua- 
tion is based on I-V curve evaluation (for 
example, threshold voltage, breakdown volt- 
age, leakage current). These measurements 

I - v  

1 
C - t 

Z 
P 
; 
,: 

require high speed and resolution. 
3. ac measurements evaluate the dynamic 

characteristics of the semiconductor device. 
With a digital IC, timing measurements such 
as rise time and propagation delay are the 
primary ones, so timing resolution is impor- 
tant. Determining the ac gain characteristics 
of linear ICs requires a wide dynamic range 
over a wide frequency band. 

4. Functional testing evaluates the in- 
put/output operation and digital characteris- 
tics of semiconductor devices, especially 
logical devices. This measurement creates an 
input/output truth table and determines 
whether the desired output is attained or not. 

Table 1 shows the parametric measure- 
ments required by each application area, 
with the HP parametric-measurement prod- 
ucts that apply. 

H P  41458 
& 

H P  4085M - 
U P  4061A 

UP 40628lClUX 

H P  82000 
Model DZOO 
Modal D50 

U P  9480 

Table 1. Measurements and HP instruments/systems by application area. 
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Parameter Extraction & 
Circuit Device Modeling 
Integrated Software For 
Modeling And Test 

H P  recently introduced HP94000, a fami- 
ly of software products for characterization 
and parametric testing. The current list of 
applications includes IC-CAP and IC-MS. 
HP  94000 addresses the characterization 
needs of process engineers, modeling engi- 
neers and IC designers in a unified manner. 
IC-CAP and IC-MS are designed with fea- 
tures that make them attractive for both 
R&D and production environment. 
An Expandable Family of Software 

HP 94000 IS a modular software family. 
IC-CAP and IC-MS are built around the 
same framework and adapt easily to your 
changing technical requirements. 
X-Window-based User Interface 

The powerful capabilities of HP 94000 
software are enhanced by its X-window- 
based user interface. A single, consistent user 
interface for all applications eliminates the 
need to learn a new user interface for each 
application. H P  94000 is based on industry 
standards. HP-UX operating system and X- 
Windows and OSFIMotif. This combination 
offers standard networking capability as well 
as a consistent user interface. 

HP 9#OOll Framework 

1 O n i g n m r n  I ( ~mtsvstorn ( 
Growth path t o  address  changing charac- 
terization requirements 

Process 
Architecture 

e Process Development 

x. L 
n+ Dev~ce Modeling 

C 
Dev~ce Development 

Circuit Design 

- 
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HP 82000 IC Evaluation System 

Digital IC Test 
The need for testing occurs several times 

during the development of digital IC's. First, 
prototypes encounter functional debugging 
and critical path analysis to prove what simu- 
lation predicted. Afterwards, in volume pro- 
duction, a series of tests is conducted to 
isolate defective parts. Devices failing as a 
result of a faulty manufacturing process are 
subject to thorough failure analysis. Results 
obtained can be used to optimize the process 
for an improved production yield. In addition 
to established quality control procedures at  
the manufacturer's site, customers can use 
test systems to analyze samples in incoming 
inspection and for vendor qualification. 
Application-specific ICs Create 
New Tester Demands 

A family of compatible products is availa- 
ble to address the requirements created by 
the growing number of application-specific 
ICs (ASICs). The different models cover the 
full range from mainstream CMOS to high- 
performance bipolar and GaAs ICs. All 
models provide functions for easy in-depth 
analysis of ICs, and they are optimized to 
switch quickly from one design to another. 
The HP 82000 IC Evaluation System 

The HP 82000 is a compact, fully integrat- 
ed solution for ASlC prototype verification, 
1C characterization and low volume produc- 
tion test. IC manufacturers and ASlC users 
will appreciate the HP  82000's capabilities to 
reduce time-to-market in IC development. 
Automated tests combined with superior 
measurement performance, provide the re- 
sources to test high speed, high pin count de- 
vices quickly. Please see page 5 16 for details 
on this product. 

HP 94000 software applications improve productivity in characterization and testing 
during all phases  of IC development. 



SEMICONDUCTOR TEST EQUIPMENT 
IC Evaluation System 
HP 82000 Models D400, D200, DlOO, D5O 

Up to 400 MHz vector rate 
Up to *200 ps edge placement accuracy 
Up to 768 channels 

Tester-per-pin architecture 
Automatic functional test generation 
Automatic ac/dc characterization 

The HP 82000 standard frame configuration 

The risk of ASIC problems in later board level integration is mini- 
mized. 
IC characterization 

To optimize design throughput, Hewlett-Packard developed the 
automatic characterization functions as standard with every system. 
There are numerous test functions, which provide test patterns, the 
appropriate system setup, and automatically sweep test parameters 
for complete characterization tests. Measurements of ac and dc char- 
acteristics such as hold time or leakage current, are started quickly 
from menus and are completed instantly. 

Engineering testing of prototype ICs is the main application area of 
the characterization functions. Other applications include Incoming 
Inspection and Failure Analysis of parts rejected by production ATE. 
For the latter, the HP  82000 can be used as a dedicated system to 
diagnose the process problems that caused rejection. 
Production testing 

For low-volume production testing, the H P  82000 can be a cost- 
effective solution because its high timing and level accuracies allow 
tight guardbands for higher test yield. Test programs can also be opti- 
mized for throughput by using HP-IB commands, and firmware- 
stored test setups. The high pincounts typically required in produc- 
tion testing are catered for by the maxiframe, which can house up to 
512 D400, D200, or Dl00 channels, or 768 D50 channels (see picture 
on page 517). Third-party products can be integrated with the system 
to access wafer prober stations and device handlers. With systems in 
production and in the engineering department, test programs can be 
shared over a LAN (Local Area Network) without extra effort. 

A Family of Compatible Systems 
With the HP  82000, Hewlett-Packard offers systems to satisfy the 

IC evaluation requirements of both 1C manufacturers and end users. 
To address a wide range of applications, four models are available: 
The HP 82000 model D400 for a maximum vector rate of 400MHz, 
and the models D200, D100, and DS0 for maximum rates of 
200MHz, lOOMHz and 5OMHz respectively. 
Model DSO 

The HP 82000 model D50 is the ideal choice !o test mainstream 
CMOS devices. ASlCs with up to 768 bidirectional signal pins can be 
verified and characterized with up to *SO0 ps accuracy. Critical turn- 
around times are reduced with the automated characterization 
software, which is also compatible with the other models. 

Model DlOO 
The HP 82000 model Dl00 is designed to test BiCMOS and fast 

CMOS devices of up to 100 MHz. The edge placement accuracy is 
*350 ps on up to 512 110  channels. 
Model D200 

The HP 82000 model D200 offers 200 MHz speed and +2S0 ps 
edge placement accuracy on up to S 12 I /O channels. It is designed fbr 
manufacturers, design centers, and ASIC system designers with fast 
BiCMOS and bipolar devices. 

Model D400 
The HP 82000 Model D400 is intended for applications with the 

most demanding speed requirements. These are typically high-speed 
bipolar and GaAs devices. The D400 I/O boards can also be mixed 
and used with D200 boards, thus allowing great application flexibili- 
ty. 
Application Examples 
Prototype verification 

Unlike large and complicated production ATE, the-HP 82000 is a 
personal tester dedicated to your verification requirements. The abili- 
ty to create a functional test program from the EDA (Electronic De- 
sign Automation) workstation database means faster time-to-market 
in prototype verification. 

The earlier that design problems are detected, the lower the overall 
product development cost. This system enables you to analyze IC 
function and parameters at  the prototype stage of the design cycle. 

Tester-per-pin Architecture Provides Best Accuracy and 
Flexibility 

Timing and level capabilities are provided for every channel with- 
out sharing resources. Each channel also has dedicated memory for 
masking information, and can have its own data format (RZ, R l ,  
DNRZ, and so on). All tester channels can be calibrated individually 
at the DUT pin. For best results, you can calibrate using the actual 
test parameter set-giving an edge placement accuracy of +200 ps 
for model D400. ~ 2 5 0 p s  for model D200, *3SOps for the model Dl00 
and +500ps for model D50. This is especially useful when performing 
fast go/no go tests, for example, in production. 
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Best Time-to-test with Windows Software 
Productivity is increased with a highly interactive user interface 

based on the X Window standard. The mouse operated software is 
used to enter and modify parameters for pin timing and levels, and to 
modify the vector data. Thanks to the tester-per-pin architecture, pa- 
rameters can be defined and changed for each channel individually 
without limitations through shared resources. Error map, timing dia- 
gram and shmoo plot displays show results in a graphic form familiar 
to the engineer. Simultaneous access to different windows lets you see 
immediately the results of changes made in the setup. "Change and 
see" avoids recompilation of test programs and gives you the shortest 
possible debug cycle. 

Automatic Test Program Generation 
The LAN provides fast access to design workstations from vendors 

such as Daisy. Mentor, Valid, HP  and to FACTOR and VERILOG 
files. Other formats can be adapted by the user during the translation 
process or with the EDA programming toolkit. The computing power 
of a 32-bit workstation, and translation programs optimized for 
speed, maintain high throughput in the automatic test program gen- 
eration. 

Software fully supporting the testers' hardware resources, gener- 
ates a functional device test without user programming. Test vectors, 
timing setup and pin setup are generated automatically. 

Test Control Includes Scan Path Testing 
To support "Design for testability", a scan path testing mode is 

integral to the system. The memory of up to 256 tester channels can 
be serialized via a software command, increasing vector depth on 
user-selected channels. A programmable vector sequencer has func- 
tions such as vector repeat, looping and branching on real time test 
results or external events. 

Minimum DUT Wiring 
"Instant wired" DUT boards for the popular pin layouts reduce the 

time for 110  wiring to zero and are available in various sizes to allow 
you to optimize board size and cost for the pin-count of your DUT. A 
controlled impedance environment from the testers' I /O circuits to 
the DUT provides excellent signal fidelity up to 400 MHz. TO cover 
special IC packages, HP  also offers boards that give maximum flexi- 
bility for user wiring. 

Cost-efficient Configurations 
For applications requiring a maximum of 80 I /O  pins (160 I /O  on 

the model D50), there is a compact benchtop alternative to the stan- 
dard and maxiframe systems. The system components, including 
DUT boards, are compatible for upgrades to higher channel counts. 
With built-in self test and calibration, on-site board exchange is made 
easy. Expansion to maximum channel count systems with uncom- 
promized speed and accuracy is possible by adding extra mainframes. - 
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SEMICONDUCTOR TEST EQUIPMENT 
518 Analog LSI Test System u HP 9480 

128 MHz analog and digital synchronized testing High test throughput modules 
1 GHz bandwidth, 1 ps sampling resolution Flexible modular architecture 
ac testing at the wafer level Powerful debugging tools 
Digital signal processing (DSP) based system Distributed workstation environment 

HP 9480 Analog LSI Test System 
The HP 9480 Analog LSI Test System integrates powerful test 

hardware and software to perform precise high frequency signal mea- 
surements. You can use the H P  9480 to test and characterize a wide 
variety of devices, from mixed signal devices such as flash ADCs, vid- 
eo DACs, telecommunication devices, etc., to purely analog or purely 
digital ICs. The HP 9480 provides full data sheet test coverage in a 
single insertion, thus eliminating the problem of time-consuming and 
costly multiple insertion testing. The HP 9480 can also perform high 
frequency AC tests on wafers. 

The HP 9480s modular architecture allows you to combine many 
state-of-the-art hardware and software features into a configuration 
that best suits your measurement needs. The system can generate dig- 
ital stimulus patterns and analog stimulus waveforms up to 128 MHz, 
and can capture DUT digital response patterns up to 128 MHz. For 

analog DUT response, the system offers 16 and 12-bit real time 
waveform digitizers and 1 GHz bandwidth samplers with 1 ps resolu- 
tion. The system also offers 18/12/ 10 bit arbitrary waveform genera- 
tors. Digital patterns, dc voltage, and dc current can be input or 
output to up to 128 pins. Analog signals can be input or output using 
up to 4 channels each. Digital Signal Processing (DSP) allows com- 
plex waveform generation and high speed signal analysis via a full 
floating point array processor. The HP 9480s system software is 
based on the HP-UX operating system. Powerful debugging tools, in- 
cluding an off-line debugger, virtual panel, and virtual scope, signifi- 
cantly minimize debugging time. Further, HP  9480 software is easy 
to operate because it incorporates menus, a user-friendly multi-win- 
dow environment, and mouse capability. These features increase test 
throughput and minimize time spent on program development. 



Hardware 
Device Testing Under In-circuit Conditions 

The HP 9480's analog and digital signal test capability enables you 
to test the dynamic parameters of devices under their true operating 
conditions. The H P  9480 can also perform high frequency tests on 
wafers because of its coaxial cable environment and very low system 
noise. 

For ac signal stimulus, the H P  9480 generates low distortion sine 
waves (up to 128 MHz), arbitrary waveforms with 12-bit resolution 
(up to 128 MHz clock rate), and arbitrary waveforms with 18-bit 
resolution (up to 1 MHz clock rate). For recording high frequency 
signals up to 1 GHz, with 12 bit resolution, the system offers 4 sam- 
pler channels that sample a signal with 1 ps resolution. For recording 
signals in real time, the system offers two choices-20 MHz/ l 2-bit 
and 1 MHz/l6-bit digitizers. For digital testing, the system offers up 
to 128 110 pins. and features 64 kword memory for each pin. The 
system can generate digital stimulus patterns and clocks, and can an- 
alyze response patterns from the test device at  a data rate of 128 
Mwords/s with I00 ps resolution. And because the H P  9480 can syn- 
chronize analog waveforms with digital signals, and can automatical- 
ly execute timing adjustments, you can perform precise tests on 
mixed signal devices under actual operating conditions. 

Digital Signal Processing (DSP) Technology 
The HP 9480 uses digital signal processing to generate and analyze 

analog and digital signals. 
For example, you can easily and quickly modify and create 

waveforms in the frequency domain by using FFT commands. The 
HP 9480 can easily synchronize analog signals with system clocks 
because the waveform data is recorded into system memory. Multiple 
parameters such as THD, SNR, differential nonlinearity, etc.. can be 
extracted from the recorded data without running the test again. A 
32-bit full floating point array processor minimizes system controller 
loading by performing complex matrix computations for digital sig- 
nal processing. DSP technology shortens test times by allowing multi- 
ple parameter extraction from a single test, and minimizes hardware 
costs because analog and digital processing are performed by the 
same modules. 

Modular Architecture 
The modular system architecture of the H P  9480 allows easy 

adaptability to your changing test needs. This means that the sys- 
tem's usefulness and value are maintained well into the future, be- 
cause system upgrades and enhancements are easy and cost-effective. 
Also, maintenance costs are minimized because only faulty modules 
need to be repaired or replaced in the event of a system malfunction. 

High Test Throughput 
In addition to the high speed testing resources, the dual test head 

system contributes to increased test throughput. For an ADC charac- 
teristic test, the Histogram Accelerator is available to reduce the test 
time by a factor of 60. 

Software 
HP 9480 software is based on the HP-UX operating system, and 

operates on H P  9000 Series 300 engineering work stations. HP-UX is 
fully compatible with standard UNlX systems, and incorporates an 
advanced multi-window system with a mouse and popup menus. This 
provides graphics oriented test development, testing, and data analy- 
sis environments, which facilitate smooth and efficient operation. You 

Multi-window Environment 

can easily set up conditions and values for test execution and data 
analysis, with the H P  9480s fill-in-the-blanks format. You simply 
enter the appropriate information into the mask fields displayed on 
the screen. 
Test Development 

The HP 9480 features two debugging modes and three useful tools 
for you to use the test hardware effectively, and reduce the amount of 
time spent on test program development. 

The debugging modes available are off-line and the standard on- 
line debugging. A hardware simulator is used with off-line debugging. 
Therefore, off-line debugging and device test execution can be per- 
formed at the same time because the test hardware is not used for off- 
line debugging. This guarantees efficient system utilization. 

Available tools are the symbolic debugger. virtual panel, and virtu- 
al scope. The symbolic debugger offers a number of features that en- 
able the user to debug at the source code level. The symbolic debugger 
decreases debugging time because it allows you to modify test condi- 
tions without program recompilation. The virtual panel displays the 
hardware settings and output conditions in real time when debugging, 
thereby allowing you to confirm program measurement conditions. 
The multi-window function displays hardware information on a mod- 
ule-by-module basis. The virtual scope displays the stimulus 
waveform or pattern data specified in the program, and the response 
waveform output from the test device. These tools minimize the test 
development time and maximize engineering productivity. 
Testing 

The HP 9480 provides easy operation in the test execution environ- 
ment. The test conditions are set in a fill-in-the-blanks format dis- 
played on the screen, and tests start by the press of a function key or 
the start button on the operator console. The operator console is a 
compact terminal to control test execution, such as test start, re-test, 
and test stop. 

For monitoring tests quickly, the virtual scope and summary log- 
ging are useful tools. The virtual scope displays waveform output 
from the test device. The summary logging collects data during device 
testing, and makes test summary, bin summary. and lot summary re- 
ports. 
Data Analysis 

The HP 9480s software capabilities are complemented by a com- 
vrehensive set of data analvsis functions. These functions allow vou to 
make effective use of all t&t data collected during device testing. The 
following reports can be set up and displayed so that you can easily 
analyze measurement results: tabular reports, scatter diagrams, con- 
trol charts, wafer maps, X-Y graphs. Shmoo plots, and bar charts. 
Tester Workstations (sold separately) 

The HP 9000 Series 300 computer, the HP  9480 system controller, 
can connect directly to the Ethernet/IEEE802.3 local area network 
(LAN). 

When networked, HP  9480 tasks can be distributed between work- 
stations in the network. This increases system efficiency because tasks 
previously managed by one computer are now distributed between 
workstations. For example, you can use a test development station 
(TDS) as a stand-alone workstation for test program development, 
such as editing, compiling, and off-line debugging, while testing, 
without degradation of test performance. 
Application Support tor Rapid Start Up 

HP Semiconductor System Centers (SSCs) offer quality applica- 
tion support for quick start up of your HP  9480 system. Application 
support packages include consultation with expert HP personnel, and 
the tailoring of test program software and hardware to your specific 
test requirements. 

System Spccitication Summary 
128 pin I/O, 128 MHz (1 pHz resolution) clock rates 
Analog signals analysis 
16 bit (1 MHz)/ I?  bit (2OMHz) real time digitizer 
IGHz (12 bit) high frequency sampler 
ac signal stimulus 
I8 bit ( I  MHz)/I2 bit (128MHz)/10 bit (l28MHz) AWG 
Digital test 
64K word (128MHz) WG/WM 
DC test per pin 



SEMICONDUCTOR TEST EQUIPMENT 
Process Control System 
HP 4062UX 

High speed and wide measurement range 
Standard Networking 
lnteractive Measurement and Analysis 

Multiuser and multimask 
Multiwindow 
Offline debugger 

Multitasklng and Windowing 
The HP BASIC/UX environment brings multitasking and 

windowing to process control. While a test is running in one window, 
you can analyze measurement data in another window. Or use the 
Virtual Front Panel (VFP) in one window to monitor tests running in 

UC. ' a second window. These features increase productivity and efficiency. 

HP 4062UX Semiconductor Process 
Control System 

The HP 4062UX Semiconductor Process Control System is the 
high-end system of the HP  4062 Semiconductor Parametric Test Sys- 
tem family. The HP 4062UX satisfies all of the requirements of the 
Integrated Circuit Manufacturers for both process monitoring and 
process development. Since the HP  4062UX uses the same measure- 
ment hardware as the HP 4062C. it maintains the same highly accu- 
rate and reliable measurement capabilities as the HP 4062C. such as 
high speed measurements over a wide measurement range. For exam- 
ple, a typical connect-connect-force-measure sequence (resistance) 
measurement takes less than 17 ms, and measurements can range 
from 20 fA to 1A and 4 pV to 200V. Refer to the HP  4062C descrip- 
tion on page 522 for more information about the high-speed measure- 
ments and wide measurement range that are also possible with the - 
HP 4062UX. 

In addition to the soahisticated hardware of the H P  4062C. the H P  
4 6 2 ~ ~  provides powerful software capabilities with the H P  
BASIC/UX operating environment. HP  BASIC/UX combines the 
most powerful instrument control language, HP  BASIC, with all the 
elements of HP-UX, the Hewlett-Packard implementation of the 
AT&T System V UNIX* operating system. HP  Interactive Mea- 
surement and Analysis (IMA) Software makes measurements inter- 
actively by providing a soft panel user interface. 

Networking 
You can easily link the H P  4062UX to other test systems or com- 

puters over standard Local Area Networks (LANs). Access to IEEE 
802.3/Ethernet using ARPAlBerkeley services, to DECnet using 
NS/VAX, or to SNA using an SNA gateway is easily accomplished 
with the HP  4062UX. The HP 4062UX system controller can be inte- 
grated into test-area or factory-level management systems. A diskless 
cluster configuration allows for the sharing of file storage disks and 
printing peripherals, resulting in low-cost test-area design. 
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lnteractive Measurement and Analysis 
HP lnteractive Measurement and Analysis (IMA) software turns 

the HP 4062UX into an automatic semiconductor analyzer. You can 
make measurements without having to program by an interactive, 
softpanel user interface. 

Off-line Debugger 
The HP 4062UX contains a unique offline debugger that lets you 

write and debug test programs without having to access the measure- 
ment hardware. With the multitasking capability, you can create test 
programs at the same time that you are testing wafers. 

Full HP-UX Aces8  
HP BASIC/UX can directly access any HP-UX command. This 

capability offers you the use of all the powerful tools available for 
HP-UX, such as the Source Code Control System (SCCS). A full 
spectrum of HP-UX applications is available, such as: 

Database management systems (Oracle, HP-SQL/300, etc.) 
Data analysis packages (RS/ I, SAS, etc.) 
Computer-aided design software 

All this power is available on the same computer that controls the H P  
4062UX Semiconductor Process Control System. 

~;asurement functions: I, V, I-V, C-G-V, C.G-t, Pulse I/V, Pulse 
I-V. Analog Search 
Switching matrix - Number of pins (to DUT): 

12 pins to 48 pins (48-pin matrix) 
24 pins to 96 pins (96-pin matrix) 

Number of ports (to instrument): 9 ports 
High resolution source/monitor unit: 1 port 
High power source/monitor unit: 1 port 
Source/monitor units: 2 ports 
Ground unit: I port 
Auxiliary: 4 ports (for V sources/V monitors and C meter) 

Maximum voltage at each port: *200V (SMU ports) 
* 100V (aux. ports) 

Maximum current through ports to pins: + 1.6A (GNDU port) 
* 1 A (SMU ports) 

DC source/monftor units (SMUs) 
SMU for high resolution port: 1 unit 

V: &40 PV to * 100V Basic accuracy: +0.05% 
1: +20fA to+100mA Basic accuracy: +0.2% 

SMU for high current port 
V: +40 pV to +200V Basic accuracy: +0.05% 
I: +2 pA to +1A Basic accuracy: +O.2% 

SMUs: 2 units - Kelvin 
V: +40 pV to + 100V Basic accuracy: +0.05% 
1: *2 pA to+100mA Basic accuracy: +O.2% 



*V force resolution is 100 pV, I force resolution is 50fA (high res 
SMU) and 5pA (other SMUs) 
Ground unit (GNDU): I unit 

+ 1.6A Accuracy: + 1 mV 
Voltage sources (VSs): 2 units 

* I  mV to +40V Basic Accuracy: +O. 1 % 
Voltage monitors (VMs): 2 units 

&40 pV to +40V Basic Accuracy: +0.05% 
*Differential voltage can be measured with 4pV resolution 
All SMUs can function as a dc voltage source/current monitor or 

current source/voltage monitor. Pulse measurements can be made 
with SMUs and VSs. 
Capacitance-Conductance Measurements 

HP 4280A 
Test frequency: 1 MHz, *0.01% 
OSC level: 30 mVrms + 1076, and I0 mVrms + 10% 
Measurement range: (maximum resolution to full scale) 

C: 0.001 pF to 1.2 nF Basic accuracy: &0.5% 
G: 0.01 pS to 12 rnS Basic accuracy: + 1.5% 

DC bias voltage: (for capacitance measurements) + 100V 
HP 4284A 

Test frequency: I k, I Ok. 100k. 1 MHz *0.01% 
OSC level: 30 mVrms +lo% 
Measurement range: 

C: 0.001 pF to 1.2 nF G: 0.01 & to 12 mS (at 1 MHz) 
C: 0.001 pF to 10 nF G: 0.01 pS to 100 mS (at 100 kHz) 
C: 0.001 pF to 100 nF G: 0.01 pS to 1000 mS (at 10 kHz) 
C: 0.01 pF to 100 nF G: 0.1 pS to 1000 mS (at 1 kHz) 

dc bias voltage for capacitance measurements: +40V (optional) 
System controller 

Supported controller: H P  9000 series 300 Model 320, 330, 332, 
350,360, or 3 70. HP 9000 series 300 Model 3 18M, 3 19C+ and 340 
are supported as a diskless cluster node. 
Required main memory: 4 Mbyte 
Recommend: 8 Mbyte 
Required hard disk memory: 

Test execution environment: 150 Mbyte with I5 Mbyte swap 
Test execution and development environment: 300 Mbyte with 20 
Mbyte swap 

Required HP-HIL Device: HP 46084A ID module 
Soflware 

Operating syshm: HP-UX 7.0 
Programming language: H P  BASIC/UX 5.52 
Programming utilities: TIS (test instruction set) 

PARA (parameter extraction) 
PPG (probing pattern generator) 
PCL (prober control library) 

Offline debugging: TIS for offline debugging 
VFP (virtual front panel) 

Data processing: FCL (file creation library) 
XYGRAPH (XY graphics) 
MAP (wafer map) 
Basic statistics and data management 

Interactive Measurement and Analysis (IMA) Software 
Available networking: NS, ARPA. Berkeley, NFS, SNA 

Prober interface 
Automatic wafer probers used with the H P  4062UX must be 

equipped with HP-IB capability. Hardware for mounting the switch- 
ing matrix on the prober is also required. Contact the prober manu- 
facturer for details concerning necessary mounting hardware. 
Control software for Electrogras 1034X/2001X and T S K  
APM6000/7000 probers is furnished. 
Reference Data (typical) 

Command execution time 
Connect (relays): 4 rns 
dc sourcelmonitor': Force (current or voltage): 4 ms 

Measure (current or voltage): 5 ms 
Analog search2: 25 ms 

'When integration time is short and range is not 1 nAI10 nA. Exclud%s wall lime ael by user. 
'Analog search controls the wtput of one SMU to set the output of another to a g l m  value. 

General specifications 
Operating temperature 5OC to 40°C, 55% to 70% RH 
~ermissible temperature change: 53°C after calibration 
Air cleanliness: class 100.000 or h i~her  clean room reauired 
Power requirements: 100V (90V to1 IOV), 12OV (108b to 127V). 

220V (198V to 242V). 240V (216V to 
252V). 48 Hz to 66 Hz. 11 50 VA maximum 

Size 
Cabinet: 1600H x 600W x 800mm D 
48-pin matrix: 210H x 406W x 380mm D 
96-pin matrix: 25OH x 620W x 600mm D 

Weight 
Cabinet with instruments: approx. 230kg 
48-pin matrix: approx. 22kg (48 pin config.) 
96-pin matrix: approx. 55kg (96 pin config.) 

HP 41428 power limitation: 32W 

Ordering Information 
H P  4062UX Semiconductor Process Control System 

(consists of system cabinet, a license to 
use the HP 4062UX software, system 
documentation library, and software in- 
stallations of HP-UX, HP BASIC/UX 
and HP 4062UX) 

Opt 022 )/*-inch tape media 
Opt 050 50Hz power line frequency 
Opt 060 60Hz power line frequency 
48-pin matrix options 

Opt 310 Add HP 4085B 48-pin matrix with 12 pins 
(and H P 408581 16066A/ 16075A/ 16076A) 
Opt 311 Add 1 pin (HP 16320B) to HP 4085B 
Opt 312 Add test fixtures for packaged devices 
(Add HP 16067A through HP 16070A) 
Opt 313 Add H P  16077A extension cable fixture 
Opt 314 Add HP 16071A universal fixture 
Opt 315 Add H P  1607 1 B universal fixture (kelvin) 
Opt 316 Add HP 16072A personality board (for use 
with probers other than Electroglas) 
Opt 317 Add HP 16072A with Opt. 001 (for use with 
Electroglas 1034X/2001 X) 
Opt 318 Add H P  16072B personality board (kelvin) 
(for use with probers other than Electroglas) 
Opt 319 Add HP 16072B with Opt. 001 (kelvin) (for 
use with Electroglas 1034X/2001X) 

98-pin matrix options 
Opt 330 Add HP 4089A 96-pin matrix with 24 pins 
(Add HP 4089A/ 16370A/16355A/16356A) 
Opt 331 Add 1 pin (HP 16320C) to H P  4089A 
Opt 332 Add test fixtures for packaged devices 
(Add HP 16371A through 16375A) 
Opt 333 Add HP 16378B extension cable fixture 
Opt 334 Add H P  16376A universal fixture 
Opt 335 Add HP l6376B universal fixture (kelvin) 
Opt 336 Add HP 16377A personality board 
Opt 337 Add H P  16377B personality board (kelvin) 

Measuring instruments 
Opt 400 Add HP 4142B modular DC source/monitor 
Opt 405 Field installation kit for H P  41428 
Opt 410 Add HP 41420A 200V/lA SMU 
Opt 411 Add HP41421B 100V/100mA SMU 
Opt 414 Add HP 41424A VS/VM unit 
Opt 415 Add H P  41425A analog feedback unit 
Opt 450 Add HP IMA Software Package 
Opt 451 Add HP IMA License-To-Use 
Opt 510 Add H P  4280A 1 MHz C meter 
Opt 515 Field installation kit for HP 4280A 
Opt 520 Add HP 4274A LCR meter 
(100 Hz-100 kHz) 
Opt 521 Add +35V bias (Opt. 001 -4274A) 
Opt 522 Add * 100V bias (Opt. 002-4274A) 
Opt 525 Field installation kit for HP 4274A 
Opt 530 Add HP 4284A LCR Meter 
Opt 531 Add 40V bias (Opt. 001-4284A) 
Opt 535 Field installation kit for H P  4284A 

Price 
$33,400 



SEMICONDUCTOR TEST EQUIPMENT 
522 Semiconductor Parametric Test System 0 HP 4062C 

25 ms Vth/hFE Extraction (typical) 
~ 2 0  fA to 1A precise wafer measurements 

(System controller, printer and tables a re  sold separately.) 

HP 4082C Semiconductor Parametric Test System 
The HP 4062C Semiconductor Parametric Test System is a high 

throughput, high resolution computer-controlled system for measur- 
ing the dc voltage and current, and lMHz capacitance and conduc- 
tance parameters of wafer-state devices, as well as discrete and 
packaged devices. Based on its predecessor, the HP  4062B. this en- 
hanced system will enable you to significantly improve IC yield and 
quality, and increase efficiency during new process development. 

Precise 2OfA. 4pV, and I f f  measurements to +200V and 1A are 
possible through the 4062C's low-noise, reliable switching matrix, 
which you can configure with up to 96 DUT pins. And specifications 
are guaranteed at all DUT pins. The heart of the HP  4062C. the high 
speed H P  4142B Modular DC Source/Monitor, provides fast 
throughput over a wide measurement range-without sacrificing res- 
olution-for wafer process monitoring and evaluation. Highly reli- 
able wafer measurement results can quickly be fed back to design and 
process engineers to improve your IC yield and quality. 

The HP 4062C's language system is the simple, yet powerful. H P  
BASIC. Parameter measurements, such as threshold voltage and cur- 
rent gain, can be performed with a simple two-line program thanks to 
the H P  4062C's measurement utility subprograms. In addition, HP  
Interactive Measurement and Analysis (IMA) makes the measure- 
ments interactively, using the H P  4062C. 

High Speed Measurements, Wide Measurement Range 
In production environments where measurement speed is prerequi- 

site, the HP  4062C comes through. The HP 4062C's DC measure- 
ment subsystem provides high speed device/process parameter 
extractions, while maintaining measurement resolutions down to 
20fA and 4pV. For example, by using the DC measurement subsys- 
tem's Analog Feedback Unit (AFU), such key device parameters as 
threshold voltage (Vth) and forward current gain (hFE) can be ob- 
tained in as little as 25ms: roughly 4 times faster than the H P  4062B. 

The HP 4062C's switching matrix subsystem enables reliable mea- 
surement results by virtually eliminating the effects of environmental 
noise, while minimizing leakage current and stray capacitance. Also, 
the HP  4062C's expanded measurement range of +20fA to +1A and 
a4pV to +200V is guaranteed to the tip of each switching matrix 
DUT pin. This exacting performance ensures precise, reliable semi- 
conductor parameter measurements through the switching matrix for 
each system instrument. 

Easy To Program 
The H P  4062C's Test Instruction Set (TIS) software makes pro- 

gramming easy. and the fast execution of TIS programs ensures high 
speed measurements. By using the furnished measurement library. 
you can quickly create and execute programs. For example, to per- 
form a Vth or hFE measurement requires only one or two program 
lines. 

Specifications 
Hardware 

Same as H P  4062UX 
Software 

Omratina SYS- H P  BASIC 5.1 or later 
programking language: H P  BASIC 
Programming utilities: 

TIS (test instruction set) 
PARA (parameter extraction) 
PPG (probing pattern generator) 
PCL (prober control library) 

Data processing: 
FCL (file creation library) 
XYGRAPH (XY graphics) 
Basic statistics and data manipulation 

HP Interactive Measurement and Analysis (IMA) Software 
System controller 
Supported controller: H P  9000 Series 300 Model 310, 320, 330, 
332. 350. 360 and 370 
Required main m e m m  2 Mbyte 
Required HP-HIL device H P  46084A ID module 
Required interface: in addition to internal HP-IB 110.2  extra HP- 
I R I/o's (98624A) are required. 

Ordering Information 
H P  4062C Semiconductor Parametric Test System 
(consists of H P  4142B modular DC source/monitor, 
48-pin matrix with 48 pins, H P  4280A 1 MHz 
C meter, system cabinet, system software, system 
library and system software installation.) 

0 ~ t 0 5 0 / ~  for 50160 Hz line frequency 
Opt 100/120/220/240 for 1001 120/220/240V Line 
voltage 
Opt 631 12 pin configuration of 48 pin matrix 
Opt 002 24 pin configuration of 48 pin matrix 
0bt 003 36 pin configuration of 48 pin matrix 
Opt 004 Add spare pin board of 48 pin matrix 
Opt 012 24 pin configuration of 96 pin matrix 
Opt 013 36 pin configuration of 96 pin matrix 
Opt 014 48 pin configuration of 96 pin matrix 
Opt 015 64 pin configuration of 96 pin matrix 
0bt 016 72 pin configuration of 96 pin matrix 
O D ~  017 84 pin confiauration of 96 pin matrix 
0bt 018 96 pin configuration of 96 pin matrix 
Opt 019 Add spare pin board of 96 pin matrix 
Opt 020 Replace H P  41420A with H P  41421B 
0bt 021 A& spare H P  41421B SMU 
( 100V/ 100mA) 
Opt 022 Add spare H P  41420A SMU (200VllA) 
Opt 023 Add spare H P  41424A Vs/Vm 
Opt 024 Delete one H P  41421 B SMU 
(I OOV/ 100mA) 
Opt 025 Delete one H P  41420A SMU (200V11A) 
Opt 026 Delete one H P  41424A Vs/Vm 
Opt 027 Delete one H P  41425A AFU 
Opt 102 Delete H P  4280A 
Opt 110 Delete Package Fixtures for 48 pin Matrix 
Opt 115 Delete Package Fixtures for 96 pin Matrix 
Opt 130 Delete System Rack 
Opt 310 Add H P  4274A 
Opt 31 1 *35V Internal DC Bias for H P  4274A 
Opt 312 *100V Internal DC Bias for HP  4274A 
Opt 320 Add HP 4284A 
Opt 321 *40V Internal DC Bias for H P  4284A 
Opt 405 H P  4062C's System Software Right-To- 
COPY 
Opt 450 Add H P  IMA Software Package 
Opt 451 Add H P  IMA Licence-To-Use 
Opt 503 Personality Board for Electroglas Probers 
Opt 910 Extra System Library 

Price 
5127.900 



SEMICONDUCTOR TEST EQUIPMENT 
Semiconductor Parametric Test System 

HP 40828 

Precise, high speed probed wafer measurements Easy to program with Probing Pattern Generator 
1pA resolution at all 48 pins Virtual front panel simplifies operation 

HP 40628 
(System controller, printer and tables a re  sold separately.) 

Description 
The H P 4062B Semiconductor Parametric Test System will help 

you improve IC yield and quality in production plus increase engi- 
neering efficiency. The system measures DC voltage/current and 1 
MHz capacitance/conductance of wafers with high resolution and 
speed. 

Precise IpA and I f f  measurements are performed using a low 
noise switching matrix with up to 48 DUT pins. All specifications are 
guaranteed on these DUT pins. High speed measurement units pro- 
vide fast throughput of high resolution measurements for wafer pro- 
cess monitoring and evaluation. Highly reliable measurements 
performed on wafers can be fed back to design and process engineers 
to improve your IC yield and quality. 

The HP 4062B is programmed with the simple and powerful HP  
BASIC. Parameter measurements such as threshold voltage or cur- 
rent gain can be made by a two line program using the H P  4062B's 
measurement utility subprograms. Prober control software is sup- 
plied to allow users to easily operate a wafer prober with the HP 
4062B. The system software features an extensive program library 
that includes statistical analysis, trend charts, and the Virtual Front 
Panel (VFP) for convenient manual measurement. The HP 40628 
will help you reduce software development time and increase engi- 
neering efficiency with easy programming. 

Software Library 
Virtual Front Panel (VFP) 
Test Instruction Set (TIS) 
Graphics Library 
Parameter Measurement Library 
Auto Prober Control Library 
Data Processing Library 
Diagnostic Program 

System Configuration 
DC Source/Monitor (HP 4141B) 
Switching Matrix (48-pin configuration) 
Switching Matrix Controller 
I MHz C Meter/C-V Plotter (HP 4280A) 
Rack Cabinet 

Specifications 

DC Source and Monitor Units 
High resolution source and monitor unit (SMU1): 1 unit 

Output/Measurement Range: Current, +lpA - *100mA, Basic 
Accuracy. 0.3%; Voltage, + l mV - +100V, Basic Accuracy, 0.1% 

Source and monitor units (SMU2-4): 3 units 
Output/Measurement Range: Current, a lOOpA - IOOmA, Basic 
Accuracy, 0.3%; Voltage, +I mV - +100V, Basic Accuracy, 0.1% 

Ground unit: 1 unit 
Output Voltage: OV; Accuracy, +2mV 

Voltage source (Vs): 2 units 
Output Range: I mV - +20V; Basic Accuracy, 0.5% 

Voltage monitor (Vm): 2 units 
Measurement Range: + 100rV - a20V, Basic Accuracy. 0.2% 

Capacitance-Conductance Measurements 
Test frequency: I MHz +0.01% 
OSC level: 30 mVrms +20% and 10 mVrms *20% 
Measurement range: (Maximum resolution to full scale) 

C: 0.001 pF - 1.2 mF; basic accuracy, 0.5% 
G: 0.0 1 pS - 12 mS; basic accuracy. 1.5% 

DC bias voltage for capacitance measuremenh: *100V 

General Specifications 
Opcrating temperature range: 10°C - 40°C. 670% RH at 40°C 
Power requirements: 100V. 12OV. 200V +lo%; 240V+5%-10%; 
48-66 Hz, 510 VA max. 
Dimensions: cabinet. 600 mm(W) x 1600 mm(H) x 800 mm(D); 
switching matrix, 406 mm(W) x 210 mm(H) x 380 mm(D) 
Weight: cabinet with instruments, approximately 200 kg; switching 
matrix. approximately 25.3 kg 

System Controller 
Required Controller: H P  9000 Series 200 Model 236A. 236C. 2368 
or 236CS. or Series 300 Model 310,330,350, 332, 360 or 370 
System Language: BASIC 5.1 or later for Series 200/300 

Ordering Information 
HP 4062B Semiconductor parametric test system 
(does not include controller) 

Opt 050/060 For 50/60Hz Line Frequency' 
Opt 100/120/220/240 For 100/120/220/240 
Line Voltage2 
Opt 001 12-pin Configuration (delete 36 pins) 
Opt 002 24-pin Configuration (delete 24 pins) 
Opt 003 36-pin Configuration (delete 12 pins) 
Opt 004 Additional Pin Board 
Opt 01 1 SMU Board 
Opt 030 For HP  9000 Series 300 Controller3 
Opt 036 For HP  9000 Model 236 A/S/C/CS 
Controller4 
Opt 310 Add HP 4274A 
Opt 31 1 *3SV Internal DC Bias for HP4274A 
Opt 312 *100V Internal DC Bias for HP4274A 
Opt 405 Right-to-copy 
Opt 102 Delete HP4280A 
Opt 110 Delete Test Fixtures for Packaged Devices 
Opt 401 SPN Data File Creation software +52.0 10 
Opt 503 Personality Board for EG 1034X. EG 2001X SO 

Switching Matrix Opt 920 Extra System Library +S350 
'Must select Opt 050 according to the power line frequency uwd. 

Number of pins (to OUT): 48 pins (standard) with options for 12. 24 'MUSI select opt 100.120.220 or 240 accordlna to the ~ower iina voltwe used. 
and 36 pins. 
Number of ports (to instrument): 9 ports 

'Must select Opt 503 if using an Electroglas ~r'ber. 
'Must select Opt 030 or 036 according to the system controlla uwd. 



SEMICONDUCTOR TEST EQUIPMENT 
524 Semiconductor/Component Test System n 
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HP 4061A 
System controller and  table a r e  sold separately 

Description 
The H P 406 1 A Semiconductor/Component Test System is a dedi- 

cated system for making efficient, automatic evaluation of the funda- 
mental characteristics of semiconductor and electronic components 
required in R & D and production areas. This system employs relia- 
ble, accurate measurements and high speed data processing to per- 
form more reliable evaluations with speed and less manpower. The 
H P  4061A is supplied with 7 sophisticated applications programs and 
is flexible in both software and hardware. Thus, the system can output 
measurement results in nearly any required data format. 

The switching subsystem, designed especially for use with the HP  
4061A, allows both impedance and current measurement without 
changing DUT connection. Using this new switching subsystem, and 
by making impedance measurements, the HP  4061A performs evalu- 
ation of Doping profile, Oxide capacitance. Flat band condition, 
Threshold voltage, Surface charge, and Minority carrier life 
time/surface generation velocity.   he HP 4061A also measures leak- 
age current and reverse/forward current-voltage characteristics. Sur- 
fice state density eval"ation, using both high7e.g. 1 MHz) and low 
frequency (Quasi-static) C-V measurements and data processing are 
also possible by making modifications to system software. 

The system offers significant improvement in both yield and quality 
in production through fast and reliable measurements and evalua- 
tions. It is also a valuable evaluation tool for the development of new 
materials and devices. The HP 406 1A provides the flexibility to meet 
the future measurement requirements of the electronics industry. 

System Configuration 
pA Meter/DC Voltage Source (4140B) 
Multi-frequency LCR Meter (4275A) 
Switching Subsystem 
Rack Cabinet (29402C) 

Furnished Application Software 
Semiconductor high/low frequency C-V characteristics, I-V char- 

acteristics, C-t characteristics and Zerbst analysis, Impedance Fre- 
quency/Bias characteristics, Ideal C-V curve. 

Spccitication 
For detailed specifications on each of the instruments used in the 

H P  4061 A, refer to the individual data sheets. 

Switching Subsystem 
The switching subsystem consists of a switch control module and 

switching module with interconnecting cables. 
Function: Switches connection from DUT to either Multi-frequency 

LCR Meter or the pA Meter/DC Voltage source. 

System Measurement Range (only deviations from individual 
instrument specifications are listed.) 
Impedance Measurements (HP 4275A) 

Frequency range: _< I MHz 
Measurement parameters: C-G 
Capacitance: 52000 pF (with D10.1) 

'Accuracy: (accuracy of HP  4275A) X 1.5 + AC (at 23°C a 
S°C). 
AC = 1.4 X 1 0 - 3 C ~ f  (pF) + 5 counts 

Conductam _< 12mS (D 50.1 ) 
'Accuracy: (accuracy of 4275A) X 1.5 + AG (at 23°C + 5°C) 

AG = 6 X 10-3C~f(S)  + 5 counts 
f: frequency in MHz 
Cx: Measured capacitance value in pF 

At 5°C to 40°C. AC and AG doubles. Example: Assuming Cx = 
1000 pF and f = 1 MHz. C = (1.4 X lo-'. 103.(1)2)pF + 5 
counts= 1.4 pF + 5 counts 

Current Menurements (HP 41408) 
Accuracy: (accuracy of HP  4140BI X 1.5 + 5 counts 
After onk-hour warmup and at DUT terminal of switching module 

Impedance Measuring Section (HP 4275A) 
See the H P  4275A's page 3 12. 

Current Measurement Section (HP 41408) 
See the HP  4140B's page 532. 

General Information 
Operating temperature: 5°C to 40°C. 570%RH at 40°C 
Power: 100, 120,220, and 240V, +5% - lo%, 48 to 66 Hz, 520 VA 
Size: 535mm W x 1635 mm H x 770 mm D 
Weight: Approximately 125 kg. 

System Controller 
HP 9000 Series 200 Model 226A, 226S, 236A or 2368, or Series 

300 Model 310 or 330 

Ordering Information Price 
HP 4061A Semiconductor/Compancnt Test Sys- $48,900 
tem (does not include controller) 
Opt. 001: a100 V dc Bias for HP 4275A 
Opt. 002: 1-3-5 Frequency Steps for HP 4275A 

N/C 

Opt. 026': For HP 9000 Model 226 A/S controller 
N/C 

Opt. 031.: For HP 9000 Model 310 or 330 controller 
N/C 

Opt. 036.: For HP 9000 Model 236 A/S controller 
N/C 

* ~ u s t  o r d e r  Mher OPT. 026.031 w 036. 
N/C 



SEMICONDUCTOR TEST EQUIPMENT 
Swltchlng Matrlx 

HP 40851111 

48 pins with 1pA resolution Easy programmable switching 

8- --- - - 
Switching Matrix Controller 

L 

Switching Matrlx 

HP 4085M Description 
Combining the HP 4085M switching matrix with the H P  4145B 

Semiconductor Parameter Analyzer produces a 1 PA, 1 mV switching 
system capable of 48-pin high resolution semiconductor testing. 

A design which minimizes both noise and leakage current means 
exceptional built-in dc measurement capabilities and the realization 
of 1 pA resolution measurements at  any one of the 48 pins. 

The software included with the system makes it possible to freely 
switch any one of the eight instrument ports to any one of the test pins 
from the system controller. A number of fixtures are available for 
wafer and various packaged device measurements. The HP 4085M 
retains the HP  4145B's full measurement capabilities to obtain highly 
reliable wide range dc parameter measurements. 

System Configuration Example 

HP 9000 M(1de1 510 
Sv5trm Controller 

r - - - -HP4085M - - - - - -1 
I 

t ip-  IR' Switching Matrix Controller 

V I  {) control 

HP 41458  
S~mirondurtor 

Parameter Analyzer 

Switch~ng Matrix 
1 \ 111 l 't~rt I 
l \ rn Port 2 
1 \ 5 I'ort 1 
I I', Port 2 

'HY IR Wot ju*t IFtF 488. bur 1 2 3 4 5  46 47 $8 
the hardudrr, docom~ntnt!on. 
and >uppurt that drln\t,r> the DUT P~ns 
\hc>rtr\t path to a mrnwrrernrnt 
svstem 

Specifications 
Switching Matrix 
DUT Pins: From 12 to 48 pins can be installed. 
Instrument Ports:. Eight instrument ports are included. 

Low Leakage SMU Port: 1 ea. (Port 1) 
SMU Ports : 3 ea. (Port 2 - 4) 
Vs Ports : 2 ea. (Vs Port 1 and 2) 
Vm Ports : 2 ea. (Vm Port I and 2) 

'SMLJ: Stimulus Measurement Unit 
Vs : Voltage Source 
Vm : Voltage Monitor 

Maximum Voltage between Instrument Ports: +220 Vdc 
Maximum Current at each DUT Pin: +500 mA dc 

General Specifications 
Operating temperature: 10°C to 40 "C; 570% RH at 40°C 
Air cleanliness: class 100,000 or higher clean room required. 
Power requirements: 100, 120,220V + 1O0h; 240V+5O/o- 10%; 48 to 
66 H7, 120VA max 
Size: Switching Matrix, 406W X 210H X 380D mm; Switching Ma- 
trix Controller, 426W X 134H X 432D mm 
Weigh(: Switching Matrix, approximately 25.3kg; Switching Matrix 
Controller, approximately 8kg 

System Controller 
Required Controller: HP 9000 Series 200 Model 216S, 236A or 
236s. or Series 300 Model 310, 330, 332, 350, 360 or 370 
System Language: Basic 2.0 or later version 
Memory Size: 2 220k byte 

Ordering Information 
HP 4085U switching matrix (does not include control- 
ler) 

Opt 001 12-pin system 
Opt 002 24-pin system 
Opt 003 36-pin system 
Opt 004 Add one pin 
Opt 016, For HP  9000 Model 216A/S controller 
Opt 030, For HP  9000 Model 310 controller 
Opt 036, For HP  9000 Model 236 A/S controller 

* Must select Opt. 016,030 or 036 according to the sys- 
tem controller used. 

Price 
$53,700 

-522,800 
-5 15.200 
-57,600 

+5640 
$0 
$0 
$0 



SEMICONDUCTOR TEST EQUIPMENT 
Semiconductor Parameter Analyzer 
HP 41458 

Fully automatic, high-speed dc characterization of Flexible graphic analysis functions for quick parameter 
semiconductor devices. extraction. 
High resolution, wide range sourcing and measure- Built-in micro flexible disc drive for storage of 240 user 
ment. programs or 105 measurement results. 
I: 50fA - 100mA, V: 1mV - lOOV 
Maximum 1140 measurement and display points for 
precise measurement and analysis. 

- 

ro sro urrr. rtur -Lpr r  

HP 41458 Semiconductor Passmeter Analyzer 
Designed for production line and laboratory use, the HP 4145B is 

the electronics industry's first stand-alone instrument capable of com- 
plete dc characterization of semiconductor devices and materials. It 
stimulates voltage and current sensitive devices, measures the result- 
ing current and voltage responses, and displays the results in a user- 
selectable format (graph, list, matrix or schmoo) on a built-in CRT 
display. An on-board programmable calculator provides real-time 
calculation of voltage/current dependent parameters, such as the cur- 
rent gain ( ~ F E )  and transconductance(g,) of transistors, which also 
can be displayed on the CRT. A number of powerful graphic analysis 
tools-marker, cursor, line function, interpolation-enhance the HP  
4145B's basic capabilities and provide fast, accurate analysis of semi- 
conductor devices, leading to increased production yields and im- 
proved device quality. 

Four built-in source monitor units (SMUs) are the heart of the HP  
4145B. Each SMU can be independently programmed to function as 
either a voltage source/current monitor or a current source/ voltage 
monitor. Thus, a bipolar transistor, for example, can be completely 
characterized in common-base, common-emitter, and common-col- 
lector configurations without changing connections-only changing 
the SMUs' operating modes is required. The HP 4145B is also 
equipped with two voltage sources and two voltage monitors for mea- 
surements on devices having more than four terminals, such as ICs. 

The HP 4145B can be controlled from the front panel via the 
HP-IB (standard), or by measurement setups stored on diskettes. 

Displayed information-measurement setups, auto-sequence pro- 
grams, measurement r e su l t s4an  be dumped directly onto an exter- 
nal graphics plotter to obtain publication quality hard copies. Addi- 
tionally, the built-in 3%" flexible-disk drive enables you to store 
measurement setups and measured data, which can be accessed by 
another compatible H P  disc drive for further processing. 

Auto Sequence Programs 
Measurement programs stored on a HP 4145B micro flexible disc 

can be linked by an auto sequence program, making it possible to 
perform a series of measurements with just one keystroke. 

Four User-Selectable Display Fonnats to Suit the 
Evaluation 

Measurement results can be displayed in one of four display for- 
mats: GRAPHICS, LIST, MATRIX or SCHMOO. After measure- 
ment has been made and the results displayed, the softkeys can be 
used to access various analysis functions for complete device evalua- 
tion. These functions include MARKER for numeric readout of mea- 
sured value at  any point along a plotted curve. CURSOR for numeric 
readout of value at  any graphic point and for line positioning, 
STORE /RECALL for overlay comparisons, AUTO SCALE for op- 
timum graphic scaling, and LINE FUNCTION for direct readout of 
line gradient and X-Y axes intercept values. 



Specifications 

Measurement 
Source/Monitor unit (SMU): four SMUs are built into the HP  
4 1458. Each SMU can be programmed to source voltage and monitor 
current, or conversely to source current and monitor voltage. Each 
SMU can also be programmed to COM mode. This sets voltage at  0 
volts and current compliance at  105 mA. 
Output/measurement resolution: voltage, 4% digits; current. 4 dig- 
its 
Voltage measurement input resistance/cumnt source output 
resistance: 2 1 0I2R 
Maximum catmcitive lo& 1000 DF 
SMU ~ o l t a g e ~ a n ~ e ,  Resolutionand Accuracy 
I Voltae Rtnne I Redutlon 1 Accuncr'" I M a ~ C u m n t  I 

+40V 1 2mV I t(0.1%+20mVt0.4~10) I MmA 

i100V 5mV I +(O.I%t50mVtO 4x10) I 20mA 

'lo Is SMU wtput w m n t  in amps. 

SMU C u m t  Rancle. Resolution and Accuracv - .  
C u m t  Rmga 1 Rarolutkn 1 Accuruy" I h v d t l l r  

1 20V(>MmA) 

'V k SMU output vdtaga In volts. "Pd fA rmlution in current monitor made. 

1. A m n e y  8podfkatlans am Qlven ss =%of reading or netting dw a% at mge. 
2. Accuracv tolerances are s ~ c m e d  at 25'C + S T .  after a 40 minute warm-up time, with AUTO 

CAL on.and specified at the rear p a d  connector terminals referencad to SMU common. Tol- 
erances are doubled for the extended temperature range of 10°C to 40°C. 

SMU Voltage/Curnnt Compliance 
Maximum voltage compliance: 20 V. 40 V, or 100 V. depending on 
the output current range. 
Maximum current compliance: 20 mA, 50 mA, or 100 mA, depend- 
ing on the output voltage range. 
Compliance setting resolution: same as current and voltage out- 
put/measurement resolution. Maximum current compliance resolu- 
tion, however, is 50 PA. 
Compliance accuracy: voltage compliance accuracy is the same as 
voltage output/measurement accuracy. Current compliance accura- 
cy is current output/measurement accuracy (1% of range + 10 
PA). 

Voltage/Current Sweep Characteristics 
Output from up to three SMUs or voltage sources can be swept in one 
of three modes: VARI, VAR2, or VARI'. 
VAR1: linear or logarithmic staircase sweep 
VARP: linear staircase sweep. Output from the VAR2 source is incre- 
mented after completion of each VARl sweep. 
VAR1': output from the VARI' source is synchronized with VARI 
but at  levels proportional to a user-selectable ratio or offset relative to 
VARI. 

Ratio: +0.01 to *I0 
Offset: any value that will not cause VARI' to exceed maximum 
allowable output. 
Hold time: 0 to 650 seconds. *(0.5% + 9 ms) with 10 ms resolution 
Delay time: 0 to 6.5 seconds, +(0.1% + 5 ms) with 1 ms resolution 
No. of Measurement Steps: 1024 for a single VAR 1 sweep, 1 140 
for a multiple sweep 

Voltage Sources (Vs) Characteristics 
Number of sources: two 
Output resistance: 50.2 Q 
Maximum capacitive l e  1000 pF 

Voltage Output Range, Resolution and Accuracy 
Output Vol@e 

Ranee 

Voltage Monitors (Vm) Characteristics 
Number of monitors: two 
Input resistance: 1 MQ + 1% shunted by 100 pF * 10% 
Voltage Measurement Range, Resolution and Accuracy 

Characteristics Common to SMUs, Voltage Sources & 
Voltage Monitors 
Maximum allowable terminal volt- 100 V peak across SMU and 
Vm input terminals, or SMU and VS output terminals, or between 
those terminals and guard; and 42 V maximum from Common to 
Ground. 

I Menurement 
Voltrne Ranee 

I * 2 V  
t 20  V 

Display 
CRT size and screen resolution: 152.4 mm (6 inch) diagonal; 2048 x 
2048 mints. 

Raolutlon 

 isp play mod= Graphics, Schmoo, List. Matrix, and Time Domain 
External CRT analoa outwt: X. Y and Z o u t ~ u t s  of 0 to 1 Vdc into 

I Redutkn 

100 pV 
1 mV 

330 R (X and Y)  and-240 'R (z).' 

AmnCr 

Accuruy 

+(0.5% of reading + 10 mV) 
+(0.2% of reading + 10 mV) 

Analysis 
Calculation: two user functions can be input and keyboard calcula- 
tions can be done using the following 11 operators: +, -, *, 1, < 
EXP, LOG. LN, ** (power), ABS (absolute) and A (differential). 
Constants Available on the Keyboard 

q: Electron charge (1.6021 89 x lo-'? coulomb) 
k: Boltzmann's Constant (1.380662 X J IoK)  
e: Dielectric constant of vacuum (8.854185 X 10-l2 F/m) 

Analysis functions: overlay comparison with STOREIRECALL, 
Marker, Interpolate. Cursor, Auto scale. Zoom function (c+. +c, 
T l , l T .  Line and Move Window. 

M u  outpn 
c m t  

General Specifications 
Operating temperature range: +lO°C to +40°C; 570% RH a t  
40°C, permissible temperature change < l0C/5  min. 
Power requirements: 1001 1201220 V 10%. 240 V - 10% + 5%; 
48 to 66 Hz; 270 VA max. 
Dimensions: 426 mm W x 235 mm H x 612 mm D (16.75" x 9.06" x 
24.1 "). 
Weight: 27 kg (59 Ib) approximately. 

Reference Data 
SMU measurement time: measurement time = response time + 
ranging time + integration time. 
SMU R;swnse time 

Ranging time: varies from 4 ms to 74 ms 
Integration time: SHORT. MED and LONG 

Current Range 
7 

100 nA to 100 mA 
1 nA and I 0  nA 

Accessories Furnished 
H P  16058A Test Fixture 
H P  04145-61501 System Disc 
H P  04145-60001 Connector Plate 
H P  04145-61622 Triaxial Cable (3m), 4 ea. 
HP 04145-61630 BNC Cable (3m), 4 ea. 
H P  04145-61623 Shorting Connector 

~ p / ~ l y  nm 

2.7 ms 

M Hz 

€4 Hz 

Ordering Information 
H P  4145B Semiconductor Parameter Analyzer 

Opt 050/060 50Hz/60Hz Line Frequency 

SMU wcw llm 
0.2 ms 
47.5 ms 

Price 
527,500 

SO 

SHORT 

3.6 ms 

ME0 
20 ms 

167 ms 

LONG 

320 ms 
267 ms 



R SEMICONDUCTOR TEST EQUIPMENT 
Modular DC Source/Monitor 

a Flexible, modular architecuture High speed measurement (typical) 
a Wide measurement range with high resolution Sourcing or monitoring: 4ms 

V: *4pV - +200V, 0.05% Vth, hFE extracting: 12ms 
I: *20fA - 10A, 0.2% a Internal memory 

a Pulse measurement capabilities Program memory: >500 commands (typical) 
Pulse width lms - 50ms, 1 0 0 ~ s  resolution Data memory: 4004 measurement points 

HP 41428 Modular dc Source/Monitor 
Offering a wide measurement range and excellent sensitivity, the 

HP  4142B modular dc source/monitor is a system-use dc measure- 
ment instrument especially designed for high throughput dc semicon- 
ductor testers. A completely user-definable system component, the 
H P  4142B's modular architecture allows you to build a 
custom-configuration to suit your measurement needs. 

Eight plug-in module slots can accommodate any combination of 
the five presentry available modules, and as new modules become 
available, you can upgrade your measurement capabilities with ease. 
Choose from two types of Source/Monitor Units (SMUs) to force or 
measure up to *200V and *lA; a High Current Source/Monitor 
Unit (HCU); a Voltage Source/Voltage Monitor Unit (VS/VMU); 
and an Analog Feedback Unit (AFU). Also, the HP  4142B's instru- 
ment command and measurement data strage capabilities, coupled 
with the high speed HP-IB interface, minimize computer loading, en- 
hance throughput, and simplify systemization. 
Versatile SMUs and Reliable Measurement 

For general-purpose dc or pulsed measurement, use the H P  
414218 Source Monitor Unit. The equivalent of four instruments, 
this precision module forces voltage up to + 100V and simultaneously 
measures currents down to 20fA. It can also force currents up to 

100mA while measuring voltage down to 40pV. 
If you test high power components or desire an extra wide measure- 

ment range, apply the HP 41420A Source Monitor Unit. This versa- 
tile SMU can source +200V or + I ampere (l4W. DC or pulsed) and 
still maintain an incredible measurement resolution of 40pV and 
20fA. Both SMUs include a compliance feature which limits output 
voltage, current, or power to prevent damage to your device. Each 
SMU ( H P  41420A or H P  41421B) acts as either a voltage 

Test Power Devices to 10 Amperes 
The HP 41422A High Current source/monitor Unit (HCU) is a 10 

ampere plug-in module which extends the pulsed test capability of the 
HP  41428 family products. The HCU greatly expands the 
H P  4142B's ability to test power devices such as GaAs FETs, power 
MOSFETs, smart ICs and so on. 

Fast pulse testingat high currents increases test reliability by mini- 
mizing the effects of thermal drift. The HCU's fast 1 0 0 ~  pulse width 
is ten times narrower than previous HP  41428 modules. 
High Speed Parameter Extraction by Analog Feedback 
Technique 

To find important parameters that are specified at  a given voltage 
or current, such as Vt or hFE, connect the HP  41425A Analog Feed- 
back Unit to two SMUs. The AFU modulates the output voltage of 
one SMU while monitoring the current or voltage of the second 
SMU. Target currents and voltage are found with blazing speed 
(1 2ms). This unique analog feedback network rapidly measures Vt, 
hFE, AL, or AW; parameters which would require excessive test times 
on other parametric testers. 

You can also use AFUs for biasing and testing microwave devices. 
It can be integrated into the Network Analyzer System. 

By using AFUs, you can eliminate the effect of devise thermal drift 
and can hold initial setting bias for AC measurement time. 

Pulsed Measurements 
The HP 41 42B performs pulsed spot measurement, pulsed sweeps, 

or even sweeps with a pulsed bias, over its entire measurement range. 
Now you can safely evaluate GaAs FETs, power MOSFETs, and bi- 
polar transistors under high power conditions. 

The pulsed measurements will not damage your devices or test fix- 
tures, and more importantly, it will reduce thermal drift. 

source/current monitor or current source/voltage monitor. These 
complimentary operating modes let you change the stimulus on a de- 
vice without modifying the physical connections. This versatility 
reduces test time and eliminates instabilities caused by changing con- 
nections at  the DUT. 



Specifications 

4 1 4 2 8  Modular DC Source/Monitor 
Ground Unit (GNDU) 
Use as measurement ground. 
OV, Kelvin connection 

Offset voltage: +500pV max 
Current range: + 1.6 amperes 
Maximum cable resistance: 

FORCE terminal: 5 IR* 
SENSE terminal: 5 1 OR* 

Maximum capacitive load: IOpF max* 
Spot measurements 
Source and monitor DC current or voltage. 
Swept measurements 

One channel (HP 41420A SMU. HP 41421B SMU, HP 41422A 
HCU, or HP 41424A VS/VMU) can sweep current or voltage 
while up to 8 channels measure current or voltage. 
A second sweep channel can be slaved to the first sweep channel 
(dual synchronous sweep). 

Sweep modes: Linear or logarithmic. 
Single or double staircase. 

Sweep parameters: Start, stop, number of steps, or steps per dec- 
ade. 
Maximum number of steps: 1000 
Hold time: 0 to 655.35 sec. 10 msec resolution 
Delay time: 0 to 65.535 sec, I msec resolution 
Setting accuracy: 0.5% + 1 msec* 

Measurement Unit 
HP 41428 Modules 
I  ode^ I Slots I ~coitam I CUM I h m m n t  loutwl m e c u m  I 

Number R- ~drn v i 
HP 4I42OA SMU' t100pV lo  i200V t W A  to * I  amp 40uV 2MA 14W 005% 0 2 0  

HP 414210 SMU' alOOpVto tlOOV * W A l o  i 100mA 40rV2WA 2W 0 0 5 8  0 2 6  

HP 41422A *2OOpVto t lOV  a500p4to *lOA 40pV20rA 12W 0 5 0  0 5 0  

HP 41424A VSNMU il mV to a40V i2OmA t l W m A  4pv2 2 0 d  2W 0 0 5 8  3 8  

HP 414254 AFU Searches for a swcllled current or voltab on one SMU bv controll~na the 

I I voltage output of another SMU 

'Provides Kelvln connections (remote sensing) 
'D~llerenttal measurement mode (40 pV resolution In normal mode) 

SMU Range, Resolution and Accuracy (at 18°C-28°C) 

'VO IS the SMU output witage, In wits 

Pulsed measurements (SMU) 
Force and measure pulsed current or voltage. 

Ranges: 2V range: IOnA to 1A range 
20V to 2OOV range: IOOfiA to 1 A range 

V pulse: 2V range: 1 compliance 2 2nA 
2OV to 200V range: 1 compliance 2 2OpA 

I pulse: 1 OnA to I OpA range: V compliance 5 2V 
IOOpA to 1 A range: V compliance 5 200V 

Pulse width: 1-50 msec, 100jsec resolution 
Pulse period: 10-500 msec, I OOpsec resolution 
Setting accuracy: 0.5% + IOOfisec* 

Pulsed sweeps 
Sweep and measure pulsed current or voltage. 
Sweep DC current or voltage while pulsing current or voltage. 
Use Pulse and Sweep specification. 

Memory 
Program memory: Stores approximately 500. 

HP-IB commands which can be grouped into 
99 subroutines. 

Data memory: 4004 measurement points (binary). 
1001 points (ASCII format). 

General Specifications 
Auto calibration 

Automatically calibrates the offset errors in each measurement 
unit everv 30 minutes.* 
~nvironmental information 

Operating temperature: 5°C to 40°C 
~llowable temperature Drift +3OC* 
Operating humidity: 5% to 80% RH 
Storage temperature: -40°C to 65°C 
Storage humidity (at 6S°C): 590% RH 
Operating inclination: *20° from horizontal 

Power requirements 
l00/ 1 2 0 / 2 7 0 \ '  r 10%. 240V-10%+5%. 48 to 66Hz, 750 VA max 

Dimensions 
426 mm W x 235 mm H x 676 mm D 

Weight 
HP 41428: Approximately 23kg 
HP 41420A: Approximately 4kg 
HP 41422A: Approximately 3kg 
HP 41421Bl41424Al41425A: Approximately 2kg 

Recommended computer 
H P 9000 Series 200 or 300 computer. 
BASIC Operating System (Version 3.0 or later). 

Software 
Parameter measurement library: Current gain. Breakdown volt- 
age ( 2 ) .  Drain current. Threshold voltage (3). and Resistance. 
Test instruction set: Initialize, Force, Measure, Pulse, Graphics, 
and Data strage. 
* Hejerence data on!y. 

Ordering Information 
H P  4142B Modular dc source/monitor 

Opt 001 System Cable for Use with 16058A 
Opt 002 Accessory Kit for System Use GDU/ 
Interlock Cables. Conn. Plate 
Opt 400 Install 41420A (needs 2 slots) 
Opt 401 Triaxial Cable for 41420A 
Opt 402 Quadraxial Cable for 4 1420A 
Opt 410 lnstall 41 421 B (needs 1 slot) 
Opt 411 Triaxial Cable for 41421B 
Opt 412 Quadraxial Cable for 41421B 
Opt 420 lnstall 41422A (needs 2 slots) 
Opt 422 Dual Coax Cable 
Opt 440 lnstall 41424A (needs 1 slot) 
Opt 442 Vs/Vm Cables (coaxial) 
Opt 450 lnstall 41425A (needs I slot) 

H P  41420A Source/Monitor Unit 
Opt 402 Quadraxial Cable 

H P  41421B Source/Monitor Unit 
Opt 412 Quadraxial Cable 

HP 41422A High Current SourceJMonitor Unit 
Opt 422 Dual Coax Cable 

HP 41424A Voltage Source/Voltage Monitor Unit 
Opt 442 Vs/Vm Cables (coaxial) 

HP 41425A Analog Feedback Unit 
H P  16058A Test Fixture 

Opt 001 System Cable for 4142B 
H P  16088A Test Fixture 

Price 
$11,510 

+$226 

+5361 
+54,510 

+$I75 
+$600 

+$3,725 
+$I75 
+$600 

+$5,000 
+$550 

+$3,390 
+$340 

+51,810 
1643 10 
+$600 
$3,725 
+$600 
$5,000 
+$550 
33,390 
+$340 
$1.810 
$2,820 

+$60 
53.400 



SEMICONDUCTOR TEST EQUIPMENT 
Softpanel Interactive Measurement and Analysis Software 
HP 16276A 

a Full feature parameter analyzer 
a Menu-driven softpanels 

a Powerful graphics analysis for quick parameter 
retrieval 

a Automatic measurement and analysis with HP BASIC 
subprogram library 

HP lnteractive Measurement and 
Analysis Software 

H P Interactive Measurement and Analysis (IMA) Software makes 
semiconductor measurements interactively. using the HP  41429 DC 
Source/Monitor. The IMA software turns the HP  41429 into a fully 
automatic semiconductor dc parameter analyzer by providing an in- 
teractive softpanel user interface. 

Now you can use the HP  4142B like the H P  4145B Semiconductor 
Parameter Analyzer, with the addition of the higher speed, wider dy- 
namic measurement range, and more flexible module configuration of 
the HP  4142B. and with the enhanced capabilities of IMA software. 
Easy to Use Softpanels 

The IMA software provides easy-to-use softpanels. You use the 
mouse to reduce the measurement setup to a simple fill-in-the-blank 
operation. The mouse is also used to control the graphics analysis rou- 
tines, the output formats, and the file management of the IMA. 
Automatic Measurement and Analysis 

You can perform most of the semiconductor analysis functions us- 
ing the HP IMA softpanels. For automation or customization of mea- 
surement and analysis, use the unique Analysis Instruction Set 
(AIS). The AIS is the subprogram library of HP  BASIC and an in- 
terface with the H P  BASIC program, while the softpanel is the inter- 
active user interface. 

Setting up softpanels, triggering measurements, analyzing graph- 
ics, extracting data from and sending data to the graphics page, and 
managing files are made easy using the HP  BASIC programming fea- 
tureof the IMA software. By using the IMA softpanels, you can mon- 
itor and analyze program execution and manually reset parameters. 
HP 41458 Compatibility 

Data file upward compatibility is maintained with the HP  4145B 
for graphics and list data. 

Specifications 
Products supported by HP IMA 
HP 4 1429 Modular DC SourceJMonitor Unit 
HP  41420A 200V/ 1A Source Monitor Unit (SMU) 
HP 41421 B 100VJ100mA Source Monitor Unit (SMU) 
HP 41424A Voltage SourceJVoltage Monitor Unit 
Measurement characteristics 

Voltaae/curnnt swnD ~arameten - . . 
Varl: main sweep, single or double sweep; selectable linear or log- 
arithmic 
Var2: subordinate linear staircase sweep 
Varl': staircase sweep synchronized with the Varl sweep 
Time domain sweep: selectable time domain when Varl is not 
set 

Pulse: every source unit can be set as a pulse source 
Constant: every source unit can be set as a constant voltage or cur- 
rent source 
Measurement mod= single, append, repeat, or manual 
Integration Time: short, medium, or long 
Display modes: graphics or list 

Analysis capabilities 
User functions: up to four user functions can be defined 
User display functions: up to two functions can be defined as 
numeric expressions with the marker, cursor, or line analysis data; 
results are displayed real time 
Marker function: interpolation, marker + minJmax, or direct 
marker 
Cursor functions: Cursor + marker, regression llne, tangent 
line, line, fix line, or erase line 
Scaling functions: auto scale, move, zoom, init scale, change scale, 
revise scale, or reset display 
Buffer function: four buffers are available: store, recall, recall off. 
or exchange 
Display functions: title, gridltick, part display, full display, or auto 
retrleve function 

System requirements 
H P  9000 series 300 workstations: Model 310/320/330/  
332/340/350/360/370. 
Minimum of 3 Mbyte memory 
Graphics boards: HP  98542AJ98543A (for 12 inch monitors), H P  
98544AJ98547AJ98548AJ98549AJ98550A 
Language system: HP  BASIC 5.13 or later 
Security module: HP  46084A 
Ordering Intormation Price 
HP 16276L License to use H P  16276A $3,750 
H P  16276A HP IMA software media and manuals $650 

Opt 005 5'/2 inch disks $0 
Opt 006 3'/2 inch single-sided disks $0 
Opt 007 3'/2 double-sided disks $0 
Opt 910 Extra set of manuals +$I07 



SEMICONDUCTOR TEST EQUIPMENT 
DC Source/Monltor 

HP 41418 
High speed measurements down to the pA range High accuracy and resolution 
High reliability at low cost V: +lOOpV - *lOOV, 0.1% 

I: 4 0 f A  - +100mA. 0.3% 

Description 
The H P 4 141 B dc source/monitor is designed for use as a system 

component in user-designed semiconductor I-V or dc parametric test 
systems. With its wide dc measurement range, high-resolution, high- 
speed measurement capabilities, remote sensing, and high accuracy, 
the HP  4141B contributes to quality improvement and increased 
measurement throughput in the lab or on the production line. 

High Speed Measurements with High Resolution 
Four source/monitor units (SMCl's) coupled with two voltage- 

source units (Vs's), two voltage monitor units (Vm's), and one ground 
unit (GNDU) make the HP  4141B equivalent to twenty one instru- 
ments. A stand-alone instrument capable of measuring dc parame- 
ters, the HP  4141B features high resolution measurements 
(50fA/lOOrV) and a built-in timing controller. Typical time for a 
current or voltage measurement, which includes data transfer, is ap- 
proximately 25ms. A swept measurement (51 points) takes approxi- 
mately 490ms. High accuracy and high speed measurements, 
especially in the low current range, are exclusive features of the HP 
4141B. 

High Reliability 
The HP 4141 B's high reliability significantly simplifies mainte- 

nance and reduces maintenance costs. To reduce s stem down time, 
the HP  41418 is designed for on-site service. ~errormance verifica- 
tion and diagnostic software for troubleshooting is also available. 

Specifications 
Measurement Unit 

Source and monitor units (SMU): 4 channels (Kelvin connection) 
Each S M U  can be programmed to source voltage and monitor cur- 
rent. or conversely to source current and monitor voltage. 

SMU Range, Resolution and Accuracy 

'Vwt is the SMU output voltage. In vons. 
"Max. Measurement Resolution Is SMA. 

+lOOV 

Current Range 

+lWmA 

1. Accuracy specifications are given as % of reading when measuring 
or % of setting when reading. 

2. Accuracy tolerances are specified at  23'C d ° C ,  after a 40-min- 
Ute warm-up, with AUTO CAL on, and are specified at  the rear 
panel connector terminals referenced to SMU common. Toler- 
ances double for the extended temperature range of 10°C to 40°C. 

Outputlmeasunment resolution: Voltage - 4112 digits 
Current - 4 digits 

Voltage source units (VS): 2 channels 

Voltage range 

+20V 

+40V 

Resolut~on 

I mV 

2mV 

Accuracy 

0.1% t 0.05% 

5mV 

Resolution 

1 WrA 

- - 

Voltage monitor units(Vm): 2 channels 

Voltage range, resolution, and accuracy 

Max. Current 

lWmA 

50mA 
7 

Voltage range, resolution and accuracy 
1 Measurement Resolut~on Accuracv I 

Output voltage 
range 

r20V 

Accuracy 

0.3%+(0.1 + 0.2 x 

Vout*11~)% 

20mA 

Max. Voltage 

20V (I > 50mA) 

40V (20mA c I I 50mA) 

Ground Unit: 1 channel (kelvin connection) 
Current range: +500mA 

Resolut~on 

1 mV 

voltage range 

General Specifications 
Operating Temperature Range: +lO°C to +40°C, 570%RH at 
40°C. Permissible temperature change I 1  OC/Smin. Maximum wet- 
bulb temperature is 29°C. 
Power requirements: 1001 120/220Va10%, 240V-10%+5%, 48 to 
6hHz. 240/VA max. 
Dimensions: Approximately 426mm (16.77in)W x 235mm 

(9.25in)H x 612mm (24.lin)D 
Weight: Approximately 19kg (41.5 Ibs) 

*2V 

Accessories Furnished 
HP 04085-61851 Interconnect Cable Assembly 
HP 04141-60001 Connector Plate 
HP 04145-61830 BNC Cable (3m) 4ea. 

Accuracy 

0.5% of settlng 
tlOmV 

1WuV I 0.5% of reading t lOmV 

Accessories Available 
HP 16058A Test Fixture 
HP 18059A Adapter (Using with 16058A) 

Max. Current 

lOmA 

Price 
$2,820 

$660 

Ordering Information Price 
HP 4141R (dc source/monitor) $23,100 

Opt 01 l Extra SMU Board +$1,450 
Opt 050/060 *50Hz/60Hz Line Frequency $0 

'Musl select Opt. 050 or 060 according to the powsr lim, frequency u d .  



SEMICONDUCTOR TEST EQUIPMENT 
pA Meter/DC Voltage Source 
HP 41408 

3 basic semiconductor measurements: 
I, I-V and quasi-static C-V 
Two programmable voltage sources 

Basic accuracy: 0.5% 
High resolution: 0.001 x 10-l2 A 
HP-IB standard 

L lN l  

orr n , m 

r 
i 

r0 

I INPUT 

HP 41408 pA Meter/dc Voltage Source 
The HP 4140B pA meterldc voltage source is another in Hewlett- 

Packard's new generation of component measurement instrumenta- 
tion. It consists of an extremely stable picoampere meter and two 
programmable dc voltage sources, one of which operates as a ramp 
and staircase generator as well as a dc source. These features make 
the HP 41408 ideal for making dc characteristic measurements such 
as leakage current, current-voltage characteristics and quasi-static C- 
V measurements required by the semiconductor industry for new 
product development and for improving production yields. It is equal- 
ly useful in measurements of electronic components and materials to 
determine leakage currents or insulation resistances. 

The HP 41409 can contribute to the development, production and 
quality control of semiconductor devices and to the improvement in 
the reliability of electronic components and equipment. 

measurement) can now be programmed from the front panel of the 
HP  4140B or via the HP-IB bus. 

Quasi-Static C-V Measurements 
Automatic quasi-static C-V measurements are easily accomplished 

by the ramp voltage capability of the HP  4140B. This measurement is 
highly significant in evaluating basic semiconductor characteristics. 

The H P 41 408 operates over a capacitance range of 0. l pF to 1999 
pF with a dc voltage ramp rate of I mV/s to I V/s in 1 mV/s incre- 
ments. Capacitance. which is calculated from the measured current 
divided by the ramp rate, can also be provided as a percent of the 
capacitance of the oxide film (Cox) over a range of 0.0 to 199.9%. By 
providing the output voltage at each capacitance measurement point. 
we have the dc (quasi-static) C-V characteristics of the device under 
test. 

HP-I8 Capability 
Interfacing the HP 4140B to an HP-IB system improves measure- 

ment efficiency and takes advantage of its high speed (approx 5 ms) 
measurement rate. Such a system will minimize measurement time of 
dc parameters of semiconductors and the insulation resistance and 
leakage current of electric components and materials. This allows 
rapid feedback to production for fast evaluation of a new device in the 
development stage. 

Stable pA Measurements 
Stable picoampere measurements can be made with the HP  4140B 

with a maximum resolution of IO-l5A. This is made possible by a new 
measurement technique in conjuction with an offset current capabili- 
ty, low noise test leads, and an electrostatic and light shielded test 
fixture. These features provide both stable and fast picoampere mea- 
surements. 

This measurement technique is very useful in making small leakage 
current measurements and determining dc parameters of semicon- 
ductor devices or measuring the insulation resistance and leakage 
current for dielectric absorption measurements necessary in the 
analysis of capacitors or insulation materials. 

Specifications 
Measurement functions: I, I-V and C-V 
Voltage sources: two separate sources (V, and V,) 

V,: 100 V programmable source/function generator 
V,: ,t 100 V programmable dc voltage source 

Measurement Function/Sourcc Selection 
Synchronized I-V Measurements 

The HP 4140B makes automatic. synchronized current-voltage 
measurements that have required a large instrumentation system in 
the past. 

The two voltage sources in the HP  4140B operate over a range of 
-100 V to +I00 V with a maximum resolution of I0 mV. One oper- 
ates only as a stable dc source while the other generates a staircase 
voltage, a precise ramp or a stable dc level. 

By adding precise, programmable timing capability, we can now 
make fast, accurate I-V and C-V measurements. Device stabilization 
times, (time between the applied voltage and the subsequent current 

Function 

J- A A = CDCj 

(DC) 



Voltage sweep: auto or manual (pause) 
Current Measurements 
Displays: current, 3'12 digits with 2 character annunciator. Voltage. 
3% digits. 
Measurement range: +0.001 X I 0-I2A to 1.000 X 10-2A full scale in 
I l ranges. 
Overrange capability: 99.9% on all ranges. 
Range selection: auto (lowest current range is selectable) and manu- 
al 

10-l2 1 5 t 8  1 1 6 0  1 6 4 0  1 2 5 6 0  

Accuracy lor long integration tlrne. 23'C * 5%. humidity 5 70%. For short and medlum ints 
gration time, see referenu, data sation. 

" Integration times specified at 50 Hz. For 60 Hz opsration, multiple tima by %. 

Measurement Accuracy/lntegratlon Time 

Zero offset: cancels leakage current of test leads or test fixtures. 
Offset range: 0 to + 100 x I 0-IsA. 
Trigger: ITST, EXT and HOLD/MAN 
Input terminal: triaxial 
Capacitance-Voltage (C-V) Measurement 
Measurement ranges: 0.0 pF - 100.0 pF and 200 pF - 1000 pF full 
scale in two ranges; 99.9% overrange 
Ranging: auto 
%C: capacitance change of device under test is displayed as a percent 
of the set value of the oxide capacitance (Cox = 100%) 
%C range: 0.0% - 199.9% 
Cox setting ranges (2 ranges): 0. l pF - 199.9 pF and 200 pF - 
1999 pF 
Capacitance calculation accuracy: accuracy is dependent on accu- 
racy of both the current measurement and ramp voltage. 
Zero offset: cancels stray capacitances of test fixtures and test leads. 
Offset range: 0 to 100 pF 
High speed I data output: available with HP-IB interface only. Out- 
puts current measurement data at 4 ms intervals (max rate). 

Range 

DC Voltage Sourm 
Output Modes, VA and VB 

Voltage ranges (VA and VB): 0 to * 10.00 V and 0 to + 100.0 V in 2 
ranges. auto range only. 
Maximum current: 10 mA, both sources. 
Voltage sweep: auto and manual (pause), up/down step in manual 
(pause) mode. Sweep abort standard. 
Operating Parameter Setting Ranges 

Start voltage and stop voltage: 0 - +10.00 V. 0.01 V steps; 0 - 
+ 100.0 V. 0. l V steps 
Step voltage: 0 - * 10.00 V, 0.01 V steps; 0 - *100.0 V, 0.1 V steps 
Hold time: 0 - 199.9 seconds in 0. l s increments; 0 - 1999 seconds 
in I .0 s Increments 
Step delay time: 0 - 10.00 seconds in 0.01 s increments; 0 - 100.0 
seconds in  0.1 s increments 
Ramp rate (dV/dt): 0.001 V/s - 1.000 V/s in 0.001 V/s incre- 
ments 

Accuracy (at 23OC &5OC) 
Output voltage: +I0 V, +(0.07% + 1 1  mV); +I00 V, +(0.09% + 
I I0 rnV) 
Linearity: typically 0.5%, 0 - + I 0  V; <5 %, > I0 V. 
Current limit: 100 PA, 1 mA and 10 mA, +lo% (VA and Ve) 
Output terminals: BNC; L-GND 

Accuracy* 

i IY af rdn. t counts) 

Reference Data 

1- nm** (m) 
S h a l  I Mailurn I h 

Current Measurement 
Current Measurement Accuracy* 

Current ranging times': 20 ms to 7.76 s. (longer ranging time needed 
for large changes in input signal level. especially on lowest current 
ranges). 
'When FILTER is on, current ranglng Hmo lneresaes 60 ms (50 Hz powa line) or 50 ma (60 Hz 
power line) 

Warm-up time 2 1 hour 
Common mode rejection ratio: 2 120 dB ( 5 2  counts) 

Rm 

lo-' - 10P 

10-lo 

lo-" 
10-l2 

Analog Output I, C and VA 
Accuracy: *(0.5% + 20 mV) 
Low pass filter: 3 position: OFF, 0.22 s +20% and 1s +20% applied 
to both VA and I/C data outputs 
Pen lifl output: TTL low level (50.8V) during sweep period in I-V 
and C-V functions 
Recorder output scaling: pushbutton scaling of lower left and upper 
right limits of X-Y recorder 

HP-IB Interface 
Remote controlled functions: measurement function, current 
range, integration time, I data output trigger, voltage sweep controls, 
current limit, VA and Ve voltages, zero (offset), self test and parame- 
ter settings (voltages. sweep/hold/delay times) 
Data Output 

Measured data (I. C and VA), 
Voltage setting (VA and VB), 
Parameter settings 

Intagdon Nmr 

General Information 
Power: 100,120,220. V +lo%, 240 V +5% - 10%. 48-66 Hz. 135 VA 
max 
Size:426mm W x 177 mm H x 4 9 8  mm D(16.5" x7"x  19.6"). 
Weight: 14.4 kg (31.7 Ib) 

Short 
0 5 t 3  

0.5 t 3 
2 t 4 

5 t 1 0  

5 t 2 0  

Accessories Furnished 
HP 16053A test leads: consists of one triaxial cable, two each BNC- 
RNC cables and one connection plate with mating female panel- 
mount connectors. Cables are one meter in length. 
HP 16055A test fixture: for general device measurements. Provides 
electrostatic and light shielding for stable pA measurements. 

M l u m  
0 5 t 2  

0 5 t 3  

2 t 3 

5 t 4  

5 t 1 0  

Accessories Available 
HP 16054A connection sektor: provides a simple method to select 
appropriate connection of low lead for the pA meter section. 
HP 16056A current divider (10:l): for use only on the 10 mA range 
to extend the measurement capability to 100 mA. 

Ordering Information Price 

HP 4140B pA Meter/DC Voltage Source 510,950 
Opt 907 Front Handle Kit (HP PIN 5061-0090) 5 7 6 s  
Opt 908 Rack Flange Kit (HP P/N 5061-0078) 542 
Opt 909 Rack & Handle Kit (HP PIN 5061-0084) 5 1 0 6 s  
Opt 910 Extra Manual 554 
Opt W30 Extended Repair Service. See Page 723. 

Accessories 
HP 16054A Connection Selector 5444 s 
HP 16056A Current Divider (10:l) S238* 

For same-day shipment, call HP DIRECT at 800-538-8783 



SEMICONDUCTOR TEST EQUIPMENT 
1 MHz C Meter/C-V Plotter 
HP 4280A 

Built-in sweepable dc bias source and timer for C-V Basic C measurement accuracy: 0.1% 
(Capacitance-Voltage)/C-t (Capacitance-Time) mea- Test lead extension up to 5 rn 
surernents 5%-digit display resolution (option) for C measurement 
High speed C-t measurements with minimum measure- 
ment interval of 10 ms (10 ps if an external pulse gener- 
ator is used) 

HP 4280A MHz C Meter/C-V Plotter 
The HP 4280A 1 MHz C Meter/C-V Plotter measures the capaci- 

tance and conductance of semiconductor devices and materials as 
functions of applied voltage (C-V) or time (C-t). The HP 428OA con- 
sists of a precision 1 MHz C-G meter, a programmable dc bias source 
that can be swept in staircase fashion, and accurate timing control. 

C-V and C-t Measurements 
The HP 4280's internal dc bias source has a range of 0 V to +I00 V 

with 1 mV resolution on the most sensitive range. Various measure- 
ment parameters for C-V and C-t measurements-hold time (bias 
pulse width) and delay time (measurement intewal)+an be manu- 
ally set from the front panel. Or these parameters can be set under 
program control via the HP-IB. Settable range for C-t measurement 
interval is 10 ms to 32s with a best case resolution of 10 qs. If an 
external pulse generator is used, however, measurement intervals as 
short as 10 ps can be set. Up to 9999 readings can be set for a C-t 
measurement. These capabilities make it possible for the HP  4280A 
to measure the C-t characteristics of virtually any device. 

High Speed C-t Measurement 
The HP 4280A has a special sampling integration technique for 

measurement intervals as short as 10 us using an external pulse gener- 
ator, such as the HP  8 112A or 8 160A. to provide the bias pulse. Short 
measurement interval makes the HP  4280A applicable to deep level 
transient spectroscopy (DLTS) measurements, commonly used to an- 
alyze physical characteristics of semiconductors. 

Precision, High Resolution Measurements 
The HP 4280A measures capacitances up to 1.900 nF, over three 

ranges, with 0.001 pF resolution on the most sensitive range. Conduc- 
tance up to 12 mS can be measured with lOpS maximum resolution. 

C and G measurements are made at 1 MHz. AC signal level is 
selectable between 10 mVrms or 30 mVrms, suitable for semiconduc- 
tor measurements. Basic measurement accuracy is 0.1 %. Maximum 
display resolution is 4% digits. With Option 001, however, display 
resolution for capacitance is 5'h digits. 

The accuracy and resolution of the HP  4280A satisfy the stringent 
requirements of laboratory and R and D measurements, which re- 
quire the detection of minute changes in device characteristics. 

Probed Measurements On Wafers 
HP 4280A has an automatic error correction function that makes it 

possible to use test leads up to 5 m long (HP  P/N (8120-4195). 

The HP 4280A can measure either floating or grounded devices. 
Thus, the H P  4280A can be connected to a wafer prober and still 
provide stable, accurate C and G measurements. 

Easy, Low Cost Systemization 
HP-IB is standard on the HP 4280A. So, a process evaluation sys- 

tem or a lab automation system capable of evaluating the physical 
characteristics of semiconductor devices can be easily constructed. 

The HP 4280A is equipped with analog outputs to allow users to 
plot device characteristics on an X-Y recorder or large screen display. 

S ~ ~ ~ ~ C I I ~ ~ O H S  (refer to data sheet to complete specifications) 

Measurement tunctions: C, C-V and C-t 
Funalon 

Bale  Funetkn I kkctlon 

C 

C-v 

C Measurement 
Test signal 

Frequency: 1 MHz +0.01% 
OSC level: 30 mVrms or 10 mVrms +lo% 

Measurement terminals: two-terminal-pair configuration (High, 
Lou and Guard). 
Connection mode: sets connection configuration between DUT 
(float~ng/grounded) and measurement circuit. 
Ranging: auto or manual 
Error compenwtion 

Cable length: 0 m, 1 m or 0-5 m. The standard cable (HP P/N 
8 120-41 95) up to 5 m can be internally compensated. 
Zero open: compensate stray capacitance and conductance at  the 
test fixture. 
External error compenwtion: compensate errors by external com- 
puter to eliminate other error factors not listed above. 

Measurement speed: FAST, MED or SLOW 
Trigger: Internal, External or HoldJManual 
Internal dc bias mode: OFF or = (DC) 

InlW Intmul 
dc Elm Functlon 

C.1 

C only. G only 
C-G only 

C-V 
G.V 

C & G.V 

OFF, - (DC) 

/ ,A  
C-1 
G-t 

C & G-t 
. - (DC). OFF 



Measurement Range/Rcrolution/Accuracy 

' 100 pFIt mS and 1 nFltO mS m g a  only In gmunded nmmfmml. 
'When mau~~raant speed Is eel to FAST (10 mV130 rnV) or MED (10 mV), nrolu(lon and Max. 

dlsplay become 1 dlgll Isss (3% dlgll dlsplay). 
' Approx. 50 pF at 100 pFll mS range and 1.78 nF M 1 nFllO mS nw~oe In pmundsd tneaura 

r 
m@' 

10 PF/~@ 6 

100 pF/l mS 

1 nF110 mS5 

ment. Enor conaction to offset resduals will reduce mrxhnum mhm rrMch-m be md. 
'Accurua 18 s~e~ l f ied  at UNKNOWN term~nals and at the end of HP 1W82A Tost Leads (1 m) 

ki~cun~r' 

after warm-up 230 min., at temperature 23'C 55% zero open callbratlon Is urd 
CORRECTION Is enablsd. Front panel attlnga am GG. FLOATING and 0 m or 1 m (CABLE 
LENGTH). Some errors will be added at other settlnga (refer to data sheet). C accuracy Is speci- 
fled when D < 0.05 and G accuracy is specifled when counts of C < 11100 ol mnge. Error dwbh 
at 0%-55°C. 

%dd 0.1% of rdg for C and 0.2% ol rdg lor G when HP 1BO82A Is used. 

Mv(kn'  

0.001 pF 
0.01 ,,s 

OdO:iF 
0.1 pF 

0,001 m~ 

C-V Measurement 
Function: measures C-V, G-V or C & G-V characteristics using in- 
ternal staircase bias. 
Measurement s m :  FAST, MED or SLOW 

C-t Measurement 
Function: measures C-t, G-t or C & G-t characteristics using inter- 
nal and/or external pulse bias source. 
Internal measurement mode Burst or Sampling Mode automati- 
cally selected. 

Burst mode: apply one pulse then make repetitive measurement 
with specified time interval between measurements. 
Sampling mode: repeated pulse with single samples between 
pulses. Delay between application of measure voltage and sample 
can be specified. 

Measurement s w  FAST or MED 

YII.Dhpy 

19.000 pF 
120.00 IS 
190 00 pF 
1.2000 mS 

1.9000 nF 
12.000 mS 

*at 23% +S°C, at O°C -5S°C mu double9 

Staircase Sweep Parameter Settings (C-V Basic Function Only) 
Startlstop voltage: 0 V-*I00 V (max. 1 mV resolution) 
Step voltage: 0 V-200 V (max. 1 mV resolution) 
Holdlstep delay time (th/td): 3 ms-650~ (max. 1 ms resolution) 

Pulse Bias Parameter Settings (C-t basic function only) 
DCIpulselmeasurement voltage: 0 V-+ 100 V (max. 1 mV reso- 
lution) 
Numbcr of readings: 1-9999 
Hold time (th): max. 10 p resolution 

Internal bias: 10 ms-32 s 
Ext bias slow: 50 p-32 s 
Ext bias fast: 10 p-32 s 

Delay time (td): 10 p-32 s (max. 10 p resolution) 

4% of r6g + counb) 

DC Bias Source 
Output Mode: j'\, /. 4 , - (DC) or OFF 
Output Voltage Range/R~uHon/Accuncy 

Burst Mode 
I I I 1 Iknllkctm 

OX: 30 mV 
t(0.16 t 5) 
a(0.26 t 5) 
+(O 1% t3 )  
t(0.26 t 3) 

s(O.l% t 3) 
t(1.26 t 3) 

OSC: 10 mV 
a(0 26  t 5) 
a(0.36 t 5) 
a(0 26  t 3) 
a(0.36 t 3) 

a(0.2% t 3) 
41.2% t 3) 

m 
4% of m n g  t rdb) 

t(0.26 10.01 V) 

a(0 16  + 0.02 V) 

a(0.16 + 0 1 Y) 

Voltrge 
Range 

a1 999 V 

i 1 9  99 V 

+100.0 V 

G-t 1 ME0 

I FAST 

Radullon 

I mV 

10 mV 

100 mV 

FumWon 

PI 

Other 
HP-IB: not just IEEE-488, but the hardware, documentation and s u p  
port that delivers the shortest path to a measurement system. 

Data output tormak ASCIl or Binary 
Block mode outpuk can make C-V/t characteristics measure- 
ment and store measured data (C-V/t or G-V/t Function: 680 
data, C & G-V/t Function: 400 data) into the internal data buff- 
er. Then, packed data can be output. 

Reorder Output 
Output voltage: +10 V for C, G and V/t data 
Accuracy: *(% of output voltage + V) 

C or G: +(0.5% + 20 mV) 
V or 1: *(0.15% + 40 mV) 

8.n test: verifies normal measurement operations (not including cali- 
bration) 

Hen. 
S d  

FAST 

C & G-t 

Options 
Option 001: High Resolution Offset Capacitance Measurement 

Function: increase C measurement resolutions by one digit with 
offset reference value. 
C offset range: 0 pF-1023 pF (1 pF increment). C offset value can 
be set by measured data or numeric key. 

General Specifications 
Operating temperature range O°C to 55OC; 95% R H  a t  40°C 
Power requirements: 1001 1201220 V +lo%, 240 V + 5% - 10%; 48 
to 66 Hz; 140 V A max. 
Dimensions: 426 mm W x 177 mm H x 498 m D (16.5" x 7" x 19.5") 
Weight: 15.3 kg (33.7 Ib) 

Bkc(l 
Mode 

10 ms-32 s 

Sampling Mode 
Ext bias slow: 200 ps-5 s 
Ext bias fast: 10 ps-5 s 

Math functions: displays measured C/G values as differential values 
(A). % ratio (%) or differential % (A%) of the reference value. 

I I 

Accessories Furnished 
HP 16080A: Direct Coupled Test Fixture 

Dlta F m t  

Blw I 
20 ms-32 s 1 150 ms-32 s 

MED 

Reterence Data 

100 ms-32 s I 250 ms-32 s 

Measurement Time 

1 FAST 1 3 0  (701 1 10 (301 I 10 1301 1 
MEAS SPEED 

MED 1 7 0  ( 1 1 0 ) ) 4 0  (60) I 35 (-1 
SLOW 1 400 1440) 1 270 (290) 1 220 1240) 

WvunmmtFMc(kn 

00 I C 1 0 

When measured values are displayed on the front panel and the re- 
corder outputs are used, measurement times in parentheses apply. 

Residual L-R compenutian: error compensation for residual L-R 
(max. 19 pH1190 0) is available using an external controller. 
Internal DC Characteristics of High and Low Unknown Terminals - 
(Without DC Bias) 

Maximum offset voltage: +I mV 
Maximum allowable c;rmnt: 100 mA 

Internal DC Bias 
Settling time (99.9% d final value): 0.05 X voltage swing (V)+ 
1.7 (ms) 
Maximum output current: a6 mA 

Hold timelstep delay time/th/td: 0.02% (basic accuracy) 
Response time of the EXT SLOW bias circuit (99.9% d final 
value): I00 ps 
Option 001 

C offset accuracy: 4 2 %  of reference value +O.5 pF) can be com- 
pensated by CORRECTION ENABLE key. 

Ordering Information Price 
HP 16081A Test Leads, 2 m double shielded. BNC 5760* 
HP 16082A Test Leads, 1 m, BNC 5260- 
HP 16083A Pulse Bias Noise Clipper 5415 

HP 4280A 1 MHz C Mtttr/C-V Plotter $11600 
Opt. 001: C-High Resolution (not field installable) $440 
Opt. W30: Extended Repair Service. See Page 723. 

Fast-Ship product - see page 732. 



SEMICONDUCTOR TEST EQUIPMENT 
Clrcult/Device Modeling 
IC-CAP 

Minimize design iteration cycle 
Optimize the IC performance 
Create new device models and circuit macromodels with ease 

IC-CAP 

63 
IC-CAP Circuit/Device Modeling Software 
New Approach To Modeling 

Over the last decade the semiconductor technology has gone 
through rapid advancements resulting in dramatic improvement in 
the performance of IC's. State-of-the-art IC technologies use devices 
that require careful attention to modeling the parasitics and second 
order effects. Parasitics must be included as sub-circuits formed 
around the transistors. Analytically solving a set of device equations 
is inadequate for most of the semiconductor technologies. 
Sub-circuit Characterization and Modeling 

The success of IC an technology is in its ability to achieve the de- 
sired performance while maintaining high product yield. Accurate 
prediction of the performance of an IC relies on the simulation mod- 
els used and the capability to accurately extract device parameter as 
well as sub-circuit components values for these models. 
Simulating a Device or Sub-circuit 

IC-CAP provides a direct link to SPICE circuit simulator through 
an open interface and uses it for analysis and optimization of device or 
sub-circuit performance. Direct use of SPICE also eliminates any dis- 
crepancy between modeling and simulation tools. 
Extracting Parameters 

IC-CAP'S powerful extraction, optimization and advanced utilities 
coupled with SPICE simulator will help you generate the most accu- 
rate device pararreters or circuit element values for your designs. 

Macromodeling 
Macromodels are simplified versions of complex circuits that are 

used for efficient simulation of circuits or systems. The user describes 
the topology of the macromodel in the form of a sub-circuit to 
IC-CAP. IC-CAP performs the analysis and measurements based on 
the inputs and finds the most optimum component or device parame- 
ter values for the best performance. 
Statistical Modelin 

Through support o? the HP  4062UX process control system, 
IC-CAP is used to collect large volume of model parameter data. Sta- 
tistically significant models to cover best/worst and nominal case cor- 
ners are obtained from this data. IC-CAP'S batch-mode operation is 
designed to facilitate statistical modeling. 
Complete Characterization Solution with TECAP and 
IC-CAP 

TECAP and IC-CAP cover a wide range of characterization needs 
for the semiconductor industry. All TECAP measurement and ex- 
traction files are compatible with IC-CAP. This allows a smooth mi- 
gration path for present and the future TECAP users as they move 
from single device extraction to device and sub-circuit modeling. 
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IC-CAP circuit-modeling capability Is a valuable aid in macromodel 

IC-CAP Utilities 
IC-CAP'S transforms provide the user with the ability to optimize 

model parameters over any transformation performed on the data. 
Typical transforms include derivatives, algebraic and trigonometric 
and arithmetic operation that are contained in a powerful functions 
library. IC-CAP also comes with graphical analysis and calculation 
capabilities for real time analysis of the measured data. 
Networking To Design Environment 

Running under HP-UX operating system. IC-CAP can easily be 
networked to your existing design environment. This enables design- 
ers to easily access model libraries. HP-UX also offers the advantage 
of easy access to industry standard database systems and analysis 
packages including TekBase.' O r a ~ l e , ~  Informix3 and RSI  1 .' 
Training and Support 

HP offers a free training for every purchase of one of the IC-CAP 
modeling systems. IC-CAP is covered with HP's Basic/ResponseLine 
support services. We recommend subscription to Software Material 
Update to stay current with the IC-CAP software. 
IC-CAP Framework 

Configuring a modeling system requires the IC-CAPframework. It 
must be ordered with all new systems. Adding new models or mea- 
surement drivers for an existing system requires the purchase of the 
particular module only. For example you can start with MOS model- 
ing system, and later on add Bipolar models and ac measurement 
drivers to address the BiCMOS characterization needs. 
IC-CAP Modeling System Contiguration 

IC-CAP is the product of choice to perform characterization and 
modeling on device and sub-circuit level for various technologies. 
IC-CAP runs on H P  9000 Series 300 workstations under HP-UX op- 
erating system. 
'TekBase Is a trademark of Leading Edge Technology 
'Oracle 15 a trademark ol Oracle Corporation 
'Inform~x 15 a trademark of lnformlx Inc 
'RSl1 IS a trademark ol BBN Corporation 

development 

MOS Modeling System 
E3300A IC-CAP Framework 
E330 1 A DC measurement drivers 
E3302A LCRZ Measurement drivers 
E3304A Time Domain (TD) driver 
E3305A Analysis Module 
E3306A SPICE MOS model parameter extraction 
E3307A SPICE BSlM model parameter extraction 

Note: IC-CAP supports both BSIM and levels 2 and 3 of UCB 
SPICE models. You have the option to select either one or both. We 
also recommend the E3304A in order to characterize and validate 
transient performance of selected circuits. 
Bipolar Modeling System 

E3300A IC-CAP Framework 
E330 1 A DC measurement drivers 
E3302A LCRZ measurement Drivers 
E3303A AC measurement drivers 
E3304A Time domain (TD) driver 
E3305A Analysis Module 
E3308A SPICE Bipolar model parameter extraction 

GaAs Modeling System 
E3300A IC-CAP Framework 
E3301A DC measurement drivers 
E3302A LCRZ measurement Drivers 
E3303A AC measurement drivers 
E3304A Time domain (TD) driver 
E3305A Analysis Module 
E3309A GaAs model parameter extraction Includes Raytheon 

and Curtice models 
Ordering Intormation 
Please call your local HP  Sales office (see page 737) for a data sheet, 
prices and application assistance. 



SEMICONDUCTOR TEST EQUIPMENT 
Device Modeling Software 
TECAP Characterization System 

Shortens IC design time 
Improves circuit designs 
Lowers chip costs 

Maximizes yields 
Accurate circuit simulations 
Device ac and dc measurements 

TECAP software Is fully compatible with a wide range of standard HP-18 instrumentation. 

TECAP Lets You Design New IC's in Less such as the H P  4142B. H P  8720A. and H P  4284A. You can build an 
entry-level system to start with. Then, as your requirements expand, 

Time - With Less Cost you can add the latest in high performance measurement tools to fit 
The TECAP Characteri~ation System shortens your IC design cy- your changing situation. 

cles and lowers design costs. TECAP - Transistor Electrical Charac- 
terization and Analysis Program - provides fast, reliable analysis of TECAP s m a m  ~ ~ ~ ~ i " ~ ~ i ~ ~ ~  device behavior. Model parameters generated with the TECAP sys- 
tem will improve your circuit simulation and IC designs. Operating . .. system: Pascal Workstation language system, Version 

TECAP Extracts Model Parameters in Seconds 
TECAP software can automatically extract UCB Level 1, 2, 3, 4 

MOS, UCB Bipolar, or GaAs model arameters in seconds. These 
models can simulate second-order edcts .  such as channel-length 
modulation, and offer direct compatibility kith the UCB SPICE Gr- 
cuit simulator developed at  the University of California. Berkeley. 

The TECAP system can also extract for your new tian- 
sistor models. Newly implemented models have the same parameter 
extraction, optimization, and simulation capabilities as standard 
TECAP models. You can even add a custom extraction module to the 
program to fully automate parameter extraction for your model. 
Best/Worst Case Modeling 

Using TECAP's statist~cal tools, you can accurately determine 
worst case performance of your process using those dominant param- 
eters. TECAP gives you the vehicle to construct worst case models 
which will allow you to increase the performance of your process with 
minimal process development and lower cost. 
Develop and Understand New Device Models 

You can implement your own transistor models into TECAP to be 
completely compatible with proprietary circuit simulation programs 
or emerging new semiconductor technologies. You can use the versa- 
tile simulation tools to develop and to test new model equations. 
TECAP Is Easy to Use 

TECAP provides both ease-of-use for the occasional user and ad- 
vanced features and capabilities for the expert user. 

To measure a device, extract model parameters, or simulate device 
performance, you select the appropriate command. If the system 
needs more information from you, it will supply a diagram or table for 
you to edit. Every table is already furnished with default values or 
configurations. The table entry method allows you to have immediate 
access to all of your characterization routines so you can use the de- 
sign tools more productively. 
Configure System Hardware to Satisfy Your Price and 
Performance Requirements 

The TECAP system works with a wide range of standard Hewlett- 
Packard computers and HP-IB instrumentation, allowing you to 
choose the equipment which meets your exact needs. TECAP sup- 
ports the HP  4145B and HP 8753B. as well as newer instruments 

>.ii. 

Measurement: voltage, current, capacitance, and 2-port ac parame- 
ters vs. bias and frequency. 
Model Parameter Generatkn 

Extraction: 
- direct extraction from measured data 
- predefined routines for automatic extraction 
- interactive arameter extraction mode 
- user-definagle extraction routines 
Optimization: 
- numerical fine tuning of extracted parameters using integrated 

SPICE-like simulator for highly accurate fits 
- compatible with user defined models - Levenberg-Marquardt algorithm for nonlinear, least-squares fit 
- constrained optimization 

Simulation: voltage, current, capacitance, and 2-port ac parameters 
vs. bias and frequency. 
Available models: 
- LCB MOS Levels 1 . 2 . 3  and 4 (BSIM) 
- UCB bioolar (Gummel-Poon. Ebers-Moll) 
- C U ~ ~ ~ C ~ ' G ~ A ~ ' M E S F E T  ~ e v e l s  1 (quadr&ic) and 2 (cubic) 
- UCB GaAs MESFET - Yaeger-Dutton GaAs HEMT 
- UCB JFET 
- Diode 
- PN Junction Capacitance 
- MOS Gate Capacitance 
- Classical MOS - Up to 7 user-definable models 

TECAP data sheets 
MOS Modeling with TECAP - publication 5956-4220 
BSlM Modeling with TECAP - publication 02-5956-4217 
GaAs Modeling with TECAP - publication 02-5956-4216 
UCB B~polar Modeling - publication 5956-4218 

Ordering Information 
Please call your local HP sales office listed on page 737 for a data 

sheet. prices, or applications assistance. 



SEMICONDUCTOR TEST EQUIPMENT 
Parametrlc Test Software 

IC-MS 

Substantially reduce parametric test development Generate test plans for use in R&D and production 
time. 
Standardize on IC-MS for all your test development 
and execution needs. 

I 
Wafer 
Tests * a 7  4!!!! Cassette 

Die 
Tests 

Wafer 

Test Plan 
r' 

Module 
Tests 

Module/Die 

C or BASIC 
Algorithms 

I 

IC-MS is the  ideal test manager for development and productlon environment 

Impact of VLSl on Parametric Testing is creating test algorithms. Once the reference information about the 
Demands of a rapidly changing VLSl environment have placed physical structure of the wafer is entered, generating a test plan in- 

great emphasis on a highly flexible and automated manufacturing volves sequencing, devices and dies and test algorithms using the X- 
process. This in turn has led to the evolution of high-speed parametric window based user interface. This approach offers the maximum flex- 
testers with intelligent instrumentation to perform thousands of mea- ibility which is the primary requirement of testing at  this stage. 
surements routinely. Different phases of VLSI development require IC-MS in Production Environment 
using special test structures and corresponding test plans to provide 1C production environment requires a parametric test shell that is 
the final evaluation of the myriad interactions between materials and easy-to-operate and generates robust test plans. IC-MS takes care of 
processing that occur during the IC manufacturing sequence. all the non-application specific portions of the software including the 
A Powcr(ul Test Shell for P ~ O C ~ S S  user interface. It includes many powerful features to allow for secure 
Monitoring/Developmcnt Needs and error-free operation in the production mode. IC-MS is optimized 

IC-MS is implemented on the H P  4062UX semiconductor process for throughput and allows for maximum use of the test hardware. 
control system. It is a test shell that will help you generate and exe- Powerful Turnkey Featum 
cute parametric test plans with ease and with the least amount of IC-MS provides many unique features to simplify the process of 
programming. Test plans generated by the IC-MS are used through- developing a parametric test plan. These features include, on-line re- 
out the IC manufacturing process from development to production porting capability for quick reports on thestatus of your process, open 
process monitoring. interface to allow automatic entry of the reference data, open access 
IC-MS in Development Environment to test plan data for easy integration into the popular databases. User- 

Semiconductor technology development process requires a sophis- written algorithms are supported in both HP BASIC/UX and C. 
ticated parametric test environment in order to gain maximum infor- Ordering Information 
mation from the experimental wafer lots. In such an environment, test IC-MS software product number is E3330A. This product is cov- 
plans are constantly generated and modified to meet the demands of ered by HP's Basic/ResponseLine support services. We recommend 
increasingly complex tests. Designing a test plan with IC-MS involves subscription to Software Material Update Service in order to keep 
two steps: defining the physical structures, and defining the algo- current with the IC-MS enhancements. 
rithms used to test these structures. The only programming involved 

On Line 
Reports 

Database 
Off Line 
Analysis Device 



BOARD TEST SYSTEMS 
540 Board Test lntroductlon U 

Technological advances and increased worldwide competition 
place ever-increasing demands on production managers to cut costs, 
increase productivity, and improve product quality. The use of ad- 
vanced technologies, including surface-mount devices (SMDs), 
application-specific integrated circuits (ASICs), and VLSI circuits, 
give the manufacturer capability, reliability and cost advantages. 
They also present a unique set of process and test related problems. 
Automatic test equipment to solve these problems is no longer a luxu- 
ry; it is a necessity. 

Hewlett-Packard, an innovator in the design and use of advanced 
technologies, provides a full line of affordable board test systems to 
meet the diverse needs of the electronics manufacturing industry. 
From the low cost H P  3065ST Standard Technologies in-circuit 
tester to the H P  3070 AT-Series combinational test systems, Hew- 
lett-Packard has a system to meet your specific testing requirements. 

The Board Test Advantage 
In the manufacturing process, board test is the first stage where the 

entire fault spectrum, from defective components to process faults. 
can be detected. Since each production operation is unique, the board 
test system must have the flexibility to meet your future requirements 
as well as your current needs. In choosing a test system, the four 
major factors to consider are software, in-circuit/combinational test- 
ing capability, fixturing solutions, and reliability/support. Each is of 
equal importance, similar to the legs of a table. All the legs must be of 
equal length and long enough to keep the tabletop they support at a 
usable level. To fall short in any area will throw the entire system out 
of balance, reducing its overall effectiveness. 

In-circuit/Combinationsl Testing 
Hewlett-Packard offers analog and digital testing capabilities in 

both in-circuit and combinational board test systems. Hewlett- 
Packard's analog in-circuit testing capabilities have been the industry 
standard for over 1 1 years. In digital in-circuit testing, the HP  vector 
processing unit (VPU) makes the current RAM-behind-the-pins 
technique for pattern application obsolete. With the VPU, the theo- 
retical limit to the pattern depth, without reload or dead time, is ap- 
proximately 535 million test patterns. 

Combinational testing has traditionally been defined as the use of 
both in-circuit and functional test techniques residing in the same sys- 
tem. This implies that it is merely the sum of the two techniques, each 
with its advantages and disadvantages. However, combinational test- 
ing as a whole can be much greater than the sum of the parts. The key 

to accomplishing this is integration. It requires a single architecture, 
common hardware, and a flexible software environment to reach its 
full potential. Every H P  combinational test system uses integrated 
hardware and software resources to provide unsurpassed test cover- 
age and flexibility for analog, digital, and mixed-signal circuits. 

Software Resources 
Hardware features and specifications are most often used as points 

of comparison between board test systems. However, cost of owner- 
ship and return on investment depend more on the software resources 
of the systems. Test program generation times, fixture development. 
and fault diagnostics are major contributors to the ongoing costs of 
the production test department. HP  board test systems provide 
software to make the testing process easier, from start to finish. 

HP  board test systems provide software to automatically transfer 
valuable programming information from virtually any CAD and 
CAE system into menu-driven board forms. 

Next, the HP  Integrated Program Generator (HP IPG) automati- 
cally produces a test program, in which typically over 90% of the tests 
work the first time. This includes shorts, opens, digital tests using 
Hewlett-Packard's 6500 part digital library, and 6-wire guarded ana- 
log tests. CAE data is used to generate tests for complex devices such 
as ASICs. 

HP  Color Graphical Debug allows programmers to easily debug 
both analog and digital tests with histograms and built-in Ionic 
a n a ~ ~ z e r - ~ i k e d i s ~ ~ a ~ i .  It provides softkey dhven interactive controlof 
all parameters, highlighting failing responses. 

All of these test development tools, and more, are managed by the 
HP  IPG Test Consultant, a menu-driven, mouse-supported interface. 
A programmer's actions are based on recognition, not recollection, 
with desired actions selected from the available pull-down menus. 
The software relieves the programmers of time-consuming tasks such 
as file management, revision archiving, and program scheduling. In 
addition, programmers choose the levels of flexibility and automation 
to best match their expertise. 

Fixturing Solutions 
HP offers a full line of mechanical and vacuum-actuated test fix- 

tures and accessories to maximize system performance. In 1986. the 
HP  SimPlate Series was introduced, offering a 10:l reduction in 
probing errors over the conventional two-plate design. With the intro- 
duction of the HP  3070 family in early 1989, additional vacuum- 
actuated fixtures and a mechanical fixture and cassette were intro- 
duced. These fixtures provide dual-sided, and dual-stage probing, 
short wire lengths, and improved contact reliability. The mechanical 
fixturing system readily integrates into automated test environments. 

The HP Express Fixture Software automatically designs the test 
fixture, minimizing wire lengths and close-centered probes, selecting 
optimum probe locations, and documenting the fixture construction 
process. The software also generates files to support automatic drill- 
ing, wiring, and receptacle installation of the fixture. 

Reliability/Support 
Since 1983, the H P  3065 testers have been the most reliable sys- 

tems on the market, but now they have been surpassed by the H P  
3070 family, with an MTBF of over 2300 hours. This reliability was 
achieved through the extensive use of SMT and HP-designed inte- 
grated circuits and reduced numbers of electrical parts, cables, con- 
nectors and mechanical parts. Improved diagnostics and board-level 
repair give the system an MTTR of 2 hours. The standard warranty 
on the HP  3070 System is one year parts and labor. 

With over a hundred sales and service offices worldwide, trained 
H P  personnel are there when you need them. Expert programming 
help is available by phone from the HP  Response Center, or locally 
from over 45 offices with trained HP Systems Engineers. In addition. 
HP  qualifies, trains, and supports a worldwide network of Value- 
added Suppliers. These suppliers provide fast, local, competitively- 
priced fixturing and programming services. 
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HP IPO Test Consultant 
With HP IPG Test Consultant, programmers are relieved of time- 

consuming tasks such as file management, revision archiving, and 

HP 3073 Board Test System program scheduling. With a color, menu-driven, mouse-supported, 
easy-to-use interface, HP  IPG Test Consultant manages these tasks 

Advanced In-circuit Testing with Full Upgradability 
The HP 3073 board test system is an advanced in-circuit board test 

system used for testing digital, analog, and mixed-signal circuits. The 
HP 3073 system is fully upgradable to the HP  3070 Combinational or 
HP  3070 SMT test system, with complete software, fixture, and test 
program compatibility. 

The HP 3073 system not only provides in-circuit testing capabili- 
ties to test today's most difficult test problems. but also provides the 
insurance that combinational testing and automation capabilities can 
be added as needed, preserving previous investments in hardware and 
software. 

The HP 3073 system will easily detect shorts, opens, and other 
manufacturing faults, such as bad components, missing parts, incor- 
rect parts, and backward parts. The HP 3073 system tests complex 
technologies such as ASICs, VLSI circuits and microprocessors, and 
tests large boards up to 2592 nodes. 

Analog and Mixed-Signal Testing 
HP analog testing capabilities have set the standard in the electron- 

ics industry for many years. These proven analog testing techniques. 
such as the automatic generation of 2.3.4 and 6-wire guarded in-cir- 
cuit tests, built-in sources and detectors, and standard HP-IB (IEEE 
488) interface for additional analog functional test instrumentation, 
are all part of the HP  3073 system. Additionally the program genera- 
tor has been greatly improved through advanced analog simulation 
techniques to nearly eliminate the need for analog debug. Synchroni- 
zation of the analog and digital subsystems is included for cwrdinat- 
ed mixed-signal testing. 

Digital Testing 
With a standard digital test library of over 5500 TTL, CMOS, 

ECL, SMT, ACT, and VLSI devices, most digital tests are generated 
automatically. Every test generated by the HP  3073 system is ana- 
lyzed by the HP  Safeguard In-circuit Analysis software to minimize 
the potential for device damage in backdriving testing environments. 

The Hybrid Plus-6 pin electronics of the HP  3073 system provide 
*5ns typical edge placement accuracy resulting in repeatable, stable. 
transportable digital tests. In addition, each Hybrid Plus-6 pin can 
provide 20 MHz clock signals, up to 6 MHz pattern application rate 
and can each be independently programmed for different 
drivelreceive levels, slew rates, edge placement, and pull up/pull 
down loads for maximum flexibility when testing large, complex digi- 
tal devices. For complex devices requiring large sets of vectors, the 
HP  3073 patented Vector Processing Unit (VPU) architecture uses a 
combination of software and hardware for the automatic compres- 
sion, distributed storage, and application of very deep vector se- 
quences. HP  3073 systems can reconstruct long test sequences of 
millions of test vectors. 

Automatic Program Generation 
Integrated Program Generator 

The HP 3073 system minimizes the test development cycle with the 
HP  Integrated Program Generator (HP  IPG), which automatically 
generates shorts and opens tests as well as both digital and analog 
tests. Typically over 90% of the generated tests provide accurate and 
repeatable results the first time without debug. 

as well as guides the programmer through the test development cycle. 
Upgradability 

The architecture of the H P  3073 system is designed to solve test 
problems into the 21st century. Beginning as an advanced in-circuit 
test system, the HP  3073 can grow into a full combinational test sys- 
tem with complete software, fixture, and test program compatibility. 

If integration into an automated environment is needed, the HP  
Express Fixturing System can be added to the HP  3073 system. The 
HP Express Fixturing System also solves difficult surface mount tech- 
nology problems by providing a mechanically-actuated fixture for 
dual-sided, dual-stage probing, as well as minimized wire lengths. 

This compatibility and upgradability ensures that investments 
made with an HP  3073 will continue to payoff in the future even as 
testing and manufacturing needs change and grow. 

State-of-the-art Fixturing 
HP Express Fixture Software automatically designs the HP  Sim- 

Plate Express Fixture for the board to be tested. This software mini- 
mizes wire lengths, minimizes close-centered probes and selects 
probing locations to reduce areas of high probe density. Each fixture 
is documented with clear concise instructions for fixture construction, 
resulting in higher fixture quality and reduced costs. 

During fixture design, the software creates information files to sup- 
port automated drilling, and semi-automated wire-wrapping saving 
significant time and money. After the fixture is completed, the HP  
fixture verification software is used to ensure it was properly assem- 
bled. 

Production Analysis Tools 
After a test is released to production, the H P  Pushbutton Q- 

STATS quality management software assists in detecting production 
process problems. The software uses SQC techniques on actual test 
data to generate color graphical displays of measurement histograms. 
production statistics, and test failure reports, at  the touch of a button. 

As the need for SQC analysis grows, the HP  3073 can be integrated 
into the HP Q-STAR Network, providing access to HP  PR PLUS 
paperless repair management software and to the HP  Q-STATS I1 
advanced quality management system. 

Reliability/Support 
The HP 3073 system exceeds the board test industry reliability 

standards previously held by the H P  3065 test system. The H P  3073 
design, using SMT and HP integrated circuits, proves an MTBF of 
over 2300 hours. The new technologies reduce the number of elec- 
tronic and mechanical parts required, ensuring unsurpassed system 
reliability. 

Hewlett-Packard has over 100 board test service offices worldwide, 
and along with the H P  Application Engineering Organization and 
H P  Project Centers, can provide complete solutions to your applica- 
tion, hardware, and software needs throughout the world. 

HP 3073 Board Test System 
For more information on the HP 3073 board test system, contact 

your local Hewlett-Packard Sales and Service office. See page 737 

Ordering Information 
HP 3073 prices start at 

Price 
$205,000 
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HP 3070 Series Board Test Family 
The HP 3070 Series board test systems combine high-performance 

functional and in-circuit test capabilities to solve the most complex 
test problems faced by the electronics manufacturing industry. All 
H P  3070 systems provide a completely integrated set of powerful re- 
sources for testing digital, analog, and mixed-signal circuits, from 
surface-mounted, application-specific integrated circuits to state-of- 
the-art microprocessors. With the latest computational and measure- 
ment technologies, the HP  3070 family has the flexibility to effective- 
ly test the new technologies you face today.. . and tomorrow. 

The family of test systems consists of the HP  3070 AT-Series com- 
binational testers and the HP  3070 SMT-Series testers, which com- 
bine the power of the HP  3070 AT-Series test systems with integral 
mechanical fixtures that meet the needs of automation and surface- 
mount technology testing. 

Flexible Architecture 
The HP 3070 system architecture is designed to solve test problems 

into the 2lst century. The testhead uses a parallel architecture that 
supports up to four expansion modules. Each module has its own ana- 
log and digital control systems and provides up to 648 test nodes. For 
large node count boards, the modules operate synchronously, provid- 
ing up to 2,592 total nodes for the H P  3070 AT-Series and HP 3073 
ST-Series, and 1,296 for the HP  SMT-Series. 

HP  HybridPlus pin electronics in each module provide indepen- 
dently programmable control of tester resources on a pin-by-pin ba- 
sis. Each pin can be used for functional or in-circuit, digital or analog 
testing. In addition, each pin provides 20 MHz clock signals and ac- 
cess to functional test instrumentation. Drive and receive levels, slew 
rates, edge placement, pull up/pull down loads, and shorts/opens 
thresholds are also independently programmable on each pin. Digital 
tests can be applied at  up to 6 (HP 3073) or 12.5 (HP 3070) million 
patterns per second with typical edge-placement accuracy of & 5 ns. 

Analog Testing 
HP analog testing capabilities are the standard in the electronics 

industry. These field-proven analog testing techniques, such as the 
automatic generation of 2, 3, 4, and 6-wire guarded in-circuit tests, 
built-in sources and detectors, and standard HP-IB (IEEE 488) inter- 
face for additional analog functional test instrumentation. are re- 
tained in the HP  3070 system. Synchronization of the analog and 
digital subsystems is added for coordinated mixed-signal testing. In 
addition, the program generator has been greatly improved through 
advanced analog simulation techniques to nearly eliminate the need 
for analog debug. 

Digital Testing 
To meet the challenges of testing ASIC, SMT, and VLSI circuitry, 

test systems must provide better test development tools and improved 
testing techniques. The HP 3070 Series offers unsuroassed dinital test 
capabilities fo; these new technologies. 

., 

Vector Processing Unit 
Hewlett-Packard pioneered the vector processing unit (VPU) con- 

cept in the HP  3065 family, and it has been continually improved 
since that time. The VPU used for digital testing in the HP  3070 fam- 
ily makes obsolete the conventional RAM-behind-the-pins that is 
used in most other test systems today. 

Using the conventional RAM method for pattern application to the 
DUT, each vector can be used only once before the RAM must be 
reloaded. Because today's devices require hundreds of thousands of 
test patterns, the RAM must be reloaded many times. This requires 
the tests to be segmented and the devices to be re-initialized each 
time, with dead cycles during reload. 

The HP 3070 patented VPU architecture solves this reload prob- 
lem. It uses a combination of software and hardware for the automat- 
ic compression, distributed storage, and application of very deep 
vector sequences. The theoretical limit to the pattern depth is approx- 
imately 535 million vectors before a reload is required. 

Digital Test Capabilities 
Because they use the VPU, H P  3070 Series systems can recon- 

struct long test sequences of millions of test vectors. These vectors can 
be applied at  up to 6 (HP 3073) or 12.5 (HP 3070) million patterns 
per second with typical edge placement accuracy of * 5 ns. Over 8000 
programmable timing sets are available, and each one can be 
switched at  any time. 

Up to 576 independently programmable digital resources are avail- 
able on the system, consisting of 288 drive channels and 288 receive 
channels. Synchronization to external clocks of up to 20 MHz (HP 
3073) or 40 MHz (HP 3070) is provided via special clock pins. The 
standard H P  HybridPlus pins provide 20 MHz capability. 

Integrated Program Generator 
The HP Integrated Program Generator (HP  IPG), combined with 

a standard digital library of over 6500 TTL. CMOS. ECL. SMT. 
ACT, and VLSI devices, automatically generates the digital test pro- 
gram. Typically, over 90% of the generated tests work the first time 
without debug. HP  IPG also provides analog and digital subsystem 
synchronization for coordinated mixed-signal testing by automatical- 
ly generating shorts and open tests, and guarded 6-wire analog tests. 



HP Safeguard In-circuit Analysis 
Every test generated by the HP 3070 system is analyzed by the HP  

Safeguard In-circuit Analysis software to minimize the potential for 
device damage in backdriving testing environments. As each test is 
created, the software analyzes device parameters such as package 
type, power dissipation, voltage overshoot, and overdrive currents. If 
unsafe backdrive conditions are detected, the programmer is notified. 
In addition, adequate cooldown times are automatically imposed for 
devices that are being overdriven repeatedly within the test. This is 
especially important when testing boards with large ASIC and VLSl 
devices that require many thousands of test vectors. 

Test Development 
Test development is one of the most time-consuming activities in 

the manufacturing process. The HP 3070 Series test system provides 
the software tools needed to shorten your product development cycle. 
HP IPG Test Consultant 

The HP IPG Test Consultant manages the test development on the 
H P  3070 Series test system. It is a color, menu-driven, mouse-sup- 
ported, easy-to-use interface that guides the programmer through the 
test development cycle. Based on recognition, not recollection, H P  
IPG Test Consultant relieves programmers of the burden of remem- 
bering the next step. Actions are selected from available pull-down 
menus, and online help is available when needed. Programmers can 
choose levels of automation or flexibility, depending on their expertise 
with the H P  3070 Series. 

At the same time, HP  IPG Test Consultant relieves programmers 
of time-consuming tasks such as file management, revision archiving, 
and program scheduling. This allows them to focus on improving tests 
for their boards, not trying to remember what comes next. 
Board Topology Entry 

The test development cycle begins by describing the board to the 
test system. Significant savings in time can be realized if mechanical 
information about the board (X-Y and connectivity data) can be re- 
trieved from CAD systems. The H P  3070 Series systems come stan- 
dard with a CAD format translator (CFT). CFT uses templates to 
structure the data in a format usable by the HP  3070 Series tester. It 
has templates for most commercial CAD systems and can be adapted 
for proprietary systems. 

The board forms editor on the HP 3070 Series systems can be used 
to enrich the captured CAD data or to enter board descriptions man- 
ually. Board forms is a menu-driven editor for entering connectivity 
and parts information by filling in the blanks of pre-constructed 
forms. 

H P  3070 Series systems capture, compare, and evaluate data creat- 
ed by any simulator and use that information in generating ASIC. 
cluster, and edge-connector tests. Simulated test patterns and timing 
information are transferred to the system via the HP  Pattern Capture 
Format for custom test generation. 

After the board topology is loaded in the H P  3070 Series systems, 
the HP  Integrated Program Generator develops the test programs. 
Both in-circuit and functional tests are written in the same high-level 
languages, such as H P  BT-BASIC and Vector Control Language 
(VCL). 
Fixture Development 

HP Express Fixture Software automatically designs fixturing for 
the board to be tested. In addition to minimizing wire lengths, the 
software minimizes close-centered probes and selects probing loca- 
tions to reduce areas of high probe density. Each fixture is document- 
ed with clear. concise instructions for fixture construction, resulting in 
higher fixture quality and reduced costs. 

During fixture design, the software creates information files to sup- 
port automated drilling, wiring, and receptacle installation, saving 
both time and money. After the fixture is completed, the HP  fixture 
verification software is used to ensure it was pro~erly assembled. 

HP 3070 AT-Series with programming station 
The software provides interactive control of both digital and analog 

test parameters including edge placement, slew rates, guard points, 
drivelreceive levels, sources/detectors, and more. Failing responses 
are highlighted in color. Probing for the debug process can be done 
through the fixture or via a handheld probe. 
Production Testing 

After a test is released to production, the H P  Pushbutton 
Q-STATS quality management software assists in detecting produc- 
tion process problems. The software uses SQC techniques on actual 
test data to generate color graphical displays of histograms, produc- 
tion reports, and failure reports, at  the touch of a button. 

As the need for SQC analysis grows, the H P  3070 Series family 
can be integrated into the HP  Q-STAR Network, providing access 
to H P  PR PLUS paperless repair management software and 
H P  Q-STATS 11 advanced quality management software. 

Protect Your Investment 
The HP 3070 Series family offers the flexibility and modularity to 

grow as your needs grow. It is supported by software, digitallanalog 
combinational testing, fixturing solutions, and reliability/support. 

The HP 3070 Series family exceeds the board test industry reliabil- 
ity standards previously held by the HP  3065 test system. The 
HP 3070 Series design, using SMT and H P  integrated circuits, proves 
an MTBF of over 2300 hours. The new technologies reduce the num- 
ber of electronic and mechanical parts required, ensuring unsur- 
passed system reliability. 

When the H P  3070 Series system fails, its board-level repair strate- 
gy simplifies diagnostics and repair. Average mean-time-to-repair 
(MTTR) is less than two hours. 

Hewlett-Packard has over 100 board test service offices, and along 
with the HP Application Engineering Organization (AEO) and Pro- 
ject Centers, can provide complete solutions to your application, 
hardware, and software needs throughout the world. 
HP 3070 Series Board Test Family 

For more information on the HP  3070 board test family, contact 
your local Hewlett-Packard Sales and Service office. See Page 737 
Ordering Information 

Prices depend on system configuration. 
HP 3070 AT-Series prices start  a t  $297,100 
H P  3070 SMT-Series prices start  a t  $332,200 
HP 3073 prices start  a t  $205,000 . .  - 

Color Graphical Debug 
Once the program is generated by H P  IPG, typically 90% of the 

tests work the first time. For those that do not work, HP  Color Graph- 
ical Debug displays both digital and analog tests using histograms 
and logic analyzer-type screens. It is softkey-driven for ease of use. 



BOARD TEST SYSTEMS 
544 Testing Surface Mount Technology Boards u HP 3070 SMT-Series 

In the last five years, there have been rapid technological advances 
in the electronics industry. Device technologies like application-spe- 
cific integrated circuits (ASICs) and VLSl circuitry. which were 
rarely used five years ago, now appear in the design of almost every 
PC board. However, the greatest impact on the electronics manufac- 
turing industry has been the exponential growth of surface mount 
technology (SMT). SMT, ASlCs and VLSl offer greater capabilities 
and flexibility in much smaller packages. Although they have cost and 
capability advantages, these new technologies also introduced a 
unique set of process and test related problems that your board test 
system must solve. 

Using SMT in the design of PC assemblies allows higher device 
densities but results in reduced test pad target size, limited access to 
test nodes, and dual-sided component placement. Testing these dense- 
ly packed circuits requires a board test system that has advanced 
SMT fixturing and test development tools. That system is the HP  
3070 SMT-Series tester. 

Testing SMT PC Boards 
The primary problems in testing SMT boards are the shortage of 

reliable probing points access for detailed diagnostics and the high 
component densities that reduce the size of the test pad to be probed. 
In an attempt to reduce board geometries even further, manufactur- 
ers are placing components on both sides of the PC assembly. rhis 
poses problems for both the test system and the design of the test 
fixturing. 

Testing PC boards with limited access requires a combinational 
test system with the capability for both in-circuit and cluster func- 
tional testing for sections of the board where probe access is impossi- 
ble. Automatic backtracing for accurate fault isolation within the 
cluster is also reauired. To lower the cost of cluster testing, the HP  
3070 ~ ~ ~ - ~ e r i e s  has an integrated program generator, ~ i b r a r ~ - ~ e n -  
erated backtrace trees. and HP Color Graphical Debug. 

SMT Fixturing 
Surface mount technology has had a major impact on test fixture 

design. The conventional two-plate vacuum fixture design was ade- 
quate for through-hole technology that provided large test pads and 
single-sided access of every test node. Component densities, reduced 
access, dual-sided boards, and smaller probing targets have changed 
the probing process. 

Close-center probing is frequently required on SMT boards, mak- 
ing smaller probes a necessity. Smaller probes are more difficult to use 
because they are more flexible and tend to add to the probing errors of 
conventional fixturing. In addition, there are few acceptable methods 

for connecting more than one wire to the .05OR probe. On boards 
where probes are densely packed, it is sometirnes necessary to 
counteract probe spring rension mechanically &cause vacuum fix- 
tures cause warplng that can introduce failures. The HP SimPlate 
Series of test fixtures, with their single-plate design, solve the 
problems of close-center probing with a 10:l reduction in problng er- 
rors. 

Dual-sided probing is needed when circuit dens~ty and component 
placement make single-side access to test nodes impossible. It re- 
quires extremciy accurate positioning of the two probe plates relative 
to each other and to the PC board. Longer wlres are needed to con- 
nect the upper plate to the system interface, affecting signal quality. 

To improve signal quality, it is sometimes necessary to use dual- 
stage probing. This technique easily removes the in-circuit probe 
loading from the PC board during functional testing on critical nodes. 
In the past, special problng requirements meant costly. complex tix- 
turing. Hewlett-Packard's automatic fixture generation software and 
vacuum-actuated and mechanical fixtures provide specialized prob- 
ing capabilities at  affordable prices. 

SMT Testing Solutions 
A s  a major usTr of SMT', Hewlett-Packard understands the unique 

demands of testlng clrcuit boards designed with surface mount de- 
vices. Each year, Hewlett-Packard designs approximately 150 new 
products using SMT, requiring placement of over 450 million sur- 
face-niount devices yearly on PC boards. The HP 3070 SMT-Series 
Board Test System combines Hewlett-Packard's expertise In SMT 
w~th an cxtensivc background In measurement and computatlon to 
provide solut~ons for SMT test problems. 

The H P  SMT-Series testers provide true combinational test capa- 
bilities tor testlng surface mount devices with an integral mechanical 
fixturrng system to solve the most complex fixturing problems. The 
HP Integrated Program Generator (HP IPG) automatically develops 
analog and digital tests, including cluste~ testlng. The HP Express 
Fixture Software automates the desigr, and construction on the HP  
SimPla~e Express fixtures and HP Express Cassettes for the mechani- 
cal fixturing system. The software automatically minimizes top-side 
probing, fixture wlre lengths, and close-ccnte~ probing. 

The H P  Express Fixturing System offers unprecedented mechani- 
cal accuracy and reliability required for close-center, dual-sided, and 
dual-stage problng. With its automatic board handling capablllties, 
the systcnl easily integrates into an automated SMI '  or other n~gh  
volume production Ilne. 
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HP 3065 Board Test Family 
Hewlett-Packard offers a complete range of affordable, proven 

board test products for the electronics manufacturing industry. Build- 
ing on many years of experience in automatic testing and advanced 
computer technology, the HP  3065 family provides high-speed digital 
testing, industry-standard analog in-circuit testing, and analog func- 
tional testing. Adding the H P  Advanced Technologies hardware and 
software modules to the L- and X-series testers provides high-speed 
combinational testing capabilities. 

A distributed intelligence architecture and a true multitasking en- 
vironment allow a single H P  3065CX PLUS controller to support 
multiple test stations, multiple programming and repair stations, and 
a variety of peripherals without sacrificing high throughput in pro- 
duction test. The HP 3065 family consists of two controllers (HP 
3065CL/CX PLUS), two test stations (HP 3065HL/HX), the HP 
3065ST Standard Technologies tester, the H P  3065AT Advanced 
Technologies combinational tester, and the HP 3065CT Communica- 
tions Technologies board test system. The wide selection and varied 
capabilities of the HP  3065 family allow you to configure a test sys- 
tem to meet the challenge of solving your most complex testing 
problems. . . in the challenging environment of worldwide competi- 
tion and rapidly changing technologies. 

New Technologies 
Remaining competitive and profitable in today's worldwide mar- 

ket-place is a problem faced by all electronics manufacturers. To 
meet these pressures, manufacturers are turning to new technologies 
and manufacturing processes that promise shorter product develop- 
ment times and increased product flexibility. 

The most rapid technological growth is taking place in the use of 
advanced device technologies, including SMDs, ASICs, and VLSI, in 
the manufacture of PC boards. These devices place stringent de- 
mands on the test system, usually requiring integrated in-circuit and 
functional (combinational) test capabilities. Surface mount technolo- 
gy is used to increase device density on PC boards, often placing com- 
ponents on both sides of the boards. In the telecommunications 
industry, the use of Integrated Services Digital Networks (ISDN) is 
causing a revolution in the design and testing of new products. 

As an innovator in the design and use of these advanced technolo- 
gies, Hewlett-Packard is a leader in the manufacture of design and 
test systems such as the HP  3065 family to address these problems. 

Telecommunications Testing 
The telecommunications industrv is faced with increased world- 

wide competition, making product cost and test efficiency major is- 
sues. Test managers must reexamine their existing test strategies 
because existing products and the new ISDN technologies will both 
be produced and must be tested within the same workcell. The HP 
3065CT Communications Technologies test system was designed to 
solve this problem. 

The HP 3065CT is a completely integrated, single-stage test sys- 
tem for the telecommunications industry. It is based on the H P  
3065AT combinational tester and the telecommunications software. 
Additional test instrumentation, new software, and integrated library 
elements allow the HP  3065CT to perform CClTT specification tests 
on telecom products. Specification testing on the HP  3065CT re- 
quires much less time since production-induced faults are detected 
with its digital, analog, and combinational test capabilities prior to 
the CCITT tests. 

Digital Testing of Advanced Devices 
Advanced technologies, such as surface mount devices (SMDs), 

application-specific integrated circuits (ASICs), and VLSI circuits, 
allow the manufacturer to place greater capabilities into smaller ge- 
ometries. This poses problems, not only in testing the advanced cir- 
cuitry, but also in accessing the test nodes on the PC board. HP  has 
the test systems, fixturing and applications software to solve these 
problems. 

Fast, repeatable digital testing is required to accurately test these 
advanced devices. HP's digital test capabilities are on a par with its 
proven analog testing. Microprocessor bus emulation, clock synchro- 
nization, and automatic backtrace capabilities make testing the most 
complex VLSI circuitry a simple task. ASICs require the ability to 
access data from CAE/CAD systems for accurate test development. 
The HP 3065 Pattern Capture Format software provides access to 
over twenty leading design systems and has an open interface to pro- 
prietary in-house systems. In addition, HP's Safeguard In-circuit 
software analyzes every digital test to minimize the potential for de- 
vice damage. 

HP 0-STAR Network 
The HP Q-STAR Test Network offers the basis for implementing 

SQC in the manufacturing process while providing the optimum solu- 
tion for your test workcell needs. It provides the HP 3065 user with 
the tools to implement quality management techniques, paperless re- 
pair management, and test program management at minimal incre- 
mental cost. 

Protect Your Investment 
The modularity and flexibility of the H P  3065 family of test sys- 

tems allow the user to keep pace with today's rapidly changing tech- 
nologies. System compatibility, from the low-cost H P  3065ST to the 
HP 3065AT combinational tester, ensure that programs and fixtures 
developed on one system are easily transported to others within the 
family. Therefore training, test programs, and fixtures are not aban- 
doned when the need for additional capacity arises. 

Hewlett-Packard has over 100 board test service offices worldwide. 
so we are there wherever you are. HP Application Engineering Or- 
ganization (AEO) and Project Centers can offer complete solutions to 
your application, hardware, and software support needs anywhere in 
the world. 

HP 3065 Board Test Family 
For more information on the HP  3065 board test family, call your 

local Hewlett-Packard Sales and Service office. See page 737 

HP 3085 Series prices start at $100,500 
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Test Fixture Products 
HP 3065,3070 Family 

Test Fixtures 
The HP 44203 series of vacuum-actuated test fixtures were intro- 

duced in 1986. With only a base plate and a removable support plate, 
the HP  44203 fixtures offered higher probing accuracy, greater reli- 
ability, and easier maintenance than the conventional dual-plate de- 
sign. The elimination of the top plate and associated hardware re- 
duced the part count of a standard test fixture by 35% and reduced 
the weight by 23%. 

The new HP SimPlate 3070 (HP 44202 series) and H P  SimPlate 
Express (HP 44200 series) test fixtures are based on the H P  SimPlate 
design. Solutions for automation and SMT single- and dual-sided ac- 
cess are provided by the mechanical H P  Express Fixturing System 
(HP 44990A) and its H P  Express Cassette fixture. 
HP Simplate Series 

The HP 44203S/D/L fixture kits are designed for the H P  306X 
board test systems. The single-plate design allows the probes and tool- 
ing pins to be mounted on the same plane, resulting in improved prob- 
ing accuracy and repeatability, making these fixtures an excellent 
choice for testing both conventional and surface-mount technologies. 
The removable support plate provides immediate probe access with- 
out tools for routine maintenance. Testing can continue during main- 
tenance of PC board gaskets and vacuum seals. 
HP SimPlate 3070 Series 

The HP 44202S/L fixtures bring the proven technology of the 
single-plate design to the HP  3070 family of board testers. Other fea- 
tures include space for custom fixture electronics. friction hinges to 
hold lid open during maintenance, and easy upgrade from the 
H P  3065 to the HP  3070 interface. 
HP SimPlate Expms Series 

The HP 44200S/L fixtures retain the H P  SimPlate top plate inter- 
face to the PC board under test. The new design supports automatic 
fixture wiring, lowering the cost while improving the quality of the 
fixture. Locating grids allow for easy fixture assembly and debug. 
Average wire lengths of 75 mm (3") and wire lengths of 25 mm (1") 
for critical nodes provide the high signal quality necessary to test to- 
day's advanced high-speed devices. 

HP Expms Fixturing System 
The HP 44990A Express Fixturing System provides the exception- 

al mechanical fixturing accuracy needeh for close-center, dual:sided 
probing for SMT boards. Board flatness is controlled by push rods 
that oppose areas of high probe density, ensuring accurate probe posi- 
tioning and contact. Programmable dual-stage probing heights make 
it easy to remove in-circuit probe loading from the PC board during 
functional testing of critical circuits. 

The system is designed for flexible operation to meet the varying 
demands of production testing. It can be operated manually in a pass- 
back mode, partially automated, or fully automated in an in-line 
mode. The H P  Express Fixturing System's light curtains and safety 
sensors protect the operator from injury and the PC board from acci- 
dental damage. Electrostatic charge buildup is reduced because 
mechanical fixturing eliminates air flow across the board, and auto- 
matic loading and unloading minimizes board handling by the opera- 
tors. The H P  44990A is included with the H P  3070 SMT-Series 
board test systems. 

HP Expmr  Cassettes 
Express Cassettes are built from the H P  442008 SimPlate Express 

vacuum fixture kit plus either the H P  44201SC or HP  44201SEC 
Cassette conversion kits. The Express Cassette is a rugged, mechani- 
cally operated fixture that is ideal for high-volume testing applica- 
tions. Its one-piece design makes it easy to handle and store. When 
the cassette is out of the HP  44990A, the test probes and wiring are 
fully protected. The cassette can be converted to a vacuum-actuated 
fixture. 
HP Express Fixture Software 

Automatic fixture generation with the H P  Express Fixture 
Software saves time and money in the design and construction of 
single- and dual-sided test fixtures. The H P  Express Fixture 
Software is a standard part of the H P  3070 Board Test System. The 
software automatically minimizes fixture wire lengths; selects opti- 
mum probe locations; minimizes close-center probe usage; generates 
to-from wiring guides; positions the board on the fixture; creates files 
for use in automatic fixture construction; and designs and documents 
fixture changes to comply with engineering changes to the PC board. 
For dual-sided fixtures, the software automatically minimizes top- 
side probing and assigns transfer pins. 

Accessories 
A full line of accessories for fixtures is available fi 

Packard. 
Ordering Intarmatian 
H P  44200s Standard HP  SimPlate Express Fixture Kit 
H P  44200L Large HP  SimPlate Express Fixture Kit 
H P  44201SC Bottom-Sided Probing Cassette Conver- 
sion Kit 
H P  44201SEC Two-Sided Probing Cassette Conver- 
sion Kit 
H P  44201T Transfer Pin Kit, 20 pins per bag 
H P  44202s Standard H P  SimPlate 3070 Fixture Kit 
H P  44202L Large H P  SimPlate 3070 Fixture Kit 
H P  44202P Interface Pin Blocks 
H P  44203s H P  SimPlate Standard Fixture Kit 
H P  44203D HP SimPlate Dual-well Fixture Kit 
H P  44203L H P  SimPlate Large Fixture Kit 
H P  44265B Dual-stage Single Point Probes, 10 per bag 
H P  442668 Dual-stage Star Point Probes, 10 per bag 
H P  442748 Dual-stage Receptacles, 10 per bag 
H P  44274s H P  SimPlate Receptacles. 100 per bag 
H P  44275P Personality Pins. I00 per bag 
H P  44561L/H Low or High Force Single Point Probe. 
I00 per bag 
H P  44562L/H LF  or H F  Serrated Point Probe, 
I00 per bag 
H P  44563L/H LF  or H F  Star Point Probe, 100 per bag 
H P  44564L/H LF  or H F  Spear Point Probe. 
100 per bag 
H P  44265F Spear Point Probes-50 mil, 50 per bag 
H P  44265C Chisel Point Probes-50 mil, 50 per bag 
H P  44266F Star Point Probes-50 mil. 50 per bag 
H P  44274F Receptacle-50 mil. 50 per bag 
H P  44990A HP Express Fixturing System 

'om Hewlett- 

Price 
$690 

$ 1,050 
$750 



Dlgltal Communlcatlons Measurement rJ 
PCM Conversion Measurements 

Today's circuit-switched integrated digital 
networks (IDN) are almost all based on 64 
kb/s PCM voice channels using either CEPT 
A-law or Bell p-law coding formats. 

The HP 3776A/B terminal test set, for use 
mainly in installation and commissioning. 
can make both PCM voice and analog data 
measurements in both analog and digital do- 
mains. The HP 3779 C/D primary multiplex 
analyzer is optimized for R & D, production 
test and commissioning of line cards and 
PCM multiplexers/channel banks. 

Digital Transmission (TDM) 
The emphasis in measuring the perform- 

ance of digital transmission systems has 
shifted to monitoring the end-to-end per- 
formance in terms of %error-free seconds 
and availability. This gives a clearer and 
more thorough analysis of how faults affect 
the networks. Most of the digital transmis- 
sion analyzers from Hewlett-Packard now 
incorporate analysis to G.821 or the appro- 
priate North American standards for error 
performance. 

CEPT Hierarchy 
The CEPT digital hierarchy has four cur- 

rently defined levels for network interconnec- 
tion and test: 2, 8, 34 and 140 Mb/s. 

The HP 3764A digital transmission ana- 
lyzer is available in a number of variants to 
cater for different testing needs: a 2, 8. 34. 
and 140 Mb/s BER version for general net- 
work test and a 140 Mb/s BER and jitter 
version for troubleshooting and manufactur- 
ing applications. Versions with an internal 
synthesizer provide variable frequency oper- 
ation to 170 Mb/s and more flexible offset 
testing. 

For field-test applications at  0.7, 2, 8. 34 
and 140 Mb/s, the new HP 37721A digital 
transmission analyzer combines all the nec- 
essary measurements in a compact, portable 
and rugged case with built-in printer. 

For testing on lower-capacity systems, the 
H P  3780A pattern generatorlerror detector 
provides flexible operation at rates up to 
50 Mb/s in a single package. 

Fast, easy measurements of error and jit- 
ter performance to 50 Mb/s are possible with 
the HP  3784A digital transmission analyzer. 
It has standard C C l T T  interfaces a t  
704 kb/s and 2.8 and 34 Mb/s and optional 
data circuit testing capability at  64 kb/s. The 
HP 3788A error performance analyzer is a 
BERTS for use in the installation and main- 
tenance of digital data circuits, lines and 
multiplexers. It has CEPT interfaces a t  
2 Mb/s and 64 kb/s and also caters for 
704 kb/s operation. Lightweight and rugged, 
this battery-powered instrument is ideal for 
operation in harsh environmental conditions. 

North American Hierarchy 
Of the four main levels currently defined, 

the most important are DSl (1.544 Mb/s) - 

used primarily for local distribution - and 
DS3 (44.736 Mb/s) which is the high-capac- 
ity building block for the long-haul toll cir- 
cuits. 

The H P  3789B DS3 transmission test set 
not only measures BER and jitter on a DS3 
signal, but also extracts and measures BER 
and jitter on each of the component DSI 
digroups, making it an ideal troubleshooting 
aid. Optionally, the HP  3789B can provide 
both measurement and stress-test capability 
on C-bit parity framed signals at  DS3. 

Digital L e a d  Senice 
Measurements 

In North America, digital leased services 
include T1 (1.544 Mb/s) and digital data 
system (2.414.819.6156 kb/s). The H P  
37878 digital data test set measures both er- 
ror and jitter performance on these TI  and 
DDS services. It has subrate drop and insert 
capability and can perform measurements on 
customer subrate primary and secondary 
channels. The HP 3787B is particularly suit- 
ed to the manufacturing test of T I ,  DDS and 
DCS equipment, as well as network installa- 
tion and maintenance. 

For TI circuit installation and mainte- 
nance, the H P  37701A TI tester provides a 
rugged, portable and compact solution. It 
performs a wide range of error and signal 
measurements in the central office, on users' 
premises and at intermediate points. 

Jitter and Digital Networks 
Jitter test sets incorporating both jitter 

generation and measurement capability help 
manufacturers design equipment to meet the 
recommended jitter performance specified in 
the standards documents. In operational dig- 
ital networks, jitter accumulation varies with 
the traffic pattern content. Incorporating jit- 
ter measurements into BER test sets such as 
the H P  3764A. H P  3784A. H P  3787B 
and HP 37898 couples the analysis of timing 
jitter with error analysis to pinpoint fault 
mechanisms efficiently. 
Lightwave Transmission Systems 

Lightwave transmission predominates for 
bit rates above 140 Mb/s and DS3. For elec- 
trical tests on these high-speed systems, the 
new H P  71601A and HP 7 1603A error per- 
formance analyzers cover bit rates up to 
1 Gb/s and 3 Gb/s respectively. They are 
built in Hewlett-Packard's modular mea- 
surement system, allowing the user to define 
cost-effective configurations for manufactur- 
ing and R&D. 

Also, special options are available on the 
HP  3764A and H P  3784A digital transmis- 
sion analyzers for jitter and BER measure- 
ments at the SONET rates STSl and STS3. 

WQ 



TELECOMMUNICATIONS TEST EQUIPMENT 
ss8 Digital Transmission Analyzer and Error Performance Analyzer 0 HP 3784A, 3788A 

HP 3784A H P 3788A 
G.821 error analysis at 704 kbit/s, 2, 8 & 34 Mbit/s Low-cost, lightweight, and robust for field use 
Optional jitter generation & measurement at 2, 8 & Error measurement at 2048, 704 & 64 kbit/s CEPT 
34 Mbit/s rates 
Clock synthesizer for rates between 1 kbit/s & Basic measurements & G.821 error analysis 
50 Mbit/s Long-term internal logging of results 
Optional V . l l  interfaces for testing X.21 leased circuits Internal, rechargeable battery or ac operating 

HP 3784A Digital Transmission Analyzer 
The H P  3784A is a portable error performance/jitter test set, of- 

fering standard telecom interfaces at  704 kbit/s, 2, 8 and 34 Mbit/s, 
with the option of codirectional interfaces at  64 kbitls and V.l I inter- 
faces for testing X.21 leased circuits. In addition, it has binary 
TTL/ECL interfaces for measurements up to 50 Mbit/s, using the 
internal clock synthesizer. 

The HP 3784A is easy to use with measurement presets, automatic 
receiver setup and error performance pass/fail thresholds. Automatic 
jitter tolerance and transfer plotting routines are provided for fast 
accurate testing up to and beyond CCITT limits. Through-data mode 
allows jitter to be added to a structured signal for jitter tolerance test- 
ing of demultiplexers. 

Applications 
Automated production test of transmission line and terminal 
equipment 
Development and test of digital circuits that transport or store data 
Long-term monitoring of digital transmission equipment in the 
field 

Measurement Summary 
Error Analysis: Error count, error ratio, error and error-free intervals 
(seconds and deciseconds). % unavailability. % errored and % severe- 
ly-errored seconds, % degraded minutes. All measurements are made 
simultaneously. 
Jitter Analysis: Peak-to-peak amplitude, jitter hit count, jitter hit 
and hit-free seconds or deciseconds. 

Ordering Information Price 
H P  3784A digital transmission analyzer $ 10,300 

Opt 002: jitter measurements $5,860 
Opt 006: 64 kbitls measurements & V.ll interfaces $1.1 10 

Note Opl~ons 002 and Od6 cannot be ordered togaha 

HP 3788A Error Performance Analyzer 
The HP 3788A is a low-cost, portable. bit-error-ratio test set. Un- 

framed test patterns are used to measure errors at  2048, 704 and 
64 kbit/s CEPT standard rates. Measurements include error count 
and error ratio for fast circuit testing, and powerful error perform- 
ance analysis for long-term monitoring. Analysis results are stored 
internally and either logged to an RS-232-C printer or viewed on the 
display. The HP 3788A operates from an internal battery, with typi- 
cal operation time of 10 hours, or a chargerlac adapter. 

The HP 3788A is intended for use by PTTs, telecom service provid- 
ers and private network operators. 

Applications 
Error performance analysis during installation and out-of-service 
maintenance of digital data circuits, lines, and multiplexers at 
2048, 704 and 64 kbit/s (codirectional interface) 
In-service error performance monitoring at 2048 and 704 kbit/s 
using line code errors 

Measurement Summary 
Error Analysis: Error count (EC), error ratio (ER). 
G.821 Analysis: Maximum and average error ratio, error seconds 
(ES. % ES). severely-errored seconds (SES, % SES), degraded min- 
utes (DM. % DM), unavailable seconds (US, % US), alarm seconds 
(ALMS. % ALMS). All measurements are made simultaneously. 
User-defined 6.821 Analysis: As above, but with selectable analysis 
interval and error thresholds. 
Threshold Analysis: Provides selectable analysis interval, error 
count, and error ratio logging thresholds. Results: EC, Max ER, 
AVER, El, % EI. SEI, % SEI. 

Ordering Information 
HP 3788A Error Performance Analyzer 

Price 
$3.000 



Digital Transmission Analyzers 
HP 3764A, 37721A 

H P 3764A HP 37721A 
Error & jitter measurements at 140 Mbit/s or error Bit & code error testing at 704 kbit/s, 2, 8, 34 & 
measurements at 704 kbit/s, 2, 8, 34 & 140 Mbit/s 140 Mbit/s 
Internal synthesizer for measurements from 1 kbit/s Portable, lightweight & rugged 
to 170 Mbit/s at binary interfaces Text & graphic results on large display 
Powerful data logging to internal or external printer Stored setups & autosetup for ease of use 
Fast, easy measurement setup using stored presets Remote control, frequency offset & measurement, 

multiple outputs 

I . -  1.1 , 1 1 1  1 1  1 . 1 1 1 1 . 1  !.I I.' . . 3 3 %  
J t ' t ' U k f  %I .'g 

HP 3764A 
Option 007 

HP 3764A Digital Transmission Analyzer 
The HP 3764A digital transmission 7nalvzer is available in a num- 

ber of different versions to cover :I wide range of telecom and general- 
purpose test applications. Each one offers pattern generation and er- 
ror detection at coded and binary interfaces. and an HP-IB port for 
remote control operation 

A version of the HP 3764A with combined error and jitter perform- 
ance measurements at  140 Mbit/s is ideal for production test of 
telecom equipment. It can be further enhanced with a through-data 
mode to allow jitter to be added to any 140 Mbit/s signal passing 
through the instrument. 

Version? of the instrument with CEPT rates from 704 kbit/s to 
140 Mbit/s offer a test solution for manufacturing and installation of 
digital network equipment. Other versions. including a clock synthe- 
sizer. offer data generation and error detection at binary interfaces at 
rates up to 170 Mbit/s. 

Applications 
Production testing of digital transmission equipment 

r Installation and maintenance ~f digital networks 
Demllltiplexer testing using through-data mode to add jitter to a 
structured signal 
Long-term unattended monitoring with error performance 
analvsis based on CCITT Recommendation G.821 

Measurement Summary 
Error analysis: Error collnt, error ratio. error seconds error-free 
scrnnds. ' z  llnavailability. '75 errored seconds % severely-errnred 
seconds Q degraded minutes. All measurements are made simultane- 
ol~sly and in accordance with CCITT Recommendation (3.821. 
Jitter analysis: Peak-to-peak amplitude. jitter hit count. jitter hit 
seconds. jitter hit-free seconds. Internal filters to CCITT Recommen- 
dation 0.171 ?re available for performing selective jitter measure- 
meqts Where ? greater degree of selectivity i s  required a 
demodulated jitter outp~lt allows connection qf external equipment 
such s~ a svectrllm analvzer 

DESONEO F O R  
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HP 37721A Digital Transmission Analyzer 
The HP 37721A digital transmission analy7er is a portable, 

lightweight. rugged test set providing bit and code error testing at 
the European CEPT rates of 704 kbit/s. 2.8.34 and 140 Mbit/s. It 
measures error performance to CCITT Recommendation G.821, 
with interfaces to (3.703. 

A key feature of the HP  37721A is its ease of use: the autosetup 
facility automatically configures the test set to the incoming data; 
nine stored setups ensure that required test parameters are instant- 
ly available; graphic display of results shows error counts, error 
seconds and alarms at a glance; and a range of logging options to an 
internal or external printer provides customized hard-copy proof of 
results 

Option 001 provides remote control via RS-232-C and HP-IB 
interfaces and adds the ability to log results to an HP  ThinkJet. 
Multiple outputs in Option 002 enable simultaneous loading of 
four channels of a multiplexer or digital radio with only one test set. 
With Option 003, up to I00 ppm of frequency offset is provided at 
all rates to evaluate clock-recovery circuits. 

Applications 
"vl:~intt-nance of digital networks (PTTs, other network 
operatnrs) 
lnstallation of digital networks (PTTs, network operators, 
manufactnrers) 
1-ong-term unattended monitoring with error performance 
analysis based on CCITT Recommendation G.821 

Measurement Summary 
Error analysis: As CCITT Recommendation G.821. 
Results displayed: Elapsed time in test period: errored seconds, '3% 
errored second\. error-free seconds. % error-free seconds. severelv- 
errored seconds, % severely-errored seconds; unavailability, % un- 

Ordering Information Price availability: degraded minutes, % degraded minutes; code-error 
H P  3764A digital transmission analyzer 51 1,610 seconds: bit error count. bit error ratio; code error count, code error 

Opt 002 .litter generation and measurement at  +%3.115 ratio: frequency. frequency offset: and alarms. 
140 Mbit/s 
Opt 007 .litter generation and measurement at +57,070 Ordering Information 
140 Mbit/s with through-data mode plus clock syn- H P  37721.4 digital transmission analyzer 
thesizer Opt 001 Remote control 
Opt 086 Error performance at  704 kbitls. 2. 8.. 34 +52,730 Opt 002 Multiple outputs 
& 140 Mbit/? plus clock synthesizer Opt 003 Frequency offset 

Price 
57,670 
+f 645 

+S1.720 
+S 1,075 



TELECOMMUNICATIONS TEST EQUIPMENT 
T I  and Dlgltal Data Test Sets 
HP 37876,37701A 

Carry out stress & compliance tests on DDSIDataport Complete range of T I  installation & maintenance 
& Tl /T lC  equipment measurements in one tester 
In manufacturing, replace whole racks of test Low-cost, rugged, easy-to-use 
equipment with one set Adaptable to future requirements - no need to 
Reduce network downtime with error monitoring, re-equip 
analysis & logging Powerful results storage & analysis without using a 

printer 

@#& 
SYSTEMS 

HP 37878 Digital Data Test Set HP 37701A T1 Tester 
The HP 3787B combines T I / T l C  and DDS testing in one, porta- The HP 37701A performs bit-error and signal measurements on 

ble test set. A built-in multiplexer/demultiplexer allows test patterns, TI circuits in central offices, a t  outside locations, and on the users' 
control codes or external data to be inserted into, or extracted from, premises. Built-in CSU emulation allows circuits to be proven before 
individual timeslots, subrates, and overhead channels. Measurements user equipment is connected. Autoconfigure, "trouble scan", and pre- 
range from simple BER tests to full error anlaysis, as well as signal stored setups, together with clear simple controls, make the tester 
level and optional DSI jitter measurement. easy to use. The HP 37701A TI tester is easily upgraded to the 

H P  3771 1 A Tl/datacom test set (see page 573). 

' d ~ ~ / ~ a t a p o r t  and TI  equipment manufacturing 
Network installation and maintenance 
Performance monitoring 

Specifications 
Full transmit and receive capability. 
Interfaces: DSO A/B. DSI (D4, ESF. TIDM, SLC-96). DSIC. 
Test pattern: z2', 220, 2" PRBS; QRSS, 3 in 24, 8-bit word, loop & 

control codes; TA55 DDS stress patterns. 256-byte user pattern 
(DSO only). 

External clock input for jitter generation. 
Error detection, analysis and logging on all test patterns. 
Frame slips measurement. 
Built-in printer. 
HP-IB and RS-232 remote control interfaces. 
Size: 130 H x 425 W x 420 mm D (5.12" x 16.73" x 16.54"). 
Weight: 10.4 kg (23 Ib). 

Applications 
Leased TI  circuit installation and maintenance 
TI circuit monitoring in central offices 
Acceptance testing and maintenance by TI  users 

Specifications 
Full transmit and receive capability. 
Receiver range: 6 to -36 dB DSX with equalization. 
Framing: D4, ESF, SLC-96. 
Line codes: AMI, B8ZS. 
Test patterns: 223, 220, 2'' PRBS; QRSS, 3 in 24, ]:I, l:7,55 octet, 

24- bit word. 
Measurements: Error performance based on BPVs, logic, frame & 

pattern errors; frequency, pattern slips, simplex current, level. 
round trip delay, pulse shape. 

Channel VF output including internal loudspeaker. 
RS-232 remote control and printer interface. 
Universal ac power supply. 
Size: 190 H x 340 W x 208 mm D (7.5" x 13.4" x 8.2"). 
Weight: 4.5 kg ( I0  Ib). 

Ordering Information Price 
HP 3787B Digital data test set 59,590 Ordering Intormation 

Opt 001 DS I jitter measurement +$935 HP 37701A TI tester 
Opt 002 DC operation (48V) +$620 Opt 001 Pulse shape and wander/clock 
Opt 003 Channel VF output +$390 slips measurement 

Special options are available to give 32 or 64 additional Opt 002 Built-in rechargeable battery and charger 
DSX-I outputs and DSO operation with a composite Opt 003 Graphic results presentation, result 
clock signal. storage and G.821 performance analysis 
Accessories Accessories 
HP 15513A lm WECO 310- WECO 310cable 562 HP15513AlmWECO310-WECO310cable 
HP 15-A Front-panel DDS clock cable $128 HP 18182A 1.5m WECO 310 - crocodile clip cable 
HP 15669A Rear-panel DDS clock cable $128 HP 15710A Soft-fabric carrying case 

wvvw. hparchive.com 

Price 
$4.700 
+$550 



TELECOMMUNICATIONS TEST EQUIPMENT 
DS3 Transmlsslon Test Set and Dlgltal Transmlsslon Analyzer 

HP 3789B, 3784A 

HP 37898 
Error & jitter measurement at DS3 & DS1 
Built-in DS3 to DS1 multiplexer 

C-bit parity generation & measurement 
DS3 idle signal generation & detection 
Optional built-in data logging 

qiJ#@ 
SYSTEMS 

HP 37898 053 TransmissSon Test Set 
The HP 3789B is a powerful test set offering outstanding monitor- 

ing and troubleshooting capability for DS3 digital transmission 
equipment. A built-in demultiplexer allows it to perform measure- 
ments on both DS3 and DSI signals from a DS3 access point. On 
equipment using the new C-bit parity framing format, the H P  37898 
can measure the end-to-end performance of a transmission path in 
both directions simultaneously from a single access point. 

Jitter measurements at  DS3 and DSI are available to help diag- 
nose timing problems quickly and easily. HP-IB and RS-232-C ports 
are provided for remote control operation or for logging results to an 
external printer. Optional enhancements include dc operation, and a 
built-in printer or 3.5-inch disk drive. 

Applications 
System turn up checks 
Routine testing of trunks 
Fault sectionalization 
Identifying fault mechanisms 
Preventive maintenance 
Service quality verification 

Outage detection & isolation 
Trouble referral verification 
Equipment & route 
assessment 
Longterm performance 
monitoring 

Measurement Summary 
DS3 erron: Bit (logic), frame, parity and code (BPV) in the form of 
error count, error ratio, error seconds, error-free seconds. 
Error b u n k  The number of bursts with > 100 errors is counted. 
Error distribution: Error seconds, containing 1 error, 2 to 10 errors 
and > 10 errors, are counted separately. 
DS3 analysis: % availability, % unavailability, % error seconds. % 
degraded minutes, consecutive severely-errored seconds (CSES). 
These can be configured for numeric results or pass/fail results 
against selectable thresholds. 
DS3 jitter: Maximum peak amplitude, jitter hit count, hit bit count, 
hit bit ratio, hit second count, hit-free second count. 
DSl erron: Bit (logic), frame. CRC (extended superframe format). 
DS1 jitter: Maximum peak-peak, maximum positive peak, maximum 
negative peak, jitter hit count. 
C-bit parity w o n :  Cp parity errors expressed as error count, error 
ratio, error seconds, error-free seconds, error seconds types A, B & C. 
C-bit alarms: The far-end alarm and control channel (FEAC) is 
monitored and decoded. The current alarm status is displayed textu- 
ally and in bit format. 
FEBE bits: The far-end block error bits are monitored and their infor- 
mation is displayed as error ratio, error seconds, error seconds types 
A, B & C. 

HP 3784A Digital Transmission Analyzer 
Special Options 

Special versions of the H P  3784A digital transmission analyzer of- 
fer error and jitter measurements at  North American and binary in- 
terfaces, using unframed data. They provide all the features of the 
standard instrument (see page 548) with North American data rates, 
DSI (1.544 Mbit/s), DSIC (3.152 Mbit/s), DS2 (6.312 Mbit/s) and 
DS3 (44.736 Mbit/s), replacing the European data rates. Another 
version offers STS 1 (5 1.84 Mbit/s) for testing SONET equipment. 

Automatic and manual jitter measurements offer a fast, accurate 
means of characterizing digital transmission equipment. In addition, 
jitter can be added to any standard data signal passing through the 
instrument to allow testing of demultiplexers with a framed signal. 

Measurement Summaw 
Error analysis: Error count:error ratio, error and error-free intervals 
(seconds or deciseconds), % unavailability, % errored and % severely- 
errored seconds, % degraded minutes. All measurements are made 
simultaneously. 
Jitter analysis: Peak-to-peak amplitude, jitter hit count, jitter hit and 
hit-free seconds or deciseconds. 

Ordering Information 
H P  3789B DS3 transmission test set 
The standard package consists of receiver; generator 
with 6 outputs; built-in demultiplexer to DSI, bothHP- 
IB and RS-232-C ports, real-time clock, WECO 560A 
type connectors fitted to Rx and Tx (alternative connec- 
tor types are available). For additional capability, se- 
lect from the following options. 

Opt 002 Second measurement capability 
(including C-bit parity generation/ measurement and 
jitter measurements at  DS1) 
Opt 003 Second measurement capability 
(including C-bit parity generation/measurement and 
jitter measurements at  both DSI and DS3) 
Opt 004 Delete option - removes DSI output capabili- 
ty 
Opt 005 Built-in operation from 24V/48V dc supplies 
Opt 0 1 0  Built-in 24-column printer 
Opt Ol l Built-in 3.5-inch disk drive 
Note Options 010 and 01 1 cannot be ordered together 

H P  3784A digital transmission analyzer 
Opt 002/H09: For error and jitter measurement ca- 
pability at DSI, DSIC. DS3 and STSl 
Opt H12: For error measurement capability a t  DSI, 
DS I C. DS2 and DS3 
Opt 002/H13: For error and jitter measurement ca- 
pability at DSI, DSIC, DS2 and DS3 

Price 
$12.170 



TELECOMMUNICATIONS TEST EQUIPMENT 
552 Gigabit Error Performance Analyzers and Pattern Generators 0 HP 71600 Series 

Variable data/clock delay Screen-based pattern editor 
Automatic setting of data threshold & decision point Trigger anywhere in pattern 
Sync-loss detection with fast automatic resync True complementary outputs 
User formattable results Low phase noise clock source 

HP 71603A @- 
SYSTEMS 

HP 71600 Series Error Performance Analyzers 
The HP 7 1601 A and HP 7 1603A error performance analyzers con- 

sist of pattern generator, error detector and synthesized clock source 
configured in the HP 70000 modular measurement system (MMS). 
The HP 71601A covers the range 50 Mbit/s to I Gbit/s and the 
HP 7 1603A from I00 Mbit/s to 3 Gbit/s. The HP 71600 series incor- 
porates electronic phase shifters for rapid adjustment of data/clock 
delay. Measurement speed is increased further with fast pattern syn- 
chronization and automatic setting of data threshold and decision 
point in the receiver. Error distribution is analyzed by counting er- 
rored and error-free intervals between 1 second and 1 millisecond. 
Adjustments can be tracked with continuously updated delta error 
count and delta error ratio measurements. 
Applications 

Lightwave systems 
Satellite systems 
High-speed local-area networks (LANs) 

Specifications 
Bit rate: 50 Mbit/s to 1 Gbit/s (HP 71601A). 

I00 Mbit/s to 3 Gbit/s (HP 71603A), 
(settable to 1 Hz). 

Patterns: as for pattern generators. 
Data outputs: as for pattern generators. 
Data input: 0.5V to 2V p-p amplitude. 
Termination voltage: selectable OV or -2V nominal. 
Delay: data/clock delay + 1 ns, resolution 5 ps. 
Ordering Information Price 
H P  71601A 50 Mbit/s to 1 Gbit/s Error Performance $64,300 

HP 71600 Series Pattern Generators 
The H P 7 1602A and HP 7 1604A pattern generators consist of pat- 

tern generator and synthesized clock source configured in the 
HP 70000 modular measurement system (MMS). The HP 71602A 
covers the range 50 Mbit/s to I Gbit/s and the HP 71604A from 100 
Mbit/s to 3 Gbit/s. The HP 71600 series incorporates a screen-based 
editor for user-defined bit patterns and complementary outputs that 
simplify testing of high-speed devices and assemblies. Fast, reliable 
operation of the electronic phase shifter for datalclock delay, ensures 
rapid analysis of eye-openings and decision windows. 

Applications 
Gallium-Arsenide and high-speed silicon IC test 
Optical component test 
High-speed computer hardware development 

Specitications 
Bit rate: 50 Mbit/s to 1 Gbit/s (HP 71602A), 

I00 Mbit/s to 3 Gbit/s (HP 71604A). 
(settable to 1 Hz). 

Rise time (20% to 80%): < 90 ps (HP 7 1604A), 
< 180 ps (HP 7 1602A). 

Patterns: 2"-I, Z15-l,210-l, 2'-1; zero substitution/variable mark 
density patterns; variable length user patterns from I to 
8192 bits (from 1 to 255 bits in I-bit steps; 256 to 8192 
bits in 32-bit steps). 

Data & outputs: ECL or variable 0.25V to 2V p-p amplitude 
into 50 ohm. 

Delay: data/clock delay + 1 ns, resolution 5 ps. 

Ordering Information Price 
H P  71602A 50 Mbit/s to 1 Gbit/s Pattern Generator $41,600 
H P  71604A 100 Mbit/s to 3 Gbit/s Pattern Generator $62,500 

Analyzer 
H P  71603A 100 Mbit/s to 3 Gbit/s Error Performance 
Analyzer 

Individual modules can be ordered for configuring cus- 
tom-designed systems: 
H P  70846A 50 Mbit/s to 1 Gbit/s Error Detector 
Module 
H P  70842A 100 Mbit/s to 3 Gbit/s Error Detector 
Module 
H P  15680A RF Accessory Kit 

Individual modules can be ordered for configuring 
(695*000 custom-designed systems: 

H P  70845A 50 Mbit/s to 1 Gbit/s Pattern Generator f 19,500 
Module 
H P  70320A Signal Generator Module (for 1 Gbit/s $ 1 7,000 

$16,000 operation) 
H P  70841A 100 Mbit/s to 3 Gbit/s Pattern Generator $27.500 

$25.800 Module 
H P  70322A Signal Generator Module (for 3 Gbit/s $35,000 

$ 1,400 operation) 



TELECOMMUNICATIONS TEST EQUIPMENT 
PCM Terminal Test Set, Primary Multiplex Analyzer, Channel Selector 

HP 3776A, 37768,3779C, 3779D, 3777A 

HP 3776A/8 
Voice, PCM and data (option 001) measurements In 
one portable instrument 
Network test of 4 kHz channels at VF and 2/1.5 Mbit/s 
PCM interfaces 
A-A, A-D 8 D-A measurements (for full & half-channel 
tests) 
Direct output to printer or plotter 
Set and monitor framing and signaling bits 

HP 3779C/D 
Manufacturing/R&D test of digital line cardskhannel 
banks 
A-A, A-D & D-A measurements (for full & half-channel 
tests) 
Comprehensive PCM In-band and out-of-band mea- 
surements (to 40 kHz) 
Limit checking, sequencing, and direct control of prlnt- 
er and channel selector for ease of system integration 
Complex impedance terminations 

HP 3776A/B PCM Terminal Test Set 
The HP 3776A is designed for CEPT/CCITT compatible net- 

works. Model 3776B is designed for Bell/Japanese/CCITT wmpati- 
ble networks. Full specifications are contained in the specification 
booklet. 

HP 3776A 
The H P  3776A has 30131 channel voice test capability. The VF 

and PCM interfaces allow multiplexers to be tested to CCITT Rec- 
ommendations G.712 to G.714. Option 001 provides datacom mea- 
surements conforming to the relevant CCITT "0" Series 
Recommendations. 

HP 37768 
The HP 3776B has selectable Bell standard or Bell extended super- 

frame (ESF) capability. Line coding is either AM1 or B8ZS (clear 
channel). HP  3776B Option 002 has modified measurements and 
1-21 4 connectors for Japan. The VF and PCM interfaces allow chan- 
nel banks to be tested to BSTR PUB 43801 specifications. Option 001 
provides datacom measurements conforming to IEEE STD 
743-1984. 

HP 3777A Channel Selector 
DC to 110 kHz 
2-wire/4-wire balanced switching 
Remote control only (HP-IB) 
The HP 3777A is a 4-pole access switch for telecom applications. It 

may be configured as a single 4-wire switch or as two, independent, 2- 
wire switches. Channel capacity is arranged by adding standard mod- 
ules. Unselected channels are switched to 600 ohm terminations. Spe- 
cial options are available with other termination values including 
none (open circuit). 

HP 3779C/D Primary Multiplex Analyzer 
The HP 3779C is designed for CEPTICCITT compatible net- 

works. Model 3779D is designed for Bell/Japanese/CCITT compati- 
ble networks. Full specifications are contained in the specification 
booklet. 

The standard unit has VF interfaces for A-A measurements and 
E&M signaling distortion measurement capability. 
An option adds A-D, D-A and D-D measurements and a single- 
channel TTL- compatible interface for codec and line card testing. 

HP 3779C 
The HP 3779C performs A-A measurements to CCITT G.71213 

standards. A-D and D-A measurements are performed to CCITT 
(3.714. Multiplex alignment and alarm functions can be tested auto- 
matically in D-A mode. 

HP 3779D 
The HP 3779D tests channel bank performance as specified in 

BSTR PCB 4380 1. 

Accessories 
HP 15518A/B: dual-port loop-holding accessory for H P  3776A/B 
HP 155158: loop-holding unit, 24 mA current sink; WECO connec- 
tors 
HP 15512A: lm  length 600 ohm bal cable; Siemens 3-pin connector 
both ends 
HP 15513A: Im length 600ohm bal cable; WECO 310jackplug both 
ends 

Ordering Information Price 
H P  3779C Primary Multiplex Analyzer (CEPT) 525,000 
H P  3779D Primary Multiplex Analyzer (Bell) $22,050 
H P  15512A Cable $82 

HP 3777A Options H P  15513A Cable $62 
H P  15515B Loop Holding Unit 5330 
H P  15518A/B Loop Holding Accessory $505 

Channels WEW 310 
Opt H07 Opt H16 
o p t  002 o p t  003 
Opt HI3 Opt H17 

24 Opt H14 Opt 001 
Std Opt H05 

Ordering Information Price 
H P  3776A PCM Terminal Test Set (CEPT) $13,680 
H P  3776B PCM Terminal Test Set (Bell) 5 14.900 
H P  3777A Channel Selector 55,700 



TELECOMMUNICATIONS TEST EQUIPMENT 
Selective Level Meter and Synthesizer 
HP 3586A/B, 3336A/B 

m m o .  r I 
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General 

Power: 100/ 120/220/240 V, +5%. - 10% 48 to 66 Hz, 150 VA. 
HP 3586A Selective Level Meter (CCITT) Weight: net, 23kg (501b); shipping. 30kg (651b) 

Size: 177H x 425.5W x 466.7mmD (7" x 16.75" x 18.38") 

Selective Level Meter and Synthesizer 
The HP 3586A/B Selective Level Meter and HP 3336A/B Track- 

ing Synthesizer offer the high performance necessary to meet de- 
manding requirements in the design, manufacture, commissioning 
and maintenance of frequency division multiplex (FDM) systems. 
Features of the HP 3586A/B selective level meter include wideband 
power measurements and telephone impairment measurement of im- 
pulse noise, phase jitter, noise with tone, and signal-to-noise with tone 
ratio. The wide frequency coverage to 32.5 MHz allows measure- 
ments at  both voice channel and carrier frequencies. 

The HP 3336A/B SynthesizerILevel Generator is an excellent 
precision tracking signal source for the HP 3586A/B. When the se- 
lective level meter (SLM) and synthesizer are in the tracking mode, 
the frequency of the synthesizer is automatically set to the frequency 
of the SLM. The HP 3586A and H P  3336A models meet CCITT 
requirements, and the H P  3586B and HP 3336B models meet North 
American (Bell) standards. 

HP 3586A/B Specifications 
(See data sheet or manual for complete specifications) 
Frequency 

Frequency range: 

I Sienal lnwt I HP 3506A I HP 35060 
1 75 !! Unbalanced I 50 Hz to 32.5 MHz 

I 150 fl Balanced I 4 kHz to 1 MHz I I 

124 11 Balanced I 

I 600 fl Balanced I 100 Hz to 108 kHz 

Center frequency accuracy: + 10 ppm/year 
Frequency counter accuracy: center frequency accuracy 
+ I . O  Hz 

Selectivity 
3 dB Bandwidth: 20,400.3 100 Hz 10% 
Noise weighting: psophometric (3586A) C-message (35868B) 

Amplitude accuracy: (75R input) 

4 kHz to 10 MHz 

135 fl Balanced I 

Input Lml t.40 dB + 20 dB t.25 dB 
d0m 

t.75 dB 

X K )  Hz 20 kHz 18 MHz 32.5 MHz 
Dynamic range 

Noise floor (full scale setting -35 to -120 dBm) 

600 R inputs. low distortion mode 
Intermodulation distortion: two-tone second and third order. sepa- 
ration 7 kHz to 1 MHz, 75 dB below full scale. Either tone 
> 10 MHz. -70 dB. 
Non-harmonic spurious signals: > 1600 Hz offset, -80dBc. 

4 kHz to 1 MHz 

10 kHz to 100 kHz 

HP 3336A/B Specifications 
Frequency Range 

Noiw L d  
-116 dBm 
-120 dBm 

F Y w W  
100 kHz to 32 5 MHz 

Amplitude 
Range: 75 and 600 R outputs: - 72.99 to +7.00 dBm; 124,135 and 

1 50 R outputs: - 78.23 to + 1.76 dBm 
Accuracy: 75 R output, 10 Hz - 20.9 MHz (-3 to +7 dBm) 

+.I5 dB Opt. 005 *.I2 dB 
Spectral purity 

Phase noise: <- 72 dB for a 3 kHz band, 2 kHz either side of a 
20 M H z  carrier. 
Harmonic level: - 35 dB. 10 Hz to 30 Hz; -50 dB, 30 Hz to 
50 Hz; -60 dB, 50 Hz to 1 MHz; -55 dB, I MHz to 5 MHz; 
- 50 dB, 5 MHz to 20 MHz. 
Spurious: All non-harmonically related signals will be more than 
70 dB below the fundamental or -100 dBm (-1 15 dBm with op- 
tion 005 except 150 to 600 R). whichever is greater. 

Phase offset: + 719.9" with respect to arbitrary starting phase or 
assigned zero phase. 
Frequency sweep: linear, logarithmic 

Flatness: +0.15 dB, 10 kHz -20 MHz 
Modulation: external AM or PM 
General 

Power requirements: 100/120/220/240 V, +5%, -10%. 48 to 
66 Iiz, 60 VA, (100 VA with all options), 10 VA standby 
Size: 132.6H x 425.5W x 425.5mm D (5 '/r" x 16 )/4" x 16 3 / 4 7  

Weight: net, lOkg (221b); shipping, 15.5kg (341b) 

Emdwm 
3100. 1740.2000 Hz 

20 HZ. 4W Hz 

Harmonic distortion: 70 dB below full scale > 4  kHz on 75 R and 

All 

Ordering Information 
H P  3586A Selective Level Meter (CCITT) 

Opt 001 1.615.6 mm 75 R Connector 
Opt 004 High Stability Frequency Reference 

H P  3586B Selective Level Meter (North American) 
Opt 001 75 R connector mates with WECO 358A 

and 124 R connector mates with WECO 
372A 

Opt 004 High Stability Frequency Reference 
HP 3336A Sy nthesizer/Level Generator (CCITT) 

Opt 001 1.615.6 mm 75 R Connector 
Opt 004 High Stability Frequency Reference 
Opt 005 High Precision Attenuator 

H P  3336B Synthesizer/Level Generator (North 
American) 

Opt 001 75 R WECO 358A. 124 R WECO 372A 
Opt 004 High Stability Frequency Reference 
Opt 005 High Precision Attenuator 

-105 dBm 

Price 
$12,150 

+$I03 
+$775 

$12,150 
+$lo3 



TELECOMMUNICATIONS TEST EQUIPMENT 
Microwave Radio Nolse and Interference Test Set, Multlpath Fadlng Simulator n 

HP 3708A HP 11757A 
Carrier tracking maintains accurate & repeatable C/N Test equalizers, diversity combiners measure M- 
& C/I conditions curves 
Fast, alternative residual BER measurement Fixed or moving notch 
Accurate simulation of radio system interference Simplified 3-path model 

High performance, lightweight, rugged, easy-to-use 
Optional retrofit for built in M-Curves and internal 
printer 

HP 3708A Noise and Interference Test Set 
To minimise lost transmission revenue and the cost of equipment 

repair, an accurate, overall performance assessment of radio systems 
is required. This allows potential faults to be corrected before they 
begin to cause problems. The HP 3708A provides an accurate method 
of assessing performance of microwave radio and satellite modem sys- 
tems by providing the Carrier to Noise (C/N) and Carrier to Inter- 
ference (C/I) conditions necessary to make C / N  & C/I  vs Bit Error 
Ratio (BER) measurements. 

The instrument is designed for easy access to the IF  section of the 
radio system. The carrier level is monitored and calibrated levels of 
interference and Gaussian noise are added to stress the system in a 
controlled way. Accurate and repeatable C /N and C/I  ratios can be 
maintained even in the presence of severe signal variations. 

The HP 3708A has the flexibility to accommodate a wide variety of 
radio designs, a selection of calibrated internal filters giving accurate- 
ly specified Carrier to Noise ratios in any noise bandwidth. The inter- 
ference facility allows the addition of a wide variety of interference 
signals to accurately simulate the effects of radio interference on sys- 
tem performance. 

CClR recommendations 594 recognize the importance of residual 
BER in assessing the overall performance of digital radio systems. 
The HP 3708A provides the capability to significantly reduce residual 
BER measurement time, and increase the confidence in measurement 
accuracy. 

The H P  3708A is equally at  home in manufacturing, commission- 
ing or maintenance. Its measurement accuracy allows small changes 
in performance to be identified with confidence, for correct diagnosis 
of specific impairments. 

Options 
Std: 75 ohm unbalanced connector. Reference tone oscillator fre- 
quency is 70/140 MHz. 
001: 50 ohm unbalanced connector. 
Special options: Reference tone oscillator frequencies, specifically 
for portable application of the H P  3708A in determining residual 
BER, are available on a special order basis. 

Ordering Information Price 

HP 3708A Noise and interference Test Set 517,980 
Opt W30 Extended Repair Service. See page 723. +S280 

HP 11757A Multipath Fading Simulator 
The HP I1757A Multipath Fading Simulator tests the equalizers 

and diversity systems in modern digital microwave radios by inserting 
a notch in the spectrum. The depth, position, min hase 
nonminphase, and delay characteristics of the notch can be a8ust.d 
The notch can be stationary to make measurements such as M- 
Curves (signatures), or it can be swept in depth and position to test 
radios under dynamic conditions. 

The HP 11 757A Opt KO3 software package is designed for lab and 
roduction test of digital microwave radios. When used with the h P 1 1757A and a bit-error-rate test set, the software calculates and 

prints M-Curves using an HP  Computer. With the HP 3708 Noise 
and lnterference Test Set, the software also makes automatic carrier- 
to-noise measurements. 

A new HP 117578 Multipath Fading Analyzer that offers built in 
M-Curve and recovery time measurements and an internal printer 
will be available in Q2 of 1991, making these powerful measurements 
practical even for field applications. Use the HP  11757A now and 
reserve the full capabilities of the HP  11757B by simply ordering the 
HP 11757A KO4 retrofit kit. 
Specifications 
Notch Frequency 

Range: Standard: 40 MHz to 100 MHz 
Opt 140: I10 MHz to 170 MHz 

Resolution: I00 kHz 
Accuracy: =t 1 50 kHz 

Depth 
Range: 0 to 40 dB 
Resolution: 0.1 dB 
Accuracy: 1-20 dB +0.75 dB 

21-30dB *I.SOdB 
31-40dB +3.00dB 

sweep 
Sweep time: 100 ms to 99.9 s 
Max. slew rater: freq: 600 MHz/s, depth: 450 dB/s 

Weight: 9kg (20lbs) 
Orderin information Prices 
H P  II75!A Multipath Fading Simulator (70 MHz 115.000 
band) 

Opt 140 140 MHz band SO 
Opt 147 Both 70MHz and 140 MHz bands +S 1,000 
Opt KO3 M-Curve Software Contact Hewlett-Packard 
Opt KO4 B Retrofit Kit Contact Hewlett-Packard 



TELECOMMUNICATIONS TEST EQUIPMENT 
Digital Radio Constellation Analyzer, Vector Signal Generator 
HP 8780A, 8980A, 8981A, 3709B, 15709A 

HP 8700A 
10 MHz to 3 GHz synthesizer 
BPSK, QPSK, 8PSK, 16QAM, Optional 64QAM 
Burst digitai modulation 

HP 8980A 
Analyzes coherent phase and amplitude modulation 
350 MHz I vs. Q bandwidth 
Markers for measuring phase, amplitude and time 
12-bit digitizing for HP-IB measurements 

HP 8981A 
Adds 50 MHz to 200 MHz i/Q demodulator 
Demodulates up to 70 MHz communications signals 
<0.5" quadrature error and <0.1 dB amplitude imbal- 
ance 

HP 37098 
For troubleshooting, fine-tuning and preventive 
maintenance 
identifies digitai radio impairments 
Analyzes magnitude of distortions 

HP 37098 Constellation Analyzer 
The HP 3709B is used to characterize the performance and condi- 

tion of digital radios both in-service and out-of-service by analysis of 
constellation patterns. In addition to displaying constellation pat- 
terns, the HP  37098 measures the linear and non-linear distortions 
revealed by the patterns, and can provide a formatted report contain- 
ing the pattern and measurement results on a ThinkJet printer. 

SYSTEMS 

HP 8780A Vector Signal Generator 
The HP 8780A Vector Si nal Generator is a synthesized source 

with exceptional modulation !or modern digital microwave radio and 
satellite communications testing. The Vector Signal Generator offers 
a wide variety of modulation using both digital and analog in uts. It 
generates standard formats from BPSK to 64QAM and traitional 
modulation like FM, AM, and pulse, as well as sophisticated complex 
modulation. 
HP 8980A Vector Analyzer and HP 8981A Vector 
Modulation Analyzer 

The H P  Vector Analyzers are two-channel X-Y samplin oscillo- 
scopes designed to analyze the in-phase (I)  and quadrature pfaw (Q) 
com onents of modern digital microwave radio signals such as 
QP<K, 16QAM. and 256QAM. The HP 8981A adds a 50 MHz to 
200 MHz demodulator. 
Applications 

The vector signal generator, vector analyzer and vector modulation 
analyzer are well su~ted to testing modern terrestrial and satellite re- 
ceivers and transmitters. 

The HP 8780A standard modulation atterns BPSK, QPSK, 
8PSK. 16 AM and 64QAM (with Opt. &4] - aLeasily generated 
usin stan (3 ard data generators. Asynchronous TDMA modulation 
can %e simulated using the Burst feature along with one of the PSK 
modulations. A cohe&nt carrier out ut simFlifies quadrature and 
gain ali nment of vector (I/Q) demo8ulators. 

The AP 8980A constellation analysis feature gives non-instrusive 
measures of closure, uadrature error, and lock an le error for partial 
response and QAM ?ormats from QPSK to 2 5 6 d A ~  In addition. 
the HP 8981A extends these measurements to I.F. signals by accu- 
rately demodulating them to measure modulators. 

For more information about the HP 8780A. HP 8980A and the HP 
8981A, refer to the Signal Generator and Signal Analyzer section of 
this catalog. 

Measurements 
Constellation: amplitude, closure, lock- and quad-angle errors, non- 
l~near distortion (rms, am-am, am-pm). 
Modulation schemes: QPSK, I6QAM, 64QAM. 256QAM. 9QPR, 
25QPR. 49QPR. 8 1 QPR. 

Monitor Points 
(1) I and 0 signals: Any of the above schemes with signal levels in 
the range 30 to 400 mV p p  across the constellation. (dc offset must 
be no more than 0.5 X signal amplitude). 
(2) Clock: 1 MHz to 80 MHz (100 mV to 1 V p p )  
Impedance level: All HP  3709B inputs are 75 ohm terminated. 

Options 
001: 50 ohm unbalanced input connectors 
003: Siemens series 1.615.6 mm input connectors 
130: High Impedance Interface Kit. Contains 1 x H P  15709A High 
Impedance Interface and 3 x H P  10435A 1 metre 10:l probes 
Special Options: A low bit rate version (0.1 - 8 MHz) is available to 
special order. 

HP 15709A High Impadrnce Interface 
This specially designed accessory provides three high impedance, 

filtered inputs which allow the HP 37098 to be connected to radios 
without protected 75 or 50 ohm monitor points, using standard oscil- 
loscope passive probes (e.g., HP  10435A 10:1, 1 metre probe). 
Qrln: X 5 (= overall X 0.5 gain when used with 10:l probes) 
Impedmcm 1 MR 

Orderin Information Price 
HP 37098 Constellation Display 5 13.000 

Opt W30 Extended repair service. See page 723 +5240 



TELECOMMUNICATIONS TEST EQUIPMENT 
Digital Radio System, Vector Modulation Signal Generator 

HP 117581,8782A 

Performs 8 different measurements 
Easy to use 
Portable 

HP 11758T Digital Radio Test System 
The HP 11758T Digital Radio Test System performs the functions 

that are most commonly used in testing radios in production, installa- 
tion, and maintenance. The result is a portable, general-purpose radio 
testing system that performs all of the following measurements: 

Spectral occupancy and purity 
Nonlinear distortion and intermodulation 
Power measurements 
Frequency 
IF-IF, IF-RF, RF-RF, and RF-IF amplitude flatness 
Sensitivity to multipath fading 
Antenna return loss 
Signal monitoring and logging 

Test Functions 
Spectrum analysis: 50 kHz to 22 GHz 
Frequency counter: 10 MHz to 22 GHz, 
IF tracking generator: 300 kHz to 3 GHz 
Eventhnterval counters: dc to 1.6 MHz 
Power meter and sensor: 10 MHz to 12 GHz 
Multipath fading simulator: 40 MHz to 170 MHz 
Three tone IF source: both 70 and 140 MHz bands available 
RF source: 3.5 to 6.5 GHz, 10.7 to 11.7 GHz available 

Special RF  source options available up to 23 GHz 

Orderin Intormation Price 
HP 1175& Digital Radio Test System 558,000 

Contact your HP  sales representative for more information about 
the wide range of options available. 

BPSK, QPSK, 8PSK, 16QAM. 256QAM, digital 
modulation and burst 
Internal pseudo random binary sequence (PRBS) 
qenerator 
AMSCALAR modulation to simulate flat fading 
Coherent carrier output 

HP 8782A Low-Cost Vector Generator 
The HP 8782A low-cost vector signal generator offers a wide range 

of built-in digital modulation from BPSK to 256QAM for microwave 
terrestrial and satellite communication applications. The lMHz to 
250MHz range covers most of the IF frequencies in commercial re- 
ceivers. An internal pseudo-random bit sequence (PRBS) generator 
allows digital modulation without external digital data. The H P  
8782A provides economical IF  signal generation for R&D and manu- 
facturing. The cost is substantially lower than the cost of the H P  
8780A Vector Signal Generator. 

Applications 
Lse the HP 8782A to align digital radios in manufacturing. The 

H P  8782A can be used to provide calibrated digital modulations with 
extremely low quadrature error and amplitude imbalance. It can be 
used to simulate transmitter impairments, and to test receiver per- 
formance margins. 

For more information about the HP 8782A. refer to the Signal 
Generator section of this catalog, page 405. 

Orderin Intormation 
HP 8782% vector Signal Generator 

Price 
530,300 



DATA COMMUNICATIONS TEST EQUIPMENT 
Protocol Analyzers 

WAN and ISDN Protocol Analysis 
Hewlett-Packard offers a family of five 

protocol analyzers focused on WAN and 
ISDN protocol analysis. While maintaining 
family compatibility, the HP 4951C. 
HP 4952A and HP 4954A/I/AX are tailored 
for different environments with different fea- 
tures and characteristics. The analvzers have 
common operating, setup, mass &ore, cap- 
ture buffer, and remote transfer characteris- 
tics. 
The IDACOM PT300 and PTSOO support si- 
multaneous multiport, multiprotocol moni- 
toring, emulation, conformance, and 
performance testing in various interface o 
tions. WAN and ISDN interfaces can & 

Protocol analyzers 
Hewlett-Packard offers a family of wide 

area network (WAN) and local area network 
(LAN) protocol analyzers for testing data 
commun~cations hardware and software im- 
plementations and for troubleshooting data 
communications networks. 

Protocol Analyzer Testing Solutions 
Monitoring & decoding protocols spot pro- 
tocol implementation problems. configura- 
tion incompatibilities, communication link 
failures (corrupted frames, collisions). 
Interactive, programmatic testing more 
completely and quickly tests data communi- 
cations hardware and software implementa- 
tions, including emulation of error recovery 
scenarios that are difficult to create. 

Performance analysis can be used to bench- 
mark product performance and spot degrad- 
ing network conditions before they result in 
network failures. 
Traffic generation to stress-test products 
and networks. 
Stimulus response testing verifies the cor- 
rect operation of networking components and 
allows quick and easy simulation of faults. 
PC utilities allow remote control and proto- 
col analysis from a PC. 
Conformance testing solutions provide con- 
formance acceptance. interoperability, certi- 
fication and permission-to-connect testing. 
Remote testing allows technical experts to 
analy7e a remotecircuit with the same access 
and data integrity as if the expert and test 
equipment were actually at the remote site. 

combined. 

Local area network (LAN) protocol 
analysis 

HP also offers three versatile local area 
network (LAN) protocol analyzers to assist 
you in testing both IEEE 802.3/Ethernet 
and MAP networks and network devices. 

The HP 4972A is a high-performance pro- 
tocol anal 7er for managlng rformance 
and troubishooting IEEE X O ~  Ethernet 
problems. The HP 4990s LanProle distrib 
uted analysis system offers a unique ap- 
proach to maintenance, management and 
planning of Ethernet local area networks. 
The HP 4974s analyzes JEEE 802.4 net- 
works with layer-by-layer decodes of the 
MAP 3.0 protocols up through and including 
layer 7. 

Wide Area Network Protocol Analyzers 

I 
~ . . . . . . . . 

I DB-9) RJ:I~ Votce serlal remote control 

Weight 

Mnr stonre 
RS-232N.24. V.35. RS-44914221423. 
X.21. TIICEPT. ISDN BRI SiT. ISDN PRI 

I 1 DB.25. DB-15 External B-Channel access 

HP 4951C 
6.7 kg (14.8 Ib) 

3.5'' dtskette 

RS-232N.24. V.35. RS-44914221423. 
X.21. TIICEPT, ISDN BRI SII,  ISDN PRI. 
RS-232 for external ISDN access 

RS-232N.24, RS422N.35 or RS-449V.36. 
V.lllX.21: ISDN BRI SIT (RJ45 or 
TAE8t4CI. ISDN PRI lRJ45 and Bantam or 

Protocols 

ISDN M n g  

I I 1 slat~st~cs I I custom test s c r ~ ~ t s  Mu l t~~o r t  o ~ t ~ o n  ' 

HP 4952A 
7 kg (15.4 Ib) 

3.5" d~skette 

1.25 M n g  

SNA M n g  

Async. Bisync. SDLC. HDLC. X.25. SNA. 
DDCMP. IPARS, ISDN (Q 921 and Q.931) 

BRI SIT monttor, INFO states LEDs. 4.921 
and Q.931 decode. 

SKD 2 decoded. SNUBsync 3270 
tester. Link level stattstlcs. 

HP 4954A/I/AX 
21 17 kg (46 7 Ib) 

3.5" dtskette & 20 Mbvte hard dlsk 

X 25 decode Ltnk level stattstlcs 

Monitorls~mulate menus. Triggerltrap 
datacom events. Count, tlme, alarm. Set 
leads. send strlngs. 

PT3W I PTSOO 
14 kg (30 Ib) 1 20 kg (44 Ib) 

Two 3 5" d~skettes & 40M bvtes" 

Async. B~sync. SDLC. HDLC. X.25. SNA. 
DDCMP. IPARS. X.21, ISDN (Q.921 and 
Q 931). SS7 

BRt SIT single channel, INFO states LEDs. 
monttorhmulate. 4.921 and Q 931 
decode. ISDN PRI slngle channel. rate 
adaptlon/drop and Insert. G 821 BERT 

level stat~st~cs 3270 dev~ce exeraser LU 6 2 node 

dlsvlay messages development language X 21 state 
stmulator language lnteractlve testers (for 
X 25 ISDN) 

User-custom~zable X 25 decode wlth 
facllltles held decode X 25 test lhbrary 
and lhnk level emulator Llnk level 

FID types decoded Simultaneously emulates 
up to 32 stat~ons. Ltnk4evel emulation of 
controller. SNA statlsllcs 

Async. Baync. SDLC. HDLC. X.25. SNA. 
DDCMP. X.21, ISDN (Q.921 and 4.931). 
SS7 

BRI S l l  dual channel, INFO states LEDs. 
mon~torls~mulatelemulate. Q 921 and 
Q 931 decode. ISDN PRI dual channel. 
rate adaptionldrop and Insert, ISDN 
lnteractlve tester. NET 3 cert~ftcat~on 

Custom test xnp t  generation via finite state 
machine concept. Run-t~me lhbrary for all 
protocols. Customtze ISDN L3 message sets. 
"C" Programming Software. Header Flles for 
X.25. SNAISDLC. SS117 and ISDN 

Async. Sync. X.25. X.25lQ 
(QLLCIBPADIDSP), Bisync. SNUSDLC. X.75. 
X.21. DDCMP, TeleteVFAX Gr. IV: ISDN 
(4.921. 4.931). SS17. BOP, COP. 

See note 2 below. Layer 3 message sets 
supported lor bas~c rate and prtmary rate: 
AT&T. CCI l l  1988. FTZ. NTT, NT and for 
baslc rate: NIU Forum, CNET. 

X 25 decode wtth lactltt~es fleld decode 
X 25 lnteractlve emulat~on. X 25 stattstlcs 
NET2 certtflcat~on 

Multl-link X 25 decode. Fac~llty fleld decode 
Llnk and Packet level emulator. Llnk and 
Packet Level Stat~st~cs X 25 test lhbrarv 

Conformance md 
Certification Testing 

Pria (r/RS232/V.24 

not appl~cable 

"'PT 300-1 diskette: PT 500-2 diskettes 
"The PT 300 and PT 500 offer 13 tnterfaa, cpt ims for multiport to operation. 

$4.690 

not appl~cable 

$9.200 

NET2. NET3 X.25: DDN. FIPS100. CTS-WAN. NET2, COS 
XCTS. Facilities Tests. IS0 8882 (U.S. 
GOSIP). ISDN. NET3 L2. ACT23 L2. VN2. 

S 17.635 

CTS-WAN L3. AT&T CPE PRI. X.28lX.29lX.3, 
SNA Verlflcat~on 

Contact HP 



Protocol analyzers 
HP 4951C, 4952A 
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HP 4951C and HP 4952A protocol analyzers 
The HP 495 I C (19.2 kbps) and HP 4952A (64 kbps) are portable 

protocol analyzers used for troubleshooting during installation, main- 
tenance and design of data communication networks and equipment. 
These analyzers allow you to monitor and decode data transmissions. 
measure vital link statistics (such as, utilization, errors), test remote 
facilities from your location, simulate network components, and per- 
form bit error rate tests. Protocols that can be tested include ISDN, 
SDLC (NRZI), HDLC, X.25, SNA. CCITT #7. DDCMP. Async. 
Bisync, X.21, and user-defined protocols. 
HP 4951C and HP 4952A features and benefits 
Autoconfigure to automatically determine line parameters and to 
monitor data with the press of a key. 
Bit error rate testing (BERT) to quickly determine the quality of 
your line. 
311~inch diskette to store 613 Kbytes of data, timing, lead status, 
programs. and configurations. 
Asynchronous terminal emulator to eliminate the need to carry 
both a protocol analyzer and a terminal into the field. 
Softkey-driven menus to make setup and programming fast and 
easy with no cryptic commands to remember. 
RS-170 video port to view data on a larger display. 
Printouts to all RS-232JV.24 ASCII printers. 
PC Utilities to remotely control and analyze protocol analyzer data 
from a PC 
Additional HP 4952A features and benefits 
64 kbps  testing. 
5/ .  Mbyte extended volatile RAM capture buffer (option 002). 
128 Kbyte nonvolatile application storage (option 002). 
Unattended remote testing. 
Cursor timing to allow t~rning measurements to be made quickly. 
without the need to write a program. 
Enhanced programming features: run-time user comments, 
softkcy triggcring, and subroutines. 
Run-time buffer data filtering to maximize capture buffer. 
Selective store to  disk to capture only events of interest. 
Copy disk utility to quickly duplicate disks (requires Opt 002). 
Data communications test library 

Standard with ever! HP 495 lC and HP 4952A comes a library of 
58 prewritten general-purpose monitor and simulate tests, including 
installation and acceptance tests for printers and terminals to help 
you diagnose common datacomm problems quickly and easily. The 
tests are on a 3'12-inch diskette and can be tailored for special configu- 
rations and applications. 

ISDN solutions 
A complete series of highly portable (12 oz) ISDN pods have been 

created for the HP4951C and HP4952A. For the HP4951C and HP 
4952A. a basic rate monitor pod provides quick level-l problem solv- 
ing through LEDs, several switch- and country-specific decodes, and 
four user-definable display formats. For the HP 4952A, pods are also 
available for basic rate simulation, and for use on 1.544 Mbps and 
2.048 Mbps primary rate ISDNJTI networks. The primary rate pods 
provide the same features as the basic rate monitor pod, plus drop and 
insert capability. 

X.25 and SNA link-level partormance analysis 
Link-level statistics packages transform the instruments into statis- 

tical performance analyzers for the link level (level 2) of SNA and 
X.25 networks (SDLC and HDLC). The HP 18333D (HP 4951C) 
and the HP 18264A (HP 4952A) provide a quick and efficient means 
to determine the performance of a network. Statistics are shown real- 
time, and they can be stored to disk for review at a later time. 

3270 installation and maintenance 
The HP lX332D (HP495lC)  and HP 18263A (HP4952A) 3270 

installation and maintenance software packages provide easy, auto- 
matic, off-line testing of multiple 3270 clusters by emulating many of 
the functions of a host computer. 

X.25 troubleshooting 
Both analyzers provide X.25 troubleshooting. In addition, the H P  

18266A enhanced X.25 analysis package (HP 4952A only) allows 
you to create five custom X.25 decode displays, and provides a display 
to decode all fields of each packet including facilities, calling/called 
addresses. cause and diagnostic codes, registration and call user data. 
The HP 18267A X.25 test library and emulator (HP 4952A only) 
provides a level-2 emulator, and a library of prewritten X.25 tests. 

SS#7 testing 
The H P 18273A provides SS7 testing for the H P  4952A. Layer 2, 

3, and 4 message fields are decoded into an easy-to-read format to 
make analysis quick and efficient. For customized and national varia- 
tions of SS#7, hex and mnemonics for user parts and message types 
can be user-defined. 

6.821 BERT toting 
G.821 BERT. the error performance specification for ISDN and 

other protocols recommended by the CCITT, is supported by the HP 
18269A G.821 BERT application for the HP  4952A so that you can 
confidently determine the quality of your lines. 

Physical specifications 
Size: 160H x 279W x 343mmD (6.3" x 1 I" x 13.5") 
Weight: HP 4951C: net, 6.7kg (14.81b); shipping. 12.2kg (271b) 
t I P  4952A: net, 7kg (1 5.41b); shipping, 12.5kg (27.61b) 

Orderln information 
H P  49SIf protocol analyzer (requires interface pod) $3,980 
HP 4952.4 protocol analyzer (requires interface pod) $7,040 T 

Opt 002 extended memory plus +$1.500 
Interface pods are available for ISDN, RS-232lV.24, 

RS-449/422A/423A. X.21, and V.35 from $650 
to $2,500 

Opt W30 extended repair service (see page 723) 
Software packages for SNA, X.25, DDCMP, $350 

and ISDN are available for the HP  4951C 
A typical ISDN solution - HP 4952A, Opt 002, and 5 1 1,040 

a primary rate interface pod 
(H P 18282Al 18283A/ 18284A) 

A tv~ical  X.25 solution - HP 4952A. Oot 002. 3 10.200 - - - . - - - 
R*<-232 pod. SNA and X.25 link ~kvei perfoimance 
analysis and the X.25 test library and emulator 

A typical SNA solution - HP 4952A, Opt 002. $10,755 
RS-2321V.35 combo pod, SNA and X.25 link 
level performance analysis and the 3270 
installation and maintenance application 

Contact your local Hewlett-Packard sales office for information on 
the availability of different options, related products and detailed con- 
figuration and ordering information (see page 737). 

For same day shipment, call HP DIRECT at 800-538-8787. 



DATA COMMUNICATIONS TEST EQUIPMENT 
Protocol analyzers 
HP 4954A/I/AX 

HP 4954A protocol anal zer 7 The HP 4954A is a high per ormance, multiprotocol, expandable 
protocol analyzer for designing data communications products, solv- 
ing complex networking problems, and analyzing network perform- 
ance. Both the H P  49541 solution for ISDN testing and the H P  
4954AX solution for X.25 testing are based on the H P  4954A proto- 
col analyzer and the powerful DataCommC programming language. 
HP 4954A features and benefits 
Multiprotocoi testing capabilities allow monitoring, analysis, and 
simulation of popular protocols, including X.25. SNAISDLC,  
bisync, async, DDCMP. X.75. HDLC. BSC-framed X.25, and char- 
acter-oriented synchronous protocols. ISDN, X.21 and SS#7 support 
is also available through easy to use application software. 
The internal 258 Kbyte data capture buffer can be expanded 
through the integral hard disk up to 20 Mbpte. Even greater data 
capture buffers are possible with external HP-IB disk drives. 
Programming flexibility through high-level protocol analysis and 
simulation is a standard capability of the H P  4954A. Custom mea- 
surements and tests are easy to perform with softkey-driven entry of 
monitor and simulation programs with triggering based upon 
datacomm events. The DataCommC programming language sup- 
ports more advanced testing. 
PC Utilities to remotely control and analyze protocol analyzer data 
from a PC. 
DataCommC programming language 
Testing power and flexibility are supported by the H P  4954A's 
DataCommC programming language, which is a version of the stan- 
dard Kernighan and Ritchie 'C' language enhanced with data com- 
munications libraries. DataCommC includes an interactive tester, a 
full-screen windowing text editor, terminal emulator, Kermit file 
transfer protocol, compiler, linker, and a multitasking operating sys- 
tem. A decode platform provides screen and keyboard handling func- 
tions to simplify analysis of custom protocols. 
DataCommC interactive tester, which interprets keyboard com- 
mands, simplifies testing of protocol state machines. The interactive 
tester allows users to interactively send test stimuli to the implemen- 
tation under test (IUT), examine decoded data on the screen, and 
respond to the data sent by the IUT with further stimuli - without 
the need to edit, compile, and link a DataCommC program. From the 
interactive tester, over 70 data communications functions can be exe- 
cuted. Macros, sequential lists of functions, can be created and exe- 
cuted. 

HP 4954AX X.25 protocol analyzer 
The HP 4954AX provides the powerful testing tools needed by de- 

velopers of X.25 equipment. The H P  4954AX consists of the 
HP  4954A with extended memory, DataCommC programming lan- 
guage, and the H P  18321A X.25 test environment. Optional software 
packages are the H P  18322A X.25 certification test suite and the 
H P  18370A X.25 network performance analyzer. 

X.25 test environment 
The HP 18321A X.25 test environment offers the following impor- 

tant features for X.25 testing: 
The X.25 emulator offers 5 emulation stages to meet various testing 
needs: layer 1, partial layer 2, full laver 2, and two different laver 3 
stages. 
The X.25 intenctive tester provides X.25-specific functionality for 
in-depth protocol state machine testing. 

X.25 certification test suite 
Verification of an X.25 implementation is greatly simplified with 

the HP 18322A X.25 certification test suite. This easy-to-configure. 
menu-driven product tests compliance with the NET-2 (Normes 
Europeennes de Telecommunications) specifications for X.25. Eigh- 
teen European PTT's agreed to require passing of NET-2 tests at offi- 
cial test centers as of July I ,  1990. 
X.25 network performance analyzer 

The HP 18370A X.25 network performance analyzer is an 
H P  4954A software solution that gathers statistical information 
about the performance of an X.25 data link. Statistics on through- 
put, utilization, bad FCS's, reject frames, and many other parameters 
are available in both tabular and graphical format. 
SNA testing 

The HP 18360A SNA emulation language is an H P  4954A 
software solution that is designed to aid in the development of devices 
that are compatible with IBM's Systems Network Architecture 
(SNA). The HP 18360A consists of an SNA-specific programming 
language plus complete link and path control emulators. The 
H P  18361A SNA 3270 device exerciser and H P  18362A LU6.2 node 
exerciser are user-modifiable tests written in the SNA emulation lan- 
guage to thoroughly test 3270 and LU6.2 devices. 
SNA/Bisync network performance analyzer 

The HP 1837 1 A SNA/bisync network performance analyzer con- 
sists of two software programs designed to aid in the management of 
IBM and IBM-compatible data networks. Statistical information can 
be gathered about the performance of an SNA or bisync data link. 
When analyzing an SNA data link, statistics on session control BIU, 
link setup, binds, unbinds, and many other parameters are available 
in both tabular and graphical format. Similar measurements are pro- 
vided when analyzing bisync data. 
X.21 testing 

The HP 18352A X.21 state simulator is an H P  4954A software 
solution that is specifically designed to aid in the development of X.21 
DTEs and DCEs. It consists of an X.21-specific softkey-driven pro- 
gramming language combined with a state level decode. Included 
with the X.21 state simulator is the X.21 DTE analvsis oack. a set of 
user-modifiable tests written in the X.21 state sir;lula;or language 
that thoroughly tests an X.21 DTE for protocol conformance. 

The HP 4954A protocol analyzer is a powerful tool for solvlng 
complex network problems, analyzing network performance, 
and protocol testing in t he  development of da t a  cornrnunica- 
tions products. 



DATA COMMUNICATIONS TEST EQUIPMENT 
Protocol analyzers 

HP 4954A/I/AX continued 
HP 4974A 

HP 49541 ISDN protocol analyzer 
The HP 49541 is optimized for both R & D testing of ISDN equip- - .  

ment and solving complex networking problems encountered in 
ISDN installation and maintenance. The HP 49541 is composed of I 

the H P  4954A with extended memor , DataCommC programming 
language. and ISDN hardware interice for basic and/or primary 
rate access, as well as ISDN application software. Both TI (1.544 
Mbps) and CEPT (2.048 Mbps) ISDN primary rate interfaces are 
supported. The HP 49541 supports many features for high-perform- 
ance ISDN testing: 
Multiple channel analysis allows troubleshooting where timing be- 

1 

tween channels is critical. 
ISDN interactive tester provides ISDN-specific functionality, the i 
ability to call DataCommC programs, and softkey tree definition for - 
customized ISDN testing. The LAPD emulator can be invoked from 

- . , I  
the ISDN interactive tester, allowing the user to concentrate on lay- , -, , , , ,,-,.,, , , , ,  

er-3 testing. 
Layer 1 LED'S are used to show configuration and line quality , '1 ' 1" " I 1 1  ' . .  II I I I E 3  - 

-.---.------4 

problems at a glance. 
Rate adaption analysis of the H P  49541 supports non-ISDN de- 
vices, which is important in the transition to ISDN. 
Device emulation simplifies testing by automating either the NT 
(network termination) when testing a TE (terminal equipment) im- Hp 4974A MAP protocol analyzer 
plementation or the TE  when testing an NT implementation. The HP 4974.A is a high-level MAP protocol analyzer for IEEE 
The lSDN Automonitor program provides automatic selection of 802.4 broadband and carrierband networks that run MAP 3.0 proto- 
ISDN B channels which are actively carrying data and voice traffic. cols. For total HP quality and support, the HP  4974A should be in- 
ISDN NET 3 Certification provides menu-driven, easy-to-use testing stalled in an HP  Vectra PC. It is also available as a card to be 
for protocol verification of an ISDN implementation. installed in selected IBM-AT compatibles. 

Physical specifications 
Size: 196H x 425W x 565mmD (7.7" x 16.7" x 22.2"). rack- HP 4974A Features and benefits 
mountable OSI protocol decodes  for all MAP 3.0 protocols, with detailed dis- 
Weight: 21.17kg (46.71b) plays from the LLC layer through the application layer of the MAP 

Ordering intormation price protocol stack are provided. This feature provides unprecedented ca- 
H P  4954A protocol analyzer (requires interface) $16,470 pabilities to engineers and network managers involved in MAP devel- 

Opt 001 extended memory +$1,500 opment and installation and maintenance. 
Interfaces (required for on-line analysis) Frame capture from all active nodes along with monitoring of single 
H P  l8135A RS-232ClV.24 interface $1,165 conversation between two MAP devices, filtering out additional net- 
H P  18136A RS-449/422A/423A interface $1.165 work traffic. 
H P  18137A V.35 interface $1.465 2Mbyte memory buffer (expandable to 8 Mbyte) to enable long ex- 
H P  18139A MIL-188C interface $1.165 changes or large file transfers to be captured, logged to either the 
ISDN Interfeces (includes ISDN software) large Winchester drive or floppy disk. Data can be examined online or 
H P  18356A ISDN BRI channel selector $4,800 from a previously stored buffer file or disk. 
H P  18357A ISDN TI PRI channel selector $7.200 
H P  18358A ISDN TI  PRI + BRI channel selector 5 10.000 
H P  18359A ISDN CEPT PRI channel selector $7,200 Applications 
H P  18366A ISDN CEPT PRI + BRI channel selector f 10,000 The HP 4974A MAP protocol analyzer provides an independent, 

unbiased view of protocol events and a summary representation of 
Application Software protocol data unit header values. This time-saving information is 
H P  18320A DataCommC programming language : helpful in network tmubleshooting situations. Interoperability testing 
H P  18321A X.25 test environment is easier when protocol data units from two dissimilar devices are 
H P  18322A X.25 certification test suite $1v500 viewed in a consistent format. Communications software debugging 
H P  18352A X.21 state simulator 
H P  18355A CCITT#7/CCS7 analysis : is faster when protocol transactions can be seen as they appear on the 

network. Configuration and integration of equipment is simplified by 
H P  18360A SNA emulation language :::::: viewing exchange negotiations and configuration values as they affect 
H P  18361A 3270 device exerciser for 18360A your network. Common protocol and configuration mismatches are 
H P  18362A SNA LU6.2 node exerciser for 18360A essily identified. often saving hours of guesswork and experimenta- 
H P  18363A password security 
H P  18369A asynchronous terminal emulator $300 t'On' Protocols supported include IEEE 802.2 Link Layer, I S 0  Net- 
H P  18370.4 X.25 network performance analysis S1.200 work, I S 0  Transport Class 4, I S 0  Session, I S 0  Presentation. ACSE, 
H P  18371A SNA/BSC network performance analysis $1,200 FTAM, MMS, DS, NM. 
A typical network management solution - HP 4954A, $18,835 
RS-232C interface, X.25 network performance 
analysis or SNA network performance analysis Ordering inkrmation Price 
A typical SNA development solution - HP 4954A, 523.1 35 The HP 4974A can be ordered as a complete system. or 
RS-232C interface. SNA emulation language, 3270 the MAP interface equipment and software can be or- 
device exerciser, SNA LU6.2 node exerciser dered for installation in your existing HP Vectra ES/ 12 
A typical X.25 development solution - HP 4954AX, $24,655 personal computer, IBM PC-AT computer, or Compaq 
Opt 201 (X.25 certification test suite), RS-232C 111 portable computer. 
interface H P  4974A protocol analyzer (requires PC) $1 8,660 
A typical ISDN basic rate solution -HP 49541, Opt 200 524.790 Includes: MAP protocol analysis software, MAP net- 
(BRI interface and software) work interface card. and MAP network broadband 
A typical ISDN basic and primary rate solution - f 29,990 and carrierband interface pods. 
HP  49541, Opt 203 or 204 (BRI + PRI interface and Contact your local Hewlett-Packard sales office for information on 
software) the availability of options, related products and detailed configuration 

Opt W30 extended repair service (see page 723) 5310 and ordering information (see page 737). 



DATA COMMUNICATIONS TEST EQUIPMENT 
Conformance Tester/Protocol Analyzer 
IDACOM model PT500 

PT500, PT300 Protocol Analyzers 
The IDACOM PT500 and PT300 are true multi-port, multi-chan- 

nel, multi-protocol testers that offer a combination of ISDN basic. 
primary rate and WAN interfaces for data communications product 
development, conformance testing, and performance testing. The 
PTSOO is also the same test engine used by the conformance test cen- 
ters worldwide as Conformance Test System. 

Features 
High-speed multi-processors make up a parallel application 
processing environment which supports simultaneous monitoring 
and/or simulation/emulation of up to six independent channels. 
Dynamic on-line control allows operators to change test parameters 
while a program is running, without rebooting, reloading, or recon- 
figuring. 
RTP remote test package makes existing capabilities available re- 
motely, distributing test and analysis functions throughout remote 
sites. 
Custom test script development is provided via a finite state ma- 
chine concept with access to an extensive runtime library. 

Conformance Testing 
The IDACOM Conformance Test System is a software package 

that runs on the PT500 or the PT300. Common Control software of- 
fers a consistent user interface among test suites. IDACOM provides 
executable test suites specified by recognized testing authorities and 
an environment for the development of test cases. The test suites can 
be used during and after the development of data communications 
products. During the implementation phase, the developer simply ex- 
ecutes the conformance tests immediately after each feature is imple- 
mented to verify the implementation of that feature. During test 
phase, a complete set of tests can be executed against the product. A 
detailed test report shows the exchange of data and the verdict. For 
subsequent maintenance, the test suite should be executed for each 
new hardware and software release. 

ISDN Basic, Primary Rates and WAN Testing 
This configuration supports independent and simultaneous moni- 

toring and/or simulation and emulation at the PRA(primary rate), 
BRA(basic rate) and R interfaces. An application example is PABX 
development, where all network and user functions can be tested 
simultaneously by simulating or monitoring all voice and data calls 
throughout the network. 

ISDN Basic Rate and WAN Testing 
This configuration supports independent and simultaneous moni- 

toring and/or simulation and emulation at  the ISDN BRA(basic 
rate) and R interfaces. For example, it can simplify the complex test- 
ing of ISDN TAs through logical testing at  the R and the S interface 
points simultaneously. 

ISDN Basic Rate Testing 
The Dual BRA configuration supports simultaneous emulation 

and/or monitoring of two completely separate S /T  buses. The PT500 
can simulate the ISDN network including up to 16 links (8 per S-bus) 
and 4 B-Channel services. 

WAN Testing 
The PT500 provides extensive monitoring and emulation packages 

for WAN protocols such as X.25, SDLC/SNA, BSC3270, etc. Other 
high-performance analysis programs include X.25 load generation, 
X.25 network performance. SNA network performance, and SS#7 
simulation/monitor, etc. The dual WAN configuration provides two 
independent WAN ports. A dual WAN unit can emulate a different 
protocol on each port, while both ports monitor and display their own 
traffic. 

IDACOM PT500 

Voice support (ISDN configuration) 
B-Channel telephone access is provided via codec. An internal call 

progress tone generator provides realistic network emulation. 
Display options: Multi-level decoded character, complete, short, 
or split screen. 
Protocols: X.25, X .25 /Q (QLLC/BPAD/DSP) .  ISDN 
Q.921/1.441, Q.931/1.451, BSC 3270, SNAISDLC, X.75, X.21, 
DDCMP, TeletexIFAX Gr. IV, LAPDlX.25, SS#7, Sync. Async, 
COP, BOP 

Data Transfer Rate 
Monitor: 256 kbps 
Emulation: D-Channel: 16 kbitls (BRA), 64 kbitls (PRA) 

B-Channels: 64 kbit/s per channel 
WAN: up to 128 kbit/s 

Interface Ports 
ISDN BRA: Dual RJ-45 (CCITT) or TAE8+4C (German PTT) con- 
nectors including a connector for external B-Channel for each BRA 
port 
ISDN PRA: Dual RJ-48 and Bantam (TI) or DB-9 (CEPT). with ex- 
ternal clock sync and B-Channel access 
WAN: RS-232C. V.35 or V.36(RS-4491422) and V.Il/X.21 per port 

Display Modes 
Decoded character, Hex, JIS8, ASCII, EBCDIC, T.61 

Physical Specifications 
Display PT500 High resolution 9" color monitor 
PTZOO 9" monochrome (ext color display) 
Size PT500: 22.0HX38.0WX47.5 cmD (8.66"X 1 4 . 9 6 " ~  18.7") 
PT300: 22.OHX38.0WX36.0 cmD (8.66"X 14.96"X 14.1 7") 
Weight: PT500: 20 kg (44 Ib); PT300 14 kg (30 Ib) 
Data to disk Storage: 64 to 30 Mbytes configurable 
Mass: PTSOO 40 Mbyte hard disk, 2 X 3.5" flexible drives 
PT?OO 40 Mbyte hard disk, 1 X 3.5" flexible drives 

Configurations 
PT500 D-Channel PT300 D-Channel 
PT500 WAN PT300 WAN 
PTS00 BRA PT300 BRA 
PT500 PRA PT300 PRA 
PT500 Dual WAN PT300 Dual WAN 
PT500 BRAIWAN PT300 BRAIWAN 
PT500 PRA/WAN 
PT500 Dual BRA 
PT500 PRA/BRA/WAN 

Ordering Information 
Please call your local H P  sales office (see page 737). 
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Remote Network Testers 

IDACOM model RTM, RTA 

Software Programs for PT500, PT300 and RTA 

X.25 
X.25 Monitor 
X.25/Q Monitor (QLLC/BPAD/DSP) 
X.25 Emulation 
X.25 Load Generator 
X.25 Network Performance Measurement Software 

X.25 conformance testing 
Common Control Software 
DDN Test Suite 
CTS-WAN B-Channel/WAN Test Suite 
NET2 Test Suite (incl. Annex F and G) 
I S 0  8882 ( U S .  GOSIP) 
Facilities Test Suite 
COS XCTS (includes software for SUN Host, and PT remote, plus 

the X.25 Conformance Test Suite) 
X.25 Test Suite (standalone version using the COS X.25 

Conformance Test Suite) 

X.25 test case specifications 
NET2 for L2 and L3 (SDL) 
CTS-WAN L2 (SDL) and L3 (TTCN) 

lSDN 
ISDN D-Channel Monitor (BRA. PRA with X.25 PLP) 
ISDN D-Channel Emulation (BRA, PRA with X.25 PLP) 

ISDN conformance testing 
Common Control Software 
NET3 L2 Test Suite 
ACT23 L2 Test Suite 
VN2 Test Suite 
CTS-WAN L3 D-Channel Test Suite 
AT&T CPE PRI Test Suite 

SS#7 
SS#7 (ANSI) Monitor 
SS#7 (CCITT) Monitor 
SS#7 (Telecom Canada) Monitor 
SS#7 (ANSI) Simulation 
SS#7 (CCITT) Simulation 
SS#7 (Telecom Canada) Simulation 

SNA/BSC 
SNA/SDLC Monitor, SDLC Emulation 
BSC 3270 Monitor, BSC 3270 Emulation 
SNA Network Performance Analysis 
SNA Verification 

Others 
X.21 Monitor, X.21 Emulation 
X.75 Monitor, X.75 Emulation 
Teletex/FAX Group IV Monitor 
DDCMP Monitor 
Remote Test Package 
R-FILEXm 
X.28/X.29/X.3 Conformance Test Suite 

Each IDACOM software package supports automatic decode, 
real-time display, multiple display formats, data capture to RAM or 
directly to disk, and printing of data or reports. A built-in test manag- 
er supports dynamic interactive monitoring with user-defined test 
sequences. 
Ordering Information 

Please call your local HP sales office (see page 737.) 

IDACOM RTM and RTA 

IDACOM RTM (Remote Transparent Monitor) 
The IDACOM RTM transports live data and control lead informa- 

tion from a remote test site to the network control center (NCC) in 
real-time, with the same data integrity and in the same time correla- 
tion as it occurs. The experts at  the NCC can analyze a network prob- 
lem as if they were at the remote location. 

RTM consists of monitor and regeneration equipment connected 
by a dedicated or switched circuit. Generally, the monitor function is 
at  the remote site. and the regeneration function is at  the central site. 

. . 
Features 
Protocol independent: the circuit under test monitored by the RTM 
can be any protocol at  up to 64 kbit/s synchronous and 19.2 kbit/s 
asynchronous in selected speed increments. 
Maintains data integrity and time correlation: the RTM ensures 
time correlation: the data is regenerated at the central location in its 
original sequence and maintains the same integrity as if the line under 
test were not remote. 
Error detection: the RTM is a "smart pipeline", a data transport 
system with built-in error detection. It accommodates for normal 
noise on the link, so nothing interferes with the original data. It auto- 
matically signals the operators at  remote and central sites when 
major disturbances occur. 
Voice: direct phone communication between the remote and central 
site is provided. 
Transparent monitor medium: the RTM can act as a transparent 
communication link between the remote and central test sites. 
Command port: Using the command port, the operator can set the 
RTM to either monitor or regeneration and run diagnostics, obtain 
reports on link statistics, and reset link error counters. 
Automatic clock adjustments: The RTM automatically adjusts to 
synchronous clock rates. It also recognizes the lack of clocks on a line 
and provides an internal clock to sample the line at  a suitable rate. 
Dial-up modem: The RTM has an on-board dial-up modem for 
maintenance and software updates. 

IDACOM RTA (Remote Test and Analysis) 
The IDACOM RTA is a flexible and programmabie test engine for 

remote test and analysis. It has similar capabilities as the PT5OO. 
including multi-channel support but without built-in CRT since it is 
not required at most remote sites. The test experts at  the central site 
can control RTAs located at  the remote sites to perform testing and 
analysis on remote equipment or circuits. Multiple applications run- 
ning at the remote site can be viewed from the central tester. Custom 
test suites can be generated at the central site and down loaded to the 
remote site for testing. The RTA, PT500 and remote RTAs share the 
same user interface. 
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Protocol analyzers 
HP 4972A 

HP 4972A LAN protocol analyzer 
The HP 4972A is a protocol analyzer for Ethernet, IEEE 802. 3 

and StarLAN local area networks. The analyzer captures and dis- 
plays frames integral to communications between networked systems 
and devices. Messages can also be transmitted in order to test system 
responses, identify active stations, or simulate heavily loaded network 
conditions. Statistical measurements provide information on funda- 
mental parameters which instantly characterize network perform- 
ance. 

The H P  4972A resolves problems quickly and provides fundamen- 
tal information for optimizing networked systems. Its many powerful 
features can be used to: 

Resolve communication problems and verify solutions. 
Identify addressing problems and system incompatabilities. 
Analyze the behavior and performance of networked systems. 
Characterize network usage and system efficiency. 
Fully test products prior to network installation. 

Features and benefits 
Statistical measurements (to help isolate problems quickly.) 
Custom-designed front-end hardware to completelv and accurate- . - 
ly capture data under all network conditions. 
DU~ILAN co-processors to transmit and receive simultaneouly. 
Programmable filters and messages to do stimulus/response and 
custom testing. 
20 Mbyte hard disk and 64OKbyte flexible disk drive to store tests 
and data. 
Controllable via RS-232/V. 24 link by another HP  4972A or an 
IRM-compatible PC to do remote testing. 

Media-access layer statistics 
Network activitv is easilv observed with this mwerful set of mea- 

surements included with thk HP 4972A. By profiling and monitoring 
fundamental MAC-layer parameters, problems are noticed quickly, 
trends become apparent, network usage is quantified, active stations 
are identified, and peak loading periods are determined. Devices may 
be tested under simulated network loads with the traffic generator 
running in the background. These measurements are displayed in 
both graphical and tabular formats. 

Key measurements include 
Utilization, errors, collisions, and frame-type analysis. 
Frame activity and error rates for physical addresses and logical 
connections. 
Background traffic generator with variable messages. 
Alarms, measurement autosequencing and data logging. 

Network performance analysis 
Network performance analysis (statistical) applications for the HP  

4972A measure network and transport layer parameters for TCP/IP 
and DECnet networks. With these measurements, the behavior and 
efficiency of networked applications becomes readily apparent. The 
information is presented in both graphical and tabular formats. 

TCP/IP network performance analysis measurements: 
Distribution of frames by port type. 
System activity by IP address. 
Throughput, retransmissions, response time, packet lengths and 
send windows for specified conversations. 

DECnet network performance analysis measurements: 
Distribution of frames by message type. 
System activity by DECnet address. 
Throughput, retransmissions, response time and packet lengths for 
specified conversations. 

Protocol interpreters 
Protocol interpreter applications present protocol header informa- 

tion in an easily understood manner. Interpreters are available on the 
HP  4972A for TCPJIP, DECnet, Novell's NetWare, Sun Microsys- 
tem's NFS, XNS, and I S 0  protocols. 
Features of the protocol interpreters include: 

Header information is displayed in common and easily recognized 
formats. 
Incorrect or invalid field values are highlighted. 
Name lists assign logical names to numeric addresses. 

Physical specifications 
Size: 270H x 430W x 570mmD (1 I "  x 17" x 22") 
Weight: net 21 kg (461b); shipping 27kg (601b) 

Ordering information 
H P  4972A LAN protocol analyzer 

Opt 001 RGB color output 
Opt 002 RS-232/V. 24 remote interface 
Opt 005 StarLAN interface 
Opt H30 extended repair service (see page 723) 

HP I8221A TCPIIP ~rotocol inter~reter 
H P  18222A T C P ~ I P  Aetwork perfdrmance analysis 3960 
H P  18223A XNS protocol interpreter $960 
H P  18224A DECnet protocol interpreter $960 
H P  1822SA DECnet network performance analysis $960 
H P  18226A I S 0  protocol interpreter $960 
H P  18227A NetWare protocol interpreter $960 
H P  18228A NFS protocol interpreter $960 
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LAN Protocol Analyzers and Distributed Monitoring Systems 

HP 49905 

Dispatched vs Distributed Monitoring 
Different Methods to Maet Mffemnt N d s  

Troublahootlng/ ~nndG$~/ - 

Hardware testing ln~t~a l  plann~ng Document network 
Protocol development Cabkng Monrtor usage 
Conformance testlng Dev~ce ~nstallatton Plan future growth 

lnteroperab~l~ty System testlng Unattended rnonltorlng 
tesl~ng Cert~f~cat~on Remote monltor~ng 

Performance testlng Conf~gurat~on Preventwe ma~ntenana 

4 * 
HP 4972A HP 49908 LanProbe 

Protocol Analyzer Distributed Analysis System 
Dispatched Dtstrbuted 
Attended Unattended 

As Needed lmmed~ate 

The network manager chooses the right instrument for the job. Al- 
though the features of a protocol analyzer and a distributed manage- 
ment system often overlap, each tool has specific benefits for different 
applications. 

A protocol analyzer, such as the H P  4972A LAN protocol analyz- 
er, is ideal for on-site troubleshooting of network faults during devel- 
opment, installation, and maintenance of network hardware and 
software. A protocol analyzer provides specific, detailed information 
about network operations. (See page 564 for more information about 
the HP  4972A protocol analyzer.) 

A distributed monitoring system like the HP  49908 LanProbe dis- 
tributed analysis system is designed into the network layout. An in- 
strumented network provides continuous, preventive network 
management information unattended by an operator. This system 
will give the network manager immediate, up-to-the-minute informa- 
tion about the state of the network. A distributed monitoring system 
such as LanProbe complements the dispatched HP 4972A protocol 
analyzer. 

HP LanProbeTM Distributed Analysis System 
The HP LanProbe distributed analysis system enables a network 

manager to monitor all critical aspects of a remote or local Ethernet 
LAN. Completely independent of network equipment or protocols, 
the LanProbe system monitors, tests, and diagnoses virtually every 
aspect of the network and presents the findings in clear color graphics. 
As an integral part of the network, the LanProbe system provides a 
comprehensive and informative view that is key to confident network 
management. 

The system consists of one or more LanProbe segment monitors 
and ProbeViewTM software running under Microsoft" Windows. 

The network Is managed locally or  remotely 

The LanProbe segment monitor attaches to the end of an Ethernet 
segment and monitors all traffic. Attachment can be direct to a thin 
or thick coax cable, or via an external transceiver to fiber optic or 
twisted pair cabling. Network data relating to the segment is trans- 
ferred to a workstation running ProbeView via RS-232, an Ethernet 
adapter, or a modem connection. 

ProbeView software, which runs on a PC/AT-class workstation, 
presents network information in graphical displays. 

c 

The segment map  drawn by ProbeView identifies and dlsplays 
devices that a re  active on the  monitored segment. 
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LAN Protocol Analyzers and Distributed Monitorlng Systems 

HEWLETT 4992A 
PACKARD NODE LOCATOR 

Internal Termination 

In  

__ - 

The H P  4992A NodeLocator option attaches to the opposite end of 
the cable from the H P  4991A LanProbe segment monitor. It auto- 
matically locates the position of nodes on Ethernet networks using 
coaxial cabling schemes. 

Installed in minutes. LanProbe quickly and automatically identi- 
fies all active nodes on a segment and displays them, with their adapt- 
er card vendor name and Ethernet address, on a map. You can enter 
additional information about the nodes, such as equipment types and 
physical location, into the database by clicking on an icon and typing 
it in. 

When the NodeLocator option is used, data on the actual location 
of the nodes is automatically entered, and the map becomes an accu- 
rate representation of the physical layout of the segment. Thereafter, 
when a new node is installed and becomes active, or when a node is 
moved or becomes inactive, the change is detected and shown on the 
mao in real time. The svstem also orovides the network manager with 
precise cable fault infoimation. when a fault is detected the Ganager 
workstation is alerted and the precise location of the fault is specified 
on the map. 

The system's interactive capabilities ensure easy LAN manage- 
ment. The LanProbe system continuously monitors vital parameters 
of the LAN segment. Traffic statistics are gathered and displayed and 
can be exported in (comma delimited) CSV format for further analy- 
sis. In addition, a library of predefined filters and network tests run 
concurrently, collecting valuable diagnostic information. 

The LanProbe system provides an unmatched tool for documenting 
and monitoring your network. 

Features 
Network and segment maps identify nodes, addresses, and position. 
Real-time update of the maps via NodeLocator. 
Cable test option detects and reports breaks, shorts, and faulty ter- 
mination. 
Statistics chart LAN utilization and performance in real time and 
over a period of time. 
Traces all packets or specific packets. 
Alerts based on user-definable thresholds and entry into a log. 
Remote access with built-in 2400 baud modem. 
Continuous monitoring of the LAN. 
Concurrent and interactive operation of all tools. 

Specifications 
HP 4991A LanProbc segment monitor 

Network Compatibility: Ethernet version 2.0, IEEE 802.3 
Size: 10.5 H x 41.4 W x 44.5cm D (4.15" x 16.3" x 17.5") 
Weight: 7.26kg (16 Ib) 

HP 4992A NodeLocator 
Network Compatibility: Ethernet version 2.0, IEEE 802.3 
Size: 4 1.7 H x 14.15 W x 18.29cm D (1.64" x 5.57" x 7.20") 
Weight: .55kg (1.2 Ib) 

HP 4993A Probeview Console 
Includes: Vectra QS/2O model 46 PC. 42 Mbyte half-height hard 
disk dr~ve with embedded controller, 2 Mbyte memory, 5.25 floppy 
drive. VGA monitor and multistandard I / F  card. ThinLan network 
access card, HP-HIL mouse, MS-DOSm USA. Microsoftm Windows 
USA, HP  4990A ProbeViewT" Manager software. 

Ordering Information 
H P  4990s LanProbe distributed analysis system 
HY 4991A LanProbe segment monitor 

Opt 001 LanProbe, deletes cable test, BNC connector 
and NodeLocator capability 
Opt 002 LanProbe, deletes internal modem 
Opt 003 LanProbe, deletes cable test. BNC connec- 
tor, internal modem and NodeLocator capability 

H P  4992A NodeLocator 
H P  4993A ProbeView console 

Opt 001 Adds 3.5" floppy drive 
Opt 002 Deletes ThinLan card adds StarLan 10 card 
Opt 003 Adds an additional 2MB memory 
Local~zation option must be selected. Please contact 
your local H P  Sales office for information. 

HP 4990A ProbeView manager software 
Opt 100 Adds ProbeView observer software with 
ProbeView manager software 

HP 18490A ProbeView observer software 
Microson is a U.S. reghtemd trademark of Mlaosofl Corporation 
MS-DOS is a U.S. registered trademark of Microsofl Corporation. 

Price 
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Slgnallng Test Sets 

HP 37900C, 379006 

Multi-link testers for common-channel Signaling Text decoding of level 3 and 4 data (optional user- 
System No.7 defined decoding) 
Call tracing Programmable No.7 device emulation 

HP 37900B/C Signaling Test Sets 
The HP 37900C signaling test set is a high-performance solution 

for testing the demanding No.7 common-channel signaling protocol 
(Signaling System No.7). The H P  37900C is capable of monitoring 
two or emulating four bi-directional No.7 signaling links. 

The HP 37900B is a modular No. 7 test set consisting of a worksta- 
tion, signaling link processors, and dedicated software. The capabili- 
ties are similar to the HP  37900C. but the HP 37900B can monitor 
four and emulate eight bi-directional links simultaneously. 

Features 
The major features of this test set include non-intrusive monitoring 

and recording of signaling messages on signaling links; optional inter- 
faces for datacom and telecom applications; real-time and post-analy- 
sis of No.7 data; text decoding of level 3 & 4 data (CCITT 
REDIBLUE books and, optionally, national variants such as 
ANSI/BELLCORE SS7, BTNR 167, and applications such as 
GSM, CLASS and ABS); emulation of No.7 devices for feature test- 
ing. 

As~SSing N0.7 Performance 
The HP 37900B/C simplifies the manufacture, qualification or 

maintenance of No.7 equipment or software. 
The non-intrusive monitoring capabilities of the HP  37900B/C al- 

low troubleshooting and assessing the performance of No.7 signaling 
links. For example, real-time analysis of signaling activity, through 
dynamic display of loading levels and error rates. allows problems to 
be quickly assessed. Sophisticated data triggers and filters can readi- 
ly be created to control the logging of data so that only useful data is 
recorded. In addition, the call trace facilities can obtain the No.7 
messages related to a specific call. 

Interpretation of logged signaling messages is straightforward; the 
data can be automatically decoded directly to text. (Optional 
software is available for customized text decodes.) Powerful search, 

selective view, and display facilities aid the examination of logged 
data, simplify investigations, and minimize troubleshooting. 

A simple programming language - optimized to send, receive, and 
validate message signal units (MSUs) - speeds the creation of con- 
formance, acceptance or regression emulation tests. 

Users define messages in a catalog of messages that is separate 
from the test script. Messages captured while monitoring can also be 
transferred to the catalog and edited as required. To simplify testing 
further, the HP 37900 automatically handles level 2 operations (in- 
cluding signaling link alignment) and, optionally, level 3 operations 
sufficient to keep the link in service. During a test, the H P  37900B/C 
generates or responds to signaling messages on the No.7 links, and 
allows users to follow the progress of the test while it is running. On 
completion, users obtain a report of the signaling interactions for 
fault tracing or test performance documentation. 

Specifications 
RAM buffer for logging: 2.5 Mbyte (expandable to 6.5 Mbyte) 
Built-in disc: 20 Mbyte 37900C; 40 Mbyte 37900B 
Monitor 

Capture performance: 100% MSUs per link (each direction) 
Timestamps for logged data: 1 millisecond accuracy 
No.7 specific triggers and tilterr: Include triggering on level 2, 3 
or 4 data. and erroneous SUs; and filtering out of FISUs, LSSUs or 
specified MSUs 

Emulate 
Message generation performance: 100% MSUs 
Messages per catalog: 300 
Savelretrieve catalogs from disc: Yes 

Ordering Information 
Please contact your local Hewlett-Packard Sales & Support Office. 

See page 737. 
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Twlsted-palr LAN Cabling 
General Information 

h n c h d o m  blocks I I Work Area 

TO Other Work areas 

adapter card 

Twisted pair cable installation 

Twisted-pair tor LANs 
Twisted-pair phone cable is emerging as the most popular Ethernet 

LAN media. This new use of twisted-pair cable for data communica- 
tions is driven by its many benefits: low cost, may already be installed, 
single media for both voice and data communications, support of a 
structured wiring system, as well as simple installation and adminis- 
tration. These benefits, combined with the finalization of the IEEE 
802.3 IOBASE-T standard, establish twisted-pair as the preferred al- 
ternative to networking with coaxial cable. 

However a!l twisted-pair cable is not suitable for support of 
10-Mbit/s data traffic. Developed and installed for voice use only, 
some twisted-pair cable is of poor quality, may be installed improper- 
ly, or may exist in a noisy environment. Because all of these factors 
affect signal quality and transmission, cabling should be evaluated 
prior to supporting a IOBASE-T network. The IOBASE-T standard 
has defined parameters for twisted-pair cable in the areas of signal 
attenuation, burst noise, impedance and crosstalk attenuation. 

Testing Twisted-pair LAN Cable 
For optimum network utilization, twisted-pair cable should be test- 

ed when it is newly installed, when it is part of an existing cabling 
system and as part of a troubleshooting procedure when isolating 
faults in a network. And because installation procedures (e.g. number 
of crossconnects in cable path) affect signal quality, cable should be 
tested after installation. 

IEEE 802.3 1OBASE-T Standard 
The IEEE 802.3 I OBASE-T standard defines transmission of 

Ethernetl802.3 data over twisted-pair cable. Following are the key 
parameters specified: 
Crosstalk attenuation 

Crosstalk in twisted-pair cable is caused by electrical interference 
from adjacent twisted-pairs. Crosstalk attenuation can be measured 
two ways: near-end crosstalk attenuation (pair-to-pair) and multiple 
disturber crosstalk attenuation (bundled). Near-end crosstalk is mea- 
sured between one transmit pair and one receive pair within a cable. 
Multiple disturber crosstalk is measured between one receive pair and 
multiple transmit pairs in bundled (25-pair) cables. 
Attenuation 

Attenuation is a measure of how much the signal amplitude de- 
creases during transmission from one point to another. Cable quality, 
untwisted cable, too many cross-connect blocks, cable length, and 
temperature of cable's path can all affect the cable's attenuation. 
Burst noise 

Burst noise is electrical noise picked up by the cabling from an 
outside source (e.g. electrical equipment). If this noise is sufficiently 
powerful, data traffic will be corrupted. 
IEEE 802.3 10BASE-T Spaclfiwtiom 

Frequency Speclflwtion 
Attenuation* 5 MHz 5 11.5 dB 

10 MHz 5 11.5 dB 
Croutrlk attenuation 

Near-end (&pair) 5 MHz ? 30.5 dB 
10 MHz t 26 dB 

Multiple Disturber 5 MHz 2 27.5 dB 
(25-pair) 10 MHz t 23.0 dB 

Bunt nolr - 5 264 rnV 
For Msted-palr cabb Mat Is not Installad, the specnlcalbn Is 10 dB. Thlsallow8 1.5 dB snenua- 
tlon for varlws connectom uwd when the cable Is Installad. 

In addition to testing for IEEE 802.3 10 Base-T specifications the 
HP  28687A Wire Test Instrument, also tests for opens, shorts or mis- 
wiring of data pair-wires. 
For information on HP's solution for testing twisted-pair LAN ca- 
bling, see the following page on the H P  28687A wire test instrument. 
For information on HP's complete family of IOBASE-T products pic- 
tured below, (HP EtherTwist) contact your local HP  sales office, (see 
page 737) or H P  LAN dealer. 
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Wlre Test Instrument 

HP 28687A 

Troubleshooting and verification of type lobase-T 
cable 
Easy to use 

HP 28687A Wire Test lnstrument 
The portable HP  28687A wire test instrument verifies and 

troubleshoots twisted-pair LAN cabling for Type IOBASE-T net- 
works. It lets the user quickly and easily perform the necessary tests 
to evaluate the key parameters specified by the IEEE 802.3 
IOBASE-T standard. 

Complete Testing of Type 10BASE-T Cable 
Twisted-pair LAN cable, unlike coaxial cable, allows for variations 

in physical characteristics and has dynamic performance require- 
ments such as crosstalk, signal attenuation, and installation-depen- 
dent specifications. Tools developed for the telephone industry are not 
specialized to test for these specification requirements. The HP 
28687A wire test instrument can quickly identify problems in these 
areas. Designed specifically to test for compliance to the lEEE 802.3 
IOBASE-T standard, the HP  28687A lets you easily verify and 
troubleshoot twisted-pair LAN cabling. 

Easy to Use 
This lightweight, portable unit saves time by simplifying the com- 

plex task of testing twisted-pair cabling. Individual tests or combina- 
tions of tests can be run, and up to 24 pairs (twelve IOBASE-T 
connections) can be tested simultaneously. The alphanumeric display 
steps you through the test procedures and gives you complete diagnos- 
tic information when you want it. An RS-232 printer port also allows 
you to quickly get a copy of the results. Twelve green LEDs indicate 
whether the pairs have passed or failed the test(s). Intermittent ca- 
bling problems can be identified by pushing the MONITOR button, 
which performs the selected tests and compiles statistical parameters 
for up to 24 hours. 

Troubleshooting 
Network downtime is expensive. While the costs of a downed net- 

work cannot always be quantified, daily business depends on a func- 
tional network. With the HP  28687A. cable problems can be easily 
and quickly identified. 

Verification 
To avoid intermittent problems and performance degradation, both 

new and in-place twisted-pair cabling should be evaluated prior to 
usage as a LAN medium. The HP 28687A wire test instrument veri- 
fies the suitability of in-place twisted-pair cable for your IOBASE-T 
network prior to usage as a local area network cabling system. 

HP 28687A Features 
The HP 28687A wire test instrument tests key parameters for Type 
IOBASE-T networks: crosstalk attenuation, signal attenuation 
over frequency, burst noise, and continuity. (Crosstalk attenuation 
and signal attenuation are measured using 5-MHz sine waves, 10- 
MHz sine waves and 10-Mbit/s pseudo-random Manchester-en- 
coded data.) 
For added flexibility, the H P  28687A evaluates both bundled 25- 
pair and individual Cpair twisted-pair cabling. 
Weighing less than 10 pounds, this unit is easily portable to any 
wiring closet or cable run. 
A built-in RS-232 printer port makes it easy to get hard-copy re- 
sults at any time. 
Monitor function allows user-selected tests to be performed over a 
24-hour period. 
To ensure reliability, the H P  28687A runs a self-test at  power-on 
and recalibrates periodically during use. 
Easy-to-read LEDs indicate which ports have been selected for 
testing, which tests have been selected, and which ports have passed 
or failed. 
To make wiring connections quickly, the H P  wire test instrument 
includes a built-in 50-pin Telco connector as well as a 12-port mod- 
ular adapter for 8-pin jacks. 

Physical Specifications 
Size: 27.9 H x 34.3 W x 15.9 cm D (1 1.0" x 13.5" x 6.3") 
Weight: 4.1 kg (9.0 Ib) 
Measurement Specifications 

Measurement 
Range Accuracy Resolution 

Signal attenuation 0- 1 5 dB + 0.5 dB 0.1 dB 
Crosstalk attenuation 0-36 dB *I.OdR 0.1dB 
Burst noise: 232 mV minimum += 32 mV 
Measurement made through a 3-pole Butterworth low-pass filter with 
a 3-dB cut ofTat 15 MHz. 
Source characteristics 

Frequency range: 5-MHz sine wave, 10-MHz sine wave. 10- 
Mbit/s pseudo-random Manchester-encoded data 
Output level range: 1.25 volts peak + 250 mV 
Impedance: I00 ohms a 10 ohms 
Output connector: 50-pin Telco connector 

Receiver characteristics 
Frequency range: 5 MHz to 15 MHz 
Input level range: 20 mV peak to 1.5 V peak 
Impedance: I00 ohms a 10 ohms 
Input connector: 50-pin Teleco connector 

Ordering Information Price 
HP 28687A wire test instrument 56,500 
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570 General Informatlon: Voice and Data Testlng 0 

Data Network Testing 
There is a wide variety of tests that can be 

made on a data communications system. De- 
pending on the point in the system at which 
the tests are made, quite different philoso- 
phies and techniques apply. 

Protocol analysis is usually concerned with 
overall network performance, determined 
through monitoring or simulating network 
software (protocol and/or data). Digital test- 
ing involves measuring modem-channel- 
modem efficiency in terms such as Bit Error 
Ratio (BER) and Block Error Ratio 
(BLER). Analog testing measures the tarif- 
fed and other key parameters of the trans- 
mission line itself. 

Digital Measurements 
Data error analyzers are used to test the 

quality of both the modem and the transmis- 
sion facility. They provide information about 
the modem and transmission line, but no in- 
formation about the DTE (data terminal 
equipment) they replace. 

The overall quality of the link is indicated 
by its BER. A good link will have a bit error 
ratio better than 1 X This measure- 
ment will include the effect of both transmis- 
sion line impairments and the modem's 
ability to overcome them. 

Since data communications systems trans- 
mit data and control information in blocks, 
these instruments also measure BLER and 
Percent Error Free Seconds (%EFS). BER, 
BLER and %EFS can be used together to ex- 
amine the statistics of the error mechanism. 

If the BER and BLER are both high, and 
%EFS low, the impairment is random and 
probably due to noise. If the BER and %EFS 
are high but the BLER is low, the impair- 
ment is more bursty. This happens when lines 
are switched, synchronization is temporarily 
lost, or impulse noise is too high. 

Error rates are quantitative checks of the 
data communications system that can be 
made in a few minutes. If the system is bad. 
diagnostic measurements are provided to 
help isolate the problem. Dropouts, clock 
slips, error skew, jitter, and total peak distor- 
tion indicate some of the problems that can 
occur with a modem or on a link. These mea- 
surements are made simultaneously with the 
error rate measurements and can be printed 
out in automatic unattended mode if desired. 

Catastrophic failures can usually be found 
with self-tests and loopback switches built 
into the modem. Data error analyzers can 
find failures that are not illuminated by inter- 
nal self-tests. 

Modem dynamics are another source of 
da t a  transmission problems. Modern 
modems have automatic equalization circuits 
to compensate for telephone line distortions. 
It is important to let the equalization process 
settle, particularly with switched carrier 
modems, so data is not transmitted too soon. 

Measurements that verify modem dynam- 
ics are RTS-CTS delay and modem start up 
tests such as ping-pong. 

Analog Impairments Aftect Perform- 
ance 

Analog impairments on the telephone line 
can significantly affect the efficiency of data 

'Infamakn aban the HP "lnacrvlce Testing k db tAv&Me r a ap&ial op 
3776A and HP 37768 can WW in Me desdptlon tion. 
be lwnd in the Tdecom- of the HP 4948A in this 
munications Test Equip section. 
ment section. 

communications. What the user notices is a 
slow down in throughput (because of fre- 
quent retransmission of blocks of data). gar- 
bled data or no data at all. These effects are a 
result of the line impairments distorting the 
modem signal so that the receiving modem 
cannot make correct decisions. Data bits and 
blocks are received in error. 

The various modem types are susceptible 
to each impairment in differing degrees. Low 
speed modems generally use simple modula- 
tion schemes and are mostly affected by 
problems of continuity, loss, signal-to-noise 
ratio, and impulse noise. 

As modem speeds increase, the modulation 
schemes become more complex and so they 
are more susceptible to impairments. To sig- 

nificantly reduce the impairing effects and 
improve error performance, specially select- 
ed and conditioned leased telephone lines are 
used. 

A number of levels of conditioning are 
available to suit the circuit to the speed of the 
modem, each tariffed at  a different rate. 
Conditioning can minimize noise, hits. drop- 
outs, phase jitter, non-linear (inter-modula- 
tion) distortion, bandwidth reduction and 
envelope (group) delay distortion. 

So there is a need for testing: by the circuit 
supplier, when he installs or repairs a condi- 
tioned circuit, to check if impairment levels 
are within the agreed limits; by the circuit us- 
er, to ensure he is getting the quality of cir- 
cuit he is paying for. 
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DATA COMMUNICATIONS TEST EQUIPMENT 
Transmission lmpairment Measuring Sets 

HP 4945A, 4947A, 4948A 

Complete analog testing to North American standards Voice-grade data circuit testing - without dlstrubing 
for: voice-grade data circuits, program circuits, traffic 
metallic digital circuits True preventive maintenance 

- ' 
Network management information - without special 

.L- 
'-@'---? modems - - - 

- m i  Suitable for North American and CClTT environments 
L - 
i I . .  F T r - 5  1 
I .  . r . .  ' 

. . I :  . . . - - - - 
1 .  . I . .  

- 

. . . . . . . . 
I - *  .. I I 

DEIIONE FOR 

HP 4947A 
SYSTEMS 

H P  4947A and HP 4945A TIMS 
The HP 4947A (5 kHz) and HP 4945A (I  I0 kHz) Transmission 

Impairment Measuring Sets (TIMS) provide a complete set of IEEE- 
743-compatible measurements, for installation. maintenance, and 
troubleshooting, as well as manufacturing. Both instruments feature 
automatic end-to-end testing and comprehensive remote con- 
trollprinter output functions. 
Measurement Capability 

The intermodulation distortion technique is licensed under Hekimian 
Laboratones, Inc., US Patent No. 3862380. 

Ordering lnformation 
H P  4945A TIMS 

Opt 001 100/200V operation 
Opt 101 Adds HP 18162A HP-IB module 
Opt 102 Adds HP 18163A RS-232-C module 
Opt 104 Adds HP 18169A 19-in rackmount kit 
Opt 105 Adds H P 18 170A soft vinyl case 

H P  4947A TI MS 
Opt 908 19-in rackmount kit 

Accessories tor HP 4945A and HP 4947A 
HP 18182A 1.5m cable with WECO 310 and alligator 

clips. 
HP 15513A Im cable with WECO 310 on each end. 

Price 
5 18,000 

$0 
+$555 
+5555 
+$82 

+f227 
f 11,800 

+$4 1 

HP 4947A 

to 5 kHz 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
no 
Yes 

Yes 
no 
Yes 
Yes 
no 
Yes 
Yes 

600190011200 

Measurement 

Levellfrequency 
Attenuation distortion 
Intermodulation distortion' 
Envelope delay distortion 
Gain slope 
Sgnal-to-noise 8 notched noise 
Message circuit noise 8 noise-to-ground 
Noise filters: 
Gmessage 8 3 kHz 
15 kHz, program, 50 kbit 

PlAR 
214-wire return loss: 

ERL, SRL Hi, SRL Lo 
Sinewave 
Equal level echo path loss 

Phase jttter 
Arnpl~tude jitter 
Gatn hib, phase hits, dropouts 
3-level impulse noise 
Impedance (ohms) 

OESONEO FOR 

HP 4948A 
S Y S T E M S  

HP 4945A 

to 110 kHz 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 

Yes 
Yes 
no 
Yes 
Yes 
Yes 
Yes 

1351600190011200 

H P  4948A In-service TIMS 
The H P 494XA is a unique transmission impairment measuring set 

(TIMS) that lets you test data circuits, carrying voice-grade modem 
traffic, while the circuits are still in service. This opens up new cost- 
saving test strategies for managing data circuits. 

With the HP 4948A you can implement a preventive maintenance 
policy and routinely check lines against a benchmark, while the cir- 
cuits are still operating. Testing can be done at  convenient times, even 
when the circuits are under most stress. 

All HP 4948A capabilities can be remotely controlled and can be 
used to build a network monitoring system. The HP 4948A is an eco- 
nomical means of producing accurate data for private network man- 
agement, even for small networks, using a variety of modem types. 
Measurement Capability 

The HP 4948A measures: level. frequency, S/N,  phase jitter. am- 
plitude jitter, dropouts. gain hits, phase hits, impulse noise; and, on 
modem signals only, attenuation distortion and delay distortion. 
Compatible Modems 

AT81 e a lrademah of th Amelcan T w o n e  and 1-raph Conpany 

DI1IRea 

14400 h's 
foptlonal) 

9600 h's 

4800 b s  

2400 b s  

Connector Types 

Caqmlibk Yodnn Typr (CWin). E x n p k s  

CClTT V 33 (Ifellis MI 
V 33 vim 17W Hz canter 

C C l l l  V 29 AT61 209 ATILT 2096 
v 29 Wm 1 8 ~  HZ caner 
4x4 OAM wlm 17w HZ caner 

C C ~  v 27 ART 208 ATILT 2048 

C C ~  v 26 AILB AT&T 201 B&C 

$62 
Ordering lnformation 
H P  4948A In-service TIMS 

Opt 001, 002, 004, 005: See Table above 
Opt 006 14.4 kbit/s V.33 capability. 
Opt 908 19-in rackmount kit 

Sland.atOne 
hont ~onmclofs 
adluslaMe @s 

For d m h n g  
hont C o n m r S  
flal base 

For r a b  mounhfq 
rear connBC(or~ 
flat base 

Price 
51 3,690 

-5500 
+Sl,OlO 

+$35 

T m m n  6 Realm Conmc(ol 

mco no 6 Bmmn 

HP 4QUU 
Standard 

HP 4QUU 
@hen Wl 

HP 494BA 
Qhon W2 

Sbrnmr 3-pln 

HP 49.m 
CQhon GO3 

HP 4948A 
CQl~on 004 

HP 4940A 
CQt~on 005 
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572 Transmission lmpairment Measuring Sets (TIMS) u HP 4934A, 4935A, 4936A, 3551A, 3552A 

Rugged, portable, affordable 
Optional battery operation with built-in recharger 

HP 4935A/4936A TIMS 
The HP 4935Al4936A Transmission Impairment Measuring Sets - J are rugged, portable test sets that provide the basic analog tests to 

V .I. 1. *- ." . . . . : -. iir;km . ..- ..,. . isolate faults and to qualify circuits for voice, data, and broadcast 
8- ..m 

9' "- .-:- .-- .- service. The HP 4935A performs measurements compat~ble w ~ t h  the 
.a, .,I. . . . . .:'. ,.. , m-- a -  .- Bell standards (BSTR 41009) and IEEE standards (IEEE 743- 
' . :.." .*- .. .I ..- -.- 1984). The H P  4936A is compatible wlth CCITT recommendations. * . ... m-- . . , I* . . ,, . w. 

". . " - L C "  .. " The HP 4935s data transmlsslon test system conslsts of HP 4935A .". - *_. , - 1 8  * " 
% - ," 

:..:m+. *,, *.. plus the H P  4925B bit error rate test set (see page 573). 

b e @  ,-A ,.a, Measurements: Level, frequency, circuit noise, noise-with-tone, sig- 
Specifications 

-' 
- - -..- .--c - nal-to-no~se ratlo, 3-level impulse noise (quiet) (HP 4936A), 3-level 

~mpulse none (quiet or tone) ( H P  4935A). noise-to-ground 
UP 4934A (HP 4935A), P/AR (HP 4935A opt~on). 
Transmission Impairment Measuring Set (TIMS) 

The HP 4934A transmission impairment measuring set (TIMS) 
increases installation and maintenance productivity for telephone 
companies and service providers through its ease of use, portability 
and ruggedness. HP 4934A measurements (using IEEE 743-1984 
methods) include the following: 

Level/frequency up to l I0 kHz 
Noise and noise-to-ground 
Noise-with-tone and signal-to-noise ratio 
3-level impulse noise 
P/AR 
The HP 4934A is easy to use. You can cut out errors with simple 

keystrokes and one-button-per-function operations. The dedicated 
keys and indicators allow you to see the measurement setup at  a 
glance. Results are easy to read on large. bright displays. There is a 
built-in operating summary. The manual describes how to do mea- 
surements and also describes the principles of each measurement and 
how to interpret the results. 

The HP 4934A is easily carried by hand and stowed in an aircraft 
cabin. The front cover stores the power cord and the two standard test 
cords, or they can be stored in an optional soft vinyl carrying case for 
greater protection and more accessory storage. 
Applications 

The HP 4934A is ideal for telephone companies and for service 
providers for the installation and maintenance of special services us- 
ing a wide range of analog circuit types. The H P  4934A provides the 
tests required toqualify the local loop for Digital Data System (DDS) 
up to 56 kbit/s and basic rate ISDN. 

The features and low cost make the H P  4934A suitable for data 
communications users who need to check line performance against 
tariffs. If there is a fault, the users can quickly determine who is re- 
sponsible for fixing it. Because the measurement results of the HP  
4934A are reliable, they are readily accepted by circuit or equipment 
vendors and repairs can be made quickly to minimize downtime. 
Ordering Information 
H P  4934A TIMS-Including front-panel cover, power 
cord, 2 HP  15513A test cords (with WECO 310 jack 
plugs), manual 

Opt 001 Battery pack with built-in charger 
Opt 010 Delete test cords 
Opt JOI Replaces North American features and 
connectors with CClTT (specification similar to 
HP  4936A). Deletes test cords. 820Hz hold tone. 
Opt J02 As J01. except 1020 Hz hold tone. 

Accessories 
H P  15513A Im cable. WECO 310 jack plug each end 
H P  15677A Ladder bracket 
H P  15678A 19-inch rackmount 
H P  l8134A Vinyl carrying case 
H P  18182A 1.5m cable. WECO 310 jack plug 
to allleator clips. 

Price 
$2,790 

+ $300 
- $100 
+%700 

+S700 

562 
$36 

$190 
$144 

$67 

Filters: 
H P  4935A HP 4936A 
C-message Psophometric (P.53) 
3 kHz flat 275-3250 Hz flat (0.71 impulse noise) 
Program Sound unweighted (5.16) 
15 kHz flat Sound weighted (5.16) 
50 kbit 
1010 Hz notch 820 Hz notch (1020 Hz optional) 

Size: 127 H x 279 W x 381 mrn D (5.0" x 11.0" x 15.0") 
Weighk 5.0 kg ( I  1 Ib); 6.5 kg (14 Ib) with battery 
Ordering Information Price 
H P  4935A TIMS (North American) 53,830 

Opt 001 Rechargeable batteries + 5380 
Opt 002 Add P/AR measurement. + $155 

delete noise-to-ground 
Opt 003 Add options 001 and 002 + $465 

H P  4936A TIMS (CCITT) $4,880 
Opt 001 Include 820 Hz tone, + $535 

add rechargeable batteries 
Opt 002 1020 Hz tone replaces 820 Hz SO 
Opt 003 Add options 001 and 002 + $535 

H P  4935s Data Transmission Test System $5,405 
Opt 001 Rechargeable batteries + $385 
Opt 002 P/AR, no noise-to-ground + $155 

on HP 4935A 
Opt 003 Add options 001 and 002 + $465 
Opt 101 RS-232-CIV.24 on H P  49258 + $420 
Opt 102 V.35 interface and II5V power module + $620 

(HP 18 185A) on HP 4925B 
Opt 104 V.35 interface and 220V power module + f 660 

(HP 18194A) on HP 4925B 

HP 3551A/3552A Transmission Test Sets 
The HP 3551A (North American) and HP 3552A (CCITT) are 

basic level/noise measuring sets to 60 kHz. Both test sets include se- 
lectable noise filters, holding circuits and built-in rechargeable bat- 
teries with charger. 
Orderin Information Price 
H P  3551% Transm~ss~on Test Set (North American) $5,400 
H P  3552A Transmission Test Set (CCITT) 56,340 
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Datacom Test Sets 

HP 3771 1 A, 4925B 

Combined T1 & datacom testing up to 1.5 Mbit/s 
- no need for separate testers or plug-ins 
Four interfaces in a single tester 
Powerful results storage & analysis 
without using a printer 
Rugged, portable & easy-to-use 

HP 3771 1A Tl/Datacom Test Set 
The HP 3771 1A tests at T1 (DSX and line). RS-232, RS-449 (bal- 

anced) and V.35 interfaces. The instrument consists of the 
H P  37701A T1 Tester (see page 550) plus the HP  15901A Datacom 
Module (available separately for existing HP 37701A users). In addi- 
tion to a full range of BER tests, the HP  3771 1A performs timing 
analysis on interface control leads - with transition diagrams on the 
screen - and it has results storage and histogram alarm/results pres- 
entation on the screen. 

Applications 
T1 and datacom installation 
Long-term network monitoring 
Troubleshooting and service restoration 

Spitications 
T I ,  remote control, power supply and size specifications as 
HP  37701A (see page 550). 
Wetghh 6kg (131b). 
Datacom intertam: RS-232, RS-449, V.35, DTE or DCE 
Data rates: 600 bit/s to 1.544 Mbit/s (synchronous, built-in 
synthesizer); 50 bitls to 19.2 kbit/s (asynchronous) 
RS-232 breakout: patch points, monitors, voltage sources & 
switches 
RS-449/V.35: activity indicators on data, clock & control circuits 
Test patterns: 63, 51 1, 2047, 2"-1 PRBS, QRSS, (all invertible); 
all Is, 1010 .... 24-bit word. FOX message 
Measurements: errors, BER, blocks, block errors, block error ratio. 

error seconds, % EFS, clock slips, alarms, Tx & 
Rx frequency, G821 analysis 

Control circuit timing analysis measures time between selectable 
startistop events. 
Rang.: 1 s, resolution 0.1 ms 
Transitton diagrams: for MON, RTS, CTS. DTR, DSR & DCD 

HP 49258 Bit Error Rate Test Set 
The HP 4925B b ~ t  error rate test set provides the standard bit and 

block error tests and also measures errored seconds, percent-error- 
free seconds, timing delay, and parity errors over both RS-232lV.24 
and V.35. Complete da ta  testing is available from the  
H P  49258 from 75 bitls to 19.2 kbit/s for asynchronous framed or 
unframed systems. In synchronous systems data rates up to 72 kbit/s 
are available, which makes the H P  4925B ideally suited for DDS test- 
ing at  all rates. 

Increased flexibility is afforded by a complete breakout box. You 
can manipulate and monitor individual signal lines on the 
RS-232lV.24 interface or crosspatch any line from the DCE side of 
the interface to the DTE side. The H P  49258 also transmits the FOX 
message using a 5-bit baudot, 6-bit EBCD, 7-bit ASCII, or 8-bit 
EBCDIC code to terminals and printers. It includes detection and 
annunciation of dropouts, clock slips, and RTS-CTS delay time. 
Three separate start-up tests, end-to-end, loopback, and BELL 208B 
modem, enable dynamic testing of modems, which makes the 
HP  4925B extremely useful in isolating faults related to automatic W 
equalization. 

The H P  4925B is powered by six 9-volt alkaline transistor batter- 
ies, allowing greater than 50 hours of RS-232lV.24 operation. An ac 
module (HP 18185A or H P  18194A) is recommended for use with 
V.35 interfaces. 

Orderin intormation Price 
H P  37'7l?A TI/Datacom Tester 57,500 

Opt 001 TI pulse shape and wander/clock + $550 
slips measurement 

Accessories (HP 37711A) 
For HP 37701A accessories, see page 550. 
H P  92204s RS-232 cable 550 
H P  15692A RS-449 cable $68 
H P  15708A V.35 cable $250 
H P  4925B Bit Error Rate Test Set $1,450 
(does not include interfaces) 

Opt 001 Carrying case + $ I 1 8  
Opt 101 RS-232lV.24 (HP  18183A) + 5420 
Opt 102 V.35 (HP 18184A) and 115V power module + 5620 
(HP 18185A) 
Opt 104 V.35 (HP  18184A) and 220V power module + $660 
(HP 18194A) 

Accessories (HP 4925B) 
H P  18183A: RS-232lV.24 interface $420 
H P  18184A: V.35 interface $495 
H P  18185A: 11 5V power module $124 
H P  18191A: 19-in rackmount kit 5196 
H P  18194A: 220V power module 5165 



HEWLETT-PACKARD INTERFACE BUS 
Versatile Interconnect System for Instruments and Controllers 
General Information 

Versatile interconnect system that 
links instruments, computers, and 
peripherals into automated 
measurement systems. 

Hardware, documentation, and 
support that delivers the shortest 
path to a measurement system. 

Advantages of HP-I8 Systems 
There are many applications where the 

measurement power of interactive instru- 
ments can be further enhanced by desktop 
computers or minicomputers. Operating in a 
remote mode can provide more exact, error- 
corrected results than conventional manual 
operation techniques. 

The following three major parameters 
combine to reduce significantly the engineer- 
ing development costs of configuring mea- 
surement systems: 

1 .  The Hewlett-Packard Interface Bus, 
also known as HP-IB 

2. Distributed computing through the 
growing number of "smart" instru- 
ments with internal microprocessors 

3. The broad choice of computers rang- 
ing from friendly, easy-to-program 
desktop computers to more sophisti- 
cated computer systems capable of 
managing multistation instrument 
clusters and complex data bases. 

Relationship Between HP-IB and 
Other Interface Standards 

flewlett-Packard is committed to the 
overall advancement of measurement tech- 
nology and has for some time been working 
to simplify and standardize instrumentation 
interfacing. An example of such an effort is 
the involvement with the HP-IB from its in- 
ception at Hewlett-Packard to its present sta- 
tus as a world instrumentation interface 
standard (IEEE 488-1978 and IEC 625-1). 

In mid- 1972, Hewlett-Packard began to 
participate in various international standard- 
ization bodies. The U.S. Advisory Commit- 
tee, composed of diverse interests rep- 
resented by both users and manufacturers, 
first established initial goals, then adopted 
the interface concept used by the HP  Inter- 
face Bus as an appropriate starting point. A 
draft document was subsequently written 
and evaluated by members of the committee, 
then submitted as the U.S. Proposal to the 
IEC (Internat ional  Electrotechnical 

Broad selection of HP-IB compatible 
instruments and accessory devices. 

Wide choice of computers for 
controlling measurement systems, 
acquiring and managing data. 

Commission) Working Group in the autumn 
of 1972. Since then, the interface definition 
has undergone a number of minor changes to 
accommodate various needs at the interna- 
tional level. 

In September 1974, the parent technical 
committee, IEC TC66, approved the main 
interface draft document for a formal ballot 
among the member nations of the IEC. Bal- 
loting took place in 1976, and IEC recom- 
mendation 625-1 was adopted. The IEC 
recommendation, using a different connec- 
tor, is totally compatible with the present 
definition of the HP-IB. 

Meanwhile, the lEEE Standards Board 
approved IEEE Standard 488-1975 "Digital 
Interface for Programmable Instrumenta- 
tion", first published in 1975 and again 
published in 1978 with minor editorial 
changes as IEEE Standard 488-1978. The 
IEEE standard is also fully compatible with 
the HP-IB. In January 1976, the American 
National Standards Institute adopted the 



IEEE Standard and published it initially as user benefits that are beyond the scope of 
ANSI Standard MC 1.1 .  IEEE Standard 488. Typical user conve- 

The standardized interface concept is now niences include high-level language imple- 
widelyaccepted.Hundredsofmanufacturers m e n t a t i o n  of i n t e r f a c e  func t ions ,  
in more than fourteen countries offer underscored program codes on instrument . . thousands of products that use the HP-IB front panels for easy programming, conve- 
concepts articulated in IEEE-488. As more nient data output formats. and designed-in 
instrumentation interface standards evolve learn modes. In addition, we provide com- 

ii 
from the HP-IB. we will clearly indicate the plete support documentation in the form of ,- 

relationship of the Hewlett-Packard Inter- programming and interfacing guides, appli- 2 .  . ... 
face Bus to those standards, just as we have cation notes and operators' manuals that i l -  
done with ANSI/IEEE Standard 488 and lustrate the added benefits for users of 
IEC Publication 625-1. products with HP-IB capability. - 

- = =  

Single-Source Systems Approach 
Why the HP Interface Bus Name? 

I 
The decision to use a systern instcad of . . . 

As the list of HP products available with conventional manual methods must be based 
the "new digital interface" grew. our cus- on an engineering evaluation of benefits ver- .. . 

tomers sought a convenient way to identify sus costs. The many benefits associated with 
those products having the interface capabili- a systems approach include the following: 
ty. In response, in 1974 we adopted the name 
..Hewlett-Packard Bus.. or More consistent results in repeated mea- Hew'ett-Packard Offers a range of 

"HP-IB". We will continue to use the identi- surements because a system is not subject control lers  and  sof tware  solutions t o  
to operator fatigue. meet your measurement  automation 

fying name and this symbol: Greater throughput because systems are needs. E2000A Interactive Test Gene 
generally faster. erator software works with instrument 
M~~~ thorough testing because system drivers t o  provide a uniform, user-friendly 
speed allows more parameters to be mea- interface to  a wide variety of HP-IB instru- 
sured in a shorter time. ments. 
Results expressed in engineering or scien- 

Both are used with appropriate H P  products tific units because many systems control- 
to identify their interface capabilities. l e r s  a r e  capab1e o f  " - l i n e  d a t a  It is our objective to make the integration 

manipulation. of instrumentation systems easier by provid- 
The Hewlett-packard Interface Bus fully • Greater accuracy because system ing instruments and computers designed for 

complies with IEEE Standard 488. As such, Can be measured automatical ly '  stored and systems applications. Computers are de- 
it incorporates the mechanical, electrical, accounted for in the results. signed with HP-IB options that allow easy 
and functional specifications of the standard. ' Adaptive data acquisition that a 'ystern hook-up to the bus and incorporate easy- 
A fourth and vital element of any interface Can be programmed branch other to-use bus commands in their software. 
system is the operational aspect of a product measurements pinpoint an  abnor- Hewlett-Packard's policy when designing 
at both the human-machine interface and the condition' HP-IB compatible instruments is to elimi- 
rnachine-machine interface at  the HP-IB ' Measurement results in nate interfacing ambiguities associated with 
port. HP-IB capability provides additional memory Or On hard controllers and instruments operating per the w 

ANSIIIEEE and IEC standards by adopting 
guidelines for consistent interface design. 

Proper training on system components is 
very important for efficient use of any inter- 
face sytem. Therefore, we offer training at 
sales and service offices worldwide on HP 
desktop computers, computer systems, and 
instruments as they relate to the HP-IB. In 
the area of HP-IB support documentation, 
we offer general interface technical descrip- 
tions, operating and service manuals with 
programming informat ion,  i n s t ru -  
ment/controller introductory operating 
guides, quick reference guides, and applica- 
tion notes. 

Technical assistance during system devel- 
opment is available at  most local HP  sales 
and service offices, from resident systems en- 
gineers who specialize in desktop computers. 
computer systems, and instruments. 

How the HP-IB Operates 
All active interface circuitry is contained 

within the various HP-IB devices, and the in- 
Automation provides the  speed needed for production environments. This HP 89578 terconnecting cable (containing 16 signal 
Cellular Test System produces accurate, hard-copy test results in minutes. lines) is entirely passive. The cable's role is 

wvvw. hparchive.com 



HEWLETT-PACKARD INTERFACE BUS 
578 Versatile Interconnect System for Instruments and Controllers (cont'd) n 
( General Information 

limited to that of interconnecting all devices 
in parallel so that any one device can transfer 
data to one or more other participating de- 
vices. 

Every participating device (instrument, 
controller, accessory module) must be able to 
perform a t  least one of the roles of TALK- 
ER, LISTENER, or CONTROLLER. A 
TALKER can transmit data to other devices 
via the bus, and a LISTENER can receive 
data from other devices via the bus. Some de- 
vices can perform both roles. For example, a 
programmable instrument can LISTEN to 
receive its control instructions and TALK to 
send its measurement results. 

A minimum HP-IB system consists of one 
TALKER and one LISTENER, without a 
CONTROLLER. In this configuration, data 
transfer is limited to direct transfer between 
one device manually set to "talk only" and 
one or more devices manually set to "listen 
only" for example, a measuring instrument 
talking to a printer for semi-automatic data 
logging). 

A CONTROLLER manages the opera- 
tion of the bus system primarily by designat- 
ing which devices are to send and receive 
data, and it can also command specific ac- 
tions within other devices. 

The full flexibility and power of the HP-IB 
become more apparent, however, when one 
device that can serve as CONTROLLER/ 
TALKERILISTENER (e.g., calculator or 
computer) is interconnected with other de- 
vices that may be either TALKERS or LIS- 
T E N E R S ,  or  both (e.g., frequency 
synthesizers, counters, power meters, relay 
actuators, displays, printers), depending on 
the application. An HP-I9 controller partici- 
pates in the measurement by being program- 
med to schedule measurement tasks, set up 
individual devices so that they can perform 
these tasks, monitor the progress of the mea- 
surement as it proceeds, and interpret the re- 
sults of the measurement. Hewlett-Packard 
offers controllers that can be programmed in 
high-level languages such as BASIC, FOR- 
TRAN, HPL, and Pascal. 

Rear panel switches a r e  se t  so instrument 
will either be addressable by controller in 

HP-IB Connections and Structure 
The HP-IB has a party-line structure. All 

devices on the bus are connected in parallel. 
The 16 signal lines within the HP-1B cable 
are grouped into three clusters according to 
their functions: 
1. Data Bus (8 signal lines) 
2. Data Byte Transfer Control Bus 

(3 signal lines) 
3. General Interface Management Bus 

(5 signal lines). 

The Data Bus consists of eight signal lines 
that carry data in bit-parallel, byte-serial for- 
mat across the interface. These signal lines 
carry addresses, program data, measurement 
data, universal commands, and status bytes 
to and from devices interconnected in a sys- 
tem. Identification of the type of data present 
on the D l 0  signal lines is indicated by the 
ATN (attention) signal. When the ATN sig- 
nal is true (asserted), either addresses or uni- 
versal commands are present on the data bus 
and all connected devices are required to 
monitor the DIO lines. When the ATN mes- 
sage is false, device-dependent data (e.g., 
programming data) is carried between de- 
vices previously addressed to talk and listen. 

Data transfer uses a set of three signal 
lines: DAV (data valid), NRFD (not ready 
for data), and NDAC (not data accepted). 

DEVICE A 
ABLE TO TALK. 

LISTEN. A N D  CONTROL 
(8 g, controller) 

DEVICE B 
ABLE TO TALK 

A N D  LISTEN 
(e.g. frequency counter) 

DEVICE D 
ONLY ABLE TO TALK 

(e p. thermometen 

I I 

DATA - Dl01 - 

ATN 

SRQ 

REN 

These signals operate in an interlocked hand- 
shake mode. Two signal lines, NRFD and 
NDAC, are each connected in a logical AND 
(wired OR) to all devices connected to the in- 
terface. The DAV signal is sent by the talker 
and received by potential listeners. The 
NRFD and NDAC signals are sent by poten- 
tial listeners and received by the talker. 

The General Interface Management Lines 
manage the bus for an orderly flow of 
messages. The IFC (interface clear) message 
places the interface sytem in a known quies- 
cent state. SRQ (service request) is used by a 
device to indicate the need for attention or 
service and to request an interruption of the 
current sequence of events. REN (remote en- 
able) is used to select between two alternate 
sources of device program data. EOI (end or 
identify) is used to indicate the end of a mul- 
tiple byte transfer sequence or, in conjunc- 
tion with ATN, to execute a polling 
sequence. 

It is not possible in this limited space to go 
into detail on each signal line's role. But you 
should note that every HP-IB device need not 
be able to respond to all the lines. As a practi- 
cal and cost-effective matter, each HP-IB de- 
vice usually responds only to those lines that 
are pertinent to its typical function on the 
bus. (Details are covered in each device's op- 
erating manual.) 

HP-I8 and the new IEEE 488.2 
In June of 1987, the IEEE approved a new 

standard for programmable instruments 
called IEEE Std. 488.2-1987 Codes. For- 
mats, Protocols, and Common Commands. It 
works with the IEEE Standard Digital Inter- 
face for Programmable Instrumentation, 
IEEE 488-1978 (now 488.1). HP-IB is Hew- 
lett-Packard's implementation of IEEE 
488.1. 

As with IEEE 488.1, Hewlett-Packard 
was active in the development of IEEE 488.2. 
Many of the new HP instruments introduced 
this year already follow this new standard, 
and many more H P  instruments to be intro- 
duced in the near future will also follow 
IEEE 488.2. 

This new standard addresses issues in- 
volved with sending messages between de- 
vices on the bus. Its features include: 

A required minimum set of IEEE 488.1 
capabilities. 
Reliable transfer of complete messages be- 
tween a computer and an instrument. 
A precise description of the syntax in those 
messages. 
A set of commands useful in all instru- 
ments. 
Common status reporting capability using 
serial poll. 
Techniques for guaranteeing synchroniza- 
tion of application programs with instru- 
ment functions. 
A way of automatically assigning ad- 
dresses. 

The desired benefit from these features is to 
make the job of an instrument system design- 
er easier. IEEE 488 standardized the electri- 
cal and mechanical interface. This new 

a multi-device system, or wiil simply "talk standard ensures compatibility at the next 
only" to  another device, such a s  a printer. Interface connections and bus  structure higher level. 



488.1 Requirements Common Commands Synchroniution 
The IEEE 488.2 Standard requires that Certain functions are useful across all Many instruments can accept commands 

each device provide a minimum set of 488.1 types of instruments. IEEE 488.2 defines a faster than they can execute them. Although 
interface capabilities. Each device must be set of commands that all instruments must this feature can improve system throughput. 
able to source accept bytes, talk and lis- implement. Required commands include it also creates a need to know when the in- 

ten, do request, and respond to device identifying the instrument by manufacturer St'ument actually completes all of its corn- 

clear. and model number, resetting the instrument m a d s .  IEEE 488.2 requires three Common 

lEEE 488.2 allows more by mak- to a known state. and performing a self-test. that enable the application Pr* 
Other commands that are useful in some gram to detect when all pending operations 

ing other capabilities optional. However, it instruments are also describbd in the are complete. 
requires a Ininimum when these dard. They are included so that, if the func- 
functions are implemented. This applies to tions are implemented, they will be done in Autoconflguration 
the Remote Local, Parallel Poll, Device Trig- standard ways. For example, there are corn- Whenever a test system is assembled, the 
ger, and Controller capabilities. lnands for addresses of the instruments must be set to triggering. macros. prevent collisions. Additionally, the applica- 
Message Exchange 

and passing There are a of l 3  tion has to know the address of every instru- 
required commands and 26 ment. Currently, addresses have to be set IEEE 488.1 provides a reliable means of 

transferring bytes between a talker and a lis- manually from the front panel or a bank of 
switches. IEEE 488.2 describes a protocol 

tener. In addition, devices need a reliable Stahn Reporting between the controller and all the auto-con- 
means of transferring programming com- IEEE 488.1 exactly describes how the Re- figurable instruments on the bus, which iden- 
mands and measurement results. IEEE 488.2 quest Service (RQS) message behaves, but it tifies each instrument and assigns it an  
provides this means. says very little about the status byte, STB. address. 

The meanings of the bits are left to the de- 
Syntax signer. Some instruments clear the status ~ ~ t , , ~  

IEEE 488.2 requires that devices listen in byte after a serial ~ 0 ~ 1 9  others do not. Many Codes, formats, protocols, and common 
a "forgiving" manner. However, the level of instruments allow the Programmer to config- commands cover new ground for instrument- 
forgiveness is precisely defined. The meaning Ure what causes a service request, but here to-computer communication. Most of the 
of every data byte is well defined, while sever- the techniques for doing are varied. concepts involved can be used on any physi- 

al characters sometimes have the same IEEE 488.2 describes a hierarchical status cal interface whether HP-IB. RS232, or 
reporting model in which the contents of 0th- VME. If a new physical interface should dis- 

meaning. er data structures are summarized in the sta- place or CO-exist with HP-IB, the syntax of 
Although the listening 'yntax is forgiving* tus byte. It does not specify the exact messages, the common commands, the status 

an in s t r~men t  is Wuired precisely. meaning of all of the bits in the status byte. reporting, and the synchronization tech- 
Talking precisely greatly increases the However, it does describe the meaning of two niques Can all survive. 
~hances  of a message being accepted by any more of the bits, Message Available (MAV) 
controller. and Event Status (ESB). 

HP-IB Training and Support 
To assist you in configuring HP-IB mea- 

r----- -r- - - - --T - - - - - - - r- - - - - - - - - , ----, -- ---, surement systems, Hewlett-Packard has field 
I I I I I I 
I I I 1 I I e I sales people trained in electronic instru- 
I : ments, desktop computers, and computer 
I Device - Specific Measages 
I I systems. Also available for technical consul- 
I 
I I I I I I a I I tation are computing controller systems engi- I 

I I I I I I I 
I 

I I I t I I neers and HP-IB instrumentation specialists. I I 
I I I I I 
I I I : HP-IB training courses on HP-IB control- 
I I I 
I Common Commands and Queries I I lers and instruments are  listed below. 
I I I 
I I I I Courses are conducted at  a convenient HP  
I I I 

I I 
I I 

I location. Some courses can be taught at  your 
I 
I I site with special arrangements. I I 

! I I I 
I 

I I 
I 

I HP-IB Theory 
I I 

I I HP-IB for MOS-DOS* Personal Com- 
I I I I 
I I I I I puters 
I I I I 
I I I I ! HP-IB Instrument Control Using H P  Se- I I 
I I I I 

I I I 
I I ries 2001300 BASIC 
I 

I I I 
I I HP-IB Instrument Control Using H P  

I I I 
I I 

I I 
I I I 

1000E/F Series Controllers 

HP-IB Service and Warranty 
Hewlett-Packard has dedicated measure- - System Component x - - System Component y - ment system service people who perform on- 

I I I I site maintenance of HP  instrumentation on 
Specified iEEE 488.2 1 IEEE 488.1 I IEEE 488.2 ' Specified customer-configured systems as well as HP- 
by Device I Standard Standard I Standard by configured systems. Service contract cover- I 

Designer I I Designer age is available to meet your specific mea- 
surement system service needs and can be 

This diagram shows the  relatlonshlp between the  IEEE-448.1 standard and the  new tailored to include extended warranty, Cali- 
IEEE 488.2 standard. The new standard expands  and Complements lEEE 488.1 by ad- bration and extended hours of coverage. 
dressing issues involved with sending messages  between devices on the  bus. Layer D Contact your local sales and service office for 
represents device functlons, layer C represents common system functlons, layer B further information on HP-IB service con- 
represents message communications functions, and layer A represents interface func- tract information. 
tions. Layers D, C and B contain IEEE 488.1 device-dependent messages  and layer A MS-WS U,S. np- tndmuk ,,, M- Carpan- 
contains iEEE 488.1 interface messages. H O ~ .  

wvvw. hparchive.com 



HEWLETT-PACKARD INTERFACE BUS a s a u D  ra 

Versatile interface Bus for Instruments and Controllers (cont9d) 
SYSTEMS 

General Information 

Every HP-IB device and HP-configured 
system carries a standard Hewlett-Packard 
warranty appropriate to that product. The 
warranty period for each product will be pro- 
vided on request at  the time of sale and is 
specified in documentation supplied with the 
product. H P  takes responsibility for standard 
HP-IB systems performing as  specified. 
However, software or interfacing that has 
not been provided by Hewlett-Packard as 
part of a standard system delivered by H P  is 
not covered by this warranty. 

In all cases, overall operational responsi- 
bility for those HP-I B systems assembled bjl 
a customer from individual HP-IB devices 
rests with the customer. 

HP-IB Specifications Summary 

Interconnect Devices 
Up to I5 maximum on one continuous bus. 

Interconnection Path 
Star or linear bus network; total transmission 
path length 2 meters times number of devices 
or 20 meters, whichever is less. Operating 
distances can be extended; see page 580. 

Message Transfer Scheme 
Byte-serial, bit-parallel asynchronous data 
transfer using locked 3-wire handshake tech- 
nique. 

Data Rate 
One megabyte per second maximum over 
limited distance; 250-500 Kbytes per second 
typical over full transmission path (actual 
data rate depends on individual device char- 
acteristics). 

Address Capability 
Primary addresses, 3 1 TALK and 3 1 LIS- 
TEN;  secondary (2-byte) addresses, 961 
TALK and 961 LISTEN. Maximum of 1 
TALKER and up to 14 LISTENERS at a 
time. 

Control S h i  
In systems with more than one controller, on- 
ly one can be active at  a time. A currently 
active controller can pass control to another, 
but only the designated system controller can 
assume control over others. 

Interface Circuits 
Driver and receiver circuits a re  TTL-  
compatible. 

HP-If3 lnterfscc Functions 
HP-IB functions are the predefined capa- 

bilities that can be designed into an HP-IB 
device. These capabilities and their alphanu- 
meric codes are summarized in the table. Be- 
cause the codes completely describe interface 
capability and are therefore particularly use- 
ful to system designers and specifiers, they 
frequently appear in technical data and on 
system components. On H P  system-ready 
products the capabilities are listed near the 
HP-IB connector, and they are included in 
the specifications for most of the HP-IB 
products in this catalog. 

HP-IB Connector Lock Screw 
Compatibility 

H P-I R products delivered now and in re- 
cent years are equipped with connectors hav- 
ing I S 0  metric-threaded lock screws and 
stud mounts. Very early HP-IB products 
have non-metric parts, but are readily distin- 
guished from the metric by color: metric- 
threaded parts are black, whereas non-metric 
parts have a shiny nickel finish. HP-IB Met- 
ric Conversion Kit (HP  PIN 5060-0138) is 
available to convert these early instruments. 

HP-IB Reference Publications 
Turorial Descriprion of the Hewlett- 
Packard Interface Bus. This 118-page 
reference chronicles the development of 
byte-serial, bit-parallel interface system 

standards, describes their relationship 
to HP-IB, presents a working overview of 
HP-IB, and includes useful information. 
Published by Hewlett-Packard, part num- 
ber 5021-1927. 
ANSI/IEEE 488.1-1987. Digital Inter- 
face for Programmable Instrumentation, 
and IEEE Std.  488.2-1987. Codes. For- 
mats. Protocols, and Common Commands. 
published by the Institute of Electrical and 
Electronics Engineers, 345 East 47th 
Street, New York, NY 10017: 
IEC 625-1, An Interface System for 
Programmable Measuring Apparatus 
(Byte Serial Bit Parallel), published by 
the International Electrotechnical Com- 
mission, I rue de Varembe, I21 l Geneva 
20, Switzerland. 

1 ( SHI Full capabili~y 
Acceptor Handshake I AH I AH0 No capability 

HP-18 Interface Capability Coder for HP Products 

( AH1 Full capabiliiy 

Talker (Extended Talker) I T(TE) I T(TE)O No capability 

Interface Function 
Source Handshake 

Listener (Extended Listener) 

Basic 
Code 

SH 

I L ( L E ) ~  Bastc l~stener, unaddresses if MTA2 

Service Reauest I SR 1 SRO No capability 

CapaMg Code 
SHO No capability 

L(LE) 

I SR1 Full capabiliiy 

Remote Local I RL I RLO No capability 

T(TE)I Basic talker:serial poll, talk only 
T(TE)2 Basic talker, serial poll 
T(TE)3 Basic talker, talk only 
T(TE)4 Basic talker 
T(TE)5 Basic talker, serial poll, talk only, unaddresses if MLAt 
T(TE)6 Basic talker, serial poll, unaddresses if MLAt 
T(TE)7 Basic talker, talk only, unaddresses if MLAl 

T(TE)8 Basic talker, unaddresses if M L A l  

L(LE)O No capability 
L(LE)l Basic listener, listen only 
L(LE)2 Basic listener 
L(LE)3 Basic listener, listen only, unaddresses if MTA2 

I PP2 Local configuration 

Device Clear 1 DC I DCO NO capabilttv 

Parallel Poll 

I Driver Electronics Open collector (250kbIs max) I I :: Tr, state llMb/s maxi 

PP 

Device Trigger 

contro~~er~ C !! :;;;;lllty 
System controller 
Send IFC and take charge 

C4 Respond to SRQ 
Send Interface messages, receive control, pass control to 
self, parallel poll, take control synchronously 

'MIA: My Listen Address 
'MTA: My Talk Address 
'There are 29 controller levels. These are the more significant levels. 

RLI Full capability 
RL2 No local lockout 
PPO No capabil~ty 
PPI Remote confi~uration 

DT 

DC1 Full cdpabtliiy 
DC2 Omit selective device clear 
DTO No capability 
DTI Full ca~abilitv 
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SVSTFYS 

HP 59401A Bus System Analyzer 
The HP-IB (IEEE 488) concept has greatly simplified many of 

those things which have in the past made instrument interfacing a 
burdensome task. Even so, software errors can occur if the system 
designer does not completely understand the bus system or the capa- 
bilities of the instruments and other devices being interfaced. Hard- 
ware problems can occur if the instruments/devices are not 
functioning properly, or if they are not completely compatible with 
the bus standard. 

The HP 59401A Bus System Analyzer is especially useful in design 
and service work. It simplifies and speeds up the diagnosis of software 
and hardware problems by allowing the user to see the status of all 
bus lines, including the actual characters on the bus data lines. Be- 
cause the HP  59401A can also drive all bus lines, it can completely 
exercise another Talker. Listener or Controller-which is especially 
useful in verifying compatibility of new or user-designed products 
with the HP-IB. 

There are several choices of analyzer operating speed. It may be 
operated at  one character at  a time (useful for software debugging), 
at  2 characters per second, or at regular bus speed. It may also be 
operated at a variable rate as determined by the external clock input. 

The analyzer's 32 character memory can be used to store bus char- 
acters in the Listen mode, or to output characters to the bus in the 
Talk mode. When the analyzer is in the Compare mode, a stream of 
bus traffic may be stopped on a pre-selected character-and at  that 
time a trigger pulse is available, which is very useful when analyzing 
transient or timing problems related to the bus. 

HP 59401A Specifications 
Display: monitors all bus lines. Represents data lines, any memory 
location, or D l 0  front panel switch settings; in octal code and ASCII 
character. 
Listen mode stores up to 32 characters of bus traffic in memory for 
real time and repetitive testing. In Compare mode, halts bus traffic 
when a selected character is present, and user can display any one of 
the previous 31 characters stored in memory. 

Timing: accept <750 ns; ready <750 ns. 
Talk mode: bus lines can be driven directly from front panel switches; 
memory can be loaded from front panel switches for driving bus with 
a 32 character sequence. 

Timing: (1) data changed >SO0 ns before DAV pulled low; (2) 

Compare output: provides 1 standard power TTL gate output 
(LOW TRUE) sync pulse when bus character is same as front panel 
switches. 
HP-IB load: 1 bus load (capable of driving 14 other bus devices). 

General 
Temperature ranges: operating, 0 to 50°C; storage, -40 to +7S°C. 
Humidity: 95% relative, 0 to 40°C. 
Power requirements 100, 120, 220, or 240 V +5%, -10%; 48 to 
66 Hz; 542 VA. 
Size: 145.5 H, 205.1 W, 495.3 mm D (5.730" x 8.075 " x 19.500"). 
Weight: net, 5.64 kg (12.44 Ib). 

Accessories Price 
H P  59401A Bus System Analyzer $4170 
H P  5061-9689(metric) front handle kit $55* 
H P  10833B 2 m (6.6 ft) bus cable, furnished 

T' 

HP-IB Interconnection Cables 

Cables for interconnecting HP-IB devices are available in four dif- 
ferent lengths. The connector block at  both ends of each HP-IB cable 
(photo above) has a plug on one side and a matching receptacle on the 
other. so that several cables may be conveniently connected in paral- 
lel, thus simplifying system interconnection. Lock screws provide for 
secure mounting of each connector block to an HP-IB instrument, or 
to another cable connector block. 

SPECIAL NOTE: HP-IB cables are not always included with in- 
dividual HP-IB devices, particularly those that normally connect di- 
rectly to an HP computing controller. (The HP-IB interface for HP 
computing conrrollers contains the necessary cable and connector). 
Product listings in this catalog should be checked to see if HP-IB 
cables arefurnished. 

The HP 10833 series of cables feature an improved shielding de- 
sign to help improve RFI levels in systems. This series of cables, with 
the RFI shielding, exhibits significantly lower radiated emissions 
than previous HP-IB cables. 

The HP 10834A adapter is a shielded HP-IB to HP-IB adapter. It 
provides additional clearance (approximately 2.3 cm) between the 
HP-IB cable and the rear panel of the instrument. This allows easier 
access to switches, cables, and other connectors that may be in close 
proximity to the HP-IB connector. 

ATN dri;en low > 1 rs-before DAV pulled low; (3) DAV driven 
high <700 ns after NDAC is false; (4) DAV driven low <700 ns Ordering Information Price 
after NRFD is false, if conditions 1 and 2 are met. H P  10833A HP-IB Cable. lm  (3.3 ft) $SO= 

Operating speeds: one character at a time, 2 characters per second. HP lOR33R HP-IR Cable, 21x1 (6.6 ft) S90* 
regular bus speed, or variable rate determined by external clock in- H P  10833C HP-IB Cable, 4m (13.2 ft) $loo= 
put; in either Listen or Talk mode. H P  10833D HP-IB Cable, 0.5m (1.6 ft) $80= 
External clock input: 1 standard power TTL gate input; 510 MHz H P  10834A Adapter $31 s 
repetition rate. For same-day shipment, call HP DIRECT at 800-538-8787 



HEWLETT-PACKARD INTERFACE BUS 
Versatile Interconnect System for Instruments & Controllers 
HP 59306A, 59307A, 59309A. 595018 

of operat& directly on tKe HP-IB. In addition, these modulk fre- 
quently serve as useful ways to interconnect with devices which are 
not themselves capable of direct HP-IB operation. 

HP 59306A Relay Actuator 
Has six Form-C relays that provide for control of external devices 

either manually from front panel pushbuttons or remotely from the 
HP-18. Relay contacts are specified to switch 28 V dc or 1 15 V ac at  
0.5 A. Each relay can be programmed independently or multiple re- 
lays can be switched together. Front panel pushbuttons light to indi- 
cate the state of each relay. 

The H P  59306A is ideal for providing control of microwave coaxial 
switches (HP 8761 A/B) as well as control of microwave program- 
mable step attenuators (HP 8494 through 8496 G/H) using external 
dc power supplies. 

HP 59307A Dual VHF Switch 
This module provides two single pole 4-throw switches controlled 

from front panel pushbuttons or remotely from the HP-IB. The HP 
59307A is a dc to 500 MHz 50 R switch designed to maintain fast 
pulse transition times. The switches are independent and bidirectional 
for optimum use in multiplexing 50 Q signal lines into measuring in- 
struments. The HP 59307A is ideal to switch a standard delay, fre- 
quency, or voltage into a measurement loop for purposes of system 
calibration. 

HP 59309A HP-I8 Digital Clock 
Displays month, day, hour, minute. and second, and upon com- 

mand will output time via the interface bus. Time can be set into the 
clock by local control, or by remote commands received from the HP- 
IB. The clock accepts a small internal battery which can provide more 
than a day's standby in case of short power interruptions. Additional- 
ly, an auxiliary power supply such as the K10-59992 can sustain the 
clock for up to one year. 

HP 5950lB Power Supply Programmer (isolated DAC) 
This single-channel digital-to-analog converter can control a wide 

range of power supplies (output voltage, or current), as well as other 
analog programmable devices. It may also be used as a low level sig- 
nal source, depending on the speed of the controller. It has two output 
ranges (0- 1 and 0- 10 V dc in unipolar mode; - 1 to + 1 and - 10 to 
+ 10 V dc in bipolar mode), as well as photo-isolators which electrical- 
ly separate HP-IB control and data lines from power supply circuitry 
by up to 600 V dc. (For additional details see page 491). 

Price 

$2000 
$1750 
$2900 
$5075 
$lo00 - 

Met WeIgM 
kg (Ib) 

2.64 (5.87) 
2.64 (5.87) 
1.70 (3.78) 

5.64 (12.44) 
2.61 (5.80) 

Dimensions-mu. Might x width x depth 
mm (inches) 

101.6 x 212.9 x 294.6 (4 x 8.38 x 11.6) 
101.6 x 212.9 x 294.6 (4 x 8.38 x 11.6) 
101.6 x 105.9 x 294.6 (4 x 4.17 x 11.6) 

145.5 x 205.1 x 495.3 (5.73 x 8.08 x 19.5) 
101.6 x 212.9 x 294.6 (4 x 8.38 x 11.6) 

HP 
Model 

HP 59306A 
HP 59307A 
HP 59309A 
HP 59401A 
HP 595018 

Shipping Weight 
kg (Ib) 

3.23 (7.18) 
3.23 (7.18) 
2.84 (6.31) 

9.1 (20) 
3.17 (7.04) 

WrlPtiOfl 
Relay Actuator 

VHF Sw~tch 
HP-I0 Digital Clock 

Bus System Analyzer 
Power Supply Programmer 
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HP 37204A/B 

HP-IB extension up to 1250 meters (up to 3000 meters Installation usually needs no software changes 
with fiber-optic cable) 100% error-free operation 
Data transfer rate up to 60 kbyte/s Industry-standard ST, FC and SMA fiber-optic connec- 
Cost-effective multi-drop capability; up to 30 remote tors; fiber sizes from 50/125 to 100/140 pm 
sites 

HP 37204A Multi-point HP-18 Extender 
The HP 37204A extends the distance between HP-IB devices be- 

yond the 2-meter limit. Users can link up to 31 HP 37204As (one per 
site) to achieve a multi-point system. Each link can be up to 1250 
meters long (3000 meters with fiber-optic cable). Once installed, ex- 
tenders operate automatically and transparently. Usually, programs 
can remain unchanged. Error correction ensures 100% data integrity. 
Partial HP-IB operation can continue after link failure by invoking 
truncation. 

The H P  37204A supports all IEEE-488 functions, but might slow 
the response to a parallel poll beyond the 2 ps limit. Extenders are 
listen-always devices that handshakedata from a talker toall sites - if 
there is no addressed listener, the extender handshakes with itself. 
Because extenders limit the speed of all bus traffic to 60 kbyte/s max- 
imum, extenders should be located on a separate HP-IB from 
disk/tape drives. 

The table below shows examples of maximum speed against the 
number of extenders in a system. Note: For coaxial-cable links longer 
than 250 meters, link speed is '/lo normal. 

HP 372048 Multi-point HP-I8 Extender 
The H P  372048 is only for supported configurations of HP  

256X/268X printers and H P  3000 computers. 

Average Inter-extender 
Cable Length 

100 meters - coaxial cable 
optical fiber 

500 meters - coaxial cable 
optical fiber 

Specifications 
Maximum distance: 1250 meters per link (coaxial cable); 3000 me- 
ters per link ( f  ber-optic cable) 
Maximum speed: 60 kbyte/s 
Power requirements: 1001 120/220/240V ac +5/-10%. 48 to 
66 Hz, 10 V A  max 
Size:71 H x 2 1 2  Wx254mmD(2.8"x8.3"x 10") 
Weight: 1.72 kg (3.8 Ib) 
Temperature: 0 to 50 degrees C (operating); -40 to +70 degrees C 
(storage) 
Humidity: 5% to 95% non-condensing 
Altitude: up to 4600 meters (15000 feet) 
Compliance: UL 478 & 114 listed 

CSA 22.2 No 220-1986 certified 
Complies with IEC 435 & 380 
Verified to FCC part 15 level B 
Complies with FTZ 1046-84 

Ordering Information 
HP 37204A Equipped with dual coaxial ports 

Opt 003 Fiber-optic interface, SMA type 905 
connectors. For end extenders 
Opt 004 Fiber-optic interface, SMA type 905 
connectors. For middle extenders in a multi-point 
system 
Opt 013 Fiber-optic interface. ST  connectors. For end 
extenders 
Opt 014 Fiber-optic interface, ST connectors. For 
middle extenders in a multi-point system 
Opt 023 Fiber-optic interfaces, FC connectors. For 
end extenders 
Opt 024 Fiber-optic interface, FC connectors. For 
middle extenders in a multi-point system 

HP 37204B: Equipped with dual coaxial ports 
Options common to HP 37204A and HP 372048 

Opt 303 Half-rack-width adapter for mounting adja- 
cent to an instrument in an HP System I1 cabinet 
Opt 305 Standard 19-inch rack-mount adapter; holds 
one or two HP 37204A/Bs 

Number of Extenders per Chain 

For same-day shipment, call HP DIRECT at 800-538-8787. 

Price 
$1,2lS* 

5495 

5940 

5495 

$940 

5495 

5940 

$1,450 

+$87 

+587 

5 

14 kbytels 
13 kbytels 
1.4 kbytels 
9 kbytels 

2 

54 kbytels 
52 kbytels 
5.9 kbytels 
36 kbytels 

3 

26 kbytels 
25 kbytels 
2.8 kbytels 
17 kbytefs 



DATA ACQUISITION SYSTEMS 
General lnformatlon 

Reduce manufacturing costs 
Reduce product development time 
On-going payback 

Improve product quality 
Higher process throughput 
More process up-time 

Every data acquisition system requires a 
combination of computers, instruments, 
transducers and software. The extent to 
which these pieces are packaged together is 
dependent upon your individual needs. 
Whether it is a completely integrated turn- 
key system, system components, plug-in 
board products or a customized in-house sys- 
tem. Hewlett-Packard can help. Turnkey so- 
lutions can be provided by HP's own 

Customer Support Group or through an ex- 
panding network of independent systems in- 
tegrators and software suppliers. Contact 
your local HP  sales office for more informa- 
tion about these programs. 

Information on data acquisition plug-in 
board products for HP 1000 and HP 9000 
computers can be found on pages 640 and 
642. Data acquisition software products are 
described on pages 600 and 610. Information 

on instruments and computers for custom- 
built systems can be found under the head- 
ings for those products. The remainder of 
this section contains detailed information on 
data acquisition component systems. These 
systems provide solutions for a very broad 
range of applications. Contact your local 
Hewlett-Packard sales office for more infor- 
mation on how these systems can work for 
you. 

HP DATA ACQUISITION SYSTEM COMPONENTS 

PRODUCT DEVELOPMENT & 
PHYSICAL CHARACTERIZATION 
Instrument 
HP 3 8 2 A  data acquisition/control unit 

* Powerful built-in operating system 
* Broad functionality with complete line 

of plug-in accessories 
Softwarelcomputers 
HP DACQ data acquisition manager 

* Data acquisition software tools 
* Use with HP  9000 Series 300 technical 

computer, HP-UX workstation, or HP  
Vectra PC 

Value-added suppliers 
* Software packages available for all H P  

computers 
Expanding selection 

SCADA 
Instrument 
H P 48000 remote terminal unit 

* Designed for industrial environments 
* Remotely locatable 

Computers 
HP Vectra personal computer 

* I R M  PC/AT-compatible 
Independent H P  BASIC language 
processor 

HP  9000 Series 300 technical computer 
* High performance 

Modular 
HP 1000 real-time computer 

* Real-time processing 
Multi-user operating system 

Software 
* Value-added suppliers 

BASIC RESEARCH 
Bundled system 
t4P 75000 System 10 

* PC-based menu-driven software 
* Installed hardware and software 

REMOTE ACQUISITION 
Instrument 
H P 75000 Series B 

* Stand-alone operation 
PORTABLE ACQUISITION 
Instrument 
HP 3421 A data acquisition unit 

* Low costs 
* Portable 



DATA ACQUISITION SYSTEMS 
Instruments for Measurement and Control 

HP 3421A 

Up to 30 differential channels, 56 single-ended "Sleep mode" for extended battery life in remote 
channels locations 
Electronic calibration for repeatable answers Front terminals for convenient DCV, ACV, 2 8, Cwire 
Built-in 5% digit A/D converter with 1 pV sensitivity ohms, frequency and temperature 
HP-IL (standard) and HP-IB (optional) with rear panel Display shows channels closed, digital states and self- 
switch test conditions 
Optional 12 volt remote charging adapter 

HP 3421A Mainframe Specifications 
The HP 3421A mainframe comes with: 
A 5%. 4%, and 3b dlgtt integrating A/D converter 
Built-in counter 
Thermocouple compensation 
Type T thermocouple linearization built in 
HP-IL 
30-reading storage buffer 
LCD 30 channel display with power and error indicators 
Electronic calibration 
Rechargeable battery 
High level command set 
All specifications apply for relative humidity less than 85% at 30 de- 
grees C. 

dc voltage 

- Ranges: 300 mV, 3 V, 30 V, 300 V, Autorange - --, Basic accuracy: *(.009% reading + 3 counts); 5'/2 digits 
Reading rates: 2 to 35 readings/second 

HP 3421A Data Acquisition/Control Unit 
If your measurement needs exceed the capabilities of plug-in cards 

but don't quite call for a top-of-the-line data acquisition unit, the H P  
3421A is just what you are looking for. The H P  3421A is the instru- 
ment that beats the high cost of data logging. Use it for small data 
acquisition projects with the assurance that it will quickly pay its own 
way. The H P  3421A can be configured with several different com- 
puters into a variety of systems designed for low to medium sized ap- 
plications. 

The Instrument 
The H P  3421 A scans up to 30 channels, measuring DCV, ACV, 2- 

and 4-wire Ohms, Frequency, and Temperature. It also reads and 
writes digital information and stores up to 30 analog readings. The 
standard HP 3421A comes with an HP-IL interface for battery-pow- 
ered flexibility or optionally HP-IB for more computational power. 

The H P  3421A is battery-powered with latching relays that will 
not change state when the ac  line power is removed. 

Up to three of the following assemblies may be added to the 
H P  3421 A mainframe: 

10-channel analog multiplexer/actuator assembly with thermo- 
couple compensation, 
8-bit input/8-bit output digital assembly, 
Breadboard assembly for custom circuitry. 

Measurement Integrity 
With its 5%. 4%. 3'/2 digit A /D  converter, the H P  3421A can re- 

solve 1 pV out of 300 mV to monitor thermocouples and other low- 
level transducers. Or it can read higher level signals by auto-ranging 
up to 300 volts dc. 

Ordering Information 
HP 3421A Data Acquisition/Control Unit 
Input and 110 Assembly Options 

Opt 020 8 Channel Multiplexer/2 Channel Actuator 
Assembly 
Opt 021 9 Channel Multiplexer/l Channel Actuator 
Assembly 
Opt 022 10 Channel Multiplexer Assembly 
Opt 040 Breadboard Assembly with connector block 
Opt 050 8 bit in, 8 bit out Digital I /O Assembly with 
connector block 
Opt 201 add HP-IB interface. Allows use of EITHER 
an HP-IB or HP-IL controller 
Opt 214 add 12 volt remote charging adapter. Cannot be 
added if opt 201 is specified 

Field Installation Kits* 
HP 44461A: Add HP-IB interface. Allows use of either 
an HP-I R or HP-IL Controller (same as Opt 201) 
HP 44462A: 8-Channel Multiplexer/Z Channel Actuator 
Assembly with thermocouple compensation, connector 
block. (Same as Opt 020. Can be reconfigured to same as 
Opt 021 or Opt. 022) 
HP 44463A: extra connector block for HP 44462A 
HP 44464A: Breadboard Assembly with connector block 
(same as Opt 040) 
HP 44465A: 8 bit in, 8 bit out digital I/O assembly with 
connector block (same as Opt 050) 
HP 44466A: Extra connector block for digital or 
breadboard assembly 
HP 44469A: Seven 10:1 dividers for measuring 300 Vac 
Accessories 
HP 11340A: 20-meter HP-IL Cable 
HP 113408: 50-meter HP-IL Cable 
HP 11340C: 100-meter HP-IL Cable 

M d  installallon Is racommended to be performed only by servia, trained pawr 

Price 
$2,220 



DATA ACQUISITION SYSTEMS 
PC-Based Data Acquisition 
HP 75000 PC Data Acquisition System 10 

HP 75000 System 10 

HP 75000 System 10 
The HP 75000 System 10 is a PC-based data acquisition system 

that includes the HP  75000 cardcage, three measurement cards, a 
test block, and data acquisition software. The PCJprinter option al- 
lows you to add an HP Vectra computer and HP QuietJet printer. 
Other plug-in measurement cards are also available to be used with 
this system. 

Included in the System 10 are a 572-digit multimeter, a 16-channel 
thermocouple relay multiplexer, and a quad 8-bit digital I /O card. 
These three cards are configured and built into the cardcage. Other 
measurement cards will be installed at the factory when ordered at  
the same time as the System 10. 

LABTECHQ NOTEBOOK is a menu-driven software package for 
data acquisition applications. The COMPANION software is an on- 
line job aid to assist you in learning about the software and configur- 
ing the hardware to your transducers. Other software like Lotus 1-2-3 
can be used with LABTECH' NOTEBOOK for customized analysis 
of the data. 

The Complete Solution 
The System 10 is a complete solution to your data acquisition ap- 

plication. The complete system includes measurement hardware, data 
acquisition software, a personal computer and printer, and on-line 
documentation. It also includes a test block complete with transduc- 
ers to help you test your system. 

Hewlett-Packard has over 50 years of experience in building test 
and measurement instruments. With a full line of personal com- 
puters, software, and data acquisition equipment. Hewlett-Packard 
offers complete solutions to your data acquisition applications. 

Easy-To-Use Software 
The System 10 solution is designed specifically for data acquisition. 

LABTECHQ NOTEBOOK software is menu-driven so that you do 
not have to write code. Sample software setups are included in the 
System 10 to get you started quickly. The COMPANION software 
assists you in learning the software and using the hardware without 
reading a manual. 

Dependable Hardware 
The System 10 hardware ensures that you get reliable measure- 

ments without effort on your part. Plug-in cards are properly con- 
figured a t  the factory, and the software includes an auto- 
configuration routine to adapt to your specific configuration. Hewlett- 
Packard has a reputation of building quality products with superb 

reliability. The HP 75000 cardcage and its plug-in cards are rated 
with a mean-time-between-failures of over 20 years and comes stan- 
dard with a three-year warranty. 

Flexible Solution 
No two data acquisition applications are the same. The cardcage 

architecture allows you to install a variety of different plug-in cards to 
match almost any type of transducer you have. The software supports 
any configuration of these cards. A seamless link to Lotus 1-2-3 or 
user-written code makes the software flexible enough for your most 
demanding tasks. 

Worldwide Support 
Hewlett-Packard offers worldwide support for the System 10. The 

HP sales force is technically-oriented to help you solve your measure- 
ment problems, and a highly trained team of H P  system engineers is 
available to help customize these solutions. 

Specifications 
Relay Multlplexen 

Channels 
Offset 4 r v  2 rv 9 rv 
CMR 100 dB 100 dB > 80 dB 
llolatlon 120 V dc 120 V dc 120 V dc 

FET MuMpbxm KT 
Channels 16 

9""" 
32 

Offset 25 rV 25 rV 25 pV 
Rcristmncwn 10' 0 10'0 100 0 
Rnistacboff 200 0 200 0 200 0 

D/A Conwrtar 
Rewlution 16 b i  (2.5 rV) 
Accuracy 12 b~ts 
Iwlation 120Vrms.17OVdc 
R 8 n t ~  + l o  V. a20 mA 

Digltal 110 
Isolation TTL 

Counters T o M h  Univuni 
Max cwnt 2" 2" 
Rewlutlon 9 Ih digits 10 'h diits 
Frequency 4 MHz 100 MHz 
Input a5 V or 42 V a4 V or 42 V 

Form C Swltch 
lwlnlon 250 V dc 
Max curmnl 1A 
Power 30 waWchannel 
Off-! 7 SV 



Typical System Accuracy 

TYP m RWolu(lon sm & 

&* 0.125V 120 nV+ 7.6pV 0.023% t 9pV+0.115% t 64pV 
1V l.OrV+61 pV 0.013% + IOpV-rO.l% t W V  
8V 7.6 pV + 488 pV 0.016 t %V -r 0.1% t 1.5 rnV 
64V 61 pV 4 3.9 mV 0.015% + 1rnV +0.1% t20mV 

300'4 488 uV+ 31 mV 0.0158 t 5mV+O.I% t80mV 

SMnB 
Full b r i i  0.01 r 
Ih br~dge 0.02 pl 

'14 br~dge 0.04 pl 

' System accuracy does not lake Into accmnl Wm accuracy d tranadumrs. Thrmaww h m  
tvD~cal Mxursclesot 1 5-S°C. thermlstm have0.l to lDC,and RTDs have001 l o 0  1°C 
" kesoiutlon and m r a c y  speciflcallons are la Wm multlmeter and t k  day rnuniplexers. U FET 
mulliplexen are used, add 21 rV to the offset when ussd at room temperalure. 

The accuracy of straln p a w  measurmts  are dmmdenl on the straln umd. - - 
Typical system speeds 

I ~ M )  nmr mu~d nmr mulnd* 
for si& din frdd multlpk'chnwh lchl) 

High speed burst (dc volts) 
dc volts (relavs) 10 
dc volts ~FET;)' 
Thermocouples (relays) 
Thermocouples (FETs) 
Then~stors 
RTDs 
Straln* 

350 5OOO rdgs 
85 16 chls 
53 16 chls 
900 16 chls 
900 16 chls 
850 16 chls 
850 8 chls 
900 8 chls 

Read from digital I10 10 
Wr~te to digital I10 11 
Close Form C switch 30 
Wr~te to a OIA output 14 
Read a counter total (10 Hz signal) 14 
Read a frequency (1 kHz s~gnal) 80 
'Available in Verslon 6.0 of the SyHem 10 sothrae (February 1991). 

Price 

$5.750 

Ordering Information 

PC-- Data Acquisition 8ystems 
HP E1390B H P  75000 System 10 
Includes LABTECH' NOTEBOOK and COM- 
PANION software, H P  75000 Series B cardcage, 
5'12-digit multimeter, 16-channel thermocouple relay, 
multiplexer, quad 8-bit digital 110, HP-IB cable, and 
test block 
Opt 100 PCfprinter +$4,650 
Adds the H P  Vectra computer, H P  QuietJet print- 
er, and cables. The data acquisition software and 
DOS are installed on the hard disk. The H P  Vectra 
includes an 80286 microprocessor, 640K RAM. 39"  
floppy disk drive, 40 Mbyte hard disk drive, VGA col- 
or monitor. keyboard, and an HP 82335A HP-IB in- 
terface card. 
L8ngu8ge Option 
Opt ABA U.S. English (1 lOV) SO 
Opt ABB Universal English (220V) $0 

Additional plug-in mod- 
HP E13U)A 4-channel D/A converter 
HP E1330A quad 8-bit digital I f 0  
HP 1332A 4-channel counterftotalizer 
HP E1333A 3-channel universal counter 
HP E1345A 16-channel relay multiplexer 
HP E1346A 48-channel single-ended relay 
multiplexer 
HP E1347A 16-channel thermocouple relay 
multiplexer 
HP E1364A 16-channel form C switch 

The following modules work with version 6.0or later of the System 10 
software. (Available February 1, 199 1 ) 

HP E1355A 8-channel 120 R strain relay $ 925 
multiplexer 
HP E1356A 8-channel 350 R strain relay $925 
multiplexer 
HP E1351A 16-channel FET multiplexer $875 
HP E1352A 32-channel single-ended FET 3 1,000 
multiplexer 
HP E1353A 16-channel thermocouple FET 5975 
multiplexer 
HP E1357A 8-channel 120 Q strain FET multiplexer 51.1 25 
HP E1358A 8-channel 350 R strain FET multiplexer $1,125 

LABTECH. NOTEBOOK ir a n g M d  tmdmnvk d bbontorba T e c h n w  Caporallon. 
Lolua and 1-2-3 are U.S. registered lrsdemarks of Latus ~ o p m e n l  Corporalon. 



DATA ACQUISITION SYSTEMS 
Instruments for Measurement and Control 
HP 3852A 

Configure the Capabilities You Need 
You can easily configure an HP 38528 Data Acquisition and Con- 

trol System to meet your needs for measuring physical parameters 
through transducers, and for providing control outputs. The 
HP 3852A Data Acquisition/Control Unit (mainframe) has eight 
slots for plug-in function modules. If more slots are needed, up to 
seven extenders can be added, each with ten additional slots. You can 
choose any combination of capabilities that include precision and 
high-speed plug-in voltmeters and a variety of analog and digital 
input/output functions. 

A system clock and programmable pacer are built-in to drive your 
system. The clock - non-volatile for four years; 1 msec resolu- 
tion-allows data to be time-stamped and events to be timed. The 
pacer--0.25 psec resolution-provides powerful capabilities to initi- 
ate and pace measurements, scans, or events. 

Include High-Speed and Accurate Analog 
Measurements in One System 

Choose from two digital voltmeters to meet your measurement 
needs. For applications that require sensitive, accurate measurements 
in the presence of noise (for example, thermocouples), use the 5%- 
Digit Integrating Voltmeter and Relay Multiplexers. If you need 
speed, the 13-Bit High-Speed Voltmeter and High-Speed FET Mul- 
tiplexers are the answer, providing single-channel bursts, channel- 
to-channel, random channel. full auto-ranging, and direct DMA 
transfers to a hard disc at  an honest 100,000 readingslsec. The sys- 
tem voltmeters can be used in the mainframe or any extender, and 
multiple voltmeters are allowed per card-cage. 

Add Versatility and Expandability to Your System 
With the HP  3852A Data Acquisition and Control System, you'll 

have available a complete set of input and output plug-in modules for 
interfacing to measurements and for controlling and sequencing your 
tests. Modules are available to handle physical measurements of tem- 
perature, flow, pressure, level, and striinl The HP-IB controller mod- 
ule gives you the capability to autoboot subroutines stored on a disc 
and to store data to the disc without computer assistance. 

Take Advantage of Extensive Front-End 
Intelligence 

The H P 3852A mainframe has considerable built-in intelligence to 
increase the speed of collecting measurement and control data. Con- 
trol decisions can be handled faster using subroutines running within 
the mainframe. This intelligence can be used to return only signifi- 
cant data to the computer, increasing its efficiency. 

Up to 5,500 readings can be stored in the standard H P  3852A 
mainframe. Expand this memory (used for storage of user rou- 
tines as well as readings) to 256 kbytes, 1 Mbytes. 2 Mbytes, or 
4 Mbytes with an Extended Memory board. Extended memory 
fits inside the mainframe controller module without using an I/O 
slot. 

The power of this front-end intelligence in combination with an 
HP  Series 300 Computer and the optional data acquisition software 
adapts easily to testing your complex product or characterizing your 
process. Of course, the mainframe can be also used with HP 1000 
computers, H P  Vectra PC, other IEEE-488 controllers and instru- 
ments, and a variety of computer peripherals. 

Reduce Your Test Development Investment 
Optional data acquisition software for an HP Series 300/200 com- 

puter or HP Vectra PC gets your application running quickly and 
easily by providing off-the-shelf solutions for: 

Data base management -store large amounts of data in files that 
are easy to identify and access later. 
Graphics presentations - display or plot color graphs, display a 
real-time strip chart, plot data with linear, log, semilog, or auto- 
matic axis scaling. 
Data analysis - This software provides high-level subroutines as 
tools to be used in a test system program running with HP BASIC. 
Ease-of-use is exemplified by: 

automatic creation of a data base for storing data using only one 
subroutine. 
fast access to a single data item or a block of data items using 
only one subroutine, 
manipulation and formatting of gathered data any way you wish. 

Program development time is leveraged using this software, while 
allowing a powerful, highly customized system to be developed. Fur- 
thermore, the software can be used with any HP-IB instrument. 



Data Acquisition and Control Unit - 
HP 3852A 
Mainframe Supports: 

Eight Function Module Slots 
Data Acquisition Operating System 
System Timer 
Measurement Pacer 
Full Alphanumeric Keyboard, Command and Result Displays 

Benefits 
Make real-time decisions and reduce dats without burdening your 
computer: 
- Multitasking operating system prioritizes and timeslices tasks 
- Powerful H P  3852A command statements simplify complex 

measurements. 
- Execution speed of command sequences are enhanced by exe- 

cuting subroutines stored in the HP  3852A memory. 
- Built-in, easy-to-use transducer conversions are supported for 

thermocouples, thermistors, RTDs, and strain gages. 
- Post-processing and data reduction before transferring results 

to a computer are achievable by first storing data to the 
H P  3852A internal memory. 

- Limit checking of analog measurements is performed in real 
time or after the measurements have been stored in main- 
frame memory. 

Optimize measurement timing and throughput to meet your 
needs: 
- Real-time interrupts allow higher priority tasks and external 

inputs to be serviced at  any time 
- Asynchronous communication with a computer is achieved 

through input and output buffering. 
- Control can be. timed using built-in clock and alarm capabili- 

ties (can cause an interrupt). 
- A built-in pacer simplifies measurement timing and trigger- 

ing. 
- Multiple voltmeters can be used. The high-speed voltmeter 

can control scanning, timing, and triggering of its own high- 
speed FET multiplexer subsystem via ribbon cable. Several of 
these subsystems can run simultaneously. 

Data Acquisition Operating System 
Multitasking 

Several subroutines called "run tasks" can be assigned equal priori- 
ty and the operating system will timeslice them such that i t  appears 
they are running simultaneously. "Queued tasks" can be defined to 
run after certain conditions are met. Priority assignment allows com- 
plete control over front panel. HP-IB, interrupt, and run task execu- 
tion. 
Real-time Interrupts 

lnterrupts from the front panel, HP-19, plug-in accessories, or 
higher priority tasks are serviced immediately after the current com- 
mand is done executing. 

RUN TASKS 
Maximum of 8 run tasks 
All tasks at the 
same priority win 
timeslice 

llUEUEO TASKS 
Maximum of 20 submutines 
queued to execute in 
the run tasks 

Commands: 
Powerful data acquisition commands are easy to remember and 

use. For example, "MEAS TEMPK <channel list>" performs 
K-type thermocouple measurements, cold-junction compensation, 
linearization, and channel scanning-ALL AUTOMATICALLY. 
In addition, <channel list> may be a short list of c h a n n e l s 4 r  possi- 
bly the name of an array containing a much longer list. 
Down-Loaded Subroutines: 

F O R . .  . N E X T ,  I F . .  . T H E N . .  . E L S E ,  W H I L E . .  . 
ENDWHILE Enhanced BASIC language constructs are available. 

User subroutines with variables can be called for execution by a 
computer, other subroutines. or conditional interrupts. 
Transducer Conversions: 

Transducer conversions have been optimized to support high sys- 
tem accuracy and speed for these transducers: 

* Thermocouples 
* Thermistors 
* Platinum RTDs 
* Strain Gages 

Special Conversions: 
A special function permits user-defined tables of X.Y pairs to be 

used for linear interpolation (at a small price in memory usage, this 
function will typically execute much faster than high-order polynomi- 
al calculations). 
Limit Testing: 

Perform limit testing in real-time (data is tested as it is measured) 
or as a post-process (data previously stored in arrays is tested). Limit 
test failures can cause an interrupt if enabled. 
Interrupts: 

Time alarms, events that have just occurred, or limit tests of mea- 
surements can cause an HP-IB Service Request or a call to a stored 
subroutine. 
Math Operations: 

+, -. *, /, <, >, ATN, BINAND, BINCMP, BINEOR, 
BINIOR, BIT, COS. EXP, LOG, SIN, SQR 
Scaling: 

Offset and scale factors (mx + b) can be performed on an entire 
array using just one command. 
Statistics: 

An easy-to-use function finds MIN, MAX, MEAN, and SIGMA 
(standard deviation) of the values stored in arrays. 

m 

Extender Chassis - HP 3853A 
Extender Supports: 

Ten Function Module Slots 
Benefit 

Expand your system mth no loss of functional capability: 
- Up to seven extenders may be used with each HP 3852A 

mainframe. 
- Any slot can be used for any function module and multiple 

voltmeters can be used with parallel triggering. 
- All mainframe functions, including interrupts and triggering, 

are available through the extender control cable. 

MULTITASKING OPERATING SYSTEM PRIORITY SCALE 

LOW 253 85 65 45 35 1 HIGH 

QEUED 
TASKS 

HP4B TASKS FRONT PANEL TASKS 
INTERRUPT Commands from Commands entered from 
TASKS a computer instrument fmnt panel 

System alarm over HP-IB 
Limits 

w Digital transition 
w Counter overflow 



DATA ACQUISITION SYSTEMS 
Instruments for Measurement and Control (cont9d) 
HP 3852A 

5% to 3% Digit Integrating Voltmeter 
HP 44701A 
Directly Measures: 

dc Voltage 
Resistance 
ac Voltage 

Benefits 
Accurately measure small sign81 changes in noisy environment% 
- Integrating AID rejects normal mode noise at  multiples of 

the power line frequency. 
- Guarded input maximizes common-mode rejection. 
Choose t k  resolution, accuracy, and noise rejection needed, while 
maximizing measurement speed: 
- Integration selection (number of power line cycles) is key to 

optimizing these performance parameters. 
- This voltmeter provides the fastest dc reading rates available 

with power line-related noise rejection. 
Optimize resistance measurements to the accuracy you need: 
- Use two-wire ohms for measurements where lead resistance is 

not critical. 
- Use four-wire ohms where inaccuracies due to measurement 

leads cannot be tolerated (most accurate measurement tech- 
niquefor RTDs). 

- Use offset-compensated ohms to correctly measure resistance 
in the presence of series voltages (often caused by thermocou- 
ple effects). 

dc voltage 
Accuracy: 

+ (% of reading + volts). rear terminal input, one-hour warm-up, 
specified over time since last calibration, and operating temperature. 

90 Days, 18 to 2E°C, Auto-zero On 
Integration Time in Number of P w u  Line Cycles (NPLC) 

1 0.1 I 0.005 1 0.6005 1 
Range: 

30 mV 
300 mV 

3 v 
30 V 

3W v 

Reading R a t s / N d n  Rejection: 
Integration Time in Number of hww Line C y c h  (NPLC) 

Integration Time 

Reading Rate ( r e a d i w w )  
with autezero, autorange off 

Min Noise Repdim (dB) 

at 50 or 60 Hz a 0.09% 

DC Common Mode Reflion 
with 1 kil in low lead 120 120 1M 120 

Effective Cmmon Mode 
Reflion, at 50 or 60 Hz t 0.09% 150 90 90 90 

with 1 kil In low lead 

13-Bit High-Speed Voltmeter 
HP 44702A/B 
Directly Measures: 

dc Voltage 
dc Resistance 

Benefits 
Collect d a b  quickly: 
- A measurement rate of 100,000 readings/sec with auto-rang- 

ing is achieved by directly controlling up to six (eight in an 
extender) High-Speed FET Multiplexers through a dedicated 
ribbon cable. 

- Multiple High-speed Voltmeters can be triggered simultane- 
ously and operate independently. 

Maximize your measurement throughput: 
-On-board buffer is included for over 8,000 readings 

(HP 44702A) or over 64,000 readings (HP  44702B) that can 
be transferred to mainframe internal memory or to hard disc 
via GPIO and a DMA controller while taking measurements. 

- Dedicated triggering is achieved with on-board pacers. 
- Balanced input, equal impedance between high-to-chassis 

and low-to-chassis, gives good common mode noise rejection. 
dc v o l t q e  
Accuracy: 

* (% of reading + volts). rear terminal input, one-hour warm-up, 
specified over time since last calibration, and operating temperature. 
with auto-zeroing performed within one minute of measurement. 

90 Dws. 18 t o  2E°C 



Range: 

2.56 V 
10.24 V 

Q 
Reading Rat- Solid State Relay Multiplexers - HP 44705F/44708F 

100,000 readingslsec with auto-ranging. Proper auto-ranging is ~ i ~ ~ ~ ~ l ~  multiplexes: 
ensured as long as a single-channel signal changes no more than Voltage 
600 voltsls during auto-ranging. 4-wire ohm resistance (HP  44705F only) 
Noise Rejection: Thermocouples (HP 44708F only) 

Min effectivc common mode rejection specified in dB for DC to Benefits 
60 Hz with 1 kQ in low lead; maximum signal (high to low) + corn- Solid state switching is free from wearout normally associated with 
mon mode voltage (low to chassis) for proper operation is electromechanical relays: 
* 10.24 volts. - Solid state relay multiplexers do not rely on a mechanical sys- 

tem to actuate the switching. Switching is performed by an o p  
tically coupled field effect transistor. 

- The switching element does not degrade when used within its 
maximum rating. The solid state relay is free from the damag- 
ing arc associated with electromechanical relays. 

Perform precision measurements of real world electrical signals: 
- Three wire switching of high, low, and guard is provided to 

minimize the effects of common mode voltage. 
- Errors due to injected currents and thermal offsets are mini- 

mized with the solid state relay multiplexer. 
Relay Multiplexers - Break-before-make switching prevents inadvertent connec- 

HP 44705A/44705H/44706A/44708A/ 
tion of separate channels during scanning. 

- Tree switching isolates the unused multiplexers from the 
44708H/44717A/44718A backplane of the H P  3852A. 
Directly Multiplexes: - Internally, the solid state relay card is divided into two 

Voltage Thermocouples groups to minimize crosstalk and facilitate 4-wire resistance 
Resistance Strain Gages measurements. 

Benefits - The solid state relay becomes a high impedance when pow- 
Reduce the effects of real-world measurement errors in a multi- ered down thereby isolated each channel in the event of pow- 
channel system: er loss. 
- Relay multiplexers minimize errors due to thermal DC offsets, Optimize thermocouple measurement accuracy with the H P  

crosstalk, and injected (bias) currents. 44708F: 
-The relay multiplexers have high, low, and guard terminals to - Thermocouple types can be mixed on the H P  44708F multi- 

maximize common mode noise rejection. plexer to optimize accuracy over the temperature ranges 
-A single-ended multiplexer (HP 44706A) lowers your cost per needed. 

channel. - Thermocouple compensation is performed automatically by 
-With shunt and series jumpers in each channel of the the HP  3852A without external wiring. 

H P  44705AfH and 44708AfH multiplexers, you can easily in- HP 44789A Ser i a l  Interface 
stall a one-pole low-pass filter for additional noise rejection, a Directly provides: 
voltage divider to extend relay lifetime, or a shunt resistor to Serial programming port for the HP  38524 
measure current. Control port for RS-232 or RS-422 devices 

- Differential or common mode voltages up to 350 V peak or 250 Benefits 
Vdc can be handled by the H P  44705H and 44708H modules. Interface your computer to the H P  3852A using RS-232 or RS-422. 

-Scanning is break-before-make to prevent inadvertent connec- - Use your computer's standard RS-232 or RS-422 interface for 

tions of circuits being measured. complete access to the HP  3852A. The HP 44789A provides an 

-Each lead to the back-plane and common terminals has a IOOR alternative to the built-in HP-IB interface. 
resistor in series to prolong the lifetime of the relay contacts. LOEate the HP 3852A long distances from your computer. 

Because of placement, these resistors contribute no error - Implement a remote data acquisition design by using the serial 

when measuring 2-wire ohms resistance using the  interface modems as well as a direct connection. 

H P  44701A Integrating Voltmeter. The resistor can be shorted. Control RS232 or RS-422 devices directly from the H P  3852A. 

but this can seriously shorten relay contact life if relatively high - Offload your host computer by using the serial interface to com- 

voltages or currents are switched. municate directly with RS-232 or RS-422 devices. 
Program the H P  3852A from a remote tenninal. 

-Tree switch relays automatically isolate each bank of relays - Use your standard data terminal to send commands to the H P  
from the back-plane to reduce crosstalk and improve settling 3852A. List the data read from the HP  3852A on your termi- 
time. nal's CRT. 

Optimize thermocouple measurement accuracy: Specifications 
- ~ h e r m o c o u ~ l e  types can be mixed on the HP 44708A/H ~ a u d  rates: 300,600, 1200,2400,4800,9600, and 19200 

multiplexer to optimize accuracy over the temperature ranges Interrupts: special character, buffer conditions, carrier detect, ring 
needed. indicator, and receiver error conditions 

- Thermocouple compensation is handled automatically with no Handshake: none, XON/XOFF, hardware, and both 
extra wiring. Buffer size: user defined up to 8 kbyte on both transmitter and 

Measure s h i n  accurately: receiver 
-Strain sensitivity can be optimized using finger-moveable 

jumpers to select between %-, $5-, and full-bridge configura- 
tions. The HP 44717A and 44718A multiplexers each support 
10 bridges for 120R and 35OR strain gages. 

- No manual adjustments are required to balance the bridge. 
-Strain accuracy is independent of long-term bridge excitation 

voltage changes because the excitation voltage is automatically 
measured and included in the strain calculations. 

-The excitation voltage is always applied, never switched, reduc- 
ing errors due to dynamic heating and cooling of the gages. 

-Connection to an available Wagner ground reduces errors due 
to gage leakage current. 

wvvw. hparchive.com 



DATA ACQUISITION SYSTEMS 
Instruments for Measurement And Control (cont'd) 
HP 3852A 

FET Multiplexers 
HP 44709A/44710A/ 
44711A/44712A/44713A/44719A/44720A 
Directly Multiplexes: 

Voltage Thermocouples 
Resistance Strain Gages 

Benefits 
Maximize your measurement throughput: 
- A throughput rate of 100,000 readingslsec is realized using 

High-Speed  F E T  M u l t i p l e x e r s  ( H P  4471 1 A /  
447 12A/447 13A) directly controlled through a dedicated 
ribbon cable by the 13-Bit High-Speed Voltmeter. 

- Up to six (eight in an extender) High-Speed FET Multiplex- 
ers can be controlled through this ribbon cable. 

-The 24-channel multiplexers switch high and low only. Each 
floating input is balanced (that is, equal impedance between 
high-to-chassis and low-to-chassis) to provide good common 
mode noise rejection. 

- For lower costs per channel, single-ended multiplexing of 
48 channels (HP 44712A) is also available (has no common 
mode noise rejection, however). 

Increase system reliability: 
- FETs have no mechanical limitations (no wear out due to 

switching). 
- S i m i l a r  t o  t h e i r  r e l a y  c o u n t e r p a r t s ,  t h e  

HP  44709A/44710A/44719A/44720A FET multiplexers 
have high, low, and guard connections for better common 
mode rejection than the high-speed FET multiplexers. 

4-Channel Track/Hold with Signal Conditioning 
HP 44730A 
4-Channel Dynamic Strain Gage Multiplexers 
HP 44732A144733A 
Directly Multiplexes 

Transient DC voltages 
Dynamic strain gages 
- The Track/Hold Multiplexers have powerful capabilities for 

applications in acoustic analysis, environmental tests and the 
testing of engines, electromechanical products, mechanical 
products, rubber belts, elevators. hydraulics, motors, pressure 
transducers and materials. 

- Dynamic strain applications include seismology/ground char- 
acterization, machine control and characterization, and physi- 
cal tests of engines, aircraft, mechanical products, hydraulics 
and motors. Tests using strain gages include operating and 
burst tests, as well as the simultaneous detection of "glitches." 

Benefits 
Enhance dynamic signal measurement accuracy by measuring a 
number of channels simultaneously via internal or external 
strobes. 
Set gains of 1. 10, or 100 on each channel to amplify low level 
signals and improve measurement accuracy. 
- Select offset voltage nulling on each channel, minimizing com- 

putation time to obtain higher reading rates. 
- Reduces settling errors when switching between low-level and 

high-level signals. 
Use the analog peak detectlhold feature to capture either posi- 
tive or negative peaks without having to sample at a high rate of 
speed. 

Boost system throughput in some applications by reducing the 
requirements to over-sample. Using the ribbon cable, it connects 
to the HP  44702 high speed voltmeter for high speed operations. 
Measure dynamic strain accurately. 
- Utilize on-board excitation that is provided separately for each 

bridge. 
- Select quarter, half, or full-bridge configurations. 
- Eliminate offsets with electronic nulling. 

BLOCK DIAORAM 

VOLTAGE 
OI 

STRAW 
CAGE 

COMPLC 
ncu - 

4 
CUANNELS 

(PER CMbJ4NEL) 

DETECTION 

- 1  I 
TERMINAL COMPONENT 
MODULE MODULE 

Arbitrary Waveform Digital to Analog Converter 
HP 44726A 
Directly Outputs 

Arbitrary Waveforms 
DC Voltages 
This 2-channel non-isolated module provides arbitrary 
waveforms and stimulus signals for product test and characteri- 
zation applications. Applications include the testing of satellites, 
engines, electromechanical products, aircraft, automobiles. 
mechanical products, materials, chemicals and elevators. 

Benefits 
Provides a stimulus voltage signal with a step rate of up to 800 
kHz. 
- Outputs a DC voltage or any arbitrary waveform stores in its 

own memory. 
- Output waveforms, once initiated, can run continuously re- 

gardless of the activities being performed by the HP  3852A 
mainframe. 

- Channels have independent timebases that can be synchronized 
with each other or with external events. External timebases can 
also be used. 

- Waveforms can be single-shot (one cycle of the waveform) or 
continuous. Channel 0 can also perform n repetitions of the 
waveform (n = 1 to 65,536). 

- Sine, triangle and square (50% duty cycle) waveforms can be 
calculated and loaded from the HP  3852A with one command. 

Random access memory is available for each channel on this ac- 
cessory. 
- Each channel has enough memory for 32,400 waveform points 

in which each point is defined as both a voltage level and length 
of time at  that level. As a result, memory is used efficiently. 

- Up to 64 different waveforms on each channel can be stored in 
memory. 

- Arbitrary waveforms can be loaded from a user-defined array 
or a real array or high-speed voltmeter readings. 



Digital to Analog Converters 
HP 44727A/447278/44727C 
Directly Outputs: 

dc Voltage 
dc Current 

Benefits 
Simplify your test system by providing test or control of devices 
with one data acquisition control system: 
- Four channels are provided on each module. 
- Each channel can be configured using finger-movable jumpers 

to output either unipolar or bipolar voltage, or unipolar cur- 
rent. Reconfiguration may require recalibration of the 
changed channel. Recalibration consists of adjustments to 
zero offset and gain potentiometers, and can be performed 
with the HP  44701A Integrating Voltmeter or equivalent. 
Three configurations (4-Channel Voltage-HP 44727A; 4- 
Channel Current-HP 44727B; 2-Channel Voltage, 2-Chan- 
nel Current-HP 44727C) are available to make reconfigura- 
tion unnecessary in most cases. 

- Channels are isolated and can be connected in parallel for 
current or in series for voltage to expand the usable ranges. 

- Each channel configured for voltage has remote sense capabil- 
ities to ensure accurate voltages at  the device. 

dc voltage 
Ranges: 0 to +10.235 V or -10.235 to +10.235 V 
Resolution: 2.5 mV (12 bits plus a sign bit for bipolar range) 
d c  current 
Ranges: 0 to +20.16 mA or +4 to +20.16 mA 
Resolution: 2.5 pA (1 3 bits) 

3-Channel Stepper Motor Controller 
HP 44714A 
Directly Provides: 

Stepper Motor Control Signals 
Limit Inputs 
Built-in Quadrature Counters 
Pulse Output 

Benefits 
Completely control three stepper motors with one module: 

-Output a continuous stream or a fixed number of pulses. 
- Program separate acceleration and deceleration rates for trape- 

zoidal motion profiles. 
- Halt output pulses when limits are reached or from the emer- 

gency stop input. 
- Built-in quadrature counter on each channel gives position feed- 

back. 
Use the module as a pulse generator. 
- Output a set number of pulses or a continuous stream. 
- Set, accelerate, and decelerate both pulse width and pulse rate. 

Trapezoidal Motion Profile 

HP 4471 5A 
Directly Provides: 

Count Measurements 
Period Measurements 
Frequency Measurements 
Interrupts 

Benefits 
Reduce your costs by taking advantage of frequency counting ver- 
satility: 
- The counterltotalizer accurately measures logic or RMS in- 

puts with frequencies up to 200 kHz. 
- By multiplexing between five isolated channels and five non- 

isolated channels, a total of ten connected channels is possible 
(only five can operate simultaneously). 

- Each DC logic channel independently counts on either posi- 
tive or negative signal transitions. Non-isolated, low-level 
RMS inputs are measured using a zero-crossing detector. 

- Any channel that is totalizing can be programmed to set an 
interrupt for a counter roll-over to zero. 

- For isolated DC inputs, nominal voltages are separately se- 
lected for each channel by finger-movable jumpers. For non- 
isolated inputs, either TTL or low-level RMS inputs are also 
separately selected for each channel by finger- 
movable jumpers. 

- Debounce times (common to all channels) can be program- 
med to prevent false counts. 

-With shunt and series jumpers in each channel, you can easily 
install a one-pole low-pass filter for rejection of unwanted sig- 
nals. 

Digital Inputs with Totalize and Interrupt 
HP 44721 A/44722A 
Directly Provides: 

Logic Readings 
Totalize Count Measurements 
Interrupts 

Benefits 
Conveniently read a variety of digital values in your system: 
- Isolated inputs detect the presence of DC (HP 44721A 16- 

channel digital input) or AC (HP 44722A 8-channel digital 
input) inputs based on nominal voltages selected by finger- 
movable jumpers. 

- Each channel can independently totalize positive or negative 
(whichever is selected) logic transitions. 

- Voltage selection and function can be set independently on 
each channel. 

- Any channel can be programmed to set an interrupt for an 
edge occurrence (positive or negative) or a counter roll-over 
to zero. 

- Debounce circuitry that is common to all channels prevents 
erroneous readings on inputs that are still changing after a 
logic level transition. 

- For detecting whether switches are opened or closed, the HP  
44721A has a non-isolated five volt supply at  the terminal 
module with 9.4 kR + 10% pull-up resistors on each input. 



DATA ACQUISITION SYSTEMS 
Instruments for Measurement and Control (cont'd) 
HP 3852A 

High-Speed Digital Sense/Control 

Directly Provides: 
High-speed Digital Input and Output 
Triggered Input and Output 
Interrupts 
Output Handshaking 

Benefit 
--Input 16 channels or output 16 channels over 150.000 times per 

second. 
--Capture and load 16-bit patterns with external triggers. 
-Interrupt on any input channel on any transition or on a user- 

specified 16-bit pattern. 

High-speed Digital Sense/Control 

16-Channel Digital Output 
HP 44724A 
Directly Provides: 

Open Drain Digital Outputs 
Benefit 

Conveniently control dc devices or logic levels: 
-Open drain outputs are used to control dc devices with up to 

55 V, or drive TTL logic levels. An external power supply and 
external pull-up resistors are required. 

Characteristics 
Max lnput Voltage: 
Between High and Low Terminal of Each Channel - 55 V dc 
Between Channels or Between Any Terminal and Chassis - 354 V 
peak or 250 V dc 
Max Sink Current: 500 mA dc per channel (1 A fuse protection) 
Max Reverse Polarity Current: 500 mA dc per channel 
TTL Compatibility: 200 mA per channel with Vout 50.4 volts 

Switching 
HP 44725A/44728A/44729A 
Directly Switches: 

Voltage 
Current 
Power 

Benefit 
Reliability switch the rolt.ge, current, or power you need: 
- Both the HP  44725A and 44728A use single-pole double- 

throw (SPDT) Form-C relays that return to their normally 

closed positions at  power down. The H P  44725A 16-channel 
general purpose relays are for switching low-level power or 
moderate voltages and currents in an experiment while mini- 
mizing errors due to cross talk and thermal DC offsets. More 
dc or ac power can be switched with the HP  444728A 8-chan- 
nel relay actuator. 

- The H P  44729A 8-channel ac power controller distributes ac 
power. It switches "on" a t  the zero voltage crossing and "off' 
at the zero current crossing for long device life and low tran- 
sient generation. Each channel has a relay and solid state 
switch in parallel to provide an exceptional combination of 
switch life and low on-resistance. 

Binary Mode Software 
HP 44790A 

The HP 44790A Binary Mode Software is a collection of special 
subprograms used to access high speed opcodes within the H P  3852A. 
This collection helps the system programmer to increase the run time 
speed of many data acquisition functions up to five times as fast as the 
standard high-level commands. 

The binary mode software is written for the programming profes- 
sional familiar with opcode programming. H P  systems engineers can 
provide consulting services for those unfamiliar with this type of pro- 
gramming. 

The binary mode software accesses over forty high-speed opcodes 
to support the following functions: 

Analog inputs using the HP  44702A/B High Speed Voltmeter 
Analog outputs using the HP  44727A/B/C DAC 
Digital I /O using the H P  44721/22/23/24A Digital Input/ 
Output 
Data moves between memory, I /O slots, and HP-IB 
Statistics and limit checking 
Microcode instructions such as push, pop and rts 

System Requirements 
The binary mode software requires H P  3852A firmware revision 

3.5 or later. It is supplied on a 3%-inch single-sided disk. The sub- 
programs contained are written in HP  BASIC, in modular form, so 
that they can be ported to other languages. 

Max Input Voltage (Vmax) 
Per Channel 

Max lnput Current 
Per Channel 

HP-IB Controller 
HP 44788A 
Directly controls: 

HP-IB disk drives (CS80/SS80) 
HP-IB printers 
HP-IB instruments 

Benefits 
Remote operations without a computer 
At power-up, load subroutines into an H P  3852A from an HP-IB 
disk drive and start executing them. 
Send data to an HP-IB disk drive without using a computer. 
Print out data stored in the HP  3852A without using a computer. 
Control other HP-IB instruments directly with HP  3852A. 

Module 
HP ~ 7 2 5 ~  

30 V DC 
or RMS. 

42 V peak 

1.5 A DC. 
1.5 A RMS 

HP U720A 

300 V DC, 
250 V RMS 

2ADC. 
3ARMS 
(5 A fuse 

protection) 

HP U729A 
- 
250 V RMS. 
354 V peak 

2.5ARMS 
(3ARMSif 
module 1s 
limited to 
16 A RMS total; 
4 A fuse 
protection per 
channel) 



DATA ACQUISITION SYSTEMS 
Orderlng Information 

Ordering Information FET Multiplexers 
To order, specify an HP 38528 System with the appropriate H P  44709.4 2O-Channel FET Multiplexer $1.035 

software, controller, mainframe, extenders, function modules. racks. HP 44710A 20-Channe1 FET Multiplexer with Ther- $1,140 
and extra terminal modules. The HP 3852s itself has no cost-each mocouple 
component of the system is priced individually. H P  44719A 10-Bridge 120 Ohm Static Strain Gage 51.31 5 

FET Multiplexer 
H P  44720A 10-Bridge 350 Ohm Static Strain Gage 161,315 
FET Multiplexer 

Data Acquisition Manager Price H P  4471 IA 24-Channel High-speed FET Multiplexer $1,095 
H P  444S8A Data Acquisition and Control Software for $2,055 H P  44712A 48-Channel High-Speed Single-Ended $1,265 
Series 300/200 Computers on 31h" and 5'/4" diskettes FET Multiplexer 
(BASIC 4.0 and 5.0) H P  44713A 24-Channel High-speed FET Multiplexer 5 1.2 10 
H P  444581 License to Reproduce H P  44458A or $1,255 with 
44458B. Includes one set of software manuals. H P  44730A 4-Channel Track/Hold Multiplexer with $1.715 
H P  44459A Data Acquisition and Control software for $1,530 Signal 
HP Vectra Computers on 3'12" and 5'/r" diskettes H P  44732A 4-Channel 120 Ohm Dynamic Strain Gage S 1,920 
(BASIC 5.0) Multiplexer 
H P  444S9R License to reproduce H P  44459A/44459B. $955 H P  44733A 4-Channel 350 Ohm Dynamic Strain Gage $ 1.920 
Includes one set of software manuals. Multiplexer 

Mainframe 
H P  38S2A Data Acquisition and Control Unit $4.1 10 
H P  44703A Mainframe Extended Memory $780 
Card-256 kbytes* 
H P  44703B Mainframe Extended Memory Card- $1,715 
1 Mbyte* 
'Only om, extended manory o p t h  may ba sdded pa MintrSnW. 

Extended memory cards for 2 Mbytes and 4 Mbytes can beordered 
from Infotek Systems, 1045 S. East Street, Anaheim, CA 92805- 
8508. as AM220B and AM244B, respectively. These products have 
been functionally tested. but are not warranted or supported by HP 
(no RFI or environmental tests were conducted). Warranty for two 
years and support of individual cards are provided by Infotek. 

Extender Chassis 
H P  38S3A Extender Chassis with ten additional slots $2.720 
for function modules. A I-meter extender control cable, 
and two I-meter (3 wires each) analog signal extender 
cables are included. A total of seven extenders may be 
added to a mainframe. Extender control cables are al- 
ways needed. Analog signal extender cables are needed 
if analog voltages must be switched to the mainframe or 
another extender. 

Voltmeters 
H P  44701A 5% to 3%-Digit Integrating Voltmeter 
H P  44702A 13-Bit High-Speed Voltmeter (100,000 
readingslsec; buffer for over 8,000 readings) 
H P  44702B 13-Bit High-Speed Voltmeter (100.000 
readingslsec; buffer for over 64,000 readings) 
H P  44703C High Speed Extended Memory Card for 
expanding HP 44702A Buffer to over 64,000 readings 

Relay Multiplexers 
H P  4470SA 20-Channel Relay Multiplexer 
H P  44705H 20-Channel High-Voltage Relay Multi- 
plexer 
H P  44706A 60-Channel Single-Ended Relay Multi- 
plexer 
H P  44708A 20-Channel Relay Multiplexer with Ther- 
mocouple Compensation 
H P  44708H 20-Channel High-Voltage Relay Multi- 
plexer with Thermocouple Compensation 
H P  44717A 10-Bridge 120 Ohm Static Strain Gage 
Relay Multiplexer 
H P  44718A 10-Bridge 350 Ohm Static Strain Gage 
Relay Multiplexer 

Solid State Relay Multiplexer 
HP44705F 20-Channel Solid State Multiplexer 
HP44708F 20-Channel Solid State Multiplexer T/C 
Analog Outputs 
H P  44726A 2-Channel Arbitrary Waveform DAC 
H P  44727A 4-Channel Voltage DAC 
H P  447278 4-Channel Current DAC 
H P  44727C 2-Channel Voltage; 2-Channel Current 
D AC 
Stepper Motor Controller 
H P  44714A 3-Channel Stepper Motor 
Controller/Pulse Output 
Counter 
H P  4471SA 5-Channel Counter/Totalizer (200 kHz) 

Digital Inputs/Outputs-Switching 
H P  44721A 16-Channel Digital Input with Totalize 
and Interrupt 
H P  44722A 8-Channel AC Digital Input with Totalize 
and Interrupt 
H P  44723A 32-Channel High-Speed Digital 
Sense/Control 
H P  44724A 16-Channel Digital Output 
H P  44725A 16-Channel General Purpose Switch 
H P  44728A 8-Channel Relay Actuator 
H P  44729A 8-Channel Power Controller 
H P  44788A HP-IB Controller 
Breadboard 
HP 44736A Breadboard 

High-Speed Accessories 
H P  986208 2-Channel DMA Controller for H P  Series 
300/200 Computers 
H P  98622A GPIO Interface for HP Series 300/200 
Computers 
H P  9862SB High-Speed HP-IB Disc Interface for HP 
Series 300/200 controllers 
H P  44744A 2-Meter GPIO Cable with Mating for HP 
44702A/B and HP 98622A 
H P  44744B 4-Meter GPIO Cable with Mating for H P  
44702A/B and HP 98622A 
H P  44745A 4-Meter GPIO Cable with Mating for HP 
44702A/B and HP 12006A (GPIO interface for HP 
I000 Computers) 
HP44790A Binary Mode Software 
Service and Support Products and Courses 
H P  44743F Service Kit consists of specially designed 
hardware and software for operationally verifying and 
calibrating the HP 3852A. Fixtures for testing individ- 
ual plug-in modules should be ordered separately. 
H P  5OOllB HP-IB Course for HP Series 300/200 
Computers 
H P  SOOlSA Data Acquisition and Control Fundamen- 
tals Course 
H P  SOO16E HP-IB Course for HP 1000 Computers 



DATA ACQUISITION SYSTEMS 
LOW cost, Versatile Mainframes 
HP E1300A, E1301A 

VXI, SCPI, (Industry Standards) 
Temperature, strain, voltage, resistance 
Digital I/O 
Analog Output 

General switching 
Built-in RS-232, HP-IB 
Count/Totalize 

HP E1300A, E1301A VXI Mainframes Optional dc Power 
The El 300A and E1301A are low-cost but highly versatile main- The ability of the mainframe to operate on dc voltages from 10 to 

frames based on VXI standards. Each mainframe provides 9 VXI B- 30 volts affords system portability. Also, this option can be used to 
size slots (2  internal) and 3 A-size slots. The mainframes are easily provide UPS capability because the switch from ac to dc operation is 
configured with a variety of plug-in cards to meet data acquisition made automatically, without resetting, whenever the ac power stops. 
needs. 5 %-Digit Multimeter - HP El3268 

Industry Standards in Data Acquisition: 
VXI  (VME extensions for instrumentation) and SCPI (Standard 

Commands for programable Instruments) are industry standards. 
Utilizing Industry Standards in data acquisition helps minimize 
hardware and software integration efforts. 

Optional HP IBASIC 
The optional HP  IBASIC has over 150 BASIC commands, which 

are a subset of the popular H P  BASIC. The commands allow the 
mainframe to run user-defined programs. The user programs free the 
computer by performing data collection, management, and analysis 
within the HP  75000. 

H P  IBASIC allows you to: 
Reduce complex measure- Execute conditional branch- 
ments to a single key stroke ing with 'IF ... THEN ...' com- 
Save and print results mands 
Run programs as stand-alone Control RS-232 peripherals 
DATA LOGGER Edit programs remotely via 
Transfer results via HP-IB or RS-232 and a terminal 
RS-232 

Optional Disk D r i m  
When HP IBASIC is installed in the mainframe, you can add a 3- 

YZ inch flexible-disk drive and/or 20 Mbyte hard disk drive. The flexi- 
ble-disk drive supports 256-Kbyte. 720-Kbyte, and 1.4-Mbyte disks. 
In addition, both LIF and DOS formats are recognized automatical- 
ly. 

Optional RAM 
Non-volatile RAM memory can be added to provide a total memo- 

ry of 512 Kbytes, 1 Mbyte, or 2 Mbytes for additional reading stor- 
age. 

When used with H P  IBASIC, the increased RAM provides more 
space for programs and data. Additional RAM (512 K or more) is 
required for HP  IBASIC. 

This ec~nomical, versatile multimeter meets both high-accuracy- 
scanning and medium-speed measurement needs in data acquisition. 
The HP E1326B multimeter is a two-slot B-size module that can be 
plugged into the back of the HP  75000 Series B mainframe or mount- 
ed in the 2 internal B size-slots. 

Dual AIDS: Directly measures dc voltage 
5 $-digit, low-noise integrat- ac voltage, resistance 
ing A/D and High-speed, 14 Balanced differential isolated 
kHz 14 bit AID inputs 
Autozeroing and autoranging Flexible triggering with built- 

in timerlpacer 

True RMS acV 
M~n~rnum 87.5 mV 30 nV 50 Hz - 1 kHz 0675%t 200pV 
Max~rnum 3 W V  31 mV 50 Hz - 1 kHz 0625% t 5 W m V  

Multiplexers 
Relay Multiplexers - 
E l  345A/E1348A/E1347A/E1355A/E1358A 

Low thermal-offset reed relays (<4 microvolts, differential H-L) 
Three wires are switched per channel for voltage, 2- and 4-wire 
resistance ( El 345A/E1347A) 
Thermocouple compensation for mixed thermocouple types 
(E  1347A) 
Strain measurements of '/.. '12, or full-bridge configurations with 
built-in 5 V excitation 
Break-before-make channel scanning 
Use with signals up to 170 V peak 
One-slot B-size modules 



FET Multiplexert - E1351A, E1352A, E1353A, E1357A, 
E1358A 

Up to 10,000 scans per second with the H P  E l  326B 5 '/?-digit mul- 
timeter. 
Increased system reliability no mechanical wear out. 
One-slot B-size modules 
Maximum Voltage 16V peak, maximum current 1 mA (non-induc- 
tive) 
El 3 5 1 ~ - 1 6  Channel Single Ended FET Multiplexer 
E1352A-32 Channel Sinele Ended FET Multi~lexer 
E1353A-16 Channel ~h&mocouple FET ~ u l 6 p l e x e r  
E1357A-8 Channel 120 ohm strain Gage FET ' ~ u l t i ~ l e x e r  
E1358A-8 Channel 350 ohm Strain Gage FET Multiplexer 

Counter - HP E1332A 
Totalize, up/down count, gated totalize, pulse width. time interval, 
period average, and frequency measurements up to 1 GHz 
Programmable direct or isolated inputs 
Programmable digital input filter 
One-slot B-size modules 

General-Purpose Switches - HP E1364A 
Independent Form-C relays for a wide variety of devices and sig- 
nals 
Each channel has Common, Normally Open, and Normally Closed 
terminals for easy configuration 

Maximum Input Voltage: 250 V dc or AD rms 
Maximum Input Current: 1 A dc or AC rms 
Maximum Input Power: 40 VA 

R F  and Microwave Switches - HP El  364A. E1366A. E l  367A. 
El 368A, El 369A, El 370A 

See compatible cards from the VXI B-size switch cards - beginning 
on page 62 1. 

Analog Output - HP 1328A 
4 isolated channels provide either dc voltage or current outputs 
Each channel works independently to maximize flexibility 
One-slot B-size modules 
Voltage range: 10.92 V 
Current range: 21.8 mA 
Settling time: 750 micro seconds 
Isolation: 120 V rms, 170 V ac/dc peak 
Programmable resolution: 333 micro volts, 667 nano amps 

Digital Inputs/Outputs - HP El330A 
Quad 8-bit bi-directional data ports 
One slot B size 
TTL Compatible, SVmax 
Digital interfacing to special-purpose circuitry or external devices 
Each block has dedicated control and handshake lines 
Supports standard GPlO protocols and different data formats such 
as decimal, hexadecimal, octal, and binary 

Ordering Information 
HP 75000 Series B maintrames 
H P  E1300A HP 75000 Series B mainframe with plain 
front panel 
H P  E1301A H P  75000 Series B mainframe with front 
panel keyboard/display 

System options installed (pkk one) 
Opt 020 HP IBASIC Controller w/ 512 
Kbyte nonvolatile memory 
Opt 021 HP IBASIC Controller w/ 1 Mbyte 
nonvolatile memory 
Opt 022  HPlBASlC Controller w/ 2 Mbyte 

nonvolatile memory 
Opt 010 512 Kbyte nonvolatile memory 
Opt 01 1 1 Mbyte nonvolatile memory 
Opt 012  2 Mbyte nonvolatile memory 

Disk stor* options installed (pkk ow) - 
requires IBASlC 

Opt 005 3-112 inch flexible-disk drive only 
Opt 006 20-Mbyte ruggedized hard disk only 
Opt 007 20-Mbyte ruggedized hard disk plus floppy 
Opt 008 External dc power operation installed 
Opt 009  HP El 3268 5 '/?-digit multimeter installed 
internally 

Interfaces 
H P  E1324A RS-232C/422 Data Comm 
Multimeters 
H P  E1326B 5 '/2-digit multimeter 
Relay multiplexers 
H P  E1345A 16-channel relay 
multiplexer 
H P  E1347A 16-channel thermocouple relay 
multiplexer 
H P  E1346A 48-channel single-ended relay multiplexer 
H P  E1355A 8-channel 120 R strain relay multiplexer 
H P  E1356A 8-channel 350 R strain relay multiplexer 
FET multiplexers 
H P  E1351A 16-channel FET multiplexer 
H P  E1353A 16-channel thermocouple FET 
multiplexer 
H P  E1352A 32-channel single-ended FET multiplexer 
H P  E1357A 8-Channel 120 R strain FET multiplexer 
H P  E1358A 8-Channel 350 R strain FET multiplexer 
Counter 
H P  E1332A 4-channel counter/totalizer 
General-purpose switches 
H P  E1364A 16-channel form C switch 
Analog Output 
H P  E132RA 4-channel D/A converter 
Digital 
H P  E1330A quad 8-bit digital input/output 

Price 



DATA ACQUISITION SYSTEMS 
Instruments for Measurement and Control 
HP Model 48000 RTU Family 

For Industrial Monitoring and Control 
Stand-Alone or System Operation 
Radio/Modem/Wireline Datacom 

Rugged Design for Harsh Environments 
Menu Driven Configuration 
Multi-Tasking BASIC 

HP 48060A RTU 

Description 
The HP 48000 Remote Terminal Unit (RTU) are intelligent, 

microprocessor-based measurement and control units designed to op- 
erate in harsh industrial and remote environments. The HP 48000 
RTU starts with 16 110  points which can be increased to 256 110  HP 48000 RTU Family 
points with optional expansion modules. 

The HP 48060A RTU is the newest member of the H P  48000 RTU 
product family, addressing applications that require small point 
counts. The HP 48060A RTU has 13 I /O points. 

Applications for the H P  48000 RTU family include: 
Oil and gas production 
Pipeline SCADA systems 
Water treatment systems 
Electrical utility SCADA systems 
FacilityJenergy management 
Process monitoring & control 

Built-in Intelligence 
Intelligent processing is easy to implement on the H P  48000 RTU, 

because HP provides the right tools: built-in signal-proceshing func- 
tions, along with a built-in BASIC compiler. Both can be accessed 
through the Application Development Software, which runs on a va- 
riety of H P  personal computers. 

To offload host-computer processing, the H P  48000 incorporates 
over 50 of the most commonly required signal-processing functions. 
These include PID loop control. AGA flow calculations, engineering 
unit conversion, and alarm checking. When the database of the HP  
48000 is being configured, these functions can be chained to perform 
multiple processing of input and output signals. 

Easy to Program 
The HP 48000 contains a built in BASIC that can be used for more 

complex signal processing, and for custom control routines. The BA- 
SIC is incrementally compiled. providing fast program execution in a 
multi-tasking environment. Up to eight BASIC tasks may reside in a 
single H P  48000 RTU. 

The HP 48071AJ72A menu-driven Application Development 
Software for the H P  48000 lets system designers quickly configure 
the RTU database to their own specifications. This software runs on 
the HP  Vectra and the HP  Portable Plus. To configure the database, 
the user simply selects the field on the display screen and keys in val- 
ues relating to his specific application. (The database can also be con- 
figured from the HP  308lA Portable Operator Panel or a host 
computer.) 

High Quality and Reliability 
The HP 48000 RTU family is designed to withstand harsh environ- 

ments. I t  is so rugged and reliable that a typical configuration has a 
Mean Time Between Failures of over five years! 

Here are some features that make such performance possible. 
Use of CMOS technology contributes to the wide operating tem- 
perature specifications 
Aluminum module enclosures shield circuit boards from physical 
contact and ESD damage 
Transient voltage suppressors protect the electronics from electri- 
cal surges on the power line and field terminal wiring 
110  modules are internally protected from field-wiring shorts 
Pin-and socket connectors provide reliable interconnection 

General Specifications 
Temperature Range: -40°C to +65OC (operating); -65'C to 
+ X 5 O C  (storage) 
Humidity Range: 5 to 95% non-condensing 
RFI Susceptibility: 1 voltJmeter from 14 KHz to 1 GHz 
EM1 Emissions: Meets VDE 0871 level B 
Vibration: Random vibration 0.30 Grms 5 to 500 Hz (functional). 
Random vibration 2.41 Grms 5 to 500 Hz (survival). 
Shock: Half-sine shock pulse of <3  ms duration with 175 cm/s veloc- 
i t y  change (functional). Trapezoidal shock pulse of 30 G with 742 
cm/s velocity change (survival). 
Transient Protection: Meets IEEE 472JANSLC37.90a for ability 
to withstand surges at all communications and field wiring points. 
Meets IEEE 587 standards for ability to withstand power-line surges. 
Dimension.: 330mm W x 215mm D x 55mm H (13" x 8.5" x 2.1 7") 
Electrical Classification: General Non-Hazardous Area (CSA & 
FV approved). 



Communications Flexibility 
The diagram to the right shows some of the typical networks that 

can be configured with the HP  48000 RTU. Remote data acquisition 
and control systems are easily implemented using twisted-pair wire- 
line, radio-communication links or telephone company facilities. 

The host computer accesses data in a network of remote units in 
one of three modes: 

Standard poll/response 
Polled Report-By-Exception (PRBX) 
Spontaneous Report-By Exception (SRBX) 

This choice of communication modes, and the availability of both 
HEX ASCII and Radix-64 ASCII protocols, lets users maximize 
communication efficiency for their applications. 

Other data communication features of the H P  48000 RTU prod- 
ucts include: 

A Modem Module 202T or CCITT frequency 
A RS232 C port that supports smart auto-dial modems 
A FCC and DOC approved Radio Datacom Module 
A data link Repeaters to extend wireline communications 
Communication Handler software for H P  host computer interface 
Multi-drop networking capabilities of up to 90 RTUs over a maxi- 

mum distance of 3.6 kilometers (2.25 miles) 
The capability of communications protocol emulation 

HP 48000 RTU Ordering Information Price 

H P  48002A 6-Slot Backplane $275 
H P  48003A 1 l -Slot Backplane $655 
H P  48004A NEMA-4 Cabinet (316 slot) $990 
H P  48005A NEMA-4 Cabinet (1 1 slot) $1 190 
H P  48010A Master Controller Module $2740 
H P  48020A Confiaurable 110  Module (16 ch) $1810 
H P  48021A ~ n a l o g  Outpu; Module (4  ch) 

' 

H P  48022A Low Level Input (16 ch) 
(with thermocouple compensation) 

H P  48023A Isolated Digital Relay Output Module 
(8 ch) 

HP 48024A Digital Input Module (32 ch) 
H P  48025A Isolated Digital Input Module 

(16 ch) 
H P  48026A Isolated Digital Triac Output 

Module (8 ch) 
H P  48028A Digital Input/Output Module (24 ch) 
H P  48030A Power Supply Module 
H P  48041A Modem Module 
H P  48085A 48000 Family Manual Set 
H P  48032A Power Transformer 

Common Accessories 
Appliwtim Development Software 
H P  48072A H P  Vectra PC Version 
H P  48079A User-Defined Code Development Software 
H P  48082A Datacommunications Adapter 

Price 

HP 48060A RTU Ordering lnformation 

I 

H P  48060A Standard Unit with 13 I/O Points 
Opt 01 1 Adds RS-232-C/RS-422 Port 
Opt 012 Adds HP 48000 Datalink Port 
Opt 013 Adds Bell 202 Modem Port 
Opt 014 Adds Bell 2 121 103 Modem Port 
Opt 022 Adds 128K EPROM (max) 

HP 48004A NEMA-4 Cabinet 
H P  48033A External Power Supply (+24 VDC) 
H P  48086A 48060A Manual Set 

Wireline Network 

HP 48000 KN Lha Link 

Radio Network 

Station 

Modem Network 

Head End Network 
HP 48000 KN 

HP 48050A RTU Ordering lnformation 

H P  48050A Standard Unit with 23 110  Points 
Opt 001 Adds 22 ch I /O  Expansion Board 
Opt 003 Adds 18 ch I /O Expansion Board 
Opt 01 1 Adds RS-232-C/RS422 Port 
Opt 012 Adds H P  48000 Datalink Port 
Opt 013 Adds Bell 202 Modem Port 
Opt 014 Adds Bell 2 121 103 Modem Port 
Opt 022 Adds 128K EPROM 
Opt 023 Adds 256K EPROM (max) 

HP 48004A NEMA-4 Cabinet 
H P  48033A External Power Supply (+24 VDC) 
H P  48086A 48050A Manual Set 

Price 

Price 

$ 3280 
+$ 1050 
+$I 285 
+%400 
+$350 
+$505 
+$655 
+$93 

+$I70 
$990 
$890 
$380 



DATA ACQUISITION SYSTEMS 
Instruments for Measurement and Control 
HP 3497A 

Relay multiplexing 
DVM 
FET multiplexer 
Real time clock 
Bridge completion 

HP 3497A 
Descrlptlon 

The HP 3497A Data Acquisition/Control Unit combines the capa- 
bilities of several instruments and is a basic building block of an auto- 
matic data acquisition and control system. The HP 3497A will be used 
in an HP-IB automated system and can be viewed as a precision mea- 
surement and control computer peripheral. 

The HP 3497A has been designed to be a very versatile and very 
powerful instrument. A basic HP 3497A consists of a mainframe that 
includes a front panel keyboard and display, a non-volatile real time 
clock, and an HP-IB interface. Available as an option is a 5 %  digit 
integrating digital voltmeter and current source that occupies a dedi- 
cated slot in the HP  3497A chassis. Capability is added to the HP  
3497A by using any combination of plug-in assemblies. Available plug- 
in assemblies are: 

-Relay Multiplexers with or without thermocouple compensation 
-FET Multiplexer 
-Digital InputJlnterrupt 
-Counters 
-Strain gagelbridge completion 
-Actuators 
-Programmable voltage and current D/As 
-Breadboard Assembiy 
UD to 5 assemblies can be added to a HP  3497A and the HP 3498A 

~xtender  chassis can hold up to 10 more plug-in assemblies. 

High Performance 
The HP 3497A DVM can resolve 1 microvolt signals and is ideal for 

the precise measurement of the outputs of thermocouples, strain gauges 
and other transducers. Included on the DVM is a programmable current 
source that allows four-terminal resistance measurements. The multi- 
plexer assemblies switch 3 wires (Hi, Lo, and Guard) and add less than 2 
microvolts of thermal offset to the measured signal. 

Flexible Hardware Configuration 
The HP 3497A card cage can hold 5  of any combination of the plug-in 

assemblies. This allows the multiplexing of up to 100 3-wire inputs to the 
DVM in a single HP 3497A or a single HP 3497A might contain 60 
multiplexer channels, 16 digital inputs, 16 actuator outputs, and a 
DVM. By using HP 3498A Extenders, up to 1000 analog channels or 
1360 digital channels can be controlled, all at a single bus address. 

Ease of Use 
The HP 3497A keyboard and display make the HP 3497A very easy 

to use and make debugging of a HP 3497A based system easy. The cali- 
bration adjustments for the HP 3497A DVM are located behind a 
hinged front panel; this allows complete calibration of the DVM without 
removing it from the test rack. Connections to all of the HP 3497A as- 
semblies are made using screw terminals, eliminating the need for sol- 
dering. 

Real Time Clock 
The HP 3497A mainframe includes a quartz-referenced, non-volatile, 

real-time clock. In addition to providing timing data, the clock can mea- 

Digital inputs/outputs 
Counter 
Programmable D/As 
Optional RS-232C interface 

sure elapsed time, interrupt at a presettable time, and output a program- 
mable pulse train. 

Clock Format 
Month:Day:Hours:Minutes:Seconds (U.S. Format) 
Day:Month:Hours:Minutes:Seconds (European Format) 

Option 001-5% Digit DVM and Current Source 
The HP 3497A DVM assembly is a systems quality, 5 %  digit. 1 

microvolt sensitive dc voltmeter. The DVM is fully guarded and uses 
an integrating A/D conversion technique; this yields excellent com- 
mon and normal mode noise rejection. 

Included on the DVM assembly is a three level programmable cur- 
rent source. The current source, when used simultaneously with the 
DVM, can be used to make high accuracy four terminal resistance 
measurements with 1 milliohm resolution. Maximum speed is 300 
readings per second in 3% digit mode. 
Buffer site: packed format: I00 readings; ASCII format: 60 readings 

Soqwntlri Channdr SLz dlglls 39 39 (25) 
using external 
increment 4% dlglts 103 108 (79) 

3% dlelts 123 127 1991 

Random Chmmh 5% digits 27 
using software 

24 (20) 
4% dtg~ts 51 41 (34) 
3% dlglts 55 43 (36) 

*~600+ aomds In FORTRAN 

Option 010-20 Channel Relay Multiplexer 
This assembly uses reed relays to multiplex signals to the DVM or 

other instruments. Each assembly switches 20 channels, each channel 
consists of Hi, Lo, and Guard lines. Two channels may be closed per 
assembly and relays may be closed in a random sequence or incre- 
mented between programmable limits. The low thermal offset of the 
relays make it suitable for measuring the outputs of strain gage and 
other transducers. Each channel can be configured with a filter or 
current shunt for additional flexibility. 

Option 020-Relay Multipkxcr wlth Thermocouple Com- 
pensation 

The option 020 assembly uses the same relay multiplexer as option 
010 but incorporates a special isothermal connector block to allow 
thermocouple compensation. Two types of compensation (selectable 
by the user) are available. A temperature-dependent voltage is gener- 
ated for software compensation; this voltage is then used in a comput- 
er program to compensate the thermocouple voltage. Hardware 
compensation involves inserting a voltage in the measurement circuit 
that automatically compensates the thermocouple voltage. 

Option 030-20 Channel FET Multiplexer Assembly 
I'he option 030 assembly is used to multiplex input signals to a 

DVM in a manner similar to option 010. The option 030 assembly 
provides high speed, low level multiplexing. Maximum signal levels 
are 12 volts peak between any high, low or guard input and any other 
guard input, guard common or chassis ground. 
Maximum sequential scanning rate: 4800 readingsls (at 60 Hz) 
using an HP 3437A Voltmeter and HP Series 200 computer (4000 
readingsls at 50 Hz power). 

Option 050-10 Channel Isolated Digital 
Input/lnterrupt 

The option 050 assembly can sense up to 16 channels of digital 
data. The 6rst 8 channels can also be used as interrupt lines to detect 
transient signals. The assembly can accept inputs of 5, 12 or 24 volts 
and all functions and masks are fully programmable. A five-volt sup- 
ply is provided for driving external contact closures and open collector 
outputs. 



Option 080-100 kHz Reciprocal Counter 
This option can be used to measure mechanical and low frequency 

electronic signals. The counter can measure the period of signals up to 
100 kHz and the pulse width of signals down to 18 ps. The counter 
can also count up or down from a programmable start point. It can 
accept inputs of 5, 12, or 24 volts including CMOS, open collector 
TTL and passive contact closures. 

Option 070-120 Ohm Strain Gage/Bridge Compktlon 
Assembly 
Option 071-350 Ohm Strain Gage/Bridge Completion 
Assembly 

The o tion 070107 1 assemblies ma be used to provide bridge com- 
pletion &r measuring strain gages, JTDS ressure sensors and load 
cells. Each card uses an internal shared hal!bridge and can com lete 
10 channels of 1/4 and 'h and full bridges in any combination. J h e n  
used with a +5 V excitation supply (such as the HP  6214A) and the 
HP  3497A DVM, the assembly rovides 0.1 pc sensitivity with 1 pc 
accuracy. Provisions are made &r shunt calibration and checking 
gage leakage and lead resistance. 

Option 110-18 Channel Actuator 
Option 115-8 Channel High Voltage Actu8tor 

Option 110 consists of 16 mercury wetted form C (single 
double throw) relays. Each relay can be individually closed a n g k  
switch IA at 100V. The actuator assembl{,can be used to switch test 
fixture power or to actuate alarm bells. T 1s f lex~b~l~ty  of this assem- 
bly allows it to be used as a digital output or matrix switch. 

Option 115 is an 8 channel high voltage actuator assembly that can 
switch voltages up to 252 Vrms and currents up to 2 amperes. The 
Option 115 assembl is ideal for switching power line voltakes to 
small motors, alarm L l l s  and lights, motor starters and soleno~ds. 

Option 110 Option 115 
Switch Form C A 
Contact T pe Mercury Wetted 
Number of channels 16 

"X'Y 
Maximum Voltage 100 V Peak 252 Vrms 

48 Vdc 
Maximum Current 1 A 2 Arms or dc 
Maximum Power 100 VA 500 VA ac 

60 VA dc 

Option 120-Dual Voltage D/A 
Option 130-Dual Current D/A 

Option I20 consists of two 0 to + I0  V programmable voltage 
sources. These sources can be used to provide a pro rammable test 
stimulus or to control voltage programmed devices \ke power sup- - .  - 
plies and VCOs. 

0 tion 130 consists of two 0 to 20 mA or 4 to 20 mA program- 
mabye current sources. These sources, espec~ally when uslng the 4 to 
20 mA range, can be used as transmitters in industrial current loops 
and can drive up to 600 ohms of total loop resistance. 
Option 120 

Output: 13 bits including polarity 
Least significant bit: 2.5 mV 
Output range: -10.2375 V to +10.2375 V 
Maximum output current: 15 mA (output within specifications) 

Option 130 
Output: I2 bits 
Least significant bit: 5 pA (0 to 20 mA range) 

4 pA (4 to 20 mA range) 
Output range: 0 to 20.475 mA or 4 to 20.380 mA (each source 
jumper selectable) 
Compliance voltage: 12.0 volts 

plug-in assemblies. Use of one or more HP  3498As requires an H P  
3497A (for control); all r uired connecting cables are supplied with 
the HP  3498A. Up to 13 3 3498As can be controlled by a single H P  
3497A. 

Sohare 
HP DACQIPC Data Acquisition Manager (HP 44459AlBlR): Pow- 
erful software tools for gathering, storing. analyzing, and resentin 
measurement data with a Vectra Personal Computer and tge BASIP 
language processor.(see page 600). 
HP DACQl300 Data Acquisition Manager (HP 44450AlBIR): So- 
ghisticated software tools that provide all of the wer of HP  

ACQ/PC plus enhanced data transfer, system conguration rou- 
tines, and color graphics on Series 300 Technical Computers (see 
page 600). 

General 
Size (HP 3497A or H P  3498A): 190.5 mm H x 428.6 mm W x 520.7 
mm D (7%" x 16%" x 20%"). 
Net weight: H P  3497A. 20.4 kg (45 Ib) and 3498A, 20.4 kg (45 Ib) 
with assemblies in all slots. 
Shipping weight: HP 3497A and H P  3498A maximum with assem- 
blies in all slots are 26.3 kg (58 Ib.) 
Operating temperature: 0°C to 55°C 
Non-operating temperature: -40°C to 75°C 
Humiditv: to 95% at 40°C exceot as noted 
operating power: switch selection of 110, 120, 220 and 240 volts 
+ 1 OR. 48-66 Hz. 150 VA 3497A and 3498A. 

Ordering Information Price 

Each HP 3497A can hold one DVM assembly (Opt 001) and u to 
5 plug-in assemblies. Each HP 3498A (Opt 298) can hold 10  aidi- 
tionalglug-,ins. To order plug-ins without a mainframe, order as 
444X X F~eld Installation Kits as shown below. 

Clock format and power line frequency and voltage will be set 
at  the factory based on the country from which the order was 
placed. 

HP 3497A Data Acquhition/Conttd Unit $3,890 
Opt 001 or 44420A: 5 %  Digit DVM and Current $2,020 
Source 
Opt 010 or 44421A: 20 Channel Relay Multiplexer $830 
Asembly 
Opt x20 or 44422~: Relay Multiplexer Assembly Sub- $950 
stltute A In place of x for software compensation. For 
hardware compensation, substitute the thermocouple 
type B, E, J, K, R ,S ,o rTfo rx .  
Opt 030 or 44423A: 20 channel FET Multiplexer As- $950 
sembly 
Opt 050 or 44425A: 16 channel Isolated Digital In- 5705 
put/lnterrupt Assembly 
Opt 060 or 44426A: 100 kHz Reciprocal Counter $810 
Opt 070 or 44427A: 120 Ohm Strain GageIBridge $1,160 
C omnletion A~wmblv 

Option 140 Breadboard Card Opt 071 or 444276: 350 Ohm Strain GageIBridge 51.160 

Option 140 IS a breadboard card compatible with the HP  3497A 
cardcage. Using this card, HP 3497A users can construct special pur- Opt or 44428A: 16 Channel Actuator/Digital $950 
pose assemblies that communicate with the HP  3497A backplane. Output Assembly 

Opt 115 or 44431A: 8 Channel High Voltage Actuator 3810 
Option 232-RS232C Interlace Assembly 

Option 232 to the HP 3497A deletes the standard HP-IB interface opt 120 or 44429~:  ~~~l output  voltage DAC A ~ -  $ 1,300 
and adds an RS232C (CCITT V.24) com atlble ~nterface allowing scmbly 
you to remotely pro ram the d p  3497A. d e  o tion 232 interface is opt 130 , 44430, ~~~l output current DAC Ar $1,300 
also compatible wit6 the new RS423 (CCITT))V.IO) venlon of the scmbly 
RS449 interface. Opt 140 or 44432A: Breadboard Card $215 
0 tion 298-HP 3498A Extender Opt 232: Delete HP-IB Interface, add RS232C Inter- $405 

?he HP  3498A Extender chassis allows low cost expansion of HP  face 
3497A-based systems. Each HP 3498A can hold up to ten HP 3497A HP 3498A Extender & Connecting Cables 52,880 



DATA ACQUISITION SYSTEMS 
Software Solutions 
Data Acquisition Manager - DACQ/300 and DACQ/PC, DACQ/UX, HP 44458A, 44459A, 44460A 

Reduce your software development time 
Customize your data management needs 
Optimize your software performance 

Use with the controller of your choice: either HP 9000 
Series 200/300, HP Vectra PC, HP-UX Workstation 
Use with any HP-IB instrument 

Description 
HP Data Acquisition Manager is a general-purpose subroutine li- 

brary for the HP 9000 Series 200/300 controllers (HP DACQ/300), 
HP-UX Workstation, or the HP Vectra Personal Computer equipped 
with the HP BASIC language processor (HP  DACQ/PC). The 
software reduces your development time by providing you with 
software tools (subroutines written in HP  BASIC and compiled Pas- 
cal) that you can add to your HP  BASIC program to handle up to 
90% of your data management functions. Customize your data man- 
agement programs by adding these subroutines to match your final 
application needs. Optimize your software performance through HP 
Data Acquisition Manager's compiled subroutines and use of memo- 
ry volumes (electronic disc). Eliminate the need to have several 
software packages because HP  Data Acquisition Manager provides 
you with subroutines that cover a wide range of data acquisition and 
control tasks and works with any HP-IB instrument. Use HP  Data 
Acquisition Manager with the controller of your choice - either the 
HP  9000 Series 200/300 controller or the HP  Vectra Personal Com- 
puter. Both controllers offer you the HP  BASIC language (on the HP  
Vectra PC through use of the HP BASIC Language Processor - 
HP 82300B) for one of the most powerful and easy-to-use program- 
ming environments available for instrument control. 

Data Management 
Use HP Data Acquisition Manager to: 

Set up a data base organized into archives, books and pages 
Specify the format of books and pages 
Collect data over HP-IB, GPIO, from the program, or the key- 
board 
Time-stamp and store the data into the data base 
Document the data 
Retrieve the data from the data base to display. analyze or trans- 
mit it elsewhere 
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Data Analysis 
Entire arrays of data captured over HP-IB or retrieved from the 

data base can be analyzed quickly using the data analysis subrou- 
tines. Analysis functions available are: 

Scaling (mx+b) 
Limit checking 
Statistics (high, low, mean, standard deviation) 
Math (+, -, *. /) 
FFT and inverse FFT 
Temperature conversions (thermocouples, thermistors, RTDs) 
Strain gage conversions 
User-defined look-up tables 
Unpacking packed HP 3852 high speed voltmeter readings 
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Data Presentation 
Printing 

Captured data and sections of the data base can be formatted and 
printed on the controller display or to a supported printer. 
Plotting 

Plot subroutines allow you to plot up to eight traces per chart on 
either the controller display or an H P  plotter. Labels, size, location. 
color ( H P  DACQ/300 only), and orientation of the chart are 
programmable, allowing you to have more than one chart per screen 
or page. Linear and logarithmic scaling (with or without grid lines) 
are available as well as auto-scaling of the entire chart. 
Real-time Stripcharting 

The stripchart subroutines allow you to plot up to four traces on the 
controller display as the readings are being received from the instru- 
ment. Once the screen is full, the data scrolls on the display from right 
to left. A file can be resewed to store values that scroll off the display. 
Data from the instrument can be plotted versus time or a user-defined 
array. If a hard copy of the stripchart is desired, the data can be saved 
and later sent to an HP  plotter with the plot subroutines. 

Data Transmission 
Transm~t data from the data base to another computer over 

RS-232, using the data transmission subroutines. These subroutines 
can be used to set up the H P  9000 Series 200/300 Datacomm Card 
(HP 98628A) with the desired protocols. The ENQ/ACK and X- 
ON X-OFF protocols, baud rate, handshaking, and the use of 
m A ems are all supported with these subroutines. Files of data can be 
transmitted using a default ASCll format or you can create your own 
format. When the default format is used, the files transferred can be 
used by Lotus I-2-3TM or WordstarTM. The transferred ASCll file 
can also be transmitted to other computers using the HP  Vectra PC 
Advance-Link software. 

Process Control 
Calculate up to 10 PID algorithms with one HP Data Acquisition 

Manager subroutine call. You specify the PID constants and send the 
measured values from your process to the subroutine. The subroutine 
performs the PID calculation and returns the final values. Bump- 
less control allows a smooth transition from manual to automatic con- 
trol of your process using the PID subroutines. You can cascade two 
or more of the PID loops and adjust the PID constants (tune your 
process control loops) while the process is still under automatic con- 
trol. 

Task Scheduling 
The scheduler subroutine assists you in scheduling tasks (in the 

form of subroutines) within your program. The software creates a 
tableof up to 99 tasks and allows you to designate each task name and 
number, starting time, time interval between task runs, number of 
times the task is to be run and its priority. When the scheduler sub- 
routine is called, it returns the number of the task with the highest 
priority scheduled for that time. Your program can then run that task 
by calling the appropriate subroutine. 

Configuration/Verification HP DACQ/300 
The HP 9000 Ser~es 200130 d version of HP  ata Acquisition 

Manager (HP DACQ/300) also contains a menu-driven program 
that you can use to help document your equipment set-up and appli- 
cation. The program allows you to write a description of your applica- 
tion and prompts you to list the peripherals and instruments attached. 

The program automatically reads the configuration (processor, mem- 
ory, plug-in interface cards, operating system) of the HP  9000 Series 
200/300 controller and an HP3852 data acquisition unit (if present). 
When you are finished, the entire setup and description will be saved 
in a file. The program even contains a routine to verify that the prc- 
sent configuration matches a configuration stored in a file. 
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Summary 
HP Data Acquisition Manager is a powerful software package that 

provides you with tools to handle up to 90% of your data acquisi- 
tion/control program. This leaves you time to concentrate on other 
aspects of your application. Collecting, storing, analyzing, transmit- 
ting, and scheduling data collection and subroutines are all handled 
by this software. Add only the routines that you need to customize 
your program and allow HP Data Acquisition Manager to optimize 
your software performance. Use this software with any HP-IB instru- 
ment on the controller of your choice, either the HP  9000 Series 
200/300 or the HP Vectra PC, with the HP  BASIC language proces- 
sor, for virtually all of your data acquisition data management needs. 
Supported Computers 
HP BASIC and HP-UX Workstations: 
Series 300 Model 370 
Series 300 Model 360 
Series 300 Model 350 
Series 300 Model 340 
Series 300 Model 332 
Series 300 Model 330 
Series 300 Model 320 
Series 300 Model 3 19 
Series 300 Model 3 10 
Series 300 Model 236 (B/W only) 
Series 300 Model 220 
Series 300 Model 2 17 
Series 300 Model 216 
Operating System tor HP DACOl3OO and HP DACOIUX 
H P BASlC 5.0 or greater for the H P  BASIC workstations 
HP  BASIC/UX 5.52 with HP-UX 7.0 for the HP-UX workstations 
Basic Language Processor for HP  DACQ/PC - BASIC emulators: 
A.xx.xx, B.xx.xx, and C.xx.xx 
Memory 
1.5 Mbyte or greater 
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Orderin Intormation Price 
H P  444!8A HP DACQJ3OO software and manual. 52,055 
3 'b" and 5 ' /dm disks 
H P  44458R HP DACQ/300 manual and license to $1,255 
copy H P  DACQ/300 software ( H P  44458A or 
HP  44458B) for use on one other computer 
H P  44459A HP DACQ/PC software and manual, 51.530 
3 '12" and 5 5" disks, required H P  82300C Basic Lan- 
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guage Processor 
H P  444591 HP DACQ/PC manual and license to $955 
copy HP DACQ/PC software (HP 44459A or 444598) 
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for use on other computer 
H P  44460A HP DACQ/UX software and manual, 5" 52.050 
tar'=- 
H P  44460R HP DACQ/UX manual and license to $1,250 
copy HP DACQ/UX software (HP  44460A) for use on 
one other computer 



COMPUTER AIDED TEST 
Measurement Systems Architecture 

HP stand-alone, VXlbus, and modular measurement system products, along with controllers and software, a r e  all part of the  HP 
Measurement Systems Architecture 

The Measurement Systems Architecture tor the '90s 
Keeping pace with today's complex. changing measurement needs 

requires a new approach to automated testing-one that will mini- 
mize the time, effort, and risk involved in system design. 

Hewlett-Packard meets this challenge with the measurement sys- 
tems architecture for today and the future. The HP Measurement 
Systems Architecture is industry's widest, most advanced selection of 
hardware, software, controller, and support offerings. Products are 
based on industry standards for greater compatibility. Using this ap- 
proach you can create cost-effective systems that cover applications 
from dc to lightwave. 

Within the HP  Measurement Systems Architecture, new modular 

HP-IB 
HP-JB products offer the largest hardware selection for system in- 

tegrators. New 'smart' HP-IB instruments feature built-in controllers 
for greater system efficiency. HP-IB is HP's implementation of the 
IEEE-488 standard. 

Controllers 
HP controllers include the H P  Vectra personal computer and pop- 

ular HP 9000 technical computers. Rackmount models are compact 
and easy to integrate into test systems. 

product families enhance our traditional HP-lB test equipment. All 
have measurement functions optimized for automated testing. 

Standard Commands for Programmable Instruments 
SCPI is the name of the new, industry standard that is based on 

TMSL, HP's Test and Measurement Systems Language. SCPI is a 
The HP 70000 modular measurement system universal set of instrument commands that HP  has already imple- 

The HP 70000 modular measurement system (MMS) offers rug- mented into its VXI products and many stand-alone and modular 
ged, reliable instrumentation for applications from RF through measurement system (MMS) products. 
lightwave. For 1990, we have introduced a powerful new color dis- 
pky/mainframe and a host of new modules. 

System Support 
Your investment in HP  products, including those in MSA, is pro- 

The HP 75000 VXlbus system tected by our commitment to long-term system support. Our sales and 
The HP 75000 VXlbus system is part of this emerging technology support people have the expertise you need to help put your system 

with particular strengths in digital and analog measurement. Our B- together and keep it running smoothly. HP products are backed by 
and C-sized mainframes and modules share a common human inter- excellent warranties and service. And our many training courses help 
face and common set of instrument commands. you get the most out of your HP  purchase. 



Measurement Systems 
Architecture CAl ww.r. 

Modular, O p n  Systems Maximize Your Flexibility 
Modularity answers a number of critical issues for the automated- 

test-system designer. Rack and floor space are saved. There is less 
duplication of measurement functions. Systems can be reconfigured 
easily by exchanging modules. HP  has taken a leading role in helping 
establish both the VXlbus and the modular measurement system as 
fully open, modular standards into which any manufacturer can 
build. 
VXlbus system 

The flexible addressing system of the VXIbus system makes the 
best use of module space within the mainframe. Multiple instruments 
can be located on one module or card, or one instrument can span 
more than one slot. Local bus lines allow fast, private communication 
between a set of cards performing a specific measurement function. 
The HP 75000 Series C mainframe delivers high performance while 
allowing for system downsizing. Modules include a command mod- 
ule, digital multimeters, multiplexers, a function generator, and 
more. The H P  75000 Series B mainframe is designed for low-cost 
computer-aided-test applications, and the modules include a digital 
multimeter, relay multiplexers, counters, a digitallanalog converter, 
and more. For descriptions of HP  75000 series products. see page 621. 

HP 75000 VXlbus mainframes and modules 

Modular measurement system 
For test systems that require high performance microwave func- 

tionality, the HP  70000 modular measurement system provides the 
needed environment. Mechanical structures are optimized for hold- 
ing heavy microwave components. Mainframes and modules are de- 
signed for the electromagnetic compatibility critical to sensitive high- 
frequency equipment. Systems are configured and reconfigured easily 
with interchangeable modules. 

The ability to share power supplies and a single display contribute 
to the system's overall efficiency. A powerful digital backplane pro- 
vides fast module-to-module communication. A new color dis- 
play/mainframe turns your MMS into a microwave workstation, and 
new modules add vector voltmeter, power meter, signal generator, 
scalar measurement, and other capabilities. See pages 189 and 336. 

The HP 70000 modular measurement system 

Stand-alone instruments 
Compatible stand-alone instruments make the HP  Measurement 

Systems Architecture the largest selection in the industry. These 
products are listed throughout the catalog, indicated by the HP-IB 
symbol. General information on HP-IB is found on page 574. 

Time-saving Hardware and Software Development Tools 
The HP 70000 modular measurement system and HP 75000 

VXIbus families offer test equipment and development tools for every 
step in the design and integration of today's automated test systems. 
Choose from a wide array of modules and mainframes. Part kits along 
with design guides and schematics are also available for creating your 
own VXlbus and modular measurement system products. 
H P  BASIC 

To make software development easier, the powerful H P  BASIC 
has been optimized for instrument control and is available on UNlXm 
and MS-DOSm operating systems. This popular programming lan- 
guage runs on a wide range of HP computers and workstations. When 
system rack space is at  a premium, you will find HP controllers in 
rackmount or VXlbus configuration. Details about HP controllers 
begin on page 604. 
Development software 

In addition, the HP Interactive Test Generator software acceler- 
ates the development of H P  BASIC test programs using a windowed, 
mouse-driven interface designed for generating code and controlling 
IEEE-488 instruments. The HP Functional Test Manager software 
gives you a reusable framework for customizing production test sys- 
tems. Features include standard forms for a uniform approach to test 
development; flexible, user-written subroutines that are easily inte- 
grated into test programs; statistical quality control (SQC) and data- 
base management; and more. See pages 610 and 612, respectively. 
Industry standard command language 

SCPl provides a universal set of commands for instruments. Com- 
mon commands simplify software development because you no longer 
need to learn a different programming language for every instrument 
in your system. Using a common instrument language minimizes 
software modifications when upgrading your system hardware. 

SCPl is based on HP's TMSL. SCPl is implemented into all of 
HP's VXI products and many stand-alone products already. HP  
plans to implement SCPl into all new systems products and retrofit 
some existing products, including the MMS products. 

UNIX* is a registered trademerk d ATtiT In the U.S.A. and other cwntrlss. 
MS-DOSa is a U.S. registered trademark of Mlcrwofl Cwparatlon. 



COMPUTER AIDED TEST 
Instrument Controllers 

Introduction 
Hewlett-Packard has for many years been 

a leading supplier of instrument control solu- 
tions for data acquisition and electronic test. 

In the early 1970's. Hewlett-Packard de- 
veloped the HP-IB interface, also known as 
IEEE-488 or GP-IB, to provide a standard 
bus for instruments and peripherals. Since 
then, this interface has become the standard 
way for communication with instruments in 
the test and measurement community. With 
over seventeen years of experience in provid- 
ing instrument controllers, Hewlett-Packard 
has optimized these systems to work with 
over 1500 HP instruments and peripherals 
through HP-IB. 

Hewlett-Packard is also incorporating 
emerging standards into instrument control- 
lers. Hewlett-Packard has been instrumental 
in driving the VXlbus standard for develop- 
ment of instruments-on-a-card (see page 
621). This standard addresses the need to 
down-size test systems while providing the 
performance and flexibility required for ad- 
vanced test systems. The HP V/360 instru- 
ment controller answers the need for a high- 
performance instrument controller embed- 
ded within the VXI mainframe. 

Hewlett-Packard is extending the usability 
of the HP-IB by driving the definition of the 
lEEE 488.2 standard. The new Standard 
Commands for Programmable Instruments 
(SCPI), which fully supports lEEE 488.2, is 
based on HP's Test and Measurement Sys- 
tems Language (TMSL). SCPI is a com- 
mand language that supports all instrument 
tvoes. Instruments that are SCPI-com~atible 
a;k easier to program than other instru- 
ments, and test systems that contain SCPI 
instruments can be upgraded without requir- 
ing new software to be written. HP has im- 
plemented SCPI in over 30 instruments 
already and plans to implement it  in all new 
systems instruments. 

HP instrument controllers, instruments, 
and software make it easy to build custom 
test systems for unattended testing in R&D, 

or for manufacturing test and quality control 
applications. Software packages such as the 
Interactive Test Generator (see page 610). 
Functional Test Manager (see page 612). 
DACQ/300 and DACQ/PC (see page 613) 
take full advantage of HP instrument con- 
troller features to aid in the development and 
execution of computer-aided test and data 
acquisition applications. 

Wide Range of Controllers 
Hewlett-Packard offers the widest range 

of instrument controllers in the industry. 
Each controller system is optimized to meet 
the needs of test and measurement custom- 
ers. 

Controller solutions are available for 
price-sensitive users and for applications re- 
quiring the highest performance and technol- 
ogy. You have the choice of operating 
system, computer hardware platform, and 
form factor that best meets your test system 
requirements. 

Hewlett-Packard offers instrument con- 
trollers based on MS-DOS and HP-UX, two 
industry-standard operating systems, in ad- 
dition to HP BASIC, the world's most pow- 
erful instrument control environment. 

DOS Controllers 
For low-cost Instrument control, HP  also 

offers controller solutions that provide the 
advantages of native DOS. A variety of HP  
Vectra personal computers (see page 682) 
are available in a variety of price and per- 
formance ranges to fit your requirements. 

The HP-IB interface and command libra- 
ry (see page 606) helps you use PCs to per- 
form sophisticated instrument control, and it 
supports a variety of standard MS-DOS pro- 
gramming languages. 

HP-UX Controllers 
Hewlett-Packard's HP-UX is a complete 

UNlX System V implementation with se- 
lected enhancements to provide features nec- 
essary for the test and measurement 
environment. A number of programming 

languages are available for the development 
of instrument control applications. Powerful 
networking and database tools are available 
within HP-UX. 

The Device I/O Library (DIL) enhances 
HP-UX for instrument control applications. 
DIL allows HP-UX systems to provide very 
high-performance instrument control. DIL 
directly supports DMA hardware and burst- 
mode 110. Interrupt response time is mini- 
mized in a number of ways. Real-time exten- 
sions allow you to specify which programs 
must run with special priority. 

HP BASIC Controllers 
Hewlett-Packard controllers used with the 

HP  BASIC language offer a highly produc- 
tive environment for developing and execut- 
ing test and measurement applications. 

The H P  BASIC programming environ- 
ment is unsurpassed in ease of use and user 
friendliness. As you type in code, an ad- 
vanced program editor checks it for syntax 
errors. 

Advanced commands for moving and cop- 
ying program lines are fully integrated into 
HP BASIC, along with other features useful 
in producing very readable, self-docu- 
menting programs. Automatic program in- 
dentation, string search and replacement. 
and automatic renumbering of program lines 
are standard with HP  BASIC. 

HP  BASIC controllers provide ready ac- 
cess to the most advanced device I /O systems 
available. Full interrupt processing is sup- 
ported with fifteen levels of user-definable 
software priorities. Data transfer of various 
data types is also fully supported. Data 
formatting is handled automatically for 
REAL, INTEGER, STRING, and COM- 
PLEX data and for arrays of these data 
tY Pes. 

The H P  BASIC I/O system automatically 
determines the optimal data transfer method 
based on system configuration. For example, 
data transfer automatically takes full advan- 
tage of Direct Memory Access when DMA 
hardware is present in the system; no pro- 
gramming changes are required to take ad- 
vantage of DMA hardware. 

Support of separate context subprograms 
within H P  BASIC allows you to develop 
modular, reusable program segments to be 
loaded or unloaded during program execu- 
tion. This increases productivity because 
modules are easily reused or replaced with 
new ones for future controller applications. 

HP  BASIC provides the capability of us- 
ing compiled subprograms, or CSUBs, devel- 
oped with standard language compilers. 
These CSUBs provide increased perform- 
ance for many applications while still operat- 
ing within H P  BASIC. An HP BASIC 
compiler is also available to increase per- 
formance of HP  BASIC programs without 
having to develop non-BASIC code. 

H P  BASIC is available on three platforms: 

HP  BASIC/DOS for use on personal 
computers. 
HP  BASIC/UX for use with HP-UX 
workstations. 
HP  BASIC/WS for high-performance 
operation as a dedicated controller. 



medium-resolution display, hinged key- 
board, flexible-disk drives. and optional 20 or 
40 Mbyte disk drives. As with the model 332, 
RAM can be expanded on the R/332 to up to 
8 Mbytes, but it provides better 110  expan- 
sion capabilities by offering 4 D l 0  I /O slot 
pairs in its backplane. 

The model 360 and model 375 are also ex- 
pandable configurations. Both systems in- 
clude LAN, HP-IB, HP-HIL, RS-232, 
MC68882 math coprocessor and optional 
fast disk or SCSI interfaces. The model 360 
comes standard with a 25 MHz Motorola 
MC68030 processor and 4 Mbyte RAM and 
can be expanded to a total of 16 Mbyte. The 
model 375 comes standard with 50 MHz 
Motorola MC68030 processor and 8 Mbvtes 
of error correcting-and checking (ECC) 
RAM. RAM can be ex~anded to a total of 32 

HP 9000 Series 300 Controllers 
The HP BASIC/WS and HP BASIC/UX 

systems are based on the HP  9000 Series 300 
controller systems. The HP BASIC/WS sys- 
tem incorporates its own operating system 
with the HP  BASIC environment and is 
highly optimized to provide the best perform- 
ance platform. The HP BASIC/UX systems 
are based on the standard HP-UX operating 
system on the same series 300 hardware plat- 
form and provide the additional benefits as- 
sociated with multi-taskinglmulti-user 
operating systems, including an X windows- 
based environment and access to HP-UX 
tools and applications. 

The HP 9000 Series 300 instrument con- 
trollers are available in a variety of configu- 
rations with a wide range of performance. 
The latest offerings take full advantage of 
Motorola MC68030 microprocessors. Both 
HP  BASIC/WS and HP BASIC/UX oper- 
ating systems are supported for use with se- 
ries 300 controller systems. H P  BASIC/UX 
can be added to series 300 HP-UX systems to 
provide the best of the HP-UX and HP BA- 
SIC worlds. 

The model 340 is the lowest cost series 
300. It provides good performance in a re- 
stricted configuration. It comes standard 
with 4 Mbyte RAM, HP-IB, HP-HIL, 
LAN, and RS-232 interfaces and a Motorola 

MC68882 math coprocessor. One additional 
D l 0  I/O slot is available for the addition of 
SCSI, Fast Disk or other series 300 110 
cards. RAM can be expanded to a total of 16 
Mbyte, but no additional 1 / 0  slots can be ad- 
ded to the system. 

The model 332 controller provides the 
same performance as the model 340, while 
offering the ability to add a variety of series 
300 interface cards. The model 332 comes 
standard with 1 or 4 Mbyte RAM and can be 
expanded to 8 Mbyte. This controller also 
comes standard with HP-IB, HP-HIL. RS- 
232, and either medium- or high-resolution 
displays. Two D l 0  I/O interface slots are 
available for additional interfaces such as 
LAN, SCSI or fast disk interfaces, and one 
optional expander (4 D l 0  I /O interface slot 
pairs) can be added to increase 1 / 0  capabili- 
ty. The optional Motorola MC68882 math 
coprocessor increases floating point math, 
and it is required for either HP-UX or HP  
BASIC/UX operation. 

The model 332 is also available in a stan- 
dard EIA 19"rack-mountable configuration 
(see page 609). The Series 300 Model R/332 
provides the same performance as the modu- 
lar model 332 system in a fully integrated, 
rack-mountable package. The 7-inch high 
package is ideal in applications where space 
is at a premium, since it integrates a 9" 

Mbytes. If 4 Mbyte RAM chips are used, the 
model 375 can be expanded to 128 Mbytes of 
RAM. For additional performance, the 
model 375 is available with a 25 MHz Mo- 
torola MC68040 microprocessor upgrade. 

Both the model 360 and 375 provide the 
computational power for test and measure- 
ment applications requiring the highest per- 
formance. The model 360 is also available as 
an embedded VXI controller. This controller 
provides the same performance as the Model 
360. but has been repackaged and enhanced 
to fit in a Series C VXI mainframe, giving 
full access to the VXlbus structures and pro- 
viding Slot0 functionality. The V/360 in- 
cludes the same HP-IB, HP-HIL, RS-232, 
LAN and either SCSI or fast disk interface 
as the modular model 360 above, but no addi- 
tional I/O cards can be added. RAM is 4 
Mbytes standard and may be expanded to 16 
Mbytes. A choice of five graphics subsystems 'PL?" 
is available. 

PC-300 Controllers 
HP BASIC/DOS controllers combine H P  

Vectra personal computers with the H P  
82300C Measurement Coprocessor. The HP 
82300C runs HP  BASIC and is compatible 
with other H P  BASIC systems. 

The HP Vectra PC platforms cover a wide 
performance spectrum. The entry-level PC- 
308 controllers are based on the HP Vectra 
2861 12 PC. There are three PC-308s, giving 
display options and hard disk capacity op- 
tions. 

The PC-312CL controller is based on the 
H P  Vectra QS/16S PC, which uses the 
80386SX processor. The PC-312CM plat- 
form is the Vectra QS/20 20 MHz PC using 
the 82386 processor. 

The PC-315CN has the highest perform- 
ance and is based on the Vectra RS/25C. 

Each PC-300 comes standard with dis- 
play, hard disk, 3.5" flexible-disk drive, a se- 
rial/parallel card, and the installed H P  
82300C installed. 

The HP 82300C has a built-in HP-IB port 
and I Mbyte of on-board RAM (expandable 
to 4 Mbytes.) HP BASIC comes with all PC- 
300s for installation on the HP 82300C. 

HP  BASIC can run in background on the 
HP  82300C simultaneously with MS-DOS 
applications running on the PC. HP  BASIC 



COMPUTER AIDED TEST 
Instrument Controllers (contyd) 

programs can control instruments, take mea- 
surements, and/or analyze data while the 
user is working a DOS applications such as a 
spreadsheet, word processor, or data base a p  
plication. With software that comes standard 
with all PC-300s. HP  BASlC programs in 
background and DOS applications in fore- 
ground can have bidirectional communica- 
tion with each other. The H P  BASIC 
program may control the DOS application, 
or the DOS application may control the HP  
BASlC program. 

Optional D l 0  I/O cards, a GPIO card 
(HP 82306A) and a Shared Resource Man- 
ager (HP 5 0 9 6 3 ~ )  are also available. 

The HP E2080A LIF Utilities provides a 
convenient way to transfer files between the 
HP  LIF and MS-DOS disk formats, and also 
provides other useful LIF-disk utilities for 
the PC. 

Measunment Coprocessor 
The HP 82300C Measurement Coprocessor 
includes the following: 

Powerful BASIC-DOS communications 
libraries that allow the user to write H P  
BASIC programs to communicate with 
and control DOS applications. 
The ability to write data directly into a 
DOS application running in foreground. 
This feature is useful in process control ap- 
plications that require continuous instru- 
ment monitoring and process control 
without interruption for data analysis, 
data display, or data reporting. 
Communication between multiple H P  
82300Cs in the same PC. Up to 3 H P  
82300Cs can operate simultaneously in a 

single PC while the PC handles a fourth 
independent process. This provides the 
user with 4 independent processors to 
boost the performance of the system at a 
very low price per processor. 
HP  BASlC data files written by the H P  
82300C can be either DOS or Series 300 
(LIF) compatible. This further enhances 
the compatibilities with HP  9000 Series 
300 systems and with other PCs using 
DOS applications. 

HP 82323A Release II Uwrade Kit 
The HP 82323A release liupgrade kit up- 

grades the H P  82300A/B Measurement 
Coprocessor to full release I1 compatibility 
(i.e., HP 82300C). This includes improved 
boot, graphics, and disk I f 0  performance. 
The upgrade consists of new software, docu- 
mentation, and boot ROMs. The upgrade kit 
provides all of the performance improve- 
ments of the HP  82300C while protecting 
your original hardware investment. 

HP 82335A HP-IB Interface and 
Command Library 

The HP 82335A HP-IB lnterface and 
Command Library is a low-cost PC interface 
for controlling HP-IB devices using MS- 
D O S  programming languages .  T h e  
HP 82335A provides HP-IB interface hard- 
ware and command library software for con- 
trolling HP-IB (IEEE 488) instruments and 
HP-IB printers and plotters. 

The HP 82335A can be used in HP  Vectra 
PCs, IBM PC/XT/AT PCs, and other com- 
patible MS-DOS computers. The HP-IB in- 
terface card fits into an 8- or 16-bit slot on 
industry-standard compatible computers. 

The H P  82335A supports the following 
languages: Microsoft" QuickBASIC and 
Compiled BASIC, HPs Vectra BASIC, 
GW-BASICQ. IBM BASICA. Borland Tur- 
bo Pascal and Turbo C, and Microsoft Pas- 
cal. QuickC, and C. 

In addition, the H P  peripheral driver is in- 
cluded to add HP-IB capability directly to 
MS-DOS applications such as Lotus 1-2-3. 
By using DOS commands, outputs and in- 
puts can be redirected to HP-IB printers and 
plotters. 

HP 82302A HP BASlC 
Self-study Course 

An H P  B A S l C  sel f -s tudy course  
(HP 82302A) provides new users additional 
assistance. This self-paced course is an ideal 
way to quickly learn HP  BASlC program- 
ming techniques for instrument control. This 
course includes practical examples of instru- 
ment control programs, which are provided 
on floppy disk with the course. Course mate- 
rial is applicable to any HP BASlC system, 
including the HP  9000 Series 200/300 con- 
trollers and PC 300 controllers. 

Convenient Ordering 
The H P  82335A HP-IB lnterface and 
Command Library,  the H P  82302A 
HP BASlC self-study course, and the HP  
82300C Measurement Coprocessor are  
available through H P  DIRECT. 

For same-day shipment, call HP DIRECT at 
800-538-8787. 
GW-BASIC is a U.S. reglstaed trademark of Microsoft Cxpo. 
ration. 
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Controller Comparison 

(1) MC68682 Math coprocessor available as an option. MC68882 required lor HP-ux or HP BA~ICIUX operation. 

(2) Only supported from HP hbsumfmt  Copr- (HP 82300C). Only availabfe for uw, horn HP BASICIDOS. 

(3) Maximum of 48 Mbyte RAM if ECC RAM is used. 

(4) Resolution specifled is in pixels. M-Monackrwne. C=Colw 

(5) Upgrade to MC88040 25 MHz amllable 

(8) ECC RAM standard. expandable to 128 MByle uslng 4 MByle chips. 

HP 9000 Serb~ jOO Contrdbn 

340 332 Ill332 360 VIM 370 375 

68030 68030 68030 68030 68030 68030 68030"' 

16.6 16.7 16.7 25 25 33 50 

68882 6888F1' 6888F1' 68.902 68882 68.902 68882 

16.7 16.7 16.7 25 25 33 50 

4 Mbyte 1 Mbyte 1 Mbyte 4 Mbyte 4 Mbyte 8 Mbyte 8 Mbyte(6' 

16 Mbyte 8 Mbyte 8 Mbyte 16 Mbyte 16 Mbyte 32 MbyteI3' 32 Mbyte 

MIC MIC M MIC MIC MIC 

MIC MIC MIC MIC MIC MIC 

MIC MIC MIC MIC MIC MIC 

111 216 414 119 010 018 2/10 

4 4 4 6 6 8 12 

OPERAllWC SYSTEM 

MS-DOS 

HP BASICNS 

HP-UX 

HP BASIC SUPPORT 

HP BASICIDOS 

HP BASICIWS 

HP BASICIUX 

PROCESSOR 

Main Processor 

Clock Speed (MHz) 

Math Coprocessor 

Clock Speed (MHz) 

HP BASIC 
Coprocessor 

Clock Speed (MHz) 

MEWOUY CAPACITY 

PC Memory (std) 

PC Memory (max) 

680x0 Memory (std) 

680x0 Memory 
(max) 

DISPLAY 
SYSTEMI" 

640x480 VGA 

512x400 

1024x768 

1280x1024 

AVAILABLE SLOTS 

PC CARDS (stdlmax) 

Dl0 I/O CARDS 
(stdlmax) 

EXPANDER 
SUPPORT 

COMWTATnm 

PC (MIPS) 

680x0 (MIPS) 

HP PCjOO C o n b d h  

286/12 @ RS 
FC.308 PC.312 PC315 

80286 80386 80386 

12 16120 25 

80287 80387 80387 

12 16/20 25 

68000 68000 68000 

8 8 0 

640 Kbyte 1 Mbyte 1 Mbyte 

8 Mbyte 16 Mbyte 16 Mbyte 

1 Mbytec2) 1 Mbyte(2' 1 Mbyte") 

4 Mbyte 4 Mbyte 4 Mbyte 

MIC MIC MIC 

7l7 7 n  717 

ZIT2' ZIP2' ZIP2' 

1.5 3 4 

0.6 0.6 0.6 
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Bundled instrument Control Sy~ttms listed below are localized for a variety of international uses. For more 
Several bundled systems are available to simplify ordering of the amtact your local HP sales 

best instrument controller for your application. All bundled systems 

PC-300 Instrument Controllers 

Hewlett-Packard offers six PC-300 instrument controllers based on 1 Mbyte RAM (expandable to 4 Mbyte), 3'/~-inch flexible disk drive 
a range of H P  Vcctra Personal Computers. Each PC-300 bundle in- and HP BASIC/DOS software. 
cludes the H P  Measurement Coprocessor and built-in HP-IB, 

HP BASIC/DOS 
HP part number 
Internal hard disk 
VGA display type 

PGjOgML PG308CL PGJOBCM PG31XL PG312CM PC-315CN 
82314F 82315F 82319F 82332E 82333E 82334E 
2OMbvte 20Mbvte 40Mbvte 40Mbvte 40Mbvte 103Mbvte 
~ o n d " '  color color color COI& COIO; 

Price I $5.499 $5.999 $6.299 $6.699 $7,799 $12.499 
'The M M L  monochmme dl* optlans are Amba. Green. and While. 

HP BASIC/WS Controlhdv 

(2) &allable a8 an rddltlbnal product - HP Par( ~umbbr 35723A 
(3) Avallabls as an option 

HP BASIC/WS 
HP part number 
Internal hard disk 
Internal flexible disk 
Touchscreen 
Display type I Mono Color Mono Mono Mono Mono Color 

Seven controller bundles are available for H P  BASIC/WS opera- dles include medium resolution (512x400) graphics, keyboard and 
tion. These systems provide the highest performance H P  BASIC H P  BASIC/WS software. 
operation with a variety of price and performance choices. All bun- 

332 MMA 332 CMA R/332 R/332 R/332 360 MMA 360 CMA 
98580C 98581C A1303A A1305A A1307 98580W 98581 W 

none none none 2OMbyte 40Mbyte none none 
none none 3.5" 3.5" 3.5" none none 

I21 121 131 111 0 1  (21 12, 

Price $6.080 $8,870 $8,490 $10.790 $11,990 $14,400 $14.900 

There are five bundled solutions that offer the best of HP-UX and Mbyte or 304 Mbyte disk drive with HP-UX and H P  BASIC/UX 
H P  BASIC/UX. These bundles include high-resolution graphics, installed and optimized for operation. Bundled prices listed below do 
mouse, keyboard, and both HP-UX and HP BASIC/UX software. not include disk options. 
All H P  BASIC/UX bundled systems also offer the option of a 152 

7) !+&ma for HP BASICNS md HP BASlClUX mrv be ordered for the V1380. For more Inforrnatlon. ~leaee wntacl vwr local HP Sdea Omce 

HP-UX, HP BASIC/UX C o n t r ~ l h " '  
HP BASIC/UX 
HP part number 
Display type 
Display resolution 
Price 

332 MMAX 332 CMAX 360 MMAX 360 CMAX 375 CMAX 
98580CX 98581CX 98580WX 98581WX 98581 JX 

Mono Color Mono Color Color 
1024x768 1024x768 1024x768 1024x768 1280x1 024 

$9.500 $ 12.500 $16.665 $19,995 $25,200 
)mas for HP BASICNS md HP BASlClUX may be ordasd for the V1360. For more Inforrnatlon. plesse contact your local HP .Sob# O(Rce. 



HP R/332 Rackmount Controller 

HP R/332 Controller 
The R/332 controller is a Series 300 Model 332 computer which 

has been repackaged and enhanced to fit into a 19-inch rack, taking 
up only 7 inches in height, while integrating the keyboard, hard disks, 
flexible-disk drives, and a display. In addition to its small size, the 
R/332 offers hardware features which allow it to operate in rough 
environments. This controller can easily be rack mounted, or used as a 
benchtop device. 

Compatible and Powerful 
As a Series 300, the R/332 provides full compatibility with other 

Series 300 hardware and software and can run any application that 
other Series 300 controllers can. As a 68030-based controller, the 
R/332 provides four times the performance of a Model 310, with 
DMA on the processor board, a faster, more robust RAM architec- 
ture, and improved I /O expandability. 

Rack-mountable 
The R/332's compact and fully integrated package is optimized for 

rackmount applications, saving costly rack space. An equivalent mod- 
ular controller would normally take up over half of a 6-foot rack when 
all components are rack-mounted. The R/332, in a package which 
includes a flexible-disk drive, hard disk drive, monitor, computer, key- 
board, and 8 DIO/accessory slots, takes up only 7 inches. 

Transportable 
Because all components of the R/332 are integrated and built-in, it 

is much easier to transport than having to juggle separate components 
of a large computer system. 

Rugged 
The packaging is not the only feature that makes the R/332 ideal 

for rack-mount applications. Very often, equipment that is placed on 
racks must also be able to withstand harsh environments, be subjected 
to dust and the elements, or be subjected to vibrations. The R/332  has 
added features which make it very rugged and reliable, and has been 
tested extensively to comply to some of the most stringent regulatory 
certifications. 

COMPUTER AIDED TEST 
Instrument Controllers 

HP V/360, R/332 

HP V/360 VXlbus Embedded Controller 

V/360 VXI Embedded Controller 
The V/360 is a VXI embedded controller which provides unparal- 

leled performance, functionality, and flexibility in an integrated pack- 
age. A wide array of choices in graphics subsystems, RAM capacity, 
operating systems, and application tools guarantees a perfect fit for 
your needs, in price, performance, and functionality. 

Full Series 300 Compatibility and Performance 
Because it is a re-packaged model 360, the V/360 guarantees full 

compatibility with operating systems and applications currently 
available for the Series 300 workstations. As a model 360. the V/360 
comes equipped with a Motorola MC68030 processor and floating 
point co-processor, both operating at  25 MHz, a two-channel DMA 
controller and full 32-bit data and address bus to provide excellent 
performance and faster test program execution. RAM access is opti- 
mized by use of the 32-bit bus structures and can be ordered in incre- 
ments of 4 Mbytes expandable up to 16 Mbytes. The V/360 is also 
loaded with standard interfaces and several choices in graphics sub- 
systems. 

Unparalleled VXI Functionality 
The V/360 provides all the standard required SlotO and command- 

er functionality as called for by the VXI standard. It, however, goes 
above and beyond the requirements to provide additional enhance- 
ments without sacrificing compatibility and interoperability. Among 
these enhancements are transparent auto-configuration of SlotO or 
non-Slot0, external trigger access, synchronization of VXI CLKIO. 
both word serial and register access through the software, and an ex- 
tra 256 Kbytes of memory (separate from main memory) for shared 
memory use. 

Complete Software and Applications Support 
As a complement to the operating system, routines are available for 

HP BASIC and HP-UX to perform many VXI tasks, provide excel- 
lent resource manager capabilities. and aid the user in troubleshoot- 
ing and diagnosing the entire system. These routines are written such 
that the user has a choice between interactive and programmatic 
modes, allowing both automated and user-attended operation. 
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CAT Software 
HP lnteractive Test Generator (HP ITG) 

Accelerates test program development For HP BASIC controllers: Series 300 workstations, 
Mouse-driven interface to HP-IB instruments HP BASIC/UX controllers, and PCs with the 
Full functionality instrument drivers Measurement Coprocessor 
Generates code automatically For PCs using Microsoft C, QuickC, or QuickBASIC. 

Software Tools for Reduced Development Time 
Hewlett-Packard provides a variety of CAT software tools to meet 

your needs, from general-purpose to specific applications. For gener- 
al-purpose instrument control, the HP  lnteractive Test Generator 
software provides an easy-to-use interactive instrument driver libra- 
ry. For manufacturing test applications, HP's Functional Test Man- 
ager software provides a range of features that enable you to generate 
functional tests quickly and easily, and help you improve control of 
your manufacturing processes. 

HP lnteractive Test Generator (HP ITG) 
HP lnteractive Test Generator (HP  ITG) and HP ITG for DOS 

(HP ITG/DOS) are software packages that accelerate test develop- 
ment by providing powerful instrument control tools that integrate 
into your test development environment. 

Designed for test engineers, independent of their programming 
skill, HP ITG reduces test development with on-screen instrument 
panels. Menu selections made with the click of a mouse prescribe 
settings of instruments, and initiate and display measurements. 
H P  ITG also automatically generates the code necessary to perform 
these tasks in your test program. 

Menu selections expedite instrument se tups  and reduce costly HP instrument drivers a re  available for wide variety of popular 
errors instruments 



Current Desired 
Instrument Instrument 
State: State: 

Function: ACV For fastest 
Range: AUTO 
NPLC: 0.1 
Trigger: HOLD 

Incremental s ta te  programming ensures maximum throughput. 

Powerful Instrument Drivers 
HP instrument drivers are designed to give you the full power avail- 

able in your instrumentation. These drivers contain information on all 
instrument functions and how to access these functions. Additionally, 
HP  instrument drivers contain the links between functions, assuring 
that the driver reacts just as the instrument front panel does. This 
assures that you have all the power of your instruments remotely, and 
that the software generated in HP ITG will execute with a minimum 
of errors. 

Wide variety of Supported Instruments 
HP provides quality instrument drivers for many popular HP-IB 

test and measurement instruments. Although HP-written drivers ad- 
dress most applications, drivers for custom black boxes or non-sup- 
ported instruments are easily created using any text editor and the 
tools available with the product. Additionally. the unique structure of 
HP  instrument drivers allows the same instruments to be supported in 
both HP  ITG products. 

On-line Help 
At the click of a mouse, on-line help keeps the job moving with 

information on the operation of H P  ITG as well as the specific instru- 
ments available. With instruments connected to the HP-IB bus, im- 
mediate feedback on an instrument's operation saves time debugging 
your instrument setups. 

Protected Software Investment 
Because software development can easily cost as much as the in- 

strumentation in a test system, protecting that software investment is 
as important as minimizing it. 

The software generated with HP  ITG for H P  BASIC integrates 
into your existing HP BASlC test software. Whether you use custom 
programs or HP  Functional Test Manager (HP  FTM) software to 
create new applications, HP ITG serves as an easy and efficient tool 
for developing the measurement-specific part of your test. 

Because HP ITG for DOS supports the full language capabilities of 
Microsoft QuickC, C, and QuickBASIC, HP  ITG/DOS saves devel- 
opment time without abandoning your present software investment. 

Front Panels for VXI and MMS Instruments 
HP ITG is particularly well-suited for VXI and MMS control. HP  

ITG gives users interactive front panels that don't exist on the actual 
instruments. Additionally, full functionality drivers assure that you 
can get the most out of your VXI and MMS instrumentation. 

Optimized for Test Development 
HP ITG optimizes test throughput by automatically providing in- 

cremental state programming. HP ITG tracks the current instrument 
state and sends only the necessary commands to reach the next state. 
This eliminates time spent sending superfluous commands over 
HP-IB, as well as the time required for an instrument to interpret and 
respond to the command. 

HP ITG for HP BASlC 
Code generated in HP BASIC retains the friendliness, power, and 

high performance that test developers have come to expect for instru- 
ment control. Full access to all HP  BASIC math, graphics, and I/O 
capabilities gives H P  ITG the edge as a friendly development envi- 
ronment without sacrificing application performance. 

System Requirements 
HP ITG tor HP BASlC 

Runs on HP BASlC 5.1 or greater for all H P  9000 Series 300 H P  
BASlC workstations. Runs on HP BASIC/UX 5.5 or greater. Runs 
on Vectra-compatible PCs with the HP  Measurement Coprocessor. 

Additional requirements: HP-HIL or serial mouse, at  least 3 
Mbyte RAM (4 Mbyte for HP  BASIC/UX), and at  least 4 Mbyte of 
available hard disk space. 
Code generated by HP I t G  for HP BASlC 

Code developed with HP  ITG requires H P  BASIC 5.1 or greater 
and at least 1.5 Mbyte RAM for execution on any H P  9000 Series 
300 HP BASlC workstation or Vectra-compatible PC that supports 
the HP  Measurement Coprocessor. Series 300 HP BASIC/UX work- 
stations require at  least 4 Mbyte RAM. 

Ordering Information 
E2000A HP Interactive Test Generator 
Includes software and manuals 

Opt AAO Software on $-inch tape cartridge 
Opt AA6 Software on 5-'14 inch LIF disk 
Opt AA7 Software on 3-YZ inch single-sided LIF disk 
Opt AA8 Software on 3-YZ inch double-sided LIF disk 

EZOOlA HP instrument drivers (One set includes all) 
Opt AAO Software on l/l-inch tape cartridge 
Opt AA6 Software on 5 - 5  inch LIF disk 
Opt AA7 Software on 3 - 3  inch single-sided LIF disk 
Opt AA8 Software on 3 - 5  inch double-sided LIF disk 

Price 
$995 

so 
$0 
$ 0 
$0 

5495 
$0 
$0 
$0 
$0 

HP ITG for DOS 
HP ITG for DOS supports common PC languages and hardware, 

allowing the code you generate to integrate directly into your current 
test system. The code generated integrates instrument mnemonics 
with the proper I/O commands, letting you concentrate on measure- 
ments, not methods. 

System Requirements 
H P  ITG for DOS runs on all HP  Vectra PCs, IBM PC-AT and 

100% compatibles. and the Radix Micro VXI controller with at least 
80286 CPU. 20 Mbyte hard disk, EGA, VGA or Hercules displays. 
Software required includes DOS 3.x or 4.0, Microsoft C version 5.x. 
QuickC version 2.0, or QuickBASIC version 4.5. Microsoft Win- 
dows 286 or Windows/386 can be used, but are not required. 

A d ditional requirements: HP-HIL or serial mouse, at least 640K 
system memory and 1 Mbyte expanded memory, compatible 
HP 82335A or HP  82990A HP-IB interface, or National PC11 series 
GP-IB interface. 
Code generated by HP ITG for DOS 

System requirements to execute software generated with H P  ITG 
for DOS are the same as those for development except that many C 
applications will not require more than the default 640K memory. 
Most QuickBASIC applications will require expanded memory. 

Ordering Information Price 
E2020A HP Interactive Test Generator for DOS $1995 
Includes software and manuals for HP  ITG for DOS. 
Includes the full set of HP  instrument drivers. Also in- 
cludes the HP 82335A HP-IB interface card. 

Opt 335 Delete the HP-IB Interface card -5495 
Opt AA6 Software on 5-1/4  inch high-density SO 
(I .2 Mbyte) disk 
Opt AA8 Software on 3 - 5  inch high-density SO 
(1.44 Mbyte) disk 
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812 Functional Test Manager Software u HP FTM/300 and FTM/PC 

Available on  HP 9000 Serierc 300 BASIC workstations and improve functional test processes with statistlcai analysis. 
HP-UX workstations running HP BASIC/UX, and on HP Vec- Substantially reduce your test  system development time. 
t ra  PCs with HP Measurement Coprocessor. 

HP FTM Functional Test Manager 
HP FTM functional test manager software is a test executive that 

improves the functional test process by reducing time-to-market and 
reducing test station downtime. HP  FTM includes powerful turnkey 
features, so you write less code. Turnkey user password security and 
HP-HIL bar-code wand compatibility keep operators from acciden- 
tally modifying test programs. Turnkey statistical analysis improves 
the test process. 

HP FTM fits well into the test development process. It provides a 
standard test development environment. Most programming is done 
with forms t h a t  a r e  very easy to f i l l  ou t  and  self-  
documenting to save time. 
Powerful Turnkey Features 

Start functional test system software development with HP FTM, 
and start out "already finished" with many of your most difficult de- 
velopment tasks. HP  FTM provides you with up to 65% of your test 
system software. It does this by taking care of the non-application 
specific portions of the system software; parts that are typically the 
same from one test system to another. Develop your next test system 
quicker using all of HP  FTM's powerful turnkey features: 

Turnkey System Security 
Turnkev Test Schedulina 1 
 urnk key Test ~ e ~ u e n c i n i  I Standardize On The 
Turnkey Test Debug Mode Complete Set Of 
Turnkey Database Management HP  FTM Turnkey Features 
Turnkey SQC Data Analysis 
Turnkey Networking 

Use these flexible features to quick y build test systems that do 
more than most custom-coded systems. Many customers have already 
standardized on HP FTM turnkey features for all functional test sys- 
tems. 
Test Development And System Configuration Tools 

Using HP FTM's turnkey tools means you can concentrate harder 
on your application specific tasks. Application specific tasks typically 
include defining tests and test parameters and coupling HP FTM's 
turnkey features into your overall application environment. HP FTM 
has system configuration and test development tools to help you in 
these application specific areas. 

HP  FTM development tools are both easy to use and extremely 
powerful. They combine the friendliness of menus and forms with the 
ultimate power and flexibility of HP  BASIC programming language. 
Quickly finish the application specific portion of your functional test 
software using HP FTM: 

Menu of forms 
Use HP FTM's forms to conveniently document, access and modify 
your test parameter and test system configuration data. 
Library of optimized subs 
Use these subs and quickly build individual tests tailored to your 
specific needs. 
Full access to HP BASIC 
With HP BASIC, add custom test capabilities to HP  FTM or use 
your existing subprograms. 
Combining HP FTM's turnkey features with its development tools, 

you retain all the advantages of writing custom software while sub- 
stantially reducing your development time and effort. 

Optimized For Test Throughput 
While HP FTM provides high level testing capabilities in real time 

(e.g.. HP-IB driver 110, pass/fail limit testing, data archiving, test 
sequencing. test progress reporting, etc.). HP  FTM still executes 
HP-IB I/O and test sequencing just as fast as most custom written 
test software. However, for even faster program speed or higher flexi- 
bility, custom code critical test segments using powerful HP BASIC. 
The structure of HP FTM allows straightforward integration of 
HP BASIC callable custom code. 

Further optimize your overall testing speed by taking advantage of 
HP  FTM's intelligent test sequencer. Set up HP FTM's Test Plan 
Form so that certain tests are executed only under certain conditions. 
For example, execute an overall functional test first. Whenever this 
test fails, then execute a set of troubleshooting tests to gather more 
information on the cause of the failure. You don't need to execute the 
troubleshooting tests every time. Or, specify a lengthy set of tests as 
"audit tests" to be executed only on every Nth device under test. With 
HP  FTM's intelligent test sequencer you get more of your product out 
the door faster. 



Flexible Test Program Scheduling 
Your test system tasks may need to be executed upon specific 

events or at  specific times. With HP FTM, schedule your tasks to be 
executed upon the wave of a barcode wand, at specific times of day, or 
upon operator menu selection. At the same time HP FTM will save 
important information with your test result data, information such as 
serial numbers, time of test, operator information and networked test 
station #. 

For your less sophisticated operators, use H P  FTM's security levels 
to tailor HP  FTM's operator menu to each operator, allowing only 
specific menus to be seen and executed by specific operators. HP 
FTM's turnkey security and scheduler features give you flexibility to 
display, schedule and initiate tasks the way you want. 

Data Analysis and Report Generation 
Analyze and improve your production process in addition to testing 

your products. Use HP FTM to monitor trends in your process with 
its turnkey statistical quality control (SQC) analysis features. Im- 
prove your process and your profits by monitoring test result trends as 
you tune your production process. And HP FTM will generate impor- 
tant SQC reports and graphs. Use HP FTM's SQC overview page as 
your management summary. It lists yield, units passed or failed. and 
presents information graphically. For more detailed reporting, use 
HP FTM to produce the following SQC charts and graphs: 

Pareto charts for failure analysis 
Histograms of test results 
Control Charts (p, X-bar and s) as process monitors 

5.8785686333 
A UCL 

LCL 
.84252290qc~ 

Networking and Data Transfers to Other Computers 
Format your test results and transfer them to other computing en- 

vironments for further analysis or archiving. HP  FTM formats test 
data files in the standard ASCII formats (CSV and DIF) used by 
nearly all major software packages. 

HP FTM networking features let you use any common file transfer 
means including RS-232, HP-IB, HP's Shared Resource Manager 
(SRM), or IEEE 802.3 (using HP's SRM network and a co-existing 
HP-UX environment). Use HP AdvanceLink and HP FTM for total 
turnkey transfers of data over RS-232C to DOS computers. The re- 
sultant DOS files are ready for access by spreadsheets such as Lotus 
1-2-3 and database managers such as dBASE 111 Plus. 

H P  FTM software is specially designed to take full advantage of 
HP's SRM network. Multiple HP  FTM systems can be linked to 
share a common data base for data storage and SQC analysis. HP  
FTM's SRM networking can also be used to transfer test data from 
HP FTM to HP  Q-STATS 11 area-w~de information manager. HP Q- 
STATS 11, working with the H P  306X Board Test Systems and H P  
FTM at functional and final test provides a comprehensive "board- 
test-to-final-test" statistical quality control solution. 

Standardize On HP FTM For All Your Test Systems 
Implement ~ u s t  one test system uslng HP FTM and see the time 

saving benefits of reduced software development time, maintenance 
and documentation. Standardize on HP FTM and experience the ad- 
ditional effect of having your newer test engineers understand and 
maintain both new AND old systems. Using and training your new 
test engineers on HP FTM's standard database, data structures and 
other turnkey features gives them a big headstart in understanding 
and maintaining all your HP  FTM based systems. Examining the in- 
formation in HP  FTM's forms will complete the picture, making it 
easy and quick for new engineers to grasp the inner application specif- 
ic elements of any previously unfamiliar system. 

Summary 
HP's Functional Test Manager is a sophisticated, comprehensive 

and flexible software package fine tuned for functional test applica- 
tions in production environments using HP-IB test instrumentation. 
It provides the set of features most needed to run a modern, versatile 
production operation. HP  FTM has the breadth and depth needed to 
be considered as vour standard test svstem executive. 

Use HP F T M ' ~ ~  beat your funct(onal test software development 
deadlines while simultaneously expandina the functionalitv and Rexi- - .  - 
bility of your test systems. 

Praduct Requirements 
Supported Computers 

HP 9000 Series 200t/300 controllers and HP Vectra (or 100% 
IBM AT compatible) PC equipped with the HP  BASIC Language 
Processor. 
Operating System 

HP BASIC 5.X or greater and H P  BASIC/UX 5.X or greater. 
Must order HP BASIC HFS binary (HP 82313A) separately for HP  
FTM/PC unless using SRM. 
Memory 

3 Mbytes recommended for development system (2.25 Mbytes 
minimum), 2 Mbytes for run-only. For H P  FTM/PC this memory 
must reside on the HP  BASIC Language Processor. 
Hard Disc 

Local hard disc required unless using SRM. Recommend 20 
MBytes (40 Mbytes for HP FTM/PC if hard disk is shared with 
DOS applications). 
Printer 

Optional. HP-IB, RS-232 or Centronics (on PC) interfaces with 
HP  Raster Interface Standard capability. For example, HP ThinkJet, 
HP  LaserJet and HP PaintJet. 
Plotter 

Optional. HP-IB, HPGL (automatic sheet feed desirable). 
Bar Code Reader 

Optional. Use HP 92916A (HP-HIL). 
32-Button Box 

Optional. Use HP  46086A (HP-HIL). 

Orderina Intormation Price 
HP FTMI~OO (for HP 9000 Series 200/300 Computers under 

HP BASIC 5.X or greater) 
HP 34806A FTM/300 on 3% inch disk. Includes one 35.049 
seat in traininn class. 

Opt 001 ~ e r e t e  training -5900 
HP 348068 FTMl300 on 5'14 inch disk. Includes one $5.049 
seat in training class. 

Opt 001 Delete training -5900 
HP FTMlPC (for HP Vectra PCs (and compatibles) with 

HP  BASIC Language Processor) 
H P  34806C HP FTM/PC on 31/2 inch disk. Training $3.417 
not included. 
H P  34806D HP FTM/PC on 5l/r inch disk. Training $3,417 
not included. 

HP FTMIBOO tor HP-UX (for H P  9000 Series 300 computers 
with HP BASIC/UX 5.5 or greater) 
H P  34806E HP FTMl300 on '14 inch taw. Includes 35.049 
one seat in training class. 

Opt 001 Delete training 

Multiple Copy/Right-To-Use Licenses, Upgrade Kits, 
Training & Support Materials 

Economical mult~ple copylright-to-use licenses, upgrade kits for 
Rev 1.0 and 2.0. user training and Software Materials Subscription 
(SMS) are available for HP FTM/300 and HP FTM/PC. For more 
information on these products ask your local HP  Sales Representa- 
tive. 
Lotus and 123 are registered trademarks of Lotus Ddopmsnt Corporallon. 
MS-DOS Is a rwlnered trademark of Mlcrmfl. Incmrated. 
'HP Models 216and 220 requlre display enhancements. HP M O M  226 not supported 



COMPUTER AIDED TEST 
Switchingllnterface Hardware 

The philosophy behind computer-aided 
test (CAT) is simple. If you can raise the 
quality of your product without raising its 
cost, your customer is happier and your com- 
pany is more productive. The formula for ex- 
ecuting this plan is equally simple: monitor 
incoming parts, manufacturing processes 
and final products in great detail, and make 
corrections to improve them. 

While the philosophy is simple, the imple- 
mentation can sometimes be complex. HP  
can help, with a full complement of com- 
puters, software, instruments, switches, and 
interconnect hardware designed specifically 
to make your CAT task easier. 

A good CAT system is designed to improve 
manufacturing productivity. It minimizes 
the design time to build fixtures, write 
software and configure systems, and it also 
minimizes the time required to test devices. 
What to Look for in Hardware 
Cardcagea 

Performance is the main criteria in select- 
ing instruments and switches. The switch and 
instruments must meet your stringent re- 
quirements. It is a good idea to select an in- 
strument and switch with slightly more 
performance than the initial specification re- 
quires. That way you can easily adapt to 

changing manufacturing specifications. An- 
other consideration is throughput speed. An 
intelligent cardcage system, such as the 
HP  3235A. can run subroutines and make 
decisions, thereby off-loading the host com- 
puter to do the test sequencing and data re- 
porting. 

The HP Series 6900 multiprogrammers 
are high-performance CAT products offering 
very high-speed stimulus and response func- 
tions. The broad function versatility and 
inter-card communication of its I /O cards 
give the multiprogrammer the required 
adaptability to make time-critical measure- 
ments. Series 6900 multiprogrammer I /O 
cards can be used in either the HP 6954A, 
the H P  6944A or the H P  6942A main- 
frames. These I /O  cards give the mul- 
tiprogrammer abilities such as digital I /O 
rates up to 1 MHz and analog acquisition 
rates up to 500 kHz that can be synchronized 
with application-dependent events. 

If your budget or application is relatively 
small, look to the HP  3488A switch/control 
unit. 
Switching 

If your application involves switching sig- 
nals > 1 MHz, you need to look a t  the 

HP  3235A for large point counts (>loo), the 
H P  75000 Series B for medium point counts, 
and the HP  3488A for low point counts. All 
three products offer high-performance 
switching in various topologies covering dc to 
26.5 GHz. 
Interfacing and cabling 

For years, the cabling and fixturing of a 
CAT system have been neglected by CAT 
manufacturers. Test engineers and techni- 
cians had to build their own connection sys- 
tems. But, today HP has commercial units to 
do most of the critical switching and cable 
management necessary in a CAT system. 
The availability of these switch units can 
save hundreds of hours of design time. 

The interface system to the H P  3235A 
standardizes the way you cable your unit- 
under-test to the test system. It adapts to 
complex components, pc boards, subassem- 
blies and systems. 

For those who need help in configuring, 
implementing, or supporting a complex CAT 
system, HP  offers the ATS 2000, which pro- 
vides an integrated solution (including hard- 
ware, software, racking, cabling and system- 
level support). 

The HP 3235A switchltest unit performs high-integrity switching for signals from d c  t o  26.5 GHz. With its mass  interconnected 
fixture, the  HP 3235A can route signals from many instruments to  the  device under test, saving the  test  engineer the chore of designing 
a custom switch, and greatly simplifying cable management. 

Programming the  HP 3235A is extremely efficient, with high-level BASIC commands. Faster test  throughput speed Is created by 
downloading test se tups  and by direct communication between the internal switches and the  internal 6%-digit multimeter or internal 
stimulus. 



For medium to large systems 
10-Slot, intelligent card cage 
20-switch modules for DC to 26.5 GHz signals 

COMPUTER AIDED TEST 
High Performance Switching and Control 

HP 3235A 

DMM, AC/DC source, 4-channel D/A digital I/O, 
breadboard modules 
Quick interconnect fixture 
Control panel for debugging 

Description that can be redefined by your test software. Analog signals get routed 
The H p  3235A Switch/Test uni t  reduces test development of ~ p -  conveniently from a multiplexer to the digital multimeter module 

IB production test systems by providing high performance off-the- during scanning. Or, a trigger generated by the digital 110 module 
shelf switching and interfacing to a wide variety of Devices Under Can be the digita1 multimeter module. 
Test (DUT). To aid in system set up and debugging, a control panel with a full 

l-his ~ ~ i ~ ~ h / ~ ~ ~ ~  uni t  routes between ,,our DUT alpha-numeric keypad and electro-luminescent display is available. 
source/receive; instruments such a; digital multimeters, counters. 
signal sources and analyzers. 

Speed your test system development with: 
off-the-shelf tools 
easy programming 
reduced cabling 
Your test system throughput increases with the H P  3235A's: 
intelligence 
plug-in digital multimeter module 
internal bus structure 
Quick lnterconnect Fixture 

A Reconfigurable Architecture 
The HP 3235A chassis is a 10-slot cardcage driven by a 16-bit 

processor backed with 256k of firmware. You control the cardcage 
over HP-IB using high level commands for easy programming. Twen- 
ty different switch modules in various matrix and multiplexer topolo- 
gies switch signals up to 10 Amps and from DC to 26.5 GHz. Also 
available are digital 110, breadboard, four-channel D/A, DMM, and 
AC/DC source modules that are true "instruments-on-a-card." 

For applications demanding numerous switch points, up to seven 
10-slot HP  3235E Extenders can be slaved to the HP  3235A main- 
frame. 20,480 two-wire analog points can now be controlled from one 
HP-IB address. 

The Quick Interconnect Fixture allows easy reconfiguration of the 
customer's test system for different test devices. Operator errors are 
also reduced by minimizing the number of connections that must be 
made before starting a new test. 

Four analog and two trigger buses link the switch and instrumenta- 
tion modules. These internal paths provide a "soft-wired" connection 

Intelligence of a Computer 
The powerful firmware of the HP  3235A instructs the plug-in mod- 

ules with high level commands from the host computer. Storage and 
recall of hundreds of HP 3235A setups saves sending command se- 
quences from the computer. BASIC language commands in the main- 
frame such as I F .  . . THEN and FOR.  . . NEXT, plus variables and 
math functions keep computer to switch interactions to a minimum, 
thereby increasing throughput. Use up to 480K bytes of mainframe 
memory for downloaded subroutines and stored values. Downloaded 
programs, including user defined data conversions or setups, execute 
rapidly. 

Complete Modularity Means In-Rack Service 
The HP 3235A is completely in-rack serviceable, so you never need 

to remove the card cage from the rack. All assemblies, including pow- 
er supply, controller. and HP-IB, remove easily because of the modu- 
lar design. 

Simple Operational Verification Bcfore Your Test 
The HP 3235A offers three levels of internal self-test as well as a 

fixtured functional test for the individual plug-in modules. The fix- 
tured test is performed using diagnostic terminal blocks that attach to 
the modules. These diagnostic fixtures, together with the internal 
DMM module, verify the integrity of the relay contacts in your sys- 
tem. 

HP 3235A Plug-in Modules 
A full complement of functional plug-in modules is available for 

use with the HP 3235A 10-slot mainframe or the HP  3235E 10-slot 
extender. 



COMPUTER AIDED TEST 
High Performance Swltchlng and Control (cont'd) 
HP 3235A 

Low Frequency Relay Multipkxen 
These modules can be used either as input or output multiplexers to 

switch signals to and from a device under test (DUT). The multiplex- 
ers are two-wire, switching both High and Low. They have different 
voltage and current switching capabilities, and use different relay 
types. The HP 34501T/34502T/34507T can also be used with ther- 
mocouples. For matrix applications, see below. 

32 Channel Multlpiexers 
(one bank shown) 

High Frequency Relay Multipkxm 
These multiplexers provide broadband switching of high frequency 

analog or digital signals. The HP 34504 switches both the center con- 
ductor and the shield. In the HP 34505 and HP 34508, the three mul- 
tiplexer banks are isolated from each other and from ground, 
preventing ground loops. 

Switched-Shield Coaxial Multlpkxer 
(one bank shown) 

RF Multiplexer 
(one bank shown) 

RIM ohm lor 75 ohm1 

02 

COY 00 BANK 00 

High Frequency Relay 

Bandwidth 
Number of 

Channels 
Impedance 
Max~mum Voltage 

Microwave Switches 
These 50 ohm coaxial switches provide excellent electrical per- 

formance from DC to microwave frequencies. The HP 34530A goes 
to 18 GHz, while the HP  345308 goes to 26.5 GHz. The HP 
34531A/B 18 GHz multiplexers are configured as 1x6. The HP 
345318 has internal 50 ohm terminations for the open channels, 
while the HP  34531A does not. All of these microwave switches use 
SMA connectors. A variety of rack panel mounting kits are available. 
Up to four HP  34530A/B 3-port switches can also be mounted in the 

(AC RMS) 
Maximum Current 
Sw~tched Shield 

HP 34530T terminal block kit. 

Multiplexers 
HP 34504 
100 MHz 
Dual 1x6 

50 ohms 
42 VDC 
30 VAC 

1 A 
Yes 

HP 34M 
1.3 GHz 
Two 1x4 
One 1x3 
50 ohms 
42 VDC 
30 VAC 

1 A 
No 

HP 34508 
1.3 GHz 
Two 1x4 
One 1x3 
75 ohms 
42 VDC 
30 VAC 

1 A 
No 



ReIav Matrix Modules 
~ h k s e  matrix cards come in a variety of configurations, densities, 

and bandwidths. For the highest density, consider the HP  3451 1 M or 
the HP  345 16M/N. If low leakage is a requirement, the H P  345 12C 
features 10 pA/volt leakage, 2 pA/V typical. For higher bandwidth 
applications, look at  the HP  34506 Switched Shield Matrix. Finally, 
for very high fre uency applications, consider using the HP  345 13C 
or the HP  345 1 4 8  General Purpose RF  relay modules (described in a 
later section) to build up your own custom high frequency matrices. 
Special cable kits allow many of these modules to easily expand into 
larger matrix configurations. 

Swltchsd-Shleld Coaxial Multlolsxer 

FOR EXPANSION 

HP 34516N Two-Wire 256 Crasspoint Matrix 

Relay Matrix Moduka 

aemral purpose ~81.y ~ o d u ~ e s  
There are several general purpose modules available for different 

ap  lications. The H P  34503 has 16 Form C relays. The HP 34510 has 
8. gut can switch 10 amps per relay. The HP 34513 and H P  34514 are 
essentially building blocks, allowing ou to build up custom switching 
topologies to fit your requirements. These cards contain 32 indepen- 
dently operated double-pole double-throw hi h frequency relays. All 
contacts are brought out to board mounted !MB connectors. Inter- 
connection between relays are made via coaxial cables. 

Max Current 

Connectors 

Switched 
Shield 

Voltage 42 VDC 

Number of relays 
Contact Config 

2 A 

Two-wire 

No 

I I Purpose I Actuator I Switching I Switching 1 

HP 34503 
16 

SPDT 

Current 
Bandwidth 
Use 

1 A 

Coaxial 

Yes 

Digital I/O Modules 
The HP 34509 has a total of 32 open-drain MOS-FET outputs 

available, which can switch voltages up to 42 volts and currents up to 
0.5 A. This card also contains two internal power supplies of 15V and 
28V, making the module ideal for driving relay coils or other devices. 
This card is also used in conjunction with the HP  34530 and HP 
34531 Microwave switches. 

The HP 34522 is a 32 Bit Digital 110  module, featuring 32 bi- 
directional TTL-compatible data lines, 8 edge-triggered interrupt 
lines, 16 high-power FET outputs, and a readlwrite rate > 40 kHz. 
The 32 data lines are configured as four 8-bit ports, each with their 
own handshake lines. Each port can be operated independently as a 
read or write port, or can be combined to handle 16 or 32 bit parallel 
data. 

Analog Source Cards 
The H P  34521 AC/DC Source card offers 24-bit (6.5 digit) resolu- 

tion in the DC voltage mode, highly accurate amplitudes in the AC 
volta e mode, and versatile high speed outputs in the arbitrary 
waveform mode. Maximum voltage output is *I0 volts, while maxi- 
mum frequency is 1 MHz. Standard AC outputs include sine, s uare, 
and triangle waveforms. with variable duty cycle on both triang?e and 

..it.i. 
square waves. AC outputs are generated by direct digital synthesis 
which provides high accuracy and resolution down to 0.001 Hz. Arbi- 
trary waveform memory depth is 2048 bytes. ARB'S can be generated 
at a full I MHz bandwidth. 

The HP 34524 contains four com letely independent 14-bit plus 
sign digital-to-analog Converters. In tRe voltage mode. each DAC can 
supply +10.24 volts. In current mode. each can provide *20.16 mA. 
Because the four DACs are isolated from one another, they can be 
connected in series or parallel for greater output voltages or currents. 

HP 34510 
8 

SPDT 

3 A 
1 MHz 

General 

1 A 

Two-wire 

No 

Breadboard Moduh (HP 34523) 
The breadboard module furnishes a convenient way to incorporate 

special purpose circuits into your test system. This module lets you 
interface directly the HP  3235A's backplane control signals and 
backplane analog and trigger buses. 

6% Diglt Multlmekr Moduk (HP 34520) 
With the DMM module, you can integrate a high performance sys- 

tem multimeter into your test system without extensive cabling and 
software programming. The DMM module offers seven functions: 

DC volts with five ranges from 0.03V to 250V and reading rates 
>I450 rdgs./sec in the 3V2 digit mode. 

AC Volts with 1 MHz AC Bandwidth 
Two and four-wire resistance measurements 
DC current up to 1.5A. with reading rates as fast as DC Volts 

and ohms 
AC Current u to lOOkHz and 1A. 
Frequency antperiod from 10 Hz to 1.5MHz with 6% digit rao- 

lution. 
The DMM module combines su rb analog measurement capabili- 

ty with powerful system flexibiKy. Measurement inputs can be 
switched directly from the front of the module or, with the exception 
of current inputs. from any of the four internal H P  3235 analog buses. 

HP 34513 
32 

DPDT 

10 A 
1 MHz 
Power 

1 A 

Triaxial 

Yes 

HP 34514 
32 

DPDT 

1 A 

Two-wire 

No 

1 A 
1 GHz 

50 ohm RF 

1 A 
300 MHz 

75 ohm RF 



COMPUTER AIDED TEST 
High Performance Swltchlng and Control (cont'd) 
HP 3235A 

DC Cumnt (90 day, Tcal *S°C) 
1 Best 8% Diait Accuracy1 hax. Burden Vdtaae at1 

DC Voltage (90 day, Tcal +S°C) 

Range 
30mV 
300rnV 
3.0V 
30V 
25OV 

Range 
300 fl 
3mA 
30mA 

1. Alter one hour rmnn up, lntagratlon tlme 100 PLC. Tcal is the temperature of the callbratlon 
mvlronment bavran 18 and 28°C. 
2. For two-wire ohms, add 2M)MR to count w w  speciflcatlans. 
3. For two-wire ohms only accuracy Is e+mMad follaving auto-cal (ACAL), under stable condl- 
tlms (*l°CI. 

Bart 8% Digit Accuracy1 
+ (% of reading + volts) 

0 0053% + 5 40 rV 
00038%+ 57pV 
0.0038 + 8 rV 
0 0048% + 220 pV 
00063% t700pV 

Resistance (2 and 4-wire ohms)' (90 day, Tcal *S°C) 

AC Voltage (RMS AC and RMS AC+DC) 
ACV Bandwidth: 20 Hz to 1 MHz 

Input Resistance 
>lO GR 
>10G R 
>10G R 
10 M R* 1% 
10 M fl+ 1% 

+ (% of reading + ampi) 
0.025a~ - 15.4 nA 
0.025% + 15.4 nA 
0.0258 + 1.54 uA 

Range 
30R 
3OOn 
3kR 
3Okll 
300M 
3MR 
30MR 

Crest Factor: 3.5 to 1 at  fullscale 
Common Mode Rejection with 1 kfl imbalance in the low lead. DC to 
60 Hz. Guarded: >86dB; non-guarded >66dB. 
AC Volts (90 day. Tcal a 5°C) 

- 
Fullscale 

035V 
0.35 V 
0.35 V 

Best 8% Digit Accuracy1 
+ (% of reading + ohms) 

0.0078% 5 4mR 
0.0058'6 + 5.7mR 
0.0048% + 9mR 
0.0048% + 90mR 
0.0068 + IR 
0.0088 + 15R 
0.032% + 830(1 

DC Coupled 
0.15% t OOMl~o  0 19% + 0 1698 1MO Z I Q O  
0.15% + 00441'6 0 195 + 0 1698 shunted by 
0.15% + 004418 0.19% + 0.169% 
0.15% + 0.0441% 0.19% + 0.169% 

300V 0.21% + 0 053% 0.25% + 0.203% 
1. Accuracy sp&IRed for slne wave Inputs. >IbK of range. DC component <10% of AC comw 
nent aner one hour warm up and within one week of autocal. AC band set to <4W Hz. 

Current Output 
1 mA 
I mA 
1 rnA 
100 d 
10 1J\ 
1 rJ\ 
100 nA 

I 

AC Current (RMS AC and RMS AC+DC) 
ACI Bandwidth: 20 Hz to 100 kHz 
Crest Factor: 3.5 to 1 at  fullscale 

Frequency and Period: Measures the frequency or period of the 
ac component of the ac or dc coupled voltage or current input. The 
counter uses a reciprocal counting technique to give constant resolu- 
tion independent of input frequency. 
Frequency Range: 10 Hz to 1.5 MHz (voltage input) 

10 Hz to 100 kHz (current input) 
Period Range: 0.1 s to 667 ns (voltage input) 

0.1 s to 3.33 us (current input) 
Sensltivitr: 10 mV RMS or I00 pA RMS (sinewave) 
Triggering: Triggers and counts on zero crossings. 

(100H~ 10 2OkM) B u t  5% DlpH Accuracy1 
+ (% of reading + % of range) 

SimPIate Board Test Fixture (HP 34597A) 
The HP 34597A SimPlate Board Test Fixture is a vacuum actuat- 

ed bed-of-nails test fixture kit for the HP  3235A SwitchlTest Unit. 
SimPlate and the HP  3235A are tools developed for your "rack-and- 
stack" functional test systems. Unlike an edge connector test. Sim- 
Plate gives you access to all component leads to provide more func- 
tional test flexibility and improved fault isolation. Because of its 
unique single plate design, SimPlate can provide the close tolerance 
probing required for interfacing to Surface Mount Technology 
(SMT) boards. 

SimPlate is delivered as a kit, that you must drill, wire, and assem- 
ble. The components in this kit are designed to probe printed circuit 
boards from a single side. with test pads as small as 0.030" diameter 
on 0.050" centers. Probes, receptacles and extra HP  3235A terminal 
blocks are ordered separately. 

lnplt I 
Impe- 

Environmental: 
Operating Temperature: 0-55 C (32-1 30 F) 
Storage Tem~erature: -40 -75 C (-40 -165F) 
 urnz zit^ ~ & ~ e :  95% R.H., 0 to 40 C 

Power: 
Line Voltage: 90-132V (1 15V) or 192-264 (230V) switch selectable 
47-66 Hz. Fused at  5A (1 ISV) or 2.5A (230V). 

H i 3 2 3 5  Cardcage: 310mm H (without feet) x 426mm W x 594 mm 
o ( 12.25"x16.75"~23.4") 
Height with Feet: 325mm (12.8") 
Depth with Terminal Blocks: 693mm (27.3") 

Weight Net Shipping 
HP 3235 Cardcage (max.) 21 kg (46 Ibs) 28 kg (61 Ibs) 
Each Module (max.) 5.5 kg ( I 2  Ibs) 6.6 kg (14.5 Ibs) 

Ordering Information 
HP 3235A Switch/Test Unit 

Opt 560 Add System Expansion Card 
Opt 580 HPlB Controller 
Opt 590 Add Quick Interconnect 
Opt 908 Rack Mount Kit (HP PIN 03235-80908) 

HP 3235E Switch/Test Unit Extender 
HP 34550A Control Panel 
HP 34551A Control Panel Rack Mount Kit 

Price 
$5455 
+$430 
+5695 
+$9 10 
+$I15 
54545 

$730 
$65 

Plug-in Accessorks are supplied with your choice of terminal 
blocks. "A" suffix designates solder lugs, "B" suffix designates screw 
terminals. "C" suffix deletes the terminal block. "M" and "N" suf- 
fixes designate matrices, and "T" suffix is used to measure thermo- 
couples. Prices are shown below for the "9" suffix. 
HP 34501A/B/M/T 32-chan Armature Rly 51870 
Mux/ Matrix 
HP 34502A/B/M/T 32-chan Reed Rly Mux/Matrix 5 1870 
HP 34503A/B General Purpose Relay Module $1170 
HP 34504A/B/C Switched-Shield Coax Mux f 2000 
HP 34505A/B/C 50 Ohm RF Mux $1770 
HP 34506A/B/C Switched-Shield Coax Matrix 52275 
HP 34507A/B/M/T 32-chan Mercury Rly $2120 
Mux/ Matrix 
HP 34508A/B/C 75 Ohm R F  Mux 5 1970 
HP 34509A/B/C 32 Channel Relay Driver Module 51340 
HP 345108 10-amp. 8-Channel Power Actuator 5900 
HP 3451 lB/M 64-channel Relay Mux/Matrix $2710 
HP 34512C Switched-Shield Triaxial Matrix 53010 
HP 34513C General Purpose 50 Ohm RF Module 53010 
HP 34514C General Purpose 75 Ohm RF Module 53325 
HP 34515B 10-channel 1000 Volt Mux $2180 
HP 34516M/N 256-crosspoint Matrix $5070 
HP 34520A/B 6.5 Digit Multimeter Module $3180 
HP 34521A/B AC/DC Source Module $3080 
HP 34522A/B 32 Bit Digital 110 Module $1555 
HP 34523A/B Breadboard Module $630 
HP 34524A/B 4 Channel D/A Converter Module 52070 
HP 34530A/B Microwave Switch $760 
HP 34531A/B 1x6 Microwave Switch 5 1 560 



COMPUTER AIDED TEST 
Low Cost, Versatile HP-IB Switching & Control 

HP 3488A 

dc-26.5 GHz signal switching Up to 50 channels 
Matrix, multiplexer, & general purpose relays 40 configuration storage registers 
Digital I/O control & actuation 11 switch & control modules 

HP 3488A Switch/Control Unit 
The HP 3488A Switch/Control Unit brings versatile, HP-IB 

programmable switching to tests requiring multi-channel measure- 
ments. The HP 3488A provides signal switching with the integrity 
and isolation needed for high performance test systems in production. 
It also offers a flexible, low cost interconnection solution for auto- 
mating experiments on the bench and for development testing in the 
lab. The HP 3488A is designed to hold any combination of up to 5 of 
the following optional switch and control modules: 

10 Channel Relay Multiplexer 
10 Channel General Purpose Relay 
Dual 4 Channel VHF Switch 
4 x 4 Matrix Switch 
16 Bit Digital Input/Output 
Breadboard 
3 Channel 18 GHz Switch 
7 Channel Form-C Relay 
2 Channel Microwave Switch 
1.3 GHz 50 and 75 ohm Multiplexers 

Flexible Switching 
The HP 3488A offers an economical approach to switching Bexibil- 

ity through plug-in modules. The user can select the right combina- 
tion of switching functions to meet both performance and budget 
requirements. Testing is simplified by having one solution for connec- 
tions of low level DVM inputs, high level dc and ac power, and micro- 
wave signals to 26.5 GHz. Additional devices such as microwave 
relays and programmable attenuators are easily controlled with digi- 
tal I /O functions. Custom circuitry can also be implemented on 
breadboard modules. 

Versatile Performance 
The HP 3488A can store up to 40 complete switch configurations 

for convenient recall in automated test programs. Switch operation 
can be with multiple relay closures or with selectable channels in a 
break-before-make mode. Break-before-make closures and recallable 
complete switch configurations can be combined in a programmable 
scan list. The HP 3488A uses removable screw terminal connectors 
that provide easily interchangeable wiring configurations for each 
test. Built-in self-test capability assures proper operation. 

Multiplexer (Opt. 010/HP 44470A) 
Option 010 is a 10 channel multiplexer for scanning or multiple 

signal connections. Channels switch 2 wires (Hi & Lo) with 2PST 
relays for DVM inputs and other signals up to 250 V and 2A. This 
module can also be used to multiplex signals to other switching func- 
tions such as the matrix module. 

General Purpose Relay (Opt. Oll/HP 44471A) 
This module consists of 10 SPST independent relays for general 

signal switching and control of external devices. The quality connec- 
tions provided make this module ideal for switching signals when 
multiplexing isn't required or for supplying switchable power to the 
device under test. 

VHF Switch (Opt. 012/HP 44472A) 
The VHF module provides broadband switchingcapability for high 

frequency and pulse signals. The 2 independent groups of bidirection- 
al I x 4 switches can be used for signals from dc to 300 MHz. All 
channels have 50 ohm characteristic impedance and are break- 
before-make within a group of 4 channels. Each group is isolated 
from the other and from ground to prevent ground loops. Excellent 
isolation makes this module ideal for high frequency signal analyzer 
measurements requiring a large dynamic range. 

Matrix Switch (Opt. 013/HP 44473A) 
.> , 

Option 01 3 offers highly flexible switching with a 4 x 4. 2 wire ma- 
trix. Any combination of 4 input channels may be connected to any 
combination of 4 output channels. Each cross point or node in the 
matrix uses a 2PST relay to switch 2 lines (Hi & Lo) at  a time. Multi- 
ple 4 x 4 modules can be connected to form larger matrices. Mul- 
tiplexers can be used in conjunction with this module to effectively 
expand the number of inputs and outputs of the matrix. 

Digital I/O (Opt. 014/HP 44474A) 
This module offers 16 very flexible bidirectional I /O lines and 4 

TTL compatible handshake lines for sensing and control of external 
devices. The digital inputs can be used to sense contact closures to 
ground. Each channel provides current sinks for remote switching of 
external relays such as the HP  3331 1 series of coaxial switches. 

Breadboard (Opt. OlS/HP 44475A) 
The breadboard module provides a convenient way to implement 

custom circuits and special functions that interface directly with the 
HP  3488A's backplane control signals. 

Microwave Switch (Opt. O16/HP 44476A) 
This microwave switch furnishes three independent SPST 50-ohm 

coaxial switches with excellent performance from DC to 18 GHz. The 
3-mm SMA connector allows the user to easily connect cables for 
multiple system configurations. 

Form-C Relay (Opt. 017/HP 44477A) 
This module provides seven separate SPDT channels for general 

purpose switching and control of external devices. Using a power s u p  
ply, the module can drive programmable attenuators and non-HP co- 
axial switches. 



COMPUTER AIDED TEST 
Low Cost, Versatile HP-lB Switching & Control (cont9d) 
HP 3488A 

Microwave Switch (Opt. 018/HP 444768) 
The module brings multi-port 50-ohm coaxial switching to your 

Sptcitications tor Opt. 016/HP 44476A 

test system. The module can mount any two HP 3331XX Coaxial switch Module 
Switches. The HP coaxial relays come in three-, four-, and five-port Range: dc 
configurations, different switches for a variety of applications. HP ISoiation: '90 d B  

Coaxial Switches that can be used are listed on the following table. Impedance: 50 Ohms 
lnsertion Loss: <0.05 dB 

HP Coaxial Switch Part Frequency SWR: 1.40 
HP 3331 IB/Oot.011 3 dc - 18 GHz 
HP 3331 1cjopt .01 I 3 dc - 26.5 GHZ 
HP 33312B/Opt.011 4 dc - I8 GHz 
HP 33312C/Opt.011 4 dc - 26.5 GHz 
HP 33313B/Opt.011 5 dc - 18 GHz 
HP 33313C/Opt.011 5 dc - 26.5 GHz 

1.3 GHz 50 ohm Multiplexer (Opt. 019/HP 44478A) 
1.3 GHz 75 ohm Multiplexer (Opt. 020/HP 444788) 

These modules bring bi-directional switching of signals from DC to 
1.3 GHz, with high channel isolation (>55 dB @ 1 CHz). Each mod- 
uleconsists of two groups of 1x4 multiplexers. All test connections are 
made to BNC's on the module's edge. Off-channels can be resistively 
terminated. 

Sptcitications tor Opt. OlO/HP 44470A 
Multiplexer, Opt. 01 11HP 44471A General Purpose 
Relay, and Opt. 013lHP 44473A Matrix Switch and 
Opt. 017lHP 44477A Form-C Relay Switch 
Modules 
lnput Characteristics 
Maximum voltage (terminal-terminal or termlnalchwsis): 250 V 
dc, 250 Vac rms, 350 Vac peak 
Maximum current: 2A dc, 2A ac rms 
Maximum power: 60 W dc, 500 VA ac 
Thermal offset: < 3 pV 

DC Isolation (40°C, 60% RH) 
Channel-channel, open channel: > 10" Q 

Specitications For Opt. 012/HP 44472A VHF Switch 
Module 
lnput Characteristics 
Maximum Voltage 
Center-center, center-low: 250 Vdc, 30 Vac rms, 42 Vac Peak 
Low-chassis, low-low: 42 V dc 
Maximum current (per channel): 30 mA dc, 300 mA ac rms 
Thermal offset: < 15 pV per channel 
Characteristic impedanm 50 R 

AC Isolation/Pertormance 

Crosstalk (dB) I Chan-Chan 

(50 fi tennlnrtlon) 

lnsert~on Loss (dB) 
Crosstalk (dB) 

-- 

lnsert~on Loss (dB) I cO.5 1 t0.75 1 c1.25 
VSWR I c1.M I t1.12 I t1.43 

All channels break-before-make within a group of 4 channels. 

100 kHz 
~ 0 . 3 0  
(-73 

Specitications tor Opt. 014/HP 44474A 
Digital I/O Module 
110 Lines 
Maximum voltage - +30 Vdc (line-chassis) 
Output characterlstler: V (high) 22.4 V; V (low) 50.4V 
I (low) maximum = 125 mA @ V (low) 1 1.25 V; fused at 250 mA. 
lnput characteristics: V (high) 2 2  V; V (low) 10.8 V 
External Increment: advances HP 3488A to next programmed con- 
figuration on falling edge of TTL pulse. 
Channel closed: indicates completion of new configuration; TTL 
pulse. 

Specitications tor Opt. 018/HP 444768 
Microwave Switch Module 

Refer to HP 3331XX specifications. 

1 MM 
c0  35 
(-53 

Sptcitications tor Opt. 019/HP 44478A and Opt. 
020/HP 444788 1.3 GHz Multiplexers 

10 MM 
t 0  90 
(-33 

lnput Characteristics 
Maximum Voltage: 42V DC + AC Peak 
Maximum Current per channel: 1 A DC or AC RMS 
Maximum Power per channel: 24W, 24VA, or 44 dBm 
Impedance: 50 ohms (Opt. 019/HP 44478A) 

75 ohms (Opt. 020/HP 44478B) 

AC Performance 

General Sptciffcations 
Environmental 
Temperature: 0 to 55OC; humidity: 95%, 0 to 40°C 
Power: 86-1 32 V/195-250 V. switch selectable; 48 - 440 Hz; 18 VA. 
Interlace: GP-IB 
Sire: 89 H (without feet) x 425 W x 292 mm D (3.5 " x 16.75" x 
1 1.5"). Allow 76 mm (3") additional depth for wiring. 
Weight: net: 8.5 kg (18.5 Ib). Shipping: 16 kg (36.5 Ib). 
Connectors Removable screw terminal connector. Each terminal ac- 
cepts 18-26 gauge (16-40 mils) wire. with strain relief for wiring. Op- 
tion OI2/HP 44472A VHF Switch: BNC connectors. Opt. 016/HP 
44476A and Opt. Ol8/HP 44476B Microwave Switch: SMA connec- 
tors. 

Insertion Loss (dB) 
<(4O0C. 95% AH) 
~ ( 2 5 %  40% RH), (Typ.) 

Crosstalk (dB)' 
Channel-Channel 

Channel-Common 

Group-Group. ModukModule 
VSWR 

Ordering Information 
H P  3488A Switch/Control Unit 
Switch Modules-Includes Tenniml Connectors 

Opt 010/HP 44470A 10 Channel Relay Multiplexer 
Module 
Opt Oll /HP 44471A 10 Channel General Purpose 
Relay Module 
Opt 012/HP 44472A Dual 4 Channel VHF Switch 
Module 
Opt O13/HP 44473A 4x4 Matrix Switch Module 
Opt 014/HP 44474A 16 Bit Digital Input/Output 
Module 
Opt OlS/HP 44475A Breadboard Module 
Opt 016/HP 44476A Microwave Switch Module 
Opt 017/HP 444776 Form-C Relay Module 
Opt 018/HP 444768 Microwave Switch Module 
Opt 019/HP 44478A 1.3 GHz 50 ohm Mux 
Opt 020/HP 44478B 1.3 GHz 75 ohm Mux 
Rack Mounting and Manuals 
Opt 401 Side Handle Kit (HP P/N 5061-1 171) 
Opt 907 Front Handle Kit (HP P/N 5061-1 170) 
Opt 908 Rack Flange Kit (HP P/N 5061-1 168) 
Opt 909 Rack Flange with Handles 
(HP PIN 5061-1 169) 
Opt 910 Extra Operating & Service Manuals 
Opt W30 Three Year Hardware Support 

Price 
51,720 

+S485 

+5485 

+S695 

+5600 
+S490 

+3200 
+52.260 

+$490 
+5490 
+5885 
+$965 

+$SO 
+560 
+S40 
+$85 

+$90 
+560 

S10MM 

t0.3 
cO.2 

(-90 
(-90 
t1.2 

S100MM 

t0.7 
t0.5 

t -80 
c-80 
c1.25 

~ 5 0 0  MHz 

t l . 5  
c l .1  

(-65 
(-70 
c1.35 

<l.JGM 

t3.0 
t1.9 

(-55 
c-60 
t1.55 



HP 75000 Family of VXI Products I3 
Two mainframe sizes (Series B and Series C) SCPl language for easy programming 
Over thirty-five modules available HP Interactive Test Generator (HP ITG) Software 

'111 .IR.*R3r**. . a  * 7 * .  -- 

HP 75000 Family 

HP 75000 Family Reduces Test System 
Development Time 

The HP 75000 family of VXIbus products is part of the HP  mea- 
surement-systems architecture (MSA), which provides benefits such 
as standardization, downsizing, throughput, and flexibility. Develop- 
ing a test system involves much more than simply selecting hardware; 
it also requires software, systems integration, and support. The HP 
75000 family is a fully compatible line of VXI products that reduces 
the development time for test systems. It includes computers, 
software, standardized instrument language, reliability, and services. 

Hardware 
The HP 75000 family of VXIbus products consists of two main- 

frame sizes and over thirty-five modules. The H P  75000 Series B 
Mainframes are designed for low-cost computer-aided-test applica- 
tions. and include seven B-size VXI slots. The H P  75000 Series C 
Mainframe is designed for medium-to-high performance computer- 
aided-test applications, and includes thirteen C-size VXI slots. A 
broad line of HP  75000 B- and C-size modules such as switching, 
digital multimeters, counters, sources, power meters, and computers 
are also available. 

Firmware and Software 
The HP 75000 products offer compatibility and a broad range of 

price-performance. All members of the H P  75000 family use the 
Standard Commands for Programmable Instruments (SCPI) lan- 
guage (formerly TMSL), a new industry standard programming lan- 
guage to simplify programming. With SCPI, users can send 
commands to instruments in a consistent, readable form. It conforms 
to IEEE 488.2. For example. to trigger a reading. you would send the 
command "*TRGW to the appropriate instrument. All HP  75000 

family products support the H P  Interactive Test Generator (HP 
ITG) interface. Hewlett-Packard added these capabilities to the VXI 
standard to help reduce test system development time. 

Developing Programs with HP Interactive Test Generator 

System Support 
Because getting a test system running quickly requires a solid base 

of support, t3cwlctt-Packard offers support services tailored to user 
needs. Support services in the U.S. include free 90-day phone-in s u p  
port and optional 1 year additional support contracts. All HP  75000 
Products have a standard 3-year warranty. 



COMPUTER AIDED TEST 
HP 75000 Family of VXI Products 
Series B and Series C Mainframes 

Series B Mainframes Series C Mainframe 
Low-cost switching and measurement High-performance computer aided test 
Built in command module (no slot 0 required) Auto-configuring backplane 
Flexible, built-in pacer for timing external devices Pressurized air channel for independent slot cooling 
SCPl systems language eases programming Ultra-reliable power supply 

Optional dc Power Operation 
The Series B has the ability to operate on dc voltages from 10 to 30 

Volts. Using a typical 100 AH auto battery, the operating time can 
range from approximately 6 to 24 hours depending on configuration. 
This option can be used to provide UPS capability since the switch- 
over from ac to dc operation is made automaticallv, without resetting. - - 

/ - ,  , i l q q n o ; , r 3 c 1 1 r n  I -  whenever the ac power drops out. 
l V q " 7 R q r 7 F 1 - b I C ' l -  

i T I T  11- + m m  tnnr>- 
I - 

O~tional RS-232 Ports 
 h he HP  E1324A RS-232~1422 Data Comm Module (A-size) 

gives you the ability to control additional RS-232 peripherals at  up to 
19200 baud or communicate over longer distances with RS-422. The 

, internal 8 Kbyte buffer reduces computer overhead for managing 
communications handshaking. Setup is easy with programmable 
baud rate, parity, and handshaking protocol. 

r 

HP 75000 Series B Malnfrarnes 

Series B Mainframes 
The HP 75000 Series B mainframes provide a flexible, low-cost test 

system platform. Both include a built-in command module, eliminat- 
ing the need for Slot 0 and resource manager functions, and providing 
an HP-IB (IEEE-488) interface. The Series B mainframes have 7 B- 
size and 3 A-size slots. To configure a test system, you plug in the 
individual instrument and switching modules you want. (The digital 
multimeter can optionally be mounted inside the mainframe.) The 
built-in pacer can generate timing and synchronizing signals by send- 
ing a TTL signal from the rear panel connector. 

The H P  El 300A and E l  301A mainframes are identical except 
that the E1301A also includes a front-panel keyboard/display for di- 
rect command entry to troubleshoot wiring, connections, and pro- 
gramming. Use the H P  E1300A (plain front panel) with turnkey 
software, such as H P  75000 System I0 software (see page 584), or to 
further lower the cost of duplicate systems. 

Optional Internal Disk Drives 
When the HP  IBASIC controller is installed in a Series B main- 

frame, you can also add the Option 005, 3-'/2 inch flexible disk drive 
and/or the Option 006. 20 Mbyte hard disk drive. These ruggedized 
drives provide storage for programs and data, and they provide auto- 
start routines. Both disk drives can be field-installed later. The 3-1/2 
inch flexible drive supports 256 Kbyte, 720 Kbyte, and 1.4 Mbyte 
disks. Both LIF and DOS formats are recognized automatically. 

HP 75000 Serles C Mainframe 

Series C Mainframe 
The HP 75000 Series C Mainframe provides high-performance 

while allowing for system downsizing. The Series C mainframe has 
thirteen C-size VXI slots. It offers a high-performance platform that 
becomes the heart of the computer-aided-test system. 

With the exclusive HP  auto-configuring backplane, all you have to 
do is plug in a module, and the backplane does the rest. There is no 
need for jumpers or dip switches to bypass empty slots. 

The new H P  power supply has a proven track record of greater 
than 1 million hours MTBF. It also has a third fan to provide up to 45 
watts per slot cooling. 

With the exclusive HP pressurized air channel system, each slot is 
cooled independently. A pressurized plenum with channels delivers 
air to each slot, and ensures adequate cooling with empty slots, with 
or without faceplates. 



HP E1410A, HP El4118  and HP E1326B 

5 1/2-Digit Multimeters (HP E13268, El41 16) 
The HP El 326B and El41 1 B 5 I /2-digit multimetersare well suit- 

ed for data acquisition and computer-aided testing. These economi- 
cal, versatile multimeters meet both high accuracy scanning and high 
speed measurement needs. 

These two multimeters differ only in size; they are identical in elec- 
trical design. The HP E1326B multimeter is a 2-slot B-size module 
that can be plugged into the rear of the HP  75000 Series B Main- 
frame or mounted internally (saving twomodule slots) with the inter- 
nal installation kit (HP E l  326-80002). The H P  El41 1 B multimeter 
is a I-slot C-size module. 

Dual AIDS 
- 5 112-digitllow noise integrating AID 
- high speed (14 kHz) sampling AID 
Balanced differential isolated inputs 
Functions: DCV, ACV. 2 & 4-wire ohms, offset compensated 
ohms, thermocouples, thermisters. RTDs 
Autozeroing and autoranging 
Flexible triggering with built-in timerlpacer 
Software calibration 
Use the integrating AIDS in these multimeters to make 5 112-digit, 

low-noise measurements. Use the sampling AIDS to make 14-bit 
readings at  rates up to 14 kHz. The multimeters can be combined 
with any HP 75000 low-frequency multiplexer to create a multichan- 
nel scanning multimeter. A single SCPl command from the Series B 
Mainframe or HP  E1405A Command Module can program both the 
multimeter and multiplexer channels. 

COMPUTER AIDED TEST 
HP 75000 Family Of VXI Products 

Multimeters 

90-Day dc Voltage Accuracy 
*(% of reading + volts) 
Conditions: Autozero on, 1 hour warm up within 4 degrees C of 

cal temp. 
Aperture: 3201267 ms 20t16.7 ms 2.5 ms 100 ps 10 ps 

Range 
125mV .023%+5.0 pV .023%+5.0 pV .023% +lo. PV .M5%+30. pV .115%+60. pV 
IV .013%+10. pV .013%+15. pV .013%+15. pV .055%+1W pV .1W%+2W pV 
8V .0106+50. pV .0106+50.pV .0106+80. pV .0556+750 pV. .100%t1.5mV 
64V .0156+1.0 mV .0156+1.0 mV .0156+1.0 mV ,0556 t5.O mV .1006+20. mV 
3OOV ,0158t5.0 mV .015%t5.0 mV ,0156t5.0 mV .055%+30. mV .IM)%+RO mV 

6 1/2-Digit Multimeter (HP E1410A) 
The HP E1410A 6 112-Digit Multimeter is a full function system 

DMM in a compact, single-slot C-size module. It is similar in design 
to the popular H P  3457A multimeter, and it is suitable for a wide 
variety of computer aided and manufacturing test applications where 
high accuracy is required. 

Programming this message-based multimeter is easy with high- 
level SCPl commands. The command set is built into the voltmeter 
module. Make all high accuracy multimeter measurements with this 
compact system DMM. 

High accuracy/low noise 6 112-digit integrating AID 
1,450 readingslsecond at  3 112-digits 
Guarded high impedance inputs 
Functions: DCV, ACV (DC & AC coupled). 2 & 4-wire ohms, 
offset compensated ohms, frequency, period 
Autozeroing and autoranging 
Flexible triggering with built-in timerlpacer 
Software calibration 

Reading Rates & Resolution 
Conditions: Auto zero off, fixed range, delay 8, ac  slow filter on, 

offset comoensation off 
Aperture: 2001167rns 20116.7ms Z1.67ms loops 10 ps 

Readrnn rates (rdWsec) 
DCVIR- . - 4 47 312 1250 1450 
ACV .65 1 .O 1 .O 1 .O 1.0 
Resolution 
Btts + 22 + 22 * 19 t 15 + 12 
Dlglts 6 112 6 112 5 112 4 112 3 112 

Reading Rates & Resolution 
Conditions: Auto zero off, fixed range, default trigger delay, Sam-  NO^,^ ~ ~ j ~ t i ~ ~  

ple source 'TIMER' for rates > 15 readingsls. Conditions: 50/60 Hz * .08%, 1 M imbalance in low lead. 
Aperture: 3201267 ms 20116.7 rns 2 5 ms 100 lrs lo lrs Aperture 2001167ms 20116.7ms 211.67ms 100 ps 10 ps 
Typ~cal Reading rates . .  . NPLCs 10 1 N A N A NA 
(ragsisec] 
DCVJR 33.5 49/59 365 3125 13.000 :;RCMR 80 dB 60 dB 0 0 0 

ACV 1.3 1.9 1.9 1.9 1.9 
140 dB 140 dB 140 dB 140dB 140dB 

Resolutton 
Btts * 22 + X) + 18 t 15 + 14 
Dtgtts 6 112 6 5 112 4 112 3 112 

90-Day dc Voltage Accuracy 
+(9 of reading + volts) 

Noise Rejection Conditions: Autozero on, within a 5 degrees C of cal temp., I hour 

Conditions: 50160 Hz +0.1%. 1 kR in both HIGH and LOW leads warmup 
with 10% imbalance, LOW connected to COMMON at source. Apedure 2001167 ms 20116.7 ms 2/1.67 ms lW* 10 fi 
Measured with respect to earth ground. Range 

Aperture 3201267 ms 20116.7 ms 2.5 ms 100 16 10 ps 
30 mV .W53%+5.6 pV .0053%+6.75 pV ,00539 t8.8 pV .0053%+21 pV .0053%+70 pV 
300 mV ,00386t5.8 pV ,003841t6.8 pV .00386t l l  pV .0038%+54 pV .0038%+400 pV 

NPLCs 16 1 N A N A N A 3V ,00306t9.0 pV .0030%+9.0 pV .0030%+50 pV .0030%+400 pV .0030%+4 mV 
NMR 84 dB 60 dB 0 0 0 30V .0048%+230 pV .00486+330 pV .0048%+800 pV .00486+4 mV .00486+40 mV 
DC CMR 154 dB 150 dB 150 dB 150dB 1MdB 300V .00638+800 pV 0063Qbt800 pV .0063%+4 mV .0063%+40 mV .0063%+4W mV 



COMPUTER AIDED TEST 
HP 75000 Family Of VXI Products 
Counters 

HP E1333A and HP E1332A 

3-Channel Universal Counter (HP E1333A) 
Frequency, period average, ratio, pulse width, time interval and to- 
talize to 100 MHz 
1 GHz frequency measurement available on channel 3 
Occupies only one B-size slot 
1 ns time interval resolution with averaging 
Features SCPI (equivalent to TMSL) command language and 
ITG panels when used with the H P  75000 Series B mainframe or 
H P  E1405A command module 

Specifications 
Frequency measurement 

Range: 100 MHz (channels 1 and 2) 
75 MHz - 1 GHz (channel 3) 

Resolution: l/(Gate time) (Gate time: 2 " n ms, n = 1 to 16) 
Accuracy: a resolution a timebase error + trigger noise error 

Period average measurement: Channels 1 and 2 average 2"  N 
periods of the input signal. 

Range of N: 1 to 16 
Resolution: 1/(10x 1 0 ~ 6 ~ 2 ~ ~ ) s e c o n d s  
Accuracy: a resolution + time base error =t trigger noise error 

Time interval (with average mode) 
Range: U p  to 6871/(2 " N) seconds (where 2 N is the number of 
intervals to be averaged, N = 0 to 7) 
Resolution: (100 ns)/(2 " N)  (where 2 " N is the number of inter- 
vals to be averaged, N = 0 to 7) 
Accuracy: a resolution a time base error a trigger noise error 

Pulse width (with average mode) 
Range: up to 6871 /(2 A N) seconds (where 2 " N is the number of 
intervals to be measured, N = 0 to 7) 
Resolution: 100 ns/2 N 
Accuracy: i resolution + time base error a trigger noise error 

Frequency ratio 
Resolution: 1 /(2 N) (2 " N is the preset number of transitions, 
N = 6 to 36) 

Totalizing 
Range: 1 to 2 " 36 -1 

Time base 
Frequency: 10 MHz 
Accuracy: a 2 ppm 
Temperature drin: a 5 ppm (0-50°C) 
Aging: * 2 ppmlyear 

Trigger noise error (RMS) = 
d(80 wV) " 2 + (en) - 2/(input slew rate at  trigger point in pV/s) 
where en = noise on input signal for 150 MHz bandwidth in pV 

4-Channel Counter/Totalizer (HP E1332A)  
Totalize, up/down count, gated totalize, pulse width, time interval, 
period average, and frequency measurement up to 4 MHz 
Programmable direct or isolated inputs 
Programmable digital input filter 
Features SCPI (equivalent to TMSL) command language and 
ITG panels when used with the H P  75000 Series B mainframe or 
H P  E1405A command module 

Specifications 
Frequency measurement (requires 2 channels) 

Range: 4 MHz 
Resolution: 1 /(Gate time) (Gate time: 2 " n ms, n = 1 to 16) 
Accuracy: + resolution time base error + trigger noise error 

Period measurement (requires 2 channels): Channels 1 and 3 mea- 
sure 2 n N periods of the input signal. 

Range of N: 1 to 16 
Resolution: 1 /(5 x I0 " 6 x 2 " N) seconds 
Accuracy: a resolution a time base error a trigger noise error 

Time interval 
Measures the time interval between transition from channel 1 to 
channel 2 or channel 3 to channel 4. 

Range: Up to 858 seconds 
Resolution: 200 ns 
Accuracy: a resolution a time base error t trigger noise error 

Pulse width (requires 2 channels) 
Range: Up to 858 seconds 
Resolution: 200 ns 
Accuracy: + resolution + time base error a trigger noise error 

Totalizing (requires 1 channel) 
Range: 1 to 2 " 32 - 1 counts 

Gated totalize requires 2 channels) L Range: l to 2 16 - 1 
Up/down count (requires 2 channels) 

~ange: a (2 " 31 -1) 
Time base 

Frequency: 5 MHz 
Accuracy: + 2 ppm 
Temperature drik a 5 ppm (0-50°C) 
Aging: + 2 ppm/year 

Trigger noise error (RMS) = 

L ( z ~ L v )  " 2  +(en)"/(input slew rate in pV/s) where en = 
noise on input signal for 5 MHz bandwidth in pV 

High-Pertormanct Universal Counter (HP E1420A)  
The HP E1420A universal counter offers the same exceptional per- 

formance as Hewlett Packard's high-performance rack-and-stack 
universal counters. 

Full universal counter functionality 
200 MHz frequency range with 9 digits/second resolution and o p  
tional high-frequency channel 
2 ns time interval resolution 
High measurement throughput 
Optional TCXO time base with output for driving system clock 
(CLK10) 
Measurement synchronized to VXlbus or external trigger 
Message-based 
I slot, C-size 

Specifications 
Frequency range .001 Hz to 200 MHz. high-frequency channel o p  
tional 
Frequency resolution: 9 digits in 1 second of measurement time 
Period range: 5 ns to 1000s 
Period resolution: same as frequency 
Time interval (TI) range: -1 ns to 10 " 3 s (single-shot) 

-1 ns to 10 s (averaging) 
T ime interval (TI) resolution: 2 ns single-shot, 200 ps averaging 

wvvw. hparchive 



21 MHz Synthesized Function/Sweep Generator 
(E 1440A) 

The HP E1440A 21 MHz Synthesized Function/Sweep Generator 
is a 2-slot C-size VXI module that offers five different waveforms with 
synthesizer accuracy. Frequency resolution down to 1 pHz, 5 ppm 
frequency accuracy/stability and outstanding signal purity make this 
generator the ideal reference source for test equipment. Includes mul- 
ti-interval sweep and multi-marker mode sweep capabilities. 

COMPUTER AIDED TEST 
HP 75000 Family Of VXI Products 

Sources, Digital I/O, Oscilloscope 

SO0 MHz Digitizin~Oscillo~cope (HP E1426A 
The HP El 426A 500 Hz d~ai t~zina  oscilloscobe is a full- I unction 

digitizing oscilloscope that is similar indesign to ihe HP  54503A os- 
cilloscope. High precision and advanced triggering enables very re- 
peatable and accurate measurements on simple or complex 
waveforms. 

HP 54503A equivalent (see page 61) 
500 MHz bandwidth 
4 channels 
8-bit vertical resolution 

Specifications 20 MSa/s digitizing rate 
Waveforms: sine, square, triangle, negative and positive ramps, dc, Message-based module (send high-1eve1$ SCP1 (TMSL) 
T T ~  -I..-I, commands) 
I I L. CIULK 

Frequency ranges: sine: 1 pHz - 2 1 MHz 
sauare: 1 uHz - 11 MHz 
tAangle/iamps: 1 pHz - 11 kHz 
TTL clock: 1 pHz - 60 MHz 

Frequency resolutkm 11 digits 

Specifications 
Bandwidth: dc to 500 MHz (-3dB, dc-coupled) 
Max sample rate: 20 MSa/s 
Number of inputs: 4 (Simultaneous acquisition on two inputs are 
used: data is alternatelv acuuired bv in~uts.)  

4-Channel D/A Converter (E1328A) 
The HP El 328A 4-channel D/A converter is a B-size VXI module 

that provides four independent, isolated channels of voltage or cur- 
rent output. Each channel is individually selectable for maximum 
flexibility. Software calibration is provided, eliminating the need to 
adjust pots. 

Specifications 
Voltage output range: + 10.92 V 
Voltage accuracy: 24-hour: a(O.OS% + 3.3 mV) 

90-day: +(0.15% + 29 mV) 
Current output range: + 21.8 mA 
Current accuracy: 24-hour: a(0.05% + 7 pA) 

90-day: +(0.15% + 59 pA) 
Settling time: 750 1s  
Isolation: 120 VRMS, 170 Vdc/ac peak 
Programmable resolution: 333 pV/667 nA 

Quad 8-Bit Digital Input/Output (E1330A) 
The HP E l  330A digital I /O is a B-size VXI module that provides 

digital interfacing to special-purpose circuitry or external devices. 
Each block has dedicated control and handshake lines. The E1330A 
supports standard GPlO protocols and different data formats such as 
decimal, hexadecimal, octal and binary. 

Specifications 
Data lines: 4 sets of 8 bidirectional lines. TTL compatible, jumper 
selectable pullups 
Handshake lines: 4 sets of 3 lines each; Input/Output Status, Con- 
trol and Flag 
Handshake modes: None, Leading Edge, Trailing Edge, Partial, 
Pulse & Strobe 
'When used with HP 75000 Series 0 of HP E1405A WnWUnd modub. 



COMPUTER AIDED TEST 
HP 75000 Family of VXI Products 
Switches, Multiplexers, Matrixes 

HP E1361A and HP E1364A 

4 x 4 Matrix Switch (HP E1361A) 
The H P  E1361A 4x4 matrix switch is a B-size VXI module that 

provides the highly flexible 4x4 matrix switching capability required 
by many test systems to connect several instruments at once to several 
points on a unit under test. Each crosspoint switches two wires with 
low differential offsets. Larger matrixes such as 4x8 or 4x12 can be 
formed by linking multiple 4x4 modules. 

Specifications 
Maximum input voltage: 250 V dc or ac rms 
Maxlmum input currenk 1 A dc or ac rms 
Maxlmum input power: 40 watts or 40 VA 
Thermal offset: < 7 p V  per contact 
Bandwidth: -3 dB @ 10 MHz 
Crosstalk (Ch to Ch): <-80 db @ < 100 kHz 

<-30db @ 510 MHz 

16-Channel Form C Switch (HP E1364A) 
The HP El 364A 16-channel form C switch is a B-size VXI module 

that consists of 16 independent form C relays, allowing a wide variety 
of devices and signals to be switched. Each channel has Common, 
Normally Open and Normally Closed terminals for easy configura- 
tion. Power up and down states can be chosen because the relays are 
latching. 

Specifications 
Maximum input voltage: 250 V dc or ac rms 
Maximum input currenk 1 A dc or ac rms 
Maximum input power: 40 watts or 40 VA 
Thermal offset: < 7 pV per contact 
Bandwidth: -3 dB @ 10 MHz 
Crosstalk (Ch to Ch): <-80 db @ 5100 kHz 

<-30 db @ 510  MHz -- 

16-Channel Relay Multiplexer and 48-Channel 
Single-Ended Relay Multiplexer (HP E1345A h 
E 1346A) 

The HP E1345A and E1346A relay multiplexers connect multiple 
analog signals to a DMM or other instrument. The HP E1345A 
switches three wires per channel with signals up to 170V peak. The 
HP 1346A switches one wire per channel and is designed for applica- 
tions needing a large number of channels where all the signals have a 
common ground. Both modules feature a removable terminal module 
for easy wiring. 

~ax imum input voltage: I 2OV dc, 170V peak ac 
Maximum input current per channel: 50 mA non-inductive 
Maximum power: I VA rms per channel 
Maximum offset voltage pcr channel: 4 pV (HP E1345A). 50 pV 
(HP EI346A) 
Bandwidth (-3db): > 10 MHz 

16-Channel Thermocouple Relay Multiplexer, 8- 
Zhannel 1200 Strain Gage Relay Multiplexer, and 
)-Channel 350Q Strain Gage Relay Multiplexer (HP 
I1347A, HP 1355A, HP 1356A) 

These multiplexers connect multiple analog signals to a DMM or 
lther instrument allowing temperature and strain measurements to 
le made. Three wires are switched per channel with signals up to 
70V peak. All three modules feature a removable terminal module 
or easy wiring. 

16-channel thermocouple measurements with built-in thermistor 
reference junction 

I &channel strain measurements can be made with '/r. Yz, and full 
bridge configurations 

bpecificatlons 
daximum input voltage: 120V dc, 170V peak ac 
daximum input current per channel: 50 mA non-inductive 
maximum power: 1 VA rms per channel 
daximum offset voltage per channel: 4 pV 
landwidth (-3db): > I0 MHz 

14-Channel Relay Multiplexer, 8 x 8 Matrix Switch, 
nd 4 x 16 Matrix Switch (HP E1460A, E1468A, 
11469A) 
The HP E1460A 64-channel relay multiplexer is a C-size VXI 

~odule that is perfect for switching low-frequency voltage and two- 
nd four-wire resistance signals. This module can switch either 64 
vo-wire or 128 one-wire channels. The HP E1468A 8 x 8 matrix 
witch and the HP E1469A 4 x 16 matrix switch are C-size VXI mod- 
les that provide highly flexible matrix switching capability required 
y many test systems to connect several instruments at once to several 
i n t s  on a unit under test. 
;pecitications 
laximum input voltage: 220 V dc, 250 V ac rms 
laximum input current: 1 A dc or ac rms (Vmax<30 V dc or rms) 
laximum power: 40 VA 
laximum offset voltage 7 pV 
Vhen used with the HP 75000 Serles B or the HP E1405A Comrnsnd module 



16-Channel FET Multiplexer and 48-Channel 
Single-Ended FET Multiplexer (HP E1351A & 
~ 1 3 5 2 ~ )  

The HP E1351A and E1352A FET multidexers connect mul t i~le  
analon sinnals to a DMM or other instrument. The H P  ~ 1 3 5 i ~  
switchves <wo wires per channel with the guard terminal common to all 
channels. The H P  1352A switches one wire per channel and is de- 
signed for applications needing a large number of channels where all 
the signals have a common ground. Use these multiplexers with the 
HP  E1326A as a scanning voltmeter to achieve scanning rates of 
10,000 channels/s. Both modules feature a removable terminal mod- 
ule for easy wiring. 
Specifications 
Maximum inmt voltwo: 16 V ~ e a k  
Maximum input current per chnml: 1 mA non-inductive 
Maximum offset voltage per channel: 25 WV (0 to 28OC). 250 pV 
(28 to 50°C) 
Closed channel mlstance: <3.1 M for high or low input 

~ 2 . 1  kO for guard input 
Bandwidth (-3db): 50 O source, 1 MQ, termination > 200 kHz 

16-Channel Thermocouple FET Multiplexer, 
8-Channel 120 D Strain Gage FET Multiplexer, 
and 8-Channel 350 D Strain Gage FET Multiplexer 
(HP E1353A, HP 1357A, HP 1358A) 

These multiplexers connect multiple analog signals to a DMM or 
other instrument allowing temperature and strain measurements to 
be made. Two wires are switched per channel with the guard channel 
common to all channels. All three modules feature a removable termi- 
nal module for easy wiring. 

Fast thermocouple measurements - up to 10,000 channels per 
second 
Make dynamic strain measurements up to 10,000 readings per 
second 

Specifications 
Maximum input voltage: 16 peak 
Maximum input current per channel: 1 mA non-inductive 
Maximum offset voltage per channel: 25 pV (0 to 28 O C ) ,  250 pV 
(28 to 50°C) 
Closed channel mistancc: <3.1 kQ for high or low input 

<2.1 kQ for guard input 
Bandwidth (-3db): 50 R source, 1 MQ, termination > 200 kHz 

2x4:l RF Multiplexers (HP E1366A & E1367A) 
The HP E1366A and E1367A R F  multiplexers are B-size VXI 

modules that rovide broadband switching with two independent 1 x 4  
multiplexers L r  switching signals from dc to 1.3 GHz. BNC connec- 
tors make configuration easy. These modules are identical except that 
the HP  E1366A is 50 ohm and the HP  E1367A is 75 ohm impedance. 

Specifications 
Maximum input voltage 42 V peak 
Maximum input current per chanml: 1A dc or ac rms 
Maximum power per channol: 24W or 24 V A  
ac performance: t10 MHz tlOO MHz t1.3 GHz 

lnsert~on loss (dB) t0.3 t0.7 t3.0 
Crosstalk (dB) t-90 (-80 t-40 
VSWR <1.2 t 1.25 t1.55 

6x4:l RF Multiplexers (HP E1472A & E1473A) 
For larger channel 50-ohm R F  switching applications, the H P  

E1472A and E1473A C-size VXI modules provide six independent 
1 x 4  multiplexers for switching signals from dc to 3 GHz. Each HP 
E1472A multiplexer module can support up to two HP E1473A ex- 
pander modules. Both modules use SMB connectors to assure high 
performance. 

Specifications 
Maximum input volt-: 42 V dc + ac peak 
Maximum input current per channel: 1 A dc or ac rms 
Maximum power per channel: 24W or 24 VA 
ac performance: < l o  MHz tlOO MHz t1.3 GHz t 3  GHz 

lnsert~on loss (dB) <.I <.4 t1.5 t 8  
Crosstalk (dB) (-90 (-80 <-50 c-20 (typ) 
VSWR t1.05 <1.15 <1.35 t1.5 

Microwave Switch and Driver (HP E1368A. 
E1369A, E1370A) 

The HP E 1368A 18 GHz microwave switch, E l  369A microwave 
switch driver, and El 370A microwave switch/attenuator driver are 
B-size VXI modules that provide microwave switching and attenu- 
ator capability for test systems. 

The HP El 368A has three independent SPDT 50 fl coaxial 
switches with excellent performance from dc to 18 GHz. The H P  
E1369A allows you to mount three H P  3331xx coaxial switches for 
switching up to 26.5 GHz signals (switches not provided). The HP 
E1370A allows you to mount one HP  3336xx microwave switch or 
one H P  3332xx step attenuator for switching or attenuating signals 
up to 26.5 GHz (switches and attenuators not provided). 

Specifications for the HP E1368A 
Frequency range: dc to 18 GHz 
Isolation: >90 d B  
Characteristic impedance: 50 R 
Insertion loss: ~ 0 . 5  dB 
VSWR: < 1.4 
'When used with the HP 75000 Serbs B or the HP E1405A Command Module 



COMPUTER AIDED TEST 
HP 75000 Family of VXI Products 
Power Meter, Development Tooh 

C 
A. = -... %.. 

HP E1416A 4 
Power Meter (HP E1418A) 

The HP E 14 16A power meter is a full-feature, message-based, sin- 
gle channel average power meter. It has the capability of the popular 
HP  4378 power meter in a single-slot C-size VXI module. 

Features: 
High accuracy 
100 kHz to 50 GHz 
-70 to +44 dBm 

The H P  E1416A power meter combines exceptional meter lineari- 
ty and low sensor SWR to provide outstanding measurement accura- 
cy in demanding situations. Instrumentation accuracy is specified to 
be a 0 . 5 7 ~  in linear mode or *0.02 dB in logarithmic mode, making 
instrumentation uncertainty a negligible part of total measurement 
error. Features include automatic calibration and zeroing, frequency 
(and cal factor) entry, rel, offset, selectable resolution, duty cycle, 
range hold setting. save/recall of meter settings, and SCPI (TMSL) 
compatibility for easy programming. 

Functions 
Frequency: allows entry of test signal frequency for Cal factor selec- 
tion. 
Offset: allows power measurement to be offset by a99.99 dB. 
Resolution: selectable of 0.1, 0.01, and 0.001 dB or 1%. 0.1% and 
0.01% of full scale. Auto filter mode automatically selects the re- 
quired number of averages for the chosen range and resolution. 
Averaging: selectable from 1 to 5 12 readings (in powers of 2). 
Duty cycle: displays peak power representation of measured rms 
power for rectangular pulses. 
Sensor tablw allows entry and editing of up to 10 frequency versus 
Cal Factor sensor tables. 
Save/recall states: saves and recalls 10 complete H P  El 41 6A oper- 
ating states. 

Specifications 
Frequency: 100 kHz to 50 GHz, sensor-dependent 
Power range: -70 to +44 dBm (100 pW to 25 W), sensor dependent 
Power sensors: compatible with all H P  8480 series sensors 
Dynamic range: 50 dB in l o  dB ranges 
Display units: W, dBm (absolute); %, dB (relative) 
Accuracy 

Instrumentation: k0.02 dB or *0.5%. 
Zero set: +0.5% of full scale on most sensitive range. Divide bv 10 - 
for each higher range. 

HP E1400T 

VXI Development Mainframe (HP E1400T) 
The HP E1400T development mainframe is a version of the H P  

E1400B Series C mainframe that can be used as a VXI development 
or repair station. The mainframe allows easy access to modules that 
are being developed or repaired. The H P  E1400T mainframe meets 
all specifications of the HP  E1400B mainframe, including power and 
cooling. 

VXI Preprocessor tor HP Logic Analyzers 
(HP E1323A) 

The HP El 323A VXI interface provides a complete mechanical 
and electrical connection between a VXI frame and an HP 16500- or 
1650- series logic analyzer. With this equipment you can monitor 
VXI cycle types and capture bus error conditions using the logic ana- 
lyzer's state analysis with inverse assembly, or observe timing 
waveforms and bus handshakes with timing analysis. 

HP E1403A t 
AIB-size Module Carrier (HP E1403A) 

The HP El 403A A/B-size Active Module Carrier extends the VX- 
Ibus backplane (P1 only) so VXIbus A and B-size modules can plug 
into the backplane of the HP  75000 Series C Mainframe and still 
mount with their front panels flush with the front panel of other C- 
size modules. 



COMPUTER AIDED TEST 
HP 75000 Famlly of VXI Products 

Command Module, V/360 Controller, HP IBASlC 

Command Module (HP E1405A) 
The HP E1405A command module is a C-size VXI module that 

has all Slot 0 and resource manager capabilities required by VXI. 
This module is an HP-IB to VXI interface, and it makes both 
register-based and message-based modules appear as HP-IB instru- 
ments to an external computer. Built-in SCPI (equivalent to TMSL) 
makes it easy to program HP register-based cards, including all HP  
B-size modules. Built-in SCPI also allows ITG to access register- 
based cards. 

SCPI provides consistent instrument commands across different 
types of instruments. The command module provides a compatible 
growth path from the low-cost HP  75000 Series B to the high- 
performance H P  75000 Series C. Users can issue high-level, IEEE- 
488.2-compatible SCPI commands to program modules instead of 
sending binary data to and from registers. 

Features 
HP-IB to C-size VXI interface 
Slot 0 plus resource manager 
Use in the HP  75000 Series C mainframe to provide SCPI capabil- 
ity for all register-based modules 

HP IBASIC Controller (HP E1300A Option 020, 
021,022; HP E1301A Option 020,021,022; 
HP E1405A Option 020) 

Add computing power to your system with more than 150 H P  
IBASIC commands, which are a subset of the popular H P  BASIC 
language. 

For Series B mainframe or Series C command modules 
Run programs stand-alone 
Auto-start from flexible or hard disk 
Standard with 51 2 Kbyte non-volatile RAM 
Optional I Mbyte or 2 Mbyte non-volatile RAM for Series B 
Use a RS-232 terminal for development and display 
Control other equipment with RS-232 or HP-IB 
Remotely control Series B mainframe or Series C command mod- 
ule with RS-232/422 

V/360 Controller (HP E1480A) 
The HP E1480A V/360 controller occupies four C-size VXI slots 

and has all Slot 0 and resource manager capabilities required by VXI. 
It has built-in HP-18, RS-232, LAN, keyboard and display ports. 
This module can access message-based modules on the backplane, or 
register-based modules by sending SCPI commands through the 
HP-IB port on the command module (HP E1405A). 

This controller is a Motorola 68030-based computer that can run an 
either the HP  BASIC/WS or HP-UX operating systems. With 
HP  BASIC/WS, instrument control for a single-user, single-tasking 
system is simplified through high-level commands optimized for 1 / 0  
operations. With HP-UX, industry standard networking, windowing 
systems, and databases can be used with automated test. (Additional 
Model 360-specific information can be found on page 608.) 

Features 
Fast Motorola 68030-based computer 
Runs either H P  BASIC/WS or HP-UX (including H P  
BASIC/UX) 
Built-in HP-IB, RS-232. LAN, keyboard and display ports 
HP-ITG compatible 
Disk interface 
4 slots 



COMPUTER AIDED TEST 
HP 75000 Family of VXI Products 
Ordering Information 

Ordering Information 
Series C mainframes 
H P  E1492A HP 75000 Series C starter system 
Includes HP  E1400B mainframe with option 
908 plus HP  E1405A command module. 
H P  El4009 H P  75000 Series C mainframe 

Opt 907 front handle kit 
Opt 908 Rackmount flanges & rails (includes 
hardware) 
Opt 909 Rackmount flanges, handles & rails2 
(Includes hardware) 

E1400-80003 Rack slide kit (includes heavy duty 
slides, cable tray, hardware, non-tilting, see Note 3) 

Price H P  E1300-80006 20 Mbyte hard disk (requires H P  
IBASIC and disk controller) 
H P  El300-80011 Disk controller for Series B 
mainframe (only one required per mainframe) 
H P  E1300-80008 External dc power operation for 
Series B mainframe 
H P  E1326-80002 Internal installation kit for Series 
B mainframe for HP  E1326B 5y2 digit multimeter 

Series C Command Moduk 
H P  E1405A Command module 

Opt 020 HP IBASIC controller 

Power motors 
H P  E1416A Power meter 

Opt 915 Service manual 
Opt 916 Additional users' manual 

H P  11730A Accessories supplied: One 1.5 meter 
5 ft sensor cable 

Series B mainframes 
H P  El3OOA HP 75000 Series B mainframe without 
front panel 
HP  E1301A HP 75000 Series B mainframe w/front- 
panel keyboard/display 

System options Installed (pkk om): 
Opt 020 HP IBASIC Controller w/512 kbyte 
nonvolatile memory 
Opt 021 H P  IBASIC Controller w/l  Mbyte 
nonvolatile memory 
Opt 022 HP IBASIC Controller w/2 Mbyte 
nonvolatile memory 
Opt 010 5 12 kbyte nonvolatile memory 
Opt 01 1 1 Mbyte nonvolatile memory 
Opt 012 2 Mbyte nonvolatile memory 

Disk storage options Installed (pick one)- 
requires HP IBASIC: 

Opt 005 3'12 inch flexible disk drive only 
Opt 006 20 Mbyte ruggedized hard disk only 
Opt 007 20 Mbyte ruggedized hard disk plus 
flexible disk 
Opt 008 External dc power operation installed 
Opt 009 H P  E1326B 51/2-digit multimeter 
installed internally 
Opt 907 Front handle kit 
Opt 908 Rackmount flanges & rails (includes 
hardware) 
Opt 909 Rackmount flanges, handles & rails2 
(includes hardware) 
1494-0059 Rack slide kit (includes hardware 
non-tilting) 

Muitimeters 
H P  E1410A 6'/2-digit multimeter (includes bus 
cable) 

Opt IBN MIL-STD-45662A calibration 
certification 

H P  El4118 5y2-digit multimeter, Series C (includes 
bus cable) 

Opt 1BN MIL-STD-45662A calibration 
certification 

H P  El3269 5y2-digit multimeter, Series B (includes 
bus cable) 

Opt 1BN MIL-STD-45662A calibration 
certification 

E1326-80002 Internal installation kit for HP 
El 326B 51/2-digit multimeter 

0uiiiorcop.r 
H P  E1426A Digitizing oscilloscope 

Counters 
H P  E1420A Universal counter 

Opt 010 TCXO time base 
H P  E1332A 4-channel counter/totalizer 

Opt 1BN MIL-STD-45662A calibration 
certification 

H P  E1333A 3-channel universal counter 
Opt IBN MIL-STD-45662A calibration 
certification 

Interf8cas 
H P  E1324A RS-232C/422 data comm 

Field Installation kits 
H P  E1300-80001 HP IBASIC (requires at  least 512 
kbyte memory) 
H P  E1300-80002 512 kbyte nonvolatile memory for 
Series B mainframe (2 Mbyte maximum per 
mainframe) 
H P  E1300-80003 1 Mbyte nonvolatile memory for 
Series B mainframe (2 Mbyte maximum per 
mainframe) 
H P  E1300-80005 31/2 inch flexible disk drive 
(requires HP IBASIC and disk controller) 

Sources 
H P  E1440A 21 MHz synthesized function/sweep 
generator 

Opt 001 high-voltage output 
H P  E1328A 4-channel D/A converter 

Digital 
H P  E1330A Quad 8-bit digital input/output 
(includes interface cable) 



Ordering Intormation 
Relay multiplexers 
HP E1345A 16-channel relay multiplexer (includes 
bus cable) 
HP E1346A 48-channel single-ended relay 
multiplexer (includes bus cable) 
HP E1347A 16-channel thermocouple relay 
multiplexer (includes bus cable) 
HP E1460A 64-channel relay multiplexer (includes 
bus cable) 
HP E1355A 8-channel 120-Ohm strain relay 
multiplexer 
HP E1356A 8-channel 350-Ohm strain relay 
multiplexer 

FET multiplexefs 
E1351A 16-channel FET multiplexer 
E1352A 32-channel single-ended FET multiplexer 
HP E1460A 16-channel thermocouple FET 
multiplexer 
HP E1357A 8-channel 120-Ohm strain FET 
multiplexer 
HP E1358A 8-channel 350-Ohm strain FET 
multiplexer 

RF muitlplexers 
HP E1366A 50-ohm R F  multiplexer (2 X 4: 1) 
HP E1367A 75-ohm R F  multiplexer (2 X 4: 1) 
HP E1472A 50-ohm R F  multiplexer (6 X 4: 1) 
HP E1473A 50-ohm R F  multiplexer expander (6 X 
4: 1) (includes cable) 
HP E1473-80002 Cable extension kit for R F  
multiplexer expander (2 cables) 

Mlcrowaw 
HP E1368A 18 GHz microwave switch 
HP E1369A Microwave switch driver (includes 
cable) 
HP E1370A Microwave switch/attenuator driver 

Switches 
HP E1468A 8 x 8 relay matrix 
HP E1469A 4 x 16 relay matrix 
HP E1361A 4 x 4 relay matrix 
HP E1364A 16-channel Form C switch 

Development tools 
HP E1400T VXI development mainframe 
HP E1323A VXI preprocessor for H P  logic 
analyzers 
HP E1402A VME module adapter 
HP E1399A Register-based breadboard, Series B 
HP E1490B Register-based breadboard, Series C 
HP E1403A A/B-size active module carrier 
HP E1408A A/B-size module carrier 
HP E1409A Series C chassis shield 

Price System computers 
HP E1480A HP V/360 Controller 

Includes 4 Mbytes RAM, HP-IB, RS-232, 
HP-HIL, audio, two-channel DMA, LAN. Slot 0 
functionality as well as HP-UX and HP 
BASIC/UX License-to-use. Monitor, keyboard 
and software must be ordered separately. You 
must also order one of Option 500 through Option 
550 below. 
Options 010 & 01 1 cannot be ordered 
concurrently: 
Opt 010 98262A high-speed HP-IB disk interface 
Opt 011 98265A SCSI disk interface 
Opt 108 Add 4 Mbytes RAM for a total of 8 
Mbytes RAM 
Opt 112 Add 8 Mbytes RAM for a total of 12 
Mbytes RAM 
Opt 116 Add 12 Mbytes RAM for a total of 16 
Mbytes RAM 
Opt 500 No graphics subsystem 
Opt 542 98542A medium-resolution monochrome 
graphics board. 5 12x480 
Opt 543 98543A medium-resolution 4-plane color 
graphics board 
Opt 544 98544A high-resolution monochrome 
gr~aphics board, 1024x768 
Opt 549 98549A high-resolution 6-plane color 
graphics board 
Opt 550 98550A high-resolution, high- 
performance color graphics 

If you plan to communicate directly across the VXI 
backplane from the V/360, order the following: 
HP E1481A V/360 VXIbus drivers, media & 
documentation 
HP E1481L V/360 VXIbus drivers, license to use 
HP E1404A Slot O/Translator 

12,100 

$500 Quick interconnect system 
$500 HP 34591A quick interconnect fixture 

03235-041 11 quick interconnect fixture cover (sheet 
metal) 
HP 34592A quick interconnect frame (includes rack 
mount flanges) 
HP 34593C internal bulkhead BNC module (mates 
with 34593A/BT modules only) 
HP 34593AT external solder-to BNC module 
HP 34593BT external bulkhead BNC module 
HP 34594A low frequency feed-through (solder eye) 
HP 345948 low frequency feed-through (screw 
terminal) 
HP 34501AT terminal module (mates with 
HP 34594A) 
HP 34501BT terminal module (mates with 
HP  345948) 
HP 34597A SimPlate board test fixture 
HP 442 10A SimPlate fixture assembly too01 kit 
HP 44203K SimPlate spare parts kit 
HP 44561L/H Single point probes (60 deg, bag of 
100, L=4 oz force, H=8 oz force) 
HP 44562L/H Serrated point probe (bag of 100, 
L=4 oz force, H=8 oz force) 
HP 44563L/H Star point probe (bag of 100, L=4 oz 
force. H=8 oz force) 
HP 44564L/H Spear point probe (30 deg, bag of 
100, L=4 oz force, H=8 oz force) 
HP 44274s Standard probe receptacle (bag of 100. 
one required per probe) 

'The prim of this product was not available at time of printing. 
%e front door of the HP 34595AlB cabimts Mil not close o w  rsckmwnt handles. 
'Not compatible wlth mainframes shipped before April 1. 1990. 



COMPUTER AIDED TEST 
Multlprogrammer: User-Adaptable lnstrumentatlon 
HP 6942A, 6944A, 6954A, and 14753A Computer Aided Test Software 

Build a test system tailored to your specific application Isolated power supplies for analog functions 
Broad range of function-oriented I/O cards with a uni- Mainframe extenders for increased I/O capaclty 
fied design High-speed data capture and throughput 
Simultaneous and independent functions 

HP 6954A and HP 6944A 

lntroductlon 
Hewlett-Packard Multiprogrammer products provide solutions for 

a variety of data acquisition, control and test applications. The appli- 
cation flexibility is due to the architectural features of these products. 
The plug-in Multiprogrammer I/O cards allow card-to-card commu- 
nication, isolated inputs and external triggering and provide a wide 
range of functions. The HP 6942A Multiprogrammer and the Series 
11 I /O cards are a medium-performance, medium-speed, HP-IB solu- 
tion. For applications requiring a higher level of performance and 
more speed, the HP  6944A or HP 6954A Multiprogrammer should 
be considered for use with the Series I1 110  cards. 

The I /O cards have many benefits. Multiple-card configurations 
can be established that provide instrument-like functions. For exam- 
ple: high-speed scanning and multiple simultaneous-buffered analog- 
to-digital converters. Other features provide precise crystal-con- 
trolled timing or pacing of 110  operations. This allows the modular 
construction of instrumentation functions such as frequency mea- 
surement, time interval measurement and programmable pulse gen- 
eration. The card-to-card communication feature allows the I/O 
operation of the Multiprogrammer to operate independently of the 
computer. The computer is then free to perform other tasks until it 
receives an interrupt from the Multiprogrammer. If the application 
requires the process to control data collection, it can be accomplished 
via the external trigger feature. This feature allows the process to 
time or pace operations independently of the computer. In addition, 
I /O data can be stored in the Multiprogrammer's plug-in memory 
system, allowing high-speed operation of other tasks the computer 
must perform. 

HP 6954A Featum 
A Rugged Rack-mountable Test System in a Single Unit 
Built-in HP  9000 Series 310 or Series 332 Computer. and 20 
Megabyte Hard Disc 
Includes BASIC and H P  14753A CAT Programming Package 
HP-IB, HP-HIL, RS-232, Audio and Video Interfaces 
Local or Remote Control via HP-HIL or RS-232 
Standard HP Multiprogrammer Series I1 1 / 0  Cards 
HP  9000 Series 200/300 Memory, Accessory, and 110  Cards 

HP 6944A Features 
Data transfer rate of 220,000 readings/second 
HP 98633A interface to HP  Series 200/300 computers 
Direct to disc at  200.000 wordslsecond 
Requires HP  1 4 7 5 3 ~  CAT package 

User selected name Stimulus, acquisition or control function HP Multiprogrammer Series I1 1 / 0  cards 
matches test function selected from supported instrumentation. 

\ / HP 6942A Features 
Data transfer rate 18,000 readings/second 
HP-IB interface 
H P  14753A CAT programming package 

Address HP Multiprogrammer Series I1 I/O cards 
Specified once 

HP 14753A Features 
Timeout Easy to use menu entry 

Faster software development 
Improved H P  6942A performance 

Limit 
checking Ordering Information Price 
User HP 14753A Computer Aided Test Programming Pack- $2200 

Specified Units age 
Opt 044 3'/2" Flexible Discs $0 

Initial Values Opt 042 55" Flexible Discs for 982619836 SO 
UP 14753R Right to Reproduce HP 14753A CAT SllOO 

HP 14753A Programming Package 
programming Package (Interface and Documenta- 
tion provided) 
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HP 6954A 

Built-in HP 9000 Series 300 Computer and 20 Local or remote control via HP-HIL or RS-232 
megabyte hard disk Accepts standard HP multiprogrammer series II 1/0 
Includes BASIC and HP 14753A CAT programming cards 
package Accepts standard HP 9000 Series 200/300 memory, 
Controls up to 14 HP-IB instruments or peripherals accessory, and I/O cards 

The H P  6954A can be used as a development station by simply 
adding the optional local control kit consisting of an H P  keyboard and 
monitor. HP  9000 Series 200/300 BASIC and the H P  14753A Com- 
puter Aided Test Programming package are included with the H P  
6954A to give you one of the easiest to use instrument-oriented pro- 
gram development environments available. The H P  6954A is compat- 
ible with HP  9000 Series 200/300 software packages such as the 
DACQ/3OO Data Acquisition Manager (HP  44458AIB) that fea- 
tures data management, data analysis, and data presentation. 

HP  has integrated and assembled the complete system into one 
rack-mountable unit: a powerful SPU and HP-IB interface for instru- 
ment control, a 20 Mbyte disc drive for program and data storage, 1 
Mbyte of RAM, BASIC and the CAT Programming package for 
easy program development, and two types of card cages for versatility 
and a large selection of I/O functions. The HP 6954A is one of the 
easiest, most cost effective ways to build an automated test system 
that is tailored to your specific application. 

Specifications 
L Plug In I/O card positions: A maximum of 8 Multiprogrammer 

m&-- rk%- - - - r- 
, . fT--- --- -- Ser~es 11 I/O card slots and 3 available HP  9000 Series 200/300 in- 

. . ) I , . , I  terface and accessory card slots (a fourth slot is occupied by the 
-/ .i-- - * 2 L J -  DMA card). 

Controller interface: Not applicable. Controller is built in. 

HP 6954A Option 001 

Description HP 6954A Multiprogrammer 
The HP 6954A Multiprogrammer is the most powerful addition to 

HP's family of Computer Aided Test products. The HP 6954A is a 
complete high speed data acquisition and control system in a single. 
compact, rack-mountable unit. The HP 6954A Multiprogrammer is 
suitable for applications in fields such as: electronic production test, 
automated electronic test, data acquisition, process control, and proc- 
ess/product characterization. 

The H P  6954A Multiprogrammer features a built-in HP  9000 Se- 
ries 300 System Processing Unit, One Megabyte of RAM, a 20 
Megabyte Winchester disc drive, HP  986208 DMA card, RS-232, 
and HP-IB interfaces. The built-in HP-IB interface allows the HP  
6954A to control up to 14 HP-IB instruments or peripherals. Con- 
necting a keyboard and monitor to the HP  6954A allows it to be con- 
trolled locally. Or, you can control the system remotely via an RS-232 
link to a terminal such as the HP  2623A or HP  3082A, a computer 
running a terminal software package such as The PORTABLE com- 
puter, or a host computer such as the HP 1000. 

The H P  6954A has two card cages, one that accepts up to eight 
Multiprogrammer Series I1 I /O  cards, and another that accepts up to 
three additional Series 200/300 memory, accessory, or I /O cards. 
You can expand the HP  6954A Multiprogrammer system's I/O ca- 
pability by adding up to seven HP 6944A Multiprogrammers as ex- 
tenders to give you 120 slots for standard Multiprogrammer Series 11 
I/O cards. And when H P  6944A Multiprogrammers are used as ex- 
tenders for the H P  6954A. no extra interface is required because a 
Multiprogrammer Interface is built into the HP  6954A. 

The wide spectrum of capabilities offered by the Multiprogrammer 
Series 11 110 cards gives the Multiprogrammer the capability to digi- 
tize analog data at  up to 500 KHz, acquire up to 1 Megabyte of 16 bit 
data at  rates up to 760 kHz, or continuously log data directly to inter- 
nal disc at rates up to 54 kHz. Other I/O card stimulus and response 
functions include current output, voltage output, pulse output, 
switching, analog multiplexing, event counting, event sensing, and ad- 
ditional measurement and control functions offered on pages 636 and 
637. 

I/O interfaces: HP-IB. RS-2j2, HP-HIL, audio and composite vid- 
eo. 
Extender units: Up to seven H P  6944A's can be linked to the H P  
6954A using HP 34704A. B. or C interface cables. 
Maximum length of a link: A link of up to seven HP 6944A's can 
extend nine meters long. maximum. This maximum length is the 
sum of all the HP 14704A. B, or C Interface cables. 
System data acquisition rate: High data acquisition rates can be 
attained using Multiprogrammer I /O cards. For example, digital 
acquisition rates up to I MHz are possible using the HP  69791A 
Memory card and analog acquisition rates up to 500 kHz can be 
attained using the HP  69759A 500 kHz AID. 
Data transkr rate: Using the HP  98620B DMA card (takes up one 
slot of the four HP 9000 Series 200/300 interface and accessory 
card slots), data transfer rate between the Multiprogrammer I /O 
cards and the computer is up to 220,000 readings per second and 
direct to disc transfer of 200,000 words per second over HP-IB. 
Power supplim All necessary power supplies for up to eight Mul- 
tiprogrammer Series I1 cards, the controller, and up to four HP  
9000 Series 200/300 interface and accessory cards are built into the 
HP  6954A. Three +18 V supplies (isolated from each other and 
from ground) are available for powering isolated I/O cards. 
Input power: 100/120/220/240 Vac (switch selectable). +5% to 
- 10%. 47 to 63 Hz, 630 VA. 
Operating temperature range: 0 degrees C to +55 degrees C. 
Dimensions: 177.0 H x 425.5 W x 597.0 mm D (7"x16.25"~23.5") 
Weight (without I/O cards): Net, 26.4 kg (58 Ib.) Shipping. 33.6 
kg (74 Ib.) 

Ordering Information 
HP 6954A Multiprogrammer 

Opt 332 Replaces the 3 10 SPU and DMA card of a 
standard 6954A with a 332 SPU (with 2 Mbyte RAM 
and on-board DMA) 
Opt 001 Local Control Kit 
Opt 002 Delete BASIC and H P  14753A 
Opt W30 Two Year additional warranty (cannot be 
ordered with Option W03) 
Opt W03 Warranty conversion to 90-day on-site 
Opt 908 Rackmount kit 
Opt 910 Extra Installation and Service Manual 

Price 
312715 
+S4000 

+$615 
-$I000 

+S200 

SO 
+346 
+336 
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HP 6944A 

Data transfer rate 220,000 readingshecond Direct-to-disc transfer rate of 200,000 words/second 
Dedicated interface (HP 98633A) to HP Series HP 14753A CAT programming package 
200/300 Computers HP Multiprogrammer Series II I/O cards 

Description 
The HP 6944A Multiprogrammer is a high-speed data acquisition 

and control system designed exclusively for use with H P  Series 
200/300 computers.   he H P  6944A capitalizes on the HP  Series 
200/300 comouter architecture bv usinn the dedicated HP  98633A 
~ u i t i ~ r o ~ r a A m e r  Interface and t i e  HP-98620~ DMA Controller to 
achieve high-speed data transfers. 

The powerful HP  Multiprogrammer Series I1 I/O cards provide a 
broad variety of I /O functions for the H P  6944A. These cards allow 
the user to configure the HP 6944A to implement many instrumenta- 
tion functions such as high-speed scanning, analog waveform synthe- 
sis, limit checking and transient analysis. 

The HP 6944A is programmed exclusively with the H P  14753A 
Computer Aided Test Programming Package. This software package 
effectively couples the flexible hardware architecture of the H P  
6944A with the BASIC language system of the HP  Series 200/300 
Computers. The friendliness of this system is such that the system 
programmer only needs to be able to program in BASIC. The control 
statements are test oriented and closely linked to the application by a 
list of "Names" supplied by the user. An easy-to-use, menu-driven 
configuration process correlates the user-assigned "Names" to the 
system's 110  functions automatically from the BASIC program. The 
software, through the same menu-driven process, then leads the sys- 
tem programmer through the hardware configuration. The net result 
is fast development, self-documented programs and the abil- 
ity to maintain different configuration files on one disc. 

Featum 
The primary features of the H P  6944A evolve around the architec- 

ture of the H P  6944A. H P  Series 200/300 Computers, and the Mul- 
tiprogrammer Series 11 110  cards. 

The key feature of the HP  6944A is high-speed data transfer. With 
the HP  6944A. HP 69759A 500 kHz AID, HP  69791A/92A High- 
Speed Memory 110 System, and the HP  986208 DMA Controller 
Card, data may be transferred to an HP  Series 200/300 Computer at 
rates of 200,000 readings/second. Without the HP 98620B DMA 
Controller Card, transfer rates of nine kilowords/second are 
achieved. 

A second key feature of the H P  6944A is its ability to unburden the 
HP  Series 200/300 Computer from controlling each 110 task of the 
HP  6944A. This allows the HP  Series 200/300 Computer time to 
perform numerical analysis or manage other instruments during 
these time periods. 

HP 6944A Specifications 
Plug in I/O a r d  positions: Maximum of 16 plug-in output or input 
cards per mainframe. Removable rear cover provides access to card 
slots. 

Computer In- The H P  6944A is connected to an H P  Series 
200/300 Computer via the H P  98633A Multioroarammer Interface . - 
ca rd  and HP i 4 7 0 4 ~ .  B or C cable. 

Extondu unih: Up to eight H P  6944A Multiprogrammers can be 
connected to the Series 200/300 computer's H P  98633A Mul- 
tiprogrammer Interface Card by using H P  14704A. B or C Interface 
Cables. 

Maximum kngth of a link: A link of up to eight H P  6944A Series 
200/300 Multiprogrammers can be nine metres long, maximum. This 
maximum length is the sum of the lengths of all the HP  14704A, B or 
C lnterface Cables in the link. 

Power supplies: All necessary power supplies for up to 16 I/O cards 
are built into each H P  6944A frame. Three i 18 V supplies are isolat- 
ed from each other and from ground, and are available for powering 
isolated 110  card circuits. 

Cooling: Built-in forced air cooling draws air in through the side 
vents and exhausts air through the rear cover. 

Operating hmpefature range: 0 degrees C to +55 degrees C. 

Power: 100/120/220/240 Vac (switch, selectable), +5% to -10%. 
47 to 63 Hz, 650 VA. 

Dimensions: 177.0 mm high x 425.5 mm wide x 597.0 mm deep (7.0 
in high x 16.25 in wide x 23.5 in deep). 

Weight (without I /O cards): Net, 21 kg (46 Ib); shipping, 28.6 kg (63 
Ib). 

Ordering Information Price 
Step 1: Select the necessary quantity of HP 6944As. 
H P  6944A Series 200/300 Multiprogrammer $4750 

Option 908: rack mount kitp $37 
Option 910: extra operating and service manual $42 
Option W03: converts 1 yr return-to-HP warranty 

to a 90-day on-site warranty $0 
Step 2: Select the HP Series 200 Multiprogrammer Inter- 
face Card for HP 6944A. 
H P  98633A Multiprogrammer Interface Card $560 

Step 3: Select number and lengths of cables required for 
connectina HP 98633A interface to first frame. 
An addition; cable is needed for each HP 6944A frame used as an 
extender. 
H P  14704A Multiprogrammer Interface Cable. $ 265 
1 m (3.3 ft) 
H P  147048 Multiprogrammer Interface Cable, $280 
2 m (6.6 ft) 
H P  14704C Multiprogrammer Interface Cable. 5320 
4 m ( 1  3.2 ft) 

Step 4: Select HP 14753A to receive necessary CAT 
software and documentation (mandatory). 
Select the option appropriate for the system controller. 
H P  14753A Computer Aided Test Programming Package $2200 

Option 044: software provided on 3'/z" flexible discs SO 
Option 042: software provided on 5'14" flexible discs $0 

H P  14753R: right to reproduce HP 14753A CAT $1 I00 
programming package (documentation provided) 



Action-oriented instructions 
Isolated analog inputs and outputs 
Built-in self test 

COMPUTER AIDED TEST 
Multlprogrammer: User-Adaptable Instrumentation 

HP 6942A 

Overlapped input and output 
Internal or external pacing 
Easy to configure 

iW 
- - 

l 1  l . . .  Accessories - 
I I - HP 14700A extender kit: this kit contains the transmission boards - - - - - ,- \r hich go Into the master mainframe (HP 6942A) and the last extend- 
= - - - - - - er mainframe ( H P  6943A) in the chain. - HP 14701A intermediate extender kit: when more than two main- - ~ ~ - ~~-~~~~ - - frames are in a chain, the card in this kit must be used in each inter- - - mediate extender mainframe. - - HP 14702A chaining cable: this is the cable which chains together 

I- 
-- - -- - the master and extender mainframes. One cable is required fo; each -- w- -- -. - - extender mainframe. Length: 1.5 m (5 ft). - - HP 14703A card edge connector: extra connectors for the I/O 

HP 6942A 
cards may be ordered In addition to the one supplied with each I /O 
card. 

The Multiprogrammer Performs Operations in Parallel 
With this one instrument you can control several processes at once. 

And, while you are controlling the processes, the Multiprogrammer 
can also be watching for interrupt conditions. The internal 
microprocessor manages all the parallel operations and monitors the 
alarm lines; when the operations have completed or if an alarm condi- 
tion occurs, the Multiprogrammer interrupts the controller. 

How does the HP 6942A Connect With Your 
Controller'? 

The HP 6942A Multiprogrammer interfaces with your controller 
(desktop or minicomputer) using the HP-IB, Hewlett-Packard's im- 
plementation of IEEE Standard 488 and the identical ANSI Stan- 
dard MC1.l. Data and status readback make use of the extended bus 
addressing features of the HP-IB. 

Programming Flexibility 
Mnemonic, action-oriented instructions make the H P  6942A Mul- 

tiprogrammer simple to learn and use. For instance, the output in- 
struction " O P  works with all output cards. When you send an 
instruction, the internal microprocessor checks which type of card 
you are addressing and automatically converts the data to the proper 
format for that card. You select the units with which you want to 
program each card. Whether you want to use volts, millivolts, amps, 
degrees, feet, or any other units, the Multiprogrammer does the con- 
verting for you. The H P  6942A can also be programmed with the HP  
14753A CAT Programming Package. 

Mainframe Memory Unburdens The Controller 
The mainframe memory of the HP  6942A will accept up to 76 in- 

structions from the controller at  one time. This leaves your controller 
free for other processing activities while the Multiprogrammer works 
on the 110  operations. This mainframe memory may also be used to 
collect up to 1440 data readings and hold them until the controller is 
free to take them. (For even more data storage, up to 1 Meg words of 
data may be stored using the HP  69791A and H P  69792A Memory 
System Cards. 

Real Time Clock 
Built-in real-time clock gives you time-of-day readings and pacing 

of measurements. The clock detects which power line frequency you 
are using, 50 Hz, or 60 Hz, and automatically synchronizes itself to 
this frequency. The range of the clock is 65,534 days, with resolution 
to a tenth of a second. 

Computers and Documentation 
The HP 6942A can be operated with a wide variety of computers, 

including the HP  Series 80, Series 200, Series 300, Series 1000,9825, 
and 9845 computers. Documentation packages are available for these 
computers. Each one contains a User's Guide with programming ex- 
amples, a utility program tape or flexible disc, operating and service 
manuals, and a binder to hold this material. One no-charge documen- 
tation option must be specified to select the documentation appropri- 
ate for your computer. 

HP 6942A/6943A Specifications 
Plug-in I/O card positions: maximum of 16 plug-in output or input 
cards per mainframe. Removable rear cover provides access to card 
slots. 
Computer interface (HP 6942A only): the Multiprogrammer is con- 
nected to a controller via the Hewlett-Packard lnterface Bus (HP- 
IB). Hewlett-Packard's implementation of IEEE Std. 488. 
Real time clock (HP 6942A only): the built-in real time clock is au- 
tomatically synchronized with the 50160 Hz ac power line frequency. 
The clock is read and set with data in the form of days, hours, minutes 
and seconds with a resolution of 0.1 second. 
Extender interface kits (HP 6943A only): each HP 6943A Extender 
requires one HP 14700A or 14701A Interface Kit and one H P  
14702A Chaining Cable for operation with the HP  6942A. 
Maximum number of mainframes per chain: up to seven HP 
6943A Multiprogrammer Extenders may be placed in a chain with 
one HP 6942A Multiprogrammer. 
Maximum chain length: a chain of mainframes can be up to 152 
meters (500 feet) long. This maximum length is the sum of the 
lengths of all HP 14702A Chaining Cables used in one chain. 
Power supplies: all power supplies for up to 16 I/O cards are built-in 
including three + 18 V supplies isolated from each other and from the 
ground. 
Cooling: built-in forced air cooling draws air in through the front 
panel and exhausts air through the ventilated rear cover. 
Front panel indicators: five light emitting diodes on the front panel 
indicate power supply and self-test status. 
Operating temperature range: O°C to 55°C. 
Power: 100/120/220/240 Vac (selectable). +5%, -10%. 47 to 63 
H7.600 VA. 
Dimensions: 177.0 mm high x 425.5 mm wide x 597.0 mm deep, 
(6.969 in. high x 16.250 in. wide x 23.500 in. deep). 
Weight (without I/O cards): net. 20 kg (45 Ib); shipping, 27 kg (60 
Ib). 
Accessories furnish& PC board Extender Card (HP Part No. 
5060-2792). 

Ordering Information 
HP 6942A Multiprogrammer 
HP 6943A Multiprogrammer Extender 

Opt 010-233 One Set Documentation/Software 
Opt 908 Rack Flange Kit 
Opt 910 Extra Manual 
Opt W03 Converts 1 yr return-to-HP warranty to a 
90-day on-site warranty 

HP 14700A Extender Interface Kit 
HP 14701A Extender Interface Kit 
HP 14702A Chaining Cable 
HP 14703A Spare Card Connector 

Price 
$6,500 
$5,200 

SO 
+S42 
+f 32 

SO 

5875 
f 1,060 

5425 
$95 
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Multlprogrammer Series I1 I/O Cards: Broad Functlonallty wlth a Unlfled Approach 
HP 69700A-69793A 

Multiprograrnrner Series II I/O Cards tor the HP 6954A, 6944A. and 6942A 
For a complete description of the Multipro~rammer Series I1 110 Cards. ask for nublication 5952-4175. 

FuncWorn 
Programmable 
DC Voltage 
and Current 

T 
I DigitaCtc-Analog 

Converston 

U 
L U 

697MA 

S 

Temperature 
Measurements 

the Input perm~ts current measurements for 6 2 0  mA current loop 
process control Comblne the AID w~th the current DAC for res~stance me, lntegratlng DMM 
surements I HP6976lA I 

A p p l l u t l o ~  

The output voltage (up to 2MV) and current (up to 1000A) of forty different 
HP power supplles can be programmed to prov~de bias In automatic test sys 
tems or control of el~tromechan~cal process equipment. 

Twdvebit voltage DAC's providc outputs for strip chart, x-y, and analog tape 
recorders as well as control of analog programmable ~nstruments and stimu- 
lus of un~ts under test. Control process equipment with 4-20 mA output. 

The Memory card can continually supply pr&aded data to the DIA card at 
rates of up to 100 kHz. Spec~al waveforms may be loaded into the Memory 
card from the computer and usea as stlmuli for test and processes. The ana- 
log output IS Isolated from digltal ground 

Htgh S p d  ADC. 
HP 69751A. 
HP 69759A 

I 

ColdtW 
Resistance Output. 
HP 69700A69706A: 
Power Supply Control. 
HP 69709A 

Voltage DAC. HP 697201: 
Current DAC. HP 69721A. 

Memory card. HP 697908: 
69791A. 69792A Voltage DAC. 
HP 697X)A, or Current DAC. 
HP 69721A. 

Voltage. Current. 
Res~stance, and 

AID converters may be used to m e w e  voltages from +MpV to 4 0 0  V ~n 
the presence of 250 V of common-mode n o w  Connecting a revstor across 

Frequency 
Measurements 

s used In 

Pulse Count~ng 
Preset 
UpIDown n 

The Pulse Counter card accumulates counts over a precise time interval when 
a T~mer card IS connected to the enable line of the Counter. The program 
d'ivlde~ the count by the tlme interval to measure frequenc~es from 1 MHz to 
kss than 0.001 Hz. 

m i n e  Analog 
Acqulsitlon 

69751A 

SYSTEM 

Counter, HP 69775A: 
Timer HP 69736A 
HP 69774A 

The Counter may be preset to any value mthin the cwnt  rsngc of 0 to 65.535 
and can cause an ~nterrupt when ~t rolls over. The Counter may be enabled 
and d~sabled by pulses or levels. The computer may read the count w~thout 
d~sturb~ng the countlng process. 

Differential or single-ended signals may be digitized at rates up to 500 kHz by 
the AID, and stored ~n the Memory system. Each Memory system can store 
up to one megawords. The dlgit~zing process can take place ~ndependent of 
other Multtprogrammef activlty 

I 

Counter. HP 69775A. 
HP 69774A 

Digital Output 
and Switching 

Memory cards, 
697908.69791A1697928. 
Integrating DMM 
HP 69761A 

Scanner 
Systems 

Sixteen-bits of data in l l L ,  open colkctor, or SPST relaycontact form provide 
dtg~tal control of instruments and ~ndicators. AC power, up to 6, can be 
sw~tched to 12 loads mth a HP 697318, and HP 14570A AC Power Controller. 

c 
0 
N 

Cards used: Scan Control. HP 
69750A: FET Scanners. 
69752A or 69755A: Relay 
Scanner, HP 69754A. Temp 
scan HP 69753A. DMM HP 
69761A: High Speed ADC HP 
69751k Memory card HP 
697908. or 69791PJ92A 

Analog measurements from up to 960 channck may be acqu~red at 25.000 
readings per second dcpend~ng upon thc scanner system conf~guratlon Ran- 
dom access to any channel, as well as continuous rcannlng, are easlly accom. 
pltshed (See Appllcatlon Note AN3163 ) 

Digital Output. HP 697318: 
Relay Output. HP 697304: AC 
Power Controller. HP 14570A. I 

1-1 1-1 TI I Digital Input 

+~,uI-I  1 
01 770011 

Isolated Digital Input. 
HP 69770A. 

Digital Input cards accept lbbits of data from digital measuring instruments. 
push-buttons, sw~tches, relays, and other digital devices ~n the form of logic 
levels or contact closures. Dlg~tal data sources wtth more than 16-blts of data 
use several dlg~tal Input cards. 

L 
Time and Crystal controlled timing pulses. programmable from 100 ns to 18 hours. may Timer. HP 69736A or 
Frequency be used as a t~me-base reference for control, measurement, and data acqu~sl- Pulse Tram. HP 69735A. 
Reference tton. Pernod, duty cycle. and number of pulses are all programmable. HP 69734A 

T 
R 
0 

R Event 

M Scns~ng 

med wlth the DIA or f~xed wlth resistors. HP 69776A. 

Stepping 
Motor Qt Control 

A digital word may be used to trigger quick compvter rwponse with the inter- Interrupt card. 
rupt card. The computer responds to the interrupt with a software routine. HP 69776A. 
The Interrupt may also cause ~mmedlate local response by trlggtrlng a 
preloaded output card. 

The Stepping Motor card can produce from 1 to 32767 p u b  at either of two 
outputs (CW or CCW) to control motor translators. Output pulses are also 
used for pulse4raln update of supervisory control stat~ons. The pulse rate 
(motor speed) IS also programmable. 

Pulse TrainIStepping 
Motor. HP 69735A. 
HP 69734A 



Ordering Information continued 
H P  69752A 64 Channel FET Scanner Card 
Scans 64 single-ended channels (i 10.24 V input signal 
range) at  up to 25,000 readings per second. Cards cas- 
cadable to 960 channels in a single mainframe. 
H P  69755A 16 Channel FET Scanner Card 
Same as 69752A. except scans 16 channels. 
H P  69754A 32 Channel Relay Scanner Card 
Scans 32 single-ended (1 6 double-ended) channels with 
a + I00 V input signal range at  speeds up to I000 read- 
ings per second (625 readings double-ended). Switches 
currents up to 50 mA. 
H P  69750A Scan Control/Pacer Card 
Provides all pacing and control functions for the scan- 
ner cards listed above. One required for each group of 
scanner cards (maximum of 15 cards-see data sheet 
for further clarification). 
H P  69709A Power Supply Coatrol Card 
Used for full system control of 6024A and 6012A 
Autoranging Power Supplies. 
H P  14728A Buffered A/D Cable 
Used to connect 6975 1 A and 69790B in a buffered A/D 
configuration. 
H P  69700A-69706A Resistance output cards: the out- 
put of each of these cards is a programmable resistance 
value. Twelve mercury wetted relay contacts close 
across binary weighted precision resistors in a series 
string. The cards are designed to program the voltage or 
current output of an H P  power supply with option 040. 
H P  69720A D/A voltage converter card: provides a 
high speed, bipolar output voltage programmable from 
-10.240 V to +10.235V up to 5 mA load current. 
H P  69721A D/A current converter card: provides a bi- 
polar -20.480 mA to +20.475 mA current output. 
H P  69730A Relay output card: provides sixteen inde- 
pendent, normally open, mercury wetted relay contacts. 
Contacts rated at  100 Vdc; or 1 Amp; and 28 VA. 
H P  697318 Digital output card: provides sixteen TTL 
or CMOS compatible outputs, or sixteen 100 mA open- 
collector switches. 
H P  69734A Timebase a r d :  generates pulses from 100 
ns to 18.2 hours, or squarewaves from 5 MHz to 7.6 
uHz. It has over twenty modes including one-shot, 
squarewave, pulse, and a variety of triggered modes. 
Positive and negative true outputs are available with 
50-ohm drive capability. When using the H P  14753A 
CAT Programming Package with this card, version 
A.O1 or newer is required. 
H P  69735A Pulse train output/stepping motor control 
card: generates up to 32767 pulses at  a programmable 
frequency. 
H P  69736A Tinm/p.cer card: outputs a program- 
mable pulse from one microsecond to eighteen hours or 
a programmable square wave. 
H P  69751A A/D converter card: this card measures bi- 
polar dc voltages in one of four ranges, 100 mV, 1 
V, * 10 V, or + 100 V, with 12 bit resolution at  up to 
33,000 readings per second. 
H P  69753A Temperature Scanner card: allows 16- 
channel temperature measurements and is expandable 
to 240 channels. Performs Hi/Lo t w i r e  switching for 
thermocouple measurements and 4-wire RTD measure- 
ments, and has an on-board isothermal block for a tem- 
perature reference. When using the HP  14753A CAT 
Programming Package with this card, version A.O1 or 
newer is required. 
H P  69761A Integrating DMM a r d :  fully program- 
mable, general purpose DMM with 13K of on-board 
memory and 16-bits of resolution. Optimized for con- 
trolling up to 15 HP 69753A Temperature Scanner 
cards with an on-board pacer. When using the H P  
14753A CAT Programming Package with this card. 
version A.02 or newer is required. 

Price 
$ 1.475 

w 
H P  69770A Isolated digital input card: breaks the path $790 
of potential ground loops with an optically coupled iso- 
lator in each of the sixteen digital input lines. 
H P  69771A Digital input/analog comparator card: $720 
monitors up to sixteen contact closures, switches, TTL 
signals, CMOS signals, or analog signals. The switch- 
ing threshold can be set to any value between a 9.5 volts 
by a screwdriver-adjustable potentiometer on the card 
or may be externally programmed. 
H P  69774A Universal Counter card: fully program- $1,550 
mable, five function counter for frequency, period, time 
interval, event counting, and quadrature detection. The 
three operating modes are 32-bit (for up to 2032-1 
counts), dual independent 16-bit, or continuous with no 
"dead-time". When using the H P  14753A CAT Pro- 
gramming Package with this card, version A.O1 or new- 
er is required. 
H P  69775A Counter/totalizer card: counts contact clo- $890 
sures, TTL or CMOS logic level pulses, or analog 
waveform transitions in the range of 0 to 65,535. 
H P  69776A Interrupt card: compares up to sixteen logic $680 
level or contact closure inputs with a sixteen-bit refer- 
ence word and interrupts for =, #, <, > conditions. 
H P  69790B Memory card (occupies 2 I/O slots): pro- $1,260 
vides 4096 16-bit words for use with the DAC cards or 
the ADC cards or for other input/output tasks that 
need to run independent of other Multiprogrammer or 
computer tasks. Several Memory cards may be used to 
implement truly simultaneous operations. 
H P  69793A Breadboard card: the generalized grid area $215 
on this card may be used for mounting custom circuits. 

HP 69759A - 500 kHz A/D 
The HP 69759A 500 - kHz AID converter measures bipolar volt- 

ages in four programmable ranges. * IOOV, * 10V, a lV, and * 100 
mV. The digitized values may be read directly by the controller or 
transferred into HP  69791A and H P  69792A memory buffer cards 
available for the Multiprogrammer system. Use of memory buffers 
permits simultaneous digitization at  rates up to 500 kHz per channel. 
Scanning subsystems designed specifically to work with the H P  
69759A card provide additional measurement flexibility and permit 
expansion up to 7168 channels. Timebase and triggering functions W m  
may be added using other Multiprogrammer cards to form a com- 
plete analog measurement system that is precisely tailored to the re- 
quirements of the specific application. 

Application Note 316-5, Data Capture, describes several ways that 
the HP  69759A can be used with other Multiprogrammer cards to 
solve several different applications. These descriptions include cable 
diagrams and program listings for both the HP  14752A and the H P  
6942A native instructions. 

HP 69791N92 - Memory System 
The HP 6979 1 A and HP 69792A Memory Cards form a buffer 

used to perform input and output tasks without intervention from the 
controller. A memory card buffer can be used for inputs or outputs, or 
both. Data can be acquired at up to 760 kilowords/second or sent a t  
up to 400 kilowords/second. 

A memory card buffer has one H P  69791A Memory Card and up 
to five HP  69792A Memory Expansion Cards for a maximum memo- 
ry size of l M  (1.048.576 16-bit words). The H P  69791A holds 64k 
(65.536 16-bit words) and the H P  69792A holds 192k (196,608 16- 
bit words). The memory card buffer functions as a single memory, 
regardless of how many H P  69792As are added. 

The memory card subsystem can be used with the HP 69751A or 
H P  69759A A/D cards to input digitized analog measurements. Up 
to eight HP 69759A A/D Cards can be multiplexed into a single HP 
69791A169792A memory buffer. The A/Ds can be triggered by the 
same timebase for truly simultaneous readings which are then stored 
in sequential memory locations. This reduces memory costs and the 
number of mainframe slots required. 

Orderin Information Price 
H P  6975fA A/D Converter $2,800 
H P  69791A Memory Card $2,080 
H P  69792A Memory Card $1,325 



n AUTOMATIC TEST 
System Integration 
HP ATS 2000 

Modular Systems Using Standard Test Instrumenta- 
tion for Cost Reduction and Configuration Flexibility 
Manufacturing and Maintenance Applications 
Complete Integration, Installation and Support 
Services 
Single-vendor Solution 

A Modular Approach to Solving Test Problems 
With ATS 2000, HP  provides a customized solution for complex 

functional test needs. Based upon the integration of standard HP  in- 
struments and controllers, H P  ATS 2000 offers test solutions for 
manufacturing and maintenance of boards and modules in communi- 
cations systems, PBX, radar, navigational/guidance and other avion- 
ics, and pre-flight satellite checkout. 

HP's broad range of computation and instrumentation resources is 
backed up by 20 years of experience in providing fully-integrated sys- 
tems to meet the requirements of commercial and military testing ap- 
plications, with the added benefits of a single-vendor solution. 

HP  works with each customer to configure a system to custom-fit 
the test application, and then performs all the many hardware and 
software functions to fully integrate the system. In addition, HP  of- 
fers user training and long-term support of the customer's system. 
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System Controller Digital Test Software 
A host controller drives the test system. Thechoice of a controller is The DTU is controlled by the Digital Test Executive (DTE), a 

based upon current computing and testing requirements as well as modular family of software components which integrates various sim- 
anticipated future expansion of the system. The ATS 2000 offers two ulators with the DTU hardware for simulator-based testing. The 
standard HP  offerings: DTE consists of a run-time analyzer, file configurator, file reporter, 

The HP 1000 is supported by a powerful real-time operating sys- and a file generator if simulator-based testing is required. 
tem (RTE-A), and features fast efficient handling of 110. The H P  The HP 9423A Run-Time Analyzer extracts test data, such as 
1000 controller has a complete device subroutine library supporting stimulus and response vectors, circuit topology, node state, timing in- 
over 200 instruments. formation and fault diagnosis data, from the user's circuit simulation 

The HP 9000 is supported by HP-UX, Hewlett-Packard's UNIX- software. 
based operating system. HP-UX allows up to 84 independent virtual The HP 9425A File Reporter allows access to the DTE file at  any 
processes to execute simultaneously, but this number can be modified time during the test process for the test pattern verifications. 
according to the user's particular application requirements. A variety of file generators are available to map simulator output 

into a DTE-compatible format. 
User programming of the ATS 2000 DTU is simplified using a set 

Standard HP Stimulus and Response of over I20 subroutines in the H P  9426A Digital Device Subroutine 

Instrumentation Library. 

HP brings to the ATS 2000 a wealth of standard, programmable 
instruments for UUT stimulus and response measurement, such as 
digital multimeters, counters, signal sources, and analyzers together Sy~tem Resource Interface 
with a selection of programmable power supplies. Integration of off- A unit-under-test interface provides the signal path between a test 
the-shelf instruments substantially reduces system cost and facilities system and a UUT. The ATS 2000 System Resource lnterface (SRI) 
modifications to the system configuration to accommodate changes in provides a well-defined, high-integrity interconnect path for digital, 
the customer's application that may occur with time. analog, and RF  stimulus and response signals between the test system 

and the UUT. 

Switching 
The switching module routes signals between the UUT and analog 

stimulus/response instruments. The HP 3235A SwitchITest Unit is 
used for switching in the ATS 2000 systems. This switch comprises a 
IO-slot intelligent card-cage, with 13 different switch modules availa- 
ble in various matrix and multiplexer topologies to switch signals up 
to 10 Amps and from DC to 26.5 GHz. 

Digital Test Unit 
Required for digital test capability, a digital test unit (DTU) gen- 

erates input patterns to the UUT and analyzes the output responses at  
real-time functional speeds. Two major components comprise the - 
ATS 2000 DTU: a pattern generator analyzer and a signal condition- The SRI consists of two subassemblies: the H P  9420A Interface 
er. Connect Assembly (ICA), and the HP  9421A Interface Test Adapter 

-- .. ..~ 7 
(ITA). 

- - The SRI is offered in 4,000-pin (single-tier) and 8.000-pin (dual - 
- - m - -  .-. , tier) configuration. A single customized ICA is used with multiple 

i - i - - r - i  r , 
101 . I  

low-cost lTAs for different UUTs or families of UUTs. 
111 I 
110 .( 

System Software 
?.-.- System software includes the operating system, a device subroutine 

library for programming more than 200 HP instruments from Pascal, 
BASIC or FORTRAN, and a system functional test program. - 

The H P  9417A Pattern Generator/Analyzer controls digital test- System Integration 
Integration services for the ATS 2000 are initiated with a study of performing and response functions' From 64 to the customer's test application to arrive at a system configuration, 

128 non-multiplexed, bi-directional channels are provided by the HP  The integration process includes design hardware and 9417A9 which may be expanded 512 with the HP 9418A software configuration, system assembly, racking and cabling, design Chassis. five 4K memories ex- of a system functional test program and hardware adapter, optional pected* tristate* mask* are provided per channel for pre-shipment customer acceptance, site preparation and installation, time response comparison. Linear or algorithmic stimulus and re- on-site testing, comprehensive system-level documentation. and other sponse allows efficient test programming. Measurement accuracy is support services.  AT^ 2000 Customer Training Courses are also enhanced through adjustable skews for compensation of all propaga- available, tion delays. An HP 941 80A Guided Probe is available for backtracing 
and fault diagnosis. 

The HP 9419A Signal Conditioner serves as the interface between 
the HP  941 7A and the test adapter or UUT, providing multiple logic Ordering Information 
levels with maximum signal integrity. The H P  9419A supports logic Each ATS 2000 system is designed specifically to meet individual 
families in the range of +15V, including TTL, ECL. CMOS, and customer needs. For more information, consult your local HP  Sales 
DTL. Office. 

wvvw. hparchive.com 



n TECHNICAL COMPUTER SYSTEMS 
640 HP 9000 Technical Computers u HP 9000 Workstations 

H P  9000 workstations provide high-performance computation and 
advanced graphic systems for a wide range of engineering and scien- 
tific applications ranging from design to simulation, from technical 
publishing to numerical analysis. 

The HP 9000 technical computer family consists of Series 300, Se- 
ries 800 and the recently announced H P  Apollo Series 400 worksta- 
tions. The 9000 family can provide object-code compatibility across 
the Series 800 (based on PA-RISC Precision Architecture) and the 
Series 300/Series 400 (based on Motorola MC680XO microproces- 
sors). Up to 3200 applications are available for this family of work- 
stations. 

All three series run the HP-UX operating system which is a power- 
ful and flexible environment aarticularlv suited for technical comaut- 
ing and advanced graphics abplication; The Series 400 can also'run 
Domain/OS, the operating environment that helped build A~ollo's 
reputation for innovative workstation computing. Both operating sys- 
tems are UNIX-based, complying with the UNIX System V Inter- 
face Definition. HP 9000 workstations have available extensive 
networking connections and capabilities which makes them easy to 
configure in a LAN environment. 

The HP Apollo 9000 Series 400 
The Series 400 workstations are the first products released by HP 

that combine the innovation of Apollo with the quality and reliability 
expected from HP. You can choose either the HP-UX or the Do- 
main/OS operating system so you can move up to the Series 400 from 
older HP  or Apollo workstations and utilize existing programs and 
data files. You can acquire the latest in performance while taking ad- 
vantage of over 3200 existing applications. A preloaded user inter- 
face. HP  Visual User Environment (HP VUE), is window-based and 
mouse-driven to aid productivity. 

HP  Apollo 9000 VRX Graphics Systems provide powerful, easy to 
use 2D and 3D graphics for the Series 400 (except the 400dl). Using 
the highly versatile 10-plane (8 bit + 2 overlay) color systems for 2D 
applications, H P  offers the best X Windows graphics performance in 
the industry. The PersonalVRX, designed specifically for 3D 
MCADIMCAE applications, generates advanced, realistic graphics 
through a transform engine that off-loads graphics processing from 
the CPU to boost overall systems performance. TurboVRX graphics 
systems, which utilize up to 3 Intel i860T" processors, are available 
for Model 400s and Model 433s to deliver high-performance 3D mod- 
eling and rendering. 

Model 40Wl 
The Model 400dl is the lowest cost member of the Series 400 fami- 

ly designed for cost-sensitive diskless applications. It's based on the 
MC68030 processor running at  50 MHz with integer performance of 
12 MIPS. Its MC68882 floating point coprocessor performs at  0.5 
MFLOPS. Memory of 8 or 16 Mbytes of ECC (error checking and 
correcting) RAM is available. The Model 400dI comes with a 19" 
monochrome monitor. It can easily be networked through Ethernet 
LAN capability. Either desktop or deskside configurations are availa- 
ble. The Model 400dI may be upgraded to a MC68040 for higher 
performance. 

Model 400t 
The Model 400t is an entry-level, MC68030-based workstation in- 

corporating the MC68882 floating point processor and a 2OOMB hard 
disk. It is also a desktop or deskside system delivering 12 MlPS inte- 
ger performance at  50 MHz clock speed. The Model 400t has built-in 
capability for networking, graphics and expansion through a SCSl 
interface. Options include VRX Graphics Systems, and advanced 3D 
graphics through the PersonalVRX. 400t buyers can move up to the 
4251 through the purchase of an inexpensive MC68040 upgrade kit. 

Model 425t 
The Model 4 2 9  incorporates the MC68040 processor for integer 

performance of 20 MIPS, an increase of up to 60% over the perform- 
ance of the Model 400t. Its floating point speed is seven times that of 
the 4001. The Model 42% provides the flexibility to configure, and 
then expand, a system with networking, graphics, mass storage and 
SCSI interface options. PersonalVRX provides powerful 3D graphics 
capability and offers superior 2D X Windows performance. Like the 
400t, the Model 425t can be configured for desktop or deskside place- 
ment. 

Model 400s 
The deskside Model 4009 is designed for graphics-intensive appli- 

cations. It is based on the MC68030 microprocessor rated at 50 MHz 
clock speed and delivering 12 MlPS integer performance. It also in- 
corporates the MC68882 floating point processor performing at 0.5 
MFLOPS. The Model 400s provides ISA(PC-AT), SCSI, network- 
ing and mass storage options. Advanced graphics capability can be 
provided through the PersonalVRX or TurboVRX graphics systems. 
Model 400s performance can be upgraded with an inexpensive 
MC68040 processor kit. 

The entry-level HP Apollo 9000 Serles 425t workstatlon wlth 19" HP Visual User Envlronment (HP VUE) makes  HP 9000 and HP 
monitor and mouse, dellvers 20 MlPS with a 25Mhz MC68040 Apollo 9000 workstatlons easy, even for those not experienced 
processor. In UNlX systems. HP VUE Is now shipped with every HP 9000 

and HP Apollo 9000 workstatlon. 



The HP Apollo Model 433s workstation with the  PersonalVRX 
graphics system provides the capability t o  produce outstanding 
30 design and graphic realism. 

Model 433s 
The Model 433s is based on the MC68040 processor with on-chip 

floating point. With a 33MHz processor performing at  26 MlPS and 
4.5 MFLOPS, the Model 433s provides integer performance up to 
120% of the Model 400s and floating point speed that is nine times 
greater. The deskside Model 433s has been designed for high-per- 
formance graphics-intensive applications. Through the PersonalVRX 
or TurboVRX graphics systems, the Model 433s can provide power- 
ful color representations of 3D wireframes, solid renderings and ani- 
mation. Features to configure specific systems solutions include a 
choice of EISA, D l 0  11, SCSI, mass storage and networking options. 

The HP 9000 Series 800 
The Series 800 Models 834 and 835 offer the performance of PA- 

RlSC Architecture at a very affordable price. Delivering up to 14 
MlPS and 2.02 MFlops, these VLSI-based workstations speed 
through a variety of applications, including graphics, engineering 
analysis and modeling. Up to 1600 applications are currently availa- 
ble worldwide. The Series 800 provides the power to support HP's 
accelerated SRX and TurboSRX 3D color graphics systems. 

Model 834 
The Model 834 is the entry-level PA-RISC workstation. It delivers 

-Inten- affordable performance and software support for floating point ' 

sive and RAM-intensive applications as well as support of HP's accel- 
erated 2D and high-end 3D graphics systems. With 14 MIPS of 
power and 8 Mbytes of ECC RAM expandable to 96 Mbytes, the 
Model 834 provides high performance at a reasonable price. 

Model 835 
The Model 835 uses the 32-bit, I5MHz PA-RISC CPU with a 

floating-point coprocessor. It provides the same performance as the 
Model 834, but with added expandability. For applications diverse as 
high-end ME-CAD to compute-intensive numerical analysis, the 
Model 835 provides plenty of power and performance. It includes a 
high-resolution 19-inch color monitor and supports the SRX and 
TurboSRX graphics systems. 

The HP 9000 Series 300 
The HP 9000 Models 340. 345 and 375 workstations are based on 

the MC68030 processor and its companion MC68882 floating point 
processor. The Series 300 workstations offer mid-level performance 
ranging from 4 to I2 MIPS. The Series 300 provides for systems ex- 
pansion. 110, high-resolution displays and SRX and TurboSRX 
graphics accelerators. For more information on Series 300 control- 
lers, see page 605. 

Ordering Information Price 
HP Apollo 9000 Series 400 
HP-UX Bundles 
H P  A1630B Model 400dl VRX Mono 54.890 

(no HP-IB) 
Model 400t VRX Mono 
Model 4001 VRX Color 
Model 400t PersonalVRX P2 
Model 425t 
Model 400s VRX Mono 
Model 400s VRX Color 
Model 400s PersonalVRX P3 
Model 400s TurboVRX T2 
?el 400s Sewer 
w 3 D l 0  11 slots 

ode1 433s - ~ 

Domain Bundles (4001 & 400s include 19" monitor; 400s also 
includes 4 ISA slots, l/r" QIC Tape Drive) 
HP A1630B Model 400dl VRX Mono $4,890 
H P  A2010A Model 400t VRX Mono 5 10,240 
H P  A201 I A  Model 400t VRX Color S 15,640 
H P  A2012A Model 4001 PersonalVRX P2 $26,890 * Model 425t 
H P  A2030A Model 400s VRX Mono $27.880 
H P  A2031A Model 400s VRX Color $3 1,480 
H P  A2032A Model 400s PersonalVRX P3 $47.680 
U P  A2033A Model 400s Sewer $38,730 * Model 433s * 
HP 9000 Series 300 
H P  98563E Model 140 M <5  A05 
H P  9 8 5 6 3 ~  Model 340 MH 
H P  98564C Model 340 C+  
H P  98564C Model 340 C H  
H P  98573C Model 340 SRX 
H P  98563H Model 345 MH 

Model 345 C+  $i 2:495 
Model 345 C H  5 14,995 
Model 345 SRX 5 19,995 
Model 345 TurboSRX $23,995 
Model 375 MH $21,995 
Model 375 C +  $22,995 
Model 375 C H  $25,495 
Model 375 SRX $33,495 
Model 375 TurboSRX $39,995 nrnr 

HP 9000 Series 800 
H P  AlO56A Model 834 CH S22.500 - - -. - - - 
H P  A1089A Model 834 SRX $34,900 
H P  A1091A Model 834 TurboSRX $37,900 
H P  Al050A Model 835 CHX $59,500 
H P  A1045A Model 835 SRX $69,500 
H P  A1055A Model 835 TurboSRX $63,500 
'Prices and order numbers unavailable at printing -contact local HP seles offlm 
2D graphics options for Series 300 and 800 workstations: 

M - entry-level monochrome 17" medium-resolution monitor 
MH - high-performance (I 280 X 1024) monochrome 19" monitor 
C+  - mid-range (I024 X 768) color 16" or 19" monitor 
C H  - high-performance (I280 X 1024) color 16" or 19" monitor 
CHX - accelerated color display controller and graphics 

accelerator 
2D graphics options for Series 400 workstations: 

VRX Mono - high resolution monochrome (I280 X 1024). 19" 
monitor 

VRX Color - highly versatile, high-resolution color (1 280 X 1024). 
16" or 19" monitors 

3D graphics options for Series 300 and 800 workstations: 
SRX - entry-level 3D with display controller and graphics 

accelerator 
TurboSRX - high-performance 3D controller and graphics 

accelerator 
3D graphics options for Series 400 workstations: 

PersonalVRX - Affordable desktop CADICAE 3D color. (1280 X 
1024). 16" or 19" monitors 

TurboVRX - High-performance 3D modeling & rendering system, 
(1 280 X 1024). 16" or 19" monitors 

For help in configuring the best system for your needs, please contact 
your local HP  sales office. 

UNlX is a reglslered trademark of AT6T In the U.S. and other cwntrled. M C W  psr(wrnance 
ratings are based on Motorola data. 



TECHNICAL COMPUTER SYSTEMS 
842 HP 1000 Computers for Real-Time Applications 0 

Computer-aided manufacturing 
Computer-aided test 
Real-time monitoring and control 
Real-tive data acquisition 

HP 1000 A400 
single board 
cornDuter 

Versatile Design for Real-Time Applications 
HP 1000 open architecture computers are modular machines that 

are designed for real-time multiprogramming, multi-user applica- 
tions in manufacturing, communications, research, and other fields 
that require real-time response. A choice of processors and a wide 
variety of interfaces and software equips H P  1000 computers to solve 
many different applications, taking advantage of the following H P  
1000 real-time performance features: 

Fast, efficient handling ot I/O. External sensors, measurement in- 
struments. and other 110  devices connect to H P  1000 svstems via 110  
interfacesand an l/O'system with multi-level, vectoreh hardware'in- 
terrupts that expedite 110. Each I /O channel has its own interrupt 
priority level, from which interrupts directly initiate service pro- 
grams. Direct memory access controlled under a distributed intelli- 
gence I /O  design speeds data transfers to and from memory with 
minimal involvement of the CPU. 

A400 minicomputer packs a 0.4 MIPS CPU, double precision float- 
ing point firmware, 0.5 megabyte of memory, and a four-port serial 
110  multiplexer on a single plug-in board computer (SBC). At a price 
close to what you'd expect to pay for a personal computer, the A400 
SBC delivers full A-Series functionality, including support under the 
RTE-A real-time executive operating system and complete compati- 
bility with all other members of the A-Series family. 

AlOO+ minicomputer offers 0.4 MIPS base execution speed and 
double-precision floating point firmware. Unlike the A400 mini- 
computer, the A600+ can support ECC memory as well as parity 
memory. The A600+ processor consists of a CPU card and a memory 
controller card. 

A900 computer incorporates a pipeline implementation and a cache 
memory scheme providing three times the base performance of the 
A400/A600+ computer and over seven times the floating point per- 
formance. The A900's floating point processor and scientific and vec- 
tor instruction sets are built-in. ECC memory is standard for 
maximum system integrity. The five-board A900 is the ultimate com- 
putation machine designed to meet the most demanding needs of 
OEMs, system designers, and end users. 

Customers upgrading from A400, A600+, or even the obsoleted 
A700 computers to A900s can receive trade-in credit toward the pur- 
chase of the A900s. 

A990 - a  new single h r d  processor - has been developed for cus- 
tomers who require even more performance than that provided by the 
A900. In addition to more than doubled base speed and floating point 
speed, the A990 also provides increased 110  bandwidth, and signifi- 
cantly improved memory cycle time. Additionally, the A990 is availa- 
ble in the same package configurations as the A900. 

This new processor enlists modern CAD/CAM techniques, utilizes 
the latest in applications-specific-integrated-circuits (ASICS), and 
combines the state-of-the-art surface-mount (SMT) processes with 
other modern manufacturing methods to provide a high-performance, 
plug-compatible, and reliable single-board processor that is function- 
ally compatible with the current A-Series familv. 

Fast processing of data. H P  1000 systems can process data at  base For those applications where speed is critical, the A990 with its 

instruction rates up to 3.2 and floating point processing speeds standard on-board writeable control store, is also user-microprogram- 

up to 1650 KWIPS-BID. This minimizes the time needed to process mable' 

input data, evaluate results, and initiate real-time action. Customers who already have A-Series computers can field-upgrade 
to the new A990 processor by purchasing the l2990B upgrade pack- 

Clocked operations timing is provided by time base generator inter- age. Also, for returning their A-Series processor board s-et when they 
rupts that maintain a real-time clock. order their upgrade, customers will receive trade-in credit. 

Large main memory capacity. Up to 32 megabytes of main memory 
can be provided to keep most critical programs resident and ready to 
execute quickly, avoiding the delays inherent in moving programs to 
and from disc. 

A powerful real-time operating system. The RTE-A system s u p  
ports memory-based or disc-based real-time multiprogramming oper- 
ation with easy, efficient inter-process communication, and priority- 
based scheduling of programs in response to event interrupt, time-of- 
day, program, or user requests. RTE-A manages sharable memory- 
resident data arrays up to 2 megabytes and virtual data arrays up to 
128 megabytes in main memory and on disc. With its VC+ extension. 
RTE-A supports execution of programs as large as 7.75 megabytes. 

Exceptional applications flexibility. Programs can be developed on 
any member of the A-Series family and executed without change on 
any other member. from the A400 on up through the A990. Process- 
ing power, capacity. and cost can be closely matched to application 
requirements with the guaranteed ability to grow as and whenever 
necessary. 

A Choice of Processors tar Diverse Applications 

Flexible Packaging - from Board Cornputen to System 
Processor Units 

HP 1000 A-Series processors are available in a variety of packag- 
ing configurations to meet the requirements of many different appli- 
cations. see the photo on the next page and summary below. 
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Board computers make the A400 and A600+ processors available 
to OEMs or system designers in a space-conserving package for em- 
bedded controller applications, or other uses in which custom integra- 
tion is required to either fit within defined physical constraints or to 
meet cost objectives. 
Box computers incorporate the CPU card(s) and memory in a fully- 
powered card cage that can be installed in a rack cabinet. Because a 
system console and system disc are not prerequisite to purchase, the 
box computer offers OEMs and system designers more configuration 
flexibility than the System Processor Unit. 
System processor units (SPUs) include a box computer, interface 
to the system disc, the RTE-A operating system and diagnostics, site 
prep consultation and installation/checkout services, and 90-day on- 
site warranty. The higher level of SPU integration simplifies design. 
ordering, and implementation of systems that use a system console 
and a system disc. The SPU also complies with FCC and VDE EM1 
regulations. 
Micro 14/16 box computer provides the A400, or A600+ processor 
in a low-cost 6-slot box for low-end systems. Exceptionally efficient 
cooling makes possible operation in ambient temperatures to 60°C. 
This and a 1.5G operating shock spec make the Micro 14/16 ideal for 
use in tough environmental conditions. 
Micro 24/26/29/99 box computer or System P m m w r  Unit pro- 
vides the A400, A600+, A900 or A990 processor in the versatile 14- 
slot Micro/ 1000 package. The Micro/ 1000 package can be placed on 
a table or bench. installed in a soace-savina vertical floor mount with 

Computer Networking 
HP's AdvanceNet software makes it easy to connect HPlOOO sys- 

tems across a city or a continent, sharing vital information through- 
out the network. LAN link is now available for fast local area 
communications with other HP  systems or with DEC VAX systems. 

Compatibility with HP 9000 Series 800 Systems 
PORT/RX applications migration consulting services are availa- 

ble from HP to promote compatibility of the HP  1000 systems with 
H P  9000 Series 800 systems. Multiple HP  1000 systems used as fac- 
tory floor cell controllers can thus benefit from supervision and sup- 
port by HP  9000 Series 800 systems used as Area Managers at Level 
2 in the CIM hierarchy, or in similar supporting host roles. 

Plant Automation 
HP's wide range of hardware and software supports automation of 

instruments and machines as well as monitoring and control of real- 
time processes. The H P  1000 can help improve productivity and re- 
duce costs. For low point-count data acquisition, A-Series rneasure- 
ment and control cards provide many analog interfacing functions 
within the computer, without need for add-on peripheral devices. 

Automated Test Systems 
HP Automated Test Systems can be configured from H P  1000 A- 

Series computers and a wide range of electronic instruments to per- 
form virtually any electronic test application. 

roll-about mobility (as shown in'the photo above), or rack-mounted in 
a larger cabinet. In addition to its compactness and convenience, the P r i m  

Range from $ 2600 for an H P  12100A A400 single board computer 
package can integrated mass (a 20 with 0.5 Mbyte parity memory and four-port to approxi- 

megabyte mini Winchester disk and a 630 kilobyte diskette). mately $50.000 for an H P  2989 A990 Micro/1000 system with 3 MB 
20-SlOt box computer provides the A4003 A600+. or ,4990 ECC memory. RTE-A/VC+ operating system, 20 MB integral disk, 
processor in the largest available package for applications that need and system console connected an  eight-port multiplexer. 
more card cage slots than the Micro/ 1000 package provides. 
Model 26/29/99 system processor unit provides either the A600+, 
A900 or A990 processor in the 20-Slot box configuration that is in- 
tended to be rack mounted in either a tall or a short rack cabinet (HP 
29431G or HP  29429A. respectively). 

SCSI Interface Card 

High Density Memory 
HP now offers HP  1000 memory that uses 1 Mbit DRAMS: Availa- 

ble are 2.4, and 8 megabyte parity memory boards for the A400 and 
A600+ computers, and an 8 megabyte ECC memory board for the 
A900 and A990 computers. Four 8 Mbyte memory boards can pro- 
vide 32 megabytes of memory for A-Series computers or SPUs. 

A400 and A600+ computers typically incorporate the less-expen- 
sive parity memory as the preferred memory system. For large sys- 
tems in critical applications, Error Correcting Code (ECC) memory, 
which detects and corrects all single-bit errors and detects all double- 
bit errors to provide the best possible system integrity is preferred. All 
A900s and A990s utilize ECC memory. ECC memory is optional for 
the A600+. 

HP 1000 Software 
HP 1000 software products for program development, data base 

management, graphics, distributed systems networking, quality deci- 
sion management, programmable controller communications, and 
process monitoring and control are supported in all HP  1000 A-Series 
computers. This universality of H P  1000 software helps you to tailor 
comprehensive, coherent solutions to your specific application needs. 
Further help is available from a growing array of HP  1000 software 
products offered by third party suppliers under the HP  PLUS 
software program. 

Program Development 
With a hard disk and optional software, H P  1000 systems can be 

used to develop programs in BASIC. FORTRAN 77, Pascal, and 
Macro/1000 assembly language. Symbolic Debug/1000, program 
profiling, and user microprogrammability (of the A900 and A990 
processors) provide extra capability that can be used to gain extra 
performance. 

HP 12016A SCSI (Small Computer Systems 
Interface) 

The H P  12016A SCSI interface provides connection to the indus- 
try-standard SCSl I and SCSI I1 peripheral interfaces for fast, effi- 
cient handling of 110. Up to seven devices, including flexible and 
hard magnetic disk drives, optical disk drives, and magnetic tapes. 
can be connected to the H P  12016A. 
In addition to those previously mentioned, other important features 
the 12016A provides include: 
- lnterface that is compatible with all H P  1000 A-Series computers 

and systems 
- lnterface to HP  and non-HP low-cost SCSI peripherals 
- Built-in DMA capability for optimum I/O efficiency 
- DMA transfer rates up to 2.4 MBytes/second to both H P  and non- 

HP  SCSl peripherals 
- Concurrent operation of multiple SCSI interfaces under control of 

the RTE-A operating system 
- Factory supported design environment for custom device drivers 
- Supports cable lengths of 6 meters for single-ended operation, and 

25 meters for differential operation 
H P  12016A reliability is supported by a calculated MTBF of greater 
than 50,000 hours. 
A diagnostic kit for the 12016A is provided with the 12016A SCSI 
Interface. 
The U.S. list price of the 1201 6A SCSI Interface is 31,495 



TECHNICAL COMPUTER SYSTEMS 
HP 9000 Technical Computers 
The X Window System 

The X Window System 
The X Window System provides HP  Series 300, Series 800, and 

Vectra PC family with a network-compatible windowing system that 
allows interconnection of HP  computers and computers from other 
vendors. 

With the X Window System, you can create multiple windows on 
your computer display to interact with programs running on your 
computer, another HP computer, or computers from other vendor's, 
connected to your system over a network. Programs compiled on an- 
other vendor's computer to use X can use the X windowing software 
on HP computers for input and output - and the reverse. 

User Interface 
HP-UX supports the X Window System Version 11 Release 3 (re- 

ferred to as X), which provides a window system for the HP9000 Se- 
ries 300 and Series 800 computers. X includes the display server, a 
group of programs (clients), a library of functions (Xlib), and a stan- 
dard tool kit (X Toolkit Intrinsics) for constructing applications. 

The HP OSF/Moti fM user environment*, HP's offering of the 
OSF/Motif user environment, is included as HP's standard user in- 
terface on all of HP's open-systems products. The OSF/Motif envi- 
ronment is based on MIT's X Window System and is consistent with 
Presentation Manager behavior, the defacto standard for behavior in 
the PC world. The OSF/Motif environment provides a consistent be- 
havior for the user interface. By providing consistent behavior, user 
productivity is maintained as people move from system to system and 
application to application. (Imagine what driving a car would be like 
if the steering wheel and pedals changed functions from model to 
model. 

The HP X Window System also allows programs written in the 
GKS, Starbase, and other graphics libraries to have full access to HP  
graphics capabilities, thus combining the power of these graphics li- 
braries with an easy-to-use interface. 

X Window Systems for a Wide Range of Systems 
HP X Window System products are available for the HP  9000 Se- 

ries 300 and Series 800 computers, as well as for the HP Vectra PC. 
The AXDSJPC XI I product for the Vectra PC runs on the Intelli- 
gent Graphics Controller card. This software provides the display and 
input functions of XI 1 and can integrate the Vectra into the X envi- 
ronment. 
'Ceniflcntion of conformance with OSFlMotlf ussr emlronment pending. 
OSFIMotif is a trademark of the Open Software Foundallon. Inc. in the U.S. and other countries. 

Because X Window Systems are supported on a wide price1 
performance range of hardware platforms, application developers can 
have a broader platform base for their applications, and end users 
enjoy more freedom and flexibility in their choice of hardware. 

Hewlett-Packard Visual User Environment (HP VUE) 
HP VUE is a graphical user interface designed to make worksta- 

tions easy and natural to use. Through the use of window-based, 
mouse-driven functionality and a simple, flexible set of window-based 
utilities. HP  VUE gives workstation users increased productivity 
without compromising the full power of the HP-UX operating 
system. 

For More Information 
Please contact your nearest HP  technical sales representative. 

Ordering Information 
Vectra PC Family (PC-AT bus compatible) 
D2300A AXDS/PC 
Accelerated X Window display server software for the 
PC with XI 1 R21R3 fonts on 5.25-inch and 3.5-inch 
media and installation guide. Requires the Intelligent 
Graphics Controller card. part number HP  82328A. 
Series 300 
X Window System is included as part of Series 300 XI 1 
Series 800 
B1168A X Window System Version I I 

OPT AH0 for model 8 15 
OPT AEL for model 8151822 
OPT AE5 for model 8251832 
OPT AE6 for model 835 
OPT AEN for model 8401845 
OPT AEP for model 8501855 
OPT AH1 for model 875 

Must also select a nocharge media option: 
OPT AAO 114 inch tape cartridge 
OPT AA1 112 inch 1600 cpi 9-track tape 
OPT AAH DigitalData Storage Tape 

Price 
5500 

NIA 

f 1,000 
5 1,000 
$2,100 
$2,100 
$3,295 
$4,500 
$5.775 



DESIGN AUTOMATION 
HP Open DeslgnCenter 

General information 

Design Automation 
Design automation is the process of using 

computer-automated productivity tools to 
improve the quality of new products and the 
speed with which they can be moved through 
the design cycle and into manufacturing. 
When implemented effectively, design auto- 
mation has a powerful, positive effect not on- 
ly on quality and time to market, but on 
production costs, product reliability, and oth- 
er factors that ultimately affect the competi- 
tive position and profitability of your 
company. 

Hewlett-Packard's approach to design 
automation is to integrate best-of-class appli- 
cations into a design environment that en- 
ables engineering teams to link their efforts 
through the entire design process, from con- 
cept through manufacturing. H P  solutions 
comprise HP  Apollo computer platforms and 
operating environments, application 
software from H P  and value-added business- 
es, networking, peripherals, hardware ser- 
vice, software support, and consulting. 

HP Open DesignCenter 
HP Open DesignCenter is an integrated 

design environment for electronic, mechani- 
cal, and software engineers, where tasks can 
be planned, executed and managed more ef- 
fectively. HP  Open DesignCenter includes 
tools for data management, documentation 
and communication, not just design automa- 
tion software. It runs on a family of powerful 
workstations that link, through industry- 
standard networks, to computers from Hew- 
lett-Packard and other vendors. 

In addition to offering integrated sets of 
tools from Hewlett-Packard and from val- 
ued-added businesses, the  H P  Open 
DesignCenter environment provides assis- 
tance for mixing a variety of alternative tools 
to fit in with standards-based design automa- 
tion installations. 

HP Design PSge 
Automation Products 
HP Technical Computer Systems 640 

HP Open DesignCenter Software 
Engineering Products 
H P Soft Bench 655 
HP Encapsulator 656 
H P 64000 AxCASE Embedded 
Microprocessor Development 
Environment 648 
HP 64700 Series Emulators/Analyzers 648 

HP Open DesignCenter Electronic 
Engineering Products 
HP Open DesignCenter Electrical 
Engineering Products 
HP Electronic Design System 657 
HP Printed Circuit Design System 658 
H P  Design Data Controller 658 
HP Programmable Logic Device 
Design System 659 
HP Engineering Graphics System 659 
HP EDA Solutions 660 
HP Microwave Design System 66 1 

HP Open DesignCenter Mechanical 
Engineering Products 
HP ME Series 10 & 30 662 
ME Value-added Business Products 664 

HP's Enginccring Solutions 
Hewlett-Packard's engineering solutions 

comprise five enabling tiers: HP's leadership. 
best engineering practices, computing plat- 
forms, team computing, and engineering ap- 
plications. 

Five Tier Approach t o  Delivering HP's 
Engineering Solutions 

Strong Foundation 
Hewlett-Packard's engineering solutions 

rest on a foundation of over 50 years of expe- 
rience in supplying tools to engineers. This 
foundation is represented by HP's leadership 
in standards and quality. 

Sharing HP's Best Practim 
HP takes their expertise and experience 

and applies it to the design automation solu- 
tions we recommend. In order to help cus- 
tomers improve their own engineering and 
manufacturing processes. H P  offers to share 

their experience and knowledge through 
technology seminars, consulting services, and 
user training courses. See your local Hew- 
lett-Packard sales representative for more in- 
formation on these programs. 
Computing Platforms 

HP Open DesignCenter solutions build on 
the strong foundation HP provides with a 
commitment to delivering standards-based 
computer technology for heterogeneous envi- 
ronments. Hewlett-Packard platforms in- 
clude H P  Apollo workstations, high 
performance servers, X terminals, printers. 
plotters, disks, personal computers and mul- 
ti-user systems. A broad range of operating 
systems is available, including UNlX sys- 
tems, Domain, and MS-DOS. 
Team Computing 

HP takes their computing platforms a step 
further with a set of system administration 
tools which provide increased communica- 
tion, resource optimization, and a common 
user interface, realizing true team comput- 
ing. 
Appilcations from HP and Value- 
added Businesses 

Hewlett-Packard offers a broad line of en- 
gineering solutions, both HP-developed and 
from value-added businesses. There are more 
than 3200 applications available on HP com- 
puter platforms from over I100 independent 
software vendors. The HP sales and support 
force works closely with these suppliers to 
match the right solution with each custom- 
er's needs. See page 660. 
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HP Open DeslgnCenter 
General Intormation 

CASE Products 
HP SoRBcnch is a tool integration platform 
that includes a set of integrated software de- 
velopment tools that facilitate rapid, interac- 
tive program development in a distributed 
computing environment. HP  SoftBench is 
easy to learn, easy to use, and it simplifies the 
tasks of program porting and maintenance. 
A language-sensitive editor and program 
building tool help in writing source code and 
then compiling it into an executable pro- 
gram. A symbolic debugger and static code 
analyzer are used to gain an in-depth under- 
standing of that program. The version man- 
agement tools allow you to manage the 
software throughout the development 
process. 
HP Encapsulator allows UNIX tools and 
third-party tools to integrate into the HP  
SoftBench environment. The environment 
can be customized by using H P  Encapsulator 
to establish communication links between 
HP SoftBench and user added tools. The 
result of this encapsulation process for the 
new tool is a consistent user interface based 
on the OSF/Motif appearance and behavior. 
See page 655. 
HP 84000 AxCASE Mkropmcesror De- 
velopment Environment is a set of integrat- 
ed tools for embedded system development. 
These tools provide support for the entire 
software life cycle. The HP 64000 environ- 
ment is fully integrated into the HP  Open 
DesignCenter family and the H P  SoftBench 
environment, uses the same computer plat- 
form, and provides links to other HP  Open 
DesignCenter solutions. It provides versatile 
networking to popular software on systems 
such as the DEC VAX, HP 9000 Series 300 
and 800 workstations, and Apollo worksta- 
tions. In-circuit emulators, language sys- 
tems, and analysis tools are available for 
8-, 16-, and 32-bit microprocessors. A broad 
selection of price/performance options helps 
to select the best system for your needs. See 
page 648. 

Included in the H P  64000 environment are 
H P  64700 Series emulators/analyzers. 
which are self-contained, host-independent 
tools. They can fit into virtually any develop 
ment environment by means of an RS-232 
connection. A firmware-resident terminal 
interface provides access to the emulator 
features. The H P  64700 Series can also be 
interfaced to IBM-PCs and compatibles as 
well as HP  9000 Series 300 and Apollo work- 
stations. Hewlett-Packard and key language 
tool vendors provide support for the full de- 
velopment life cycle with cross compilers, 
cross assemblers/linkers/librarians. cross 
debuggers, simulators, and test coverage an- 
alyzers. Eight- and 16-bit processors are 
probed with slim, flexible cables ending in a 
low-profile probe for accessing hard-to-reach 
targets without sacrificing signal fidelity. 

Thirty-two-bit designs use HP's active probe 
technology to allow you to design with emu- 
lation. See page 648. 
Electronic CAE/CAD 
Products 
HP Electronic Design System provides in- 
tegrated tools for all phases in the develop- 
ment of digital, analog, and microwave 
circuitry. The system includes more than 
7000 logic and analog component library 
parts, a powerful schematic editor. System 
HILOQ logic simulation, analog simulation 
through the Analog Workbench, links to the 
HP  16500A prototype test, to HP's PLD 
Design System, and to physical layout sys- 
tems, and a user interface that simplifies in- 
teraction with the design and verification 
tools. The HP ELectronic Design System is 
available as a high-end system for use on the 
HP  9000 Series 300 technical workstations. 
See Page 657 HP Apollo 9000 Series 400. 
HP Printed Circuit Design System couples 
printed-circuit-board layout to electrical en- 
gineering design, manufacturing and test. 
Tightly coupled with HP's Electronic Design 
System, the Printed Circuit Design System 
allows PCB designers to create highly 
manufacturable boards that perform as the 
design engineer intended HP Printed Circuit 
Design System provides packing, placing and 
routing features to automatically lay out dig- 
ital, analog and mixed digitallanalog boards 
with through-hole and surface-mount tech- 
nologies, with facilities for thick-film hybrid 
design. The system has links to HP's ME 
Series products and to schematic capture sys- 
tems from a variety of EDA vendors. The 
system also generates a complete range of 
manufacturing and test reports. See page 
658. 
HP Design Data Controller provides flexible 
data management and file security for H P  
Electronic and Printed Circuit Design Sys- 
tem data. This data includes schematic draw- 
ings, simulation stimulus and results, 
documentation, board layout graphics, back 
annotation and engineering changes, materi- 
al lists, and manufacturing and tooling flies 
large design teams can keep track of data 
revision, control access to files, and lock data 
at  project checkpoints to prevent unautho- 
rized or unsynchronized updates. The HP 
Design Data Controller is available on 
HP 9000 Series 300 and 800 computers, and 
HP Apollo 9000 Series 400, See page 658. 
HP's Programmable Logic Devicc Design 
System is a device-independent design tool 
that supports the entire design process of 
Programmable Logic Devices (PLDs) - 
from conceptual and functional design, 
through device selection, pin/resource 
assignment, to debugging and fusemap gen- 
eration. The system automatically fits de- 
signs into the most efficient PLD and 

automatically partitions large designs into 
multiple PLDs to shorten design time. A 
bidirectional link with HP's Electronic De- 
sign System allows schematics to be trans- 
ferred to the HP  PLD Design System for 
PLD realization. Once the design has been 
fitted into one or more PLDs the system will 
automatically generate system HILO. mod- 
els for design verification on the HP  Elec- 
tronic Design System See page 641. 
HP Microwave Design System is a power- 
ful tool for designers of hybrid- and micro- 
wave-integrated circuits. The system consists 
of three fully integrated modules for sche- 
matic entry of the circuit, linear-circuit 
simulation and optimization, and circuit-art- 
work generation. Extensive capabilities for 
documenting the design also are integrated 
into the program. The system also links to 
other H P  electronic- and mechanical- 
engineering design systems. See page 661. 
HP Engineering Graphics System (EGS) 
provides powerful tools for thick-film hybrid 
circuit design, interactive printed circuit 
board layout and schematic drawing, as well 
as mechanical drafting for the enclosures to 
house PCB designs. The product also in- 
cludes a general drawing module for artwork 
such as overhead slides, project planning 
diagrams and floor plans. H P  EGS can be 
easily customized to perform specialized 
CAD tasks. See page 659. 
HP EE test solutions are the most highly 
rated in the business. HP  is a leading supplier 
of logic analyzers, digitizing oscilloscopes, 
radio and microwave frequency sources and 
analyzers, low-frequency dynamic signal 
analyzers, board test systems and other prod- 
ucts. See the alphabetical index of this cata- 
log for the specific instruments of interest to 
you. 
Mechanical CAD/CAM Products 
HP ME DesignCenter Series 10 & 30 
Mechanical Engineering Systems are a 
family of CAD products for mechanical 
drafting. 2D design and 3D solids modeling. 
Both use the same user interface, developed 
to dramatically reduce system learning time 
to quickly improve designer productivity. 
ME Series 10 & 30 provide a range of func- 
tions for design through modeling and draft- 
ing of complex mechanical Darts and 
assemblies.   he result is reduced prototyping 
reauirements and faster creation and modifi- 
caiion of drawings. See page 662. 
HP Mechanical Engineering Test Prod- 
ucts have grown out of the company's long- 
standing involvement with state-of-the-art 
instrumentation for vibration and structural 
analysis and test. In addition to CAD/CAM 
products, H P  offers a large family of 
mechanical testing solutions. See page 157. 
UNIX Is a registered trademark of AT&T In the U.S.A. and In 
other countries. 



Lots of Links 
Ideally, a new product design should work 

right the first time, but many companies av- 
erage six iterations. Integration is the key to 
reducing the number of times designs must 
be reworked. H P  Open DesignCenter prod- 
ucts can be tightly linked (see diagram on 
page 645). H P  Electronic Design System 
provides strong links to H P  Technical Office 
Automation, HP  EGS, H P  64000 AxCASE 
Microprocessor Development Environment, 
H P  Printed Circuit Design System, and the 
HP  Programmable Logic Device Design Sys- 
tem, with additional links to Racal-Redac 
Visuala, and ASIC foundry links to NEC, 
Motorola, TI and others. HP  Printed Circuit 
Design System not only receives net lists and 
parts information from H P  Electronic De- 
sign System, but sends back engineering 
changes and back-annotation data. 

Design Automation 
A Strategic Decision 

The purchase of any computer system is an 
important decision that requires looking be- 
yond today's needs and currently available 
product features to expected future require- 
ments and growth paths. This is especially 
true in CASE/CAE/CAD/CAM since the 
user's entire design-to-manufacturing cycle 
can be linked to the selection of a CAE ven- 
dor. With technology and design require- 
ments changing at  an ever-increasing pace, 
the strategic directions of alternative CAE 
vendors are an important factor in the selec- 
tion process. HP's product strategy is found- 
ed on a major corporate commitment to the 
design automation business. The company's 
engineering expertise, reputation for quality 
and experience in test, measurement and 
technical computing, as well as its respected 
worldwide support organization, all contrib- 
ute to HP's position as a leading supplier of 
design automation solutions. 
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Why Design Automation? 
During the past few years, several factors 

have influenced the typical product design 
process in ways that make the design engi- 
neer's task more demanding. Increasing 
global competition has compressed product 
development time as well as product life cy- 
cles, making the time saved in development 
even more critical than in the past. 

The shorter the development time, the 
sooner the product goes to market and the 
longer the sales life of the product. A recent 
electronics industry study compared the im- 
pacts on product costs and late product intro- 
duction., Using a representative high- 
growth market with 5-year product life, 12% 
annual price erosion, and 20% growth per 
year, an overrun of 50% in product develop- 
ment costs will decrease after-tax profits by 
3.5%. In contrast, a production-cost overrun 
of only 9% results in a 22% decrease in after- 
tax profits. Even more significant, a six- 
month delay in introduction costs 33% of the 
after-tax profits. 
(* Figure from Donald Reinstein, McKinsey 
& Co, Los Angeles, CA, Electronic Business, 
July 1983. P. 86 Copyright 1983. Cahners 
Publishing Company) 

With the H P  Open DesignCenter, an engi- 
neer has access to a comprehensive offering 
of CASE/CAE/CAD/CAM solutions for 
electronic, mechanical and software develop- 
ment. Along with this comes the support, 
training, and service that have distinguished 
Hewlett-Packard over the years, and that are 
so important to the successful use of these 
complex systems. To ensure that the best so- 
lutions are available to customers, HP  culti- 
vates relationships with other design 
automation market leaders to make their 
products available on H P  computer systems. 
This combination of the  H P  Open 
DesignCenter offerings complemented by re- 
nowned third-party products, provides the 
customer with the widest possible range of 
design automation solutions. 

H P  is committed to a technical and busi- 
ness relationship with C A S E / C A E /  
CAD/CAM customers, which begins when 
the H P  field engineer helps to define and ana- 
lyze the customer's specific needs. This con- 
tinues through system installation and 
implementation and extends through the life 
of the system and beyond as needs expand 
and new products become available. 
Contact HP 

HP's design automation offerings are con- 
tinually expanding as new products are intro- 
duced at  a rapid pace. The products on the 
following pages represent the current state of 
the H P  Open DesignCenter family, but are 
by no means the whole story. 

Contact your nearest Hewlett-Packard 
sales office (see page 737) for more detailed 
information on HP's growing family of prod- 
ucts for design automation solutions in 
CASE/CAE/CAD/CAM. 

Summary 
Hewlett-Packard has for many years been 

a leading supplier of computers and engi- 
neering workstations for measurement auto- 
mation, data acquisition, automatic test, 
factory automation and many other technical 
applications. Today, by combining its exper- 
tise in technical computers with its experi- 
ence in state-of-the-art electronic design, HP  
supplies high-quality design systems to help 
improve the productivity of electronic, 
mechanical and software engineers. 

Computer-aided engineering and design 
capabilities applied throughout the design 
cycle improve efficiency and quality at  each 
step in the process and enhance communica- 
tion and coordination between steps. With 
the increased capabilities and lower costs of 
technical workstations, peripherals, test 
equipment and application software, it is be- 
coming feasible for every area of the factory 
to use these tools in collaboration so each can 
truly influence products in appropriate stages 
of design and development. 
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HP 64000 AXCASE Development Environment engineers benefit from the tightly coupled high-level H P  develop 
~h~ ~p 64000 A ~ C A S E  development environment offers a power- ment. debug, and analysis tools. Performance analysis and test verifi- 

ful solution to the development of embedded microprocessor systems. cation tools quickly point to system bottlenecks allowing significant 
~h~ ~p 64000 is a modular system that gives you the ability to select improvements in performance in a fraction of the time required using 
the subsystems needed for a solution to your conventional techniques. Powerful, interactive, yet easy to use emula- 
microprocessor development application. With the H p  64000 envi- tion and integrted logic analysis speeds hardware development. 
ronment you can select from single-user, real-time emulation on a 
terminal, PC, or workstation to large team installations with several 
H P  9000 series 300 workstations networked together to develop the 
software and hardware necessary for multiprocessor systems. 

The HP 64000 is an effective solution for reducing the embedded 
microprocessor-based system design cycle. It combines advanced 
software development, real-time emulation for 8-, 16-, and 32-bit 
processors, sophisticated hardware and software analysis, and the 
power of the UNIX* operating system. HP  development solutions 
have been evolving to keep pace with the needs of embedded system 
design. H P  AxCASE solutions are an example of HP's commitment 
to help you manage the ever-increasing complexity of your software 
development process. This integrated framework of powerful 
software development tools in an open environment enhances the en- 
tire development process. 

An important part of the software life cycle support is the openness 
of the H P  AxCASE environment. HP's support of industry standards 
for networking, such as ARPA and Berkeley services, NFS, and X 
Window System, makes it possible to integrate other vendors' tools 
into the HP  development environment. HP  workstations, Vectra PCs, 
and superminis can communicate easily with other computer systems 
- either from HP or other vendors --over the IEEE 802.3 LAN 
using ARPA and Berkeley services through the use of TCP/IP proto- 
cols. When hosted on the  HP 9000 series workstations, t he  HP 64700 

The H P  64000 development system includes several significant fea- series emuia t~ rS /ana i~ze rS  allow YOU to  vlew multlple emulation 
tures to help you better manage complex embedded systems designs. and analysis contexts SimultaneouSiy. in this example, a register 
Structured analysis and design products are available to help in the display, timing diagram, and a trace list a r e  present in sepera te  
specification of software systems for more accurate designs, and iden- windows. 

tify the correct modules and module interfaces for a system. Software 

UNIX h a  registad trademark of AT&T In the U.S.A. a d  in other countrlun. 



HP 64700 Series Emulaton/Analyrem 

Real-time, transparent emulation and analysis 
H P  64700 series emulators/analyzers provide real-time, transpar- 

ent emulation and analysis for popular microprocessors. The HP 
64700 series emulators are self-contained emulation and analysis 
tools that can be controlled from a terminal, an optional H P  9000 
Series 300-hosted softkey interface, or PC-hosted interface. This 
choice of interface, plus high-speed program download, makes for ef- 
ficient microprocessor based system development. 

High Performance 
Real-time, transparent emulation a t  full processor speeds 
Triggering capabilities in an emulation bus analyzer support 
eight-level sequencing, time tags, prestore analysis for 
establishing software interrelationships 
An optional 16-channel external analyzer that can function as a 
fully independent 100 MHz timing analyzer as well as a 25 MHz Source-line symbols help coorelate memory and analysis dis- 
state analyzer plays with high-level code. 
Synchronized operation and cross triggering between multiple 
emulators for multiple processor designs 
Real-time code coverage analysis for efficient, thorough software 
testing and design n? :8 ,,' 
A high-speed RS-422 interface greatly improves emulator MICROPROCESSOR 

download and upload times AMD 8 o ~ s z 1 m o ~ ~ z ~  ! 
Dual-bus architecture and dual-port emulation memory to ensure ~11129000 rn 
nonstop, real-time emulation =EIII2% L~ .~ ATIT . 1 DsP32c 

Fully tested to rugged electrical, temperature, and shock HII.C~C- HD630lV16303R 
.4 

F~%~RIXN ! .1 
standards to ensure continued reliability and performance 

i 64180 
! 

Meets international requirements for RFI/EMI emissions I m 
1 6 4 7 1 8 0 ~  

-C1 

Choice of Design Environments iM H81330 

H P  64700 series emulators/Analyzers offer several flexible config- H81520 

uration options. These host-independent emulation and analysis vehi- 1 H81532 
I 

cles can be controlled from a simple terminal, or the emulator can be Intel 80- 

hosted on an IBM PC-compatible such as the H P  Vectra PC. For pj.5 -- :fi 
808618087 

large team-oriented or complex designs, the H P  64000-UX integra- G 8 8 1 8 0 8 7  , .Am! 
tion environment hosted on HP 9000 Series Series 300 computers P O 1 8 6  1 :+ii *I!,a 

provides a powerful development solution. 
Terminal operation F-1 

A firmware-resident ASCII terminal interface is embedded in the L ~ O C ~ B  

emulator, supplying commands for all emulation and analysis fea- ' 80C196 1 1 .-/ 
tures. Commands are ASCII strings; file transfers using industry- L80286180~286 ! 1 ., 

j 80386 
1 mL standard formats are accepted. Since a terminal can access these 

Mltsublshl : M7700 
commands, host independence is realized. This interface is ideal for dm= 

Motorola L6~09168AO~/68BlX 1 ., remote field applications, use of portable computers, field service, or j 6809El68AOQEl68BlXE i . 1 
other applications where a host is impractical or unavailable. 
PC-hosted environment ~ ~ ~ ~ 0 0 ~ .  -.+.7 

68FCOOO 

A PC user interface for MS-DOS-based computers makes these 68010 k : . i emulation systems one of the easiest to use in the industry. Visually 
self-explanatory screens give you simplified access to best-of-class 

! .A emulation and analysis features for any level of measurement com- I 
68332 1 1  

plexity. Hierarchical command trees lead you quickly through your NEC 7oiisnozrs -- 1 mu 

tasks. 70108'10208 ! .i-. 
V25 

A PC-based development environment provides the solution for the I . .! 
microprocessor software development and analysis needs of individu- k-:; al engineers and small design teams. High-performance tools include I v35+ 

an IBM PC-compatible, H P  64700 series emulator, windowed user k 3 interface, combined with software development tools. These tools V70 

constitute a development environment tailored for small design teams I 78K2 

and those desiring personal development systems. Nstlonsl , N S C J Z ~ ~ ~ ~ Z G X ~ Z  : ¤ 1 

I . 4  
HPC16XXX HP's MS-DOS-based PC Interface windows provide views of sev- I . <  
32FX16lCG161CG160 1 era1 areas of interest at  once, eliminating time wasted in repeatedly I . 

i 
32GX320 

switching contexts or running commands. The interface supports col- 
PACE 1 PACE 1750 ; w 

a .=I 

or and monochrome displays and uses directed syntax with menus and 
I Texas lnmtrumsntm 1 ~ ~ ~ 3 2 0 ~ 2 5  

. --4 
submenus for quick selection of commands. --. ---- -- 

zllog 1 280 
i ! .A 

t I ' 
Summary of processors supported by H P  64000 mlcroproces- 
sor  development system emulators 

wvvw. hparchive.com 
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HP 64700 series emulators/analyzers have a dual-bus architecture with a foreground o r  background monitor t o  permlt you to  control 
the  microprocessor emulation In the  target system. This dual-bus archetecture give you maximum transparency by allowing traces to  
b e  executed and displayed without halting processor execution. 

Workstation interlace 
A softkey interface is available for interfacing to H P  9000 series 

300 and HP/Apollo series 2500.3500.4500 computers. This develop- 
ment environment is geared toward team-oriented designs that need 
powerful hardware and software integration tools. 

The softkey interface provides a simple means of executing com- 
mands for emulation and analysis functions. The interface works 
within the X Window System for simultaneous viewing of multiple 
emulation activities. 

Emulation memory 
Each HP 64700 series emulator contains an emulation memory 

that runs at  maximum processor speeds with no wait states, for accu- 
rate duplication of target system performance. The dual-port memo- 
ry allows emulation displays and modifications of emulation memory 
without halting the processor during emulation. Memory can be 
mapped in 256-byte, 512-byte, or 1-kbyte blocks, depending on the 
processor, and configured as either emulation or target RAM, emula- 
tion or target ROM, or guarded memory. The emulator checks for 
writes to ROM or guarded memory. 

Popular File Formats 
Po~u la r  absolute file formats are acce~ted by the H P  64700 series 

emulators - extended Tektronix hexadecimal, Intel hexadecimal. 
Motorola S record formats, H P  absolute format, and Intel OMF-86. 
OMF-51 file format. The HP absolute format is a binary format that 
provides added upload and download speed over typical ASCII abso- 
lute file formats. 

Advanced probe technologies 
For quick, sure plug-in capability, 8- and 16-bit processors are 

probed with slim, flexible cables ending in a low-profile probe for ac- 
cessing hard-to-reach targets without sacrificing signal fidelity. 

Full signal fidelity is maintained at  maximum-rated processor 
speeds so that you know your system analysis and processor control 
functions are accurate. 

Multiple package types are supported where applicable. For exam- 
ple, both PGA and DIP packages for the Motorola 68000 along with 
LCC and PGA ~ackaaes  for the Intel 80186 are supported. 

Comprehensive Logk A~lys is  
Emulation bus  analysis 

Each HP 64700 series emulator includes an emulation bus analyzer 
for tracing microprocessor code flow. Based on the same logic- 
analyzer-on-a-chip used in the H P  1650A/ 1651A logic analyzers and 
the HP  16500A logic analysis system, the analyzer has abundant re- 
sources for solving the most complex system problems. Up to eight 
hardware resources, each consisting of address, data, and status event 
comparators, can be combined in several fashions. 

Those resources can be grouped to establish complex sequential 
trace specifications using "find A, followed by B..." constructs up to 
eight levels deep. A range comparator can be applied to address or 
data events at  any one of the levels. Each event is tagged with an 
execution time, for easy measurement of code execution times. A 
dual-bus architecture allows all traces to be set up and reviewed with- 
out breaking processor execution. 

A prestore function allows tracking of relationships between a giv- 
en software element and one or more other software events that influ- 
ence that element. For example, prestore helps pinpoint which of 
several different tasks accessing a variable is responsible for cor- 
rupting it. 

HP's active p;obc technology makes plugging intb'cornplex 32- bit 
designs significantly easier, allowing you to design with emulation, A Prestore function of the  emulation bus analyzer can show the  
not around it. An active probe contains target CPU, memory, and program areas  that access a variable in a common da ta  area  
high-speed circuitry for both functional and electrical transparency. that may b e  getting corrupted. 



Coverage analysis shows the  percentage of emulation memory The optional l bchanne l  external analyzer in HP 64700 series 
locations accessed or  lists the  unaccessed locations. Built into emulators can b e  configured a s  a 25 MHz s ta te  or  100 MHz tim- 
the  emulator's hardware, this analyzer does  not rely on statisti- ing analyzer. The format specification allows you t o  define labels 
cal sampling of the  code  space,  allowing execution to  continue for the signals and buses in your system to  simplify testing. 
in real time. 

Features of the analyzer include: 
Eight levels of sequencing for complex program flow tracking 
Address, data, or status range resources 
Prestore queue for variable access tracking 
Time tagging for instruction execution measurements 
1024-state-deep memory (512 states with time tagging) 
Store qualification resources 
Code coverage memory for reliability metrics 

Software Coverage Analysis 
HP 64700 series emulators have code coverage analysis imple- 

mented in hardware. Code coverage analysis is valuable during initial 
coding and software test. Coverage analysis provides a history of the 
memory addresses that are either written to or read from during pro- 
gram execution. For example, you can quickly determine how ex- 
haustive a test suite is by using coverage analysis to measure what 
percentage of code is being accessed. Since the coverage analyzer is 
built into hardware, it does not rely on statistical sampling of code 
space and allows running in real time. 

Logic Analysis 
An optional 16-channel, stateltiming analyzer can be included in 

the HP 64700 series emulator. The analyzer can be configured as a 
100 MHz timing analyzer with 5 ns glitch detection or as a 25 MHz 
state analyzer. In state mode, the analyzer can be clocked by the 
microprocessor clock or by an independent synchronous source. 

Based on the same logic analyzer chip as the emulation bus analyz- 
er, the logic analyzer also has full triggering and qualification capa- 
bilities. The analyzer can serve as a stand-alone logic analyzer or can 
be coupled with the emulation bus analyzer for correlation of 
microprocessor activity with other target system activity. The two an- 
alyzers can cross trigger or arm each other on the basis of hardware or 
software events that one analyzer detects. Target system probing is 
through a 1.4 meter cable with 18 probe leads (1 6 data channels and 
two clock channels). There are 36 miniature probe tips included for 
easy connection of both signal and ground lines of each lead to target 
system ICs or test points. 

Coordinated Measurements 
Designs involving multiple microprocessors are often quite com- 

plex in their interactions. The coordinated emulation of several target 
system processors can greatly enhance the efficiency of designers do- 
ing system integration. Synchronized execution (start/stop) of multi- 
ple emulators enables users to finely control the interactions while 
watching the behavior of the system. To allow the user to understand 
and isolate the relationships between the various processors, the emu- 
lators and analyzers can be set up to cross trigger one another. H P  
provides these capabilities by allowing up to 32 HP 64700 series emu- 
lators to be interconnected over a dedicated Coordinated Measure- 
ment Bus (CMB). 

Communications Interfaces 
Connection to terminals, PCs, workstations, mainframes, printers, 

PROM programmers, or other devices is accomplished with two inde- 
pendent RS-232-C serial ports, each with standard 25-pin female 
connectors. An embedded RS-422 capability in one of the ports can 
be programmed to operate at  rates up to 460 kbaud, resulting in sus- 
tained upload and download rates of up to twentyfold over standard 
9600-baud links. For connection between an HP 9000 Series 300 
workstation and an HP 64700 series emulator, the H P  98659A high- 
speed RS-422 interface card for H P  9000 Series 300 completes the 
link to provide maximum transfer rates. The same high-speed connec- 
tion with a PC is accomplished with the HP  64037A PC high-speed 
RS-422 interface card. 
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HP 64120/9000 Based Development Environment 
One portion of the HP  64000 development environment is based on 

the HP  641 20 instrumentation card cage that houses feature card sets 
for emulation, analysis, and PROM programing. The card cage with 
its subsystems is controlled using H P  9000 series 300/800 and Apollo 
workstations. Several card cages may be connected in a single system 
such that engineers can access different features from one or more 
card cages. 

High-quality, real-time emulators are the core from which HP has 
evolved support for the microprocessor software development process. 
Full-speed execution of microprocessor code can be traced and ana- 
lyzed nonintrusively with or without functional prototype hardware. 
Emulation of multiple processors makes possible interactive measure- 
ments and coordinated execution starts of complex designs. 
Construct 

With the definitions and outline provided by the structured design. 
your team can begin the actual writing of source code, such as C or 
Ada, using their favorite editors. For smaller, simple designs, the de- 
velopment process may begin at  the code generation stage. 

For C programmers, source code syntax is checked against draft 
ANSI standard C and cornoiled into hiahlv soace- and time-efficient 
executable code by HP's optimizing ~ldvanc'ed C Cross Compilers. 
Each microprocessor-specific compiler makes full use of the 
microprocessor's instruction set and address modes with features not 
available in most native compilers. 

The quality and reliability of these compilers is ensured through a 
comprehensive process emphasizing object-oriented design and ex- 
haustive testing with four independent test suites. Working tightly 
with corresponding assemblers and linkers, HP  compilers generate 
symbolic code that is directly usable by debuggers and integration 
and test tools in the succeeding phases of the development cycle. 
Integrate Software 

HP's Advanced Cross Debug System provides clear insight into 
microprocessor programs from the beginning of coding through sys- 
tem integration. C and assembly code can be debugged simultane- 
ously. In either view of the program the code, stack, and variables are 
displayed and updated at  every step or break in execution. 

Using the simulator, programs can be run and debugged without 
any hardware external to the host computer. When using the debug- 
ger with an emulator, your program runs full-speed on the real 
microprocessor with real memory. With in-circuit emulation, proto- 
type memory is also available. 

A powerful software test environment can be built using command 
files to run the debugger (in background) and using a journalling fea- 
ture to record all input and capture the resulting output. 

Simulated input/output capabilities of the HP  64000 integration 
tools provide access from inside the microprocessor to the active re- 
sources of HP-UX. This makes it possible to connect interactively 
with a running process such as the functions of a pictorial prototype of 
I/O devices. 

The HP 64000-UX Microprocessor Development Environment Is 
a natural evolution of the  HP 64000 family and is compatible 
with existing 64000 systems. The development environment of- 
fers many capabilities, and shares  a common workstation plat- 
form with many HP DesignCenter products. 
Emulation 8,16, and 32 Bit 

High-quality, real-time emulators are the core from which H P  has 
evolved support for the microprocessor software development process. 
Full-speed execution of microprocessor code can be traced and ana- 
lyzed nonintrusively with or without functional prototype hardware. 
Emulation of multiple processors makes possible interactive measure- 
ments and coordinated execution starts of complex designs. 

Emulators provide an essential link between the software develop 
ment environment and the target system. Programs developed on t i e  
HP  64000 develooment environment are run on the emulation subsvs- 
tem for real-timidebug and analysis. The HP 64302A emulation Gus 
analyzer provides the displays and triggering conditions for the emu- 
lator and is the access point for interactive emulation/analysis. 
Processor run controls in the emulator allow you to single-step, dis- 
play, and modify memory. Modifications and improvements to 
software are made quickly and easily in the early design phases; emu- 
lation gives you the flexibility to experiment before committing a 
product to firmware. 
HP Branch Validator 

HP branch validator is a software verification tool that is easy to 
use in the software verification process. HP  branch validator, working 
through HP SoftBench, provides a complete environment for branch 
analvsis that suowrts raoid reiteration of the comoile-test-analvze 
loop: ~ o m ~ r e h e i s i v e  reports provide detailed feedbick on the th6r- 
oughness of test suites. There are native and embedded versions of HP  
Branch Validator which are hosted on H P  9000 series 300 and series 
800 computer systems. 

A mouse-driven OSF/Motif interface allows for a rapid learning 
curve with minimal reference to manuals. The HP SoftBench envi- 
ronment provides a user familiarity that contributes to to efficient use 
of tools and programmer satisfaction in creating a custom environ- 
ment for software test. through the convenient use of menues and 
windows you can quickly focus the test suite on relevant sets of files 
and measue against the criteria for successful branch validation. 

HP's active probe technology makes plugging into complex 32- 
bit processor designs easy. The active probe in this example 
contains a 68020 or 68030 CPU, a custom memory-mapping IC, 
memory, and the  high-speed circuits necessary for full CPU 
support. This active probe offers both functional and electrical 
transparency. 



Branch analysls can be quickly scoped t o  the  appropriate level 
with the  click of a mouse button on desired options. Histoaram 
summary information allows you t o  rapidly apply validation cri- 
teria to  the  function or file. 

Native development 
As an integrated part of HP  CASEdge, the native version of HP  

Branch Validator takes advantage of the H P  Softbench engineering 
environment to support development of HP-UX C language products. 
Both ANSI and non-ANSI versions of the HP-UX C compiler are 
supported. 
Embedded development 

As an integrated part of the H P  AxCASE environment, HP  
Branch Validator supports AxLS C language for embedded 
microproccessor development applications. HP  Branch Validator can 
use the actual prototype hardware with an emulator, running the pro- 
gram under test, to produce test metrics. This tool can also be used 
with an emulator running out of circuit or with aa debugger/ simula- 
tor to develop software befor the hardware is available. 
Software Performance Analysis 

Software performance analysis verifies and benchmarks both 
highlevel and assembly-level code, even whwn they are mixed. The 
software performance analyzer (SPA) can measure activity generat- 
ed by your entire program (activity), find the most active modules and 
determine if they are being called too often (linkage), and measure 
how long any subroutine tekes to execute (duration). These measure- 
ments show where your optimization effort will yield the greatest ben- 
efit. 

An additional advatage of SPA is its ability to show convergence 
when measuring, for example, the duration of a process. SPA calcu- 
lates a measurement error tolerance level each time additional data 
are acquired. Best of all, SPA lets you make software performance 
bench- marks and   re dictions before anv costlv hardware is oroduced. 
SPA is closely cdupled to the emula~on/a~alys is  enviroilment by 
such features as cross-triggering and an enableldisable window. You 
can control when data is collected and filter out irrelevant activity. 

Model 64310A software performance analyzer provides overview 
measurements to aid in evaluating total system effectiveness of pro- 
grams operating in real time. Global measurements let software de- 
signers determine where resources are being used, in terms of 

The HP 64310A software performance analyzer verifies and 
benchmarks both high-level and assembly-level code,  even 
when they a r e  mixed. With this analyzer, you can measure entire 
program activity (activity), locate the most active modules and 
determine if they a re  bind called too often (linkage), and mea- 
sure  how long any subroutine takes to  execute (duration). 

execution times, memory usage, and interaction traffic. Software per- 
formance measurements aid in determining where to focus optimiza 
tion efforts for maximum effect on system performance. 

Histogram displays for quick comparisons of software activity 
Tabular displays with continually updated means and standard 
deviations on current measurement 
Measurement modes of memory and program activity 
Measurement modes of event duration 
Measurement modes of intermodule linkages 

Ordering information 
The HP 64000 AxCASE development environment is a dynamic 

family of software and hardware development tools for embedded 
micro- processor-based systems. With development support for over 
sixty 8-, 16-, and 32-bit microprocessors, there are many combina- 
tions of solutions available. Contact an H P  sales representative for a W* 
suggested system configuration that will fit your application. For a 
copy of our latest brochure, in the US.,  call 1-800-447-3282; in Colo- 
rado, call 719-590-5540 (please call between 8:00 am and 5:00 pm 
mountain time). Outside the U.S., please call your local H P  sales of- 
fice. 

Following are examples of bundled emulation systems hosted on 
the HP  9000 Series 375 workstation. The emulation subsystems 
range from 8- to 32-bits. The bundle, in these examples, includes a 
color monitor, 323 Mbyte disk, and software. If you do not need a 
bundled system, emulation subsystems and software are available 
separately. 
Model Description Price 
HP 64134s with HP 9000 Series 375CH $53,960 

workstation, 323 Mbyte disk, H P  64120 card cage to $79,875 
HP 64134s with HP  9000 Series 375CH $ 46,560 

workstation, 323 Mbyte disk, and to $66,090 
HP 64700 series emulator/analyzer with 
5 12 k memory and 16-bit external 
stateltiming analyzer 
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What Is CASE? 
The CASE acronym is most commonly interpreted as Computer 

Aided Software Engineering. "Software engineering" refers to a set 
of disciplined engineering processes used to improve the quality and 
productivity of software. "Computer aided" refers to the use of tools 
to facilitate the use of the engineering disciplines. 

There are as many interpretations of CASE as there are acronyms. 
The conservative interpretation includes only structured analysis and 
design tools or front-end tools. Further expansion of the definition of 
CASE includes any computerized tool that automates an aspect of 
the software development process. The move to a systems perspective 
of CASE is driving the development of integrated tool sets that will 
offer tools for design, source code generation, documentation, compi- 
lation, and testing into a single seamless environment. In a seamless 
environment, the tools are able to communicate with each other in a 
way that is transparent to the user. 

A fully integrated environment encompassing the entire software 
development life cycle is the goal and vision of CASE. It has yet to be 
realized. What is the current state of software development and how 
can the goal be reached? 

The Full CASE Environment 
What is needed is a software development process that provides for 

a full CASE environment: 
Formulation and analysis of the problem to be solved. 
Automation of specification, design, implementation, testing, 
debugging and maintenance. 
Reuse of software to improve the resulting systems. 
Management of personnel and other resources used in all of these 
activities. 
The goal of CASE is to provide better quality software with less 

effort. We can consolidate the list of potential benefits and objectives 
of CASE as follows: 

Develop systems which meet users needs. 
Improve the quality of existing systems. 
Provide proven, repeatable methodologies for software develop- 
ment. 
Speed up the software development process and reduce software 
costs through automation of tasks in the development process. 
Provide quantitative information about the software development 
process and about the progress in product development. 

Software Life Cycle Models and Methodologies 
The most common models used to represent the software life cycle 

range from the traditional waterfall approach to the evolutionary or 
spiral approach offered by Barry Boehm, or the circular model pre- 
ferred by James Martin. Regardless of the software life cycle model 
used in the development process, there are common activities that can 
be identified. 
Requirements detinition - understanding and representing user and 

Key Components d the Integrated Environment 
The following key components deserve special attention due to 

their importance for attaining a "true" software development envi- 
ronment. These activities are present in every phase of software devel- 
opment regardless of the life cycle model or the methodologies used. 
Configuration management - coordinating software development to 
minimize the inevitable confusion involved with a team project. It is 
identifying, organizing, and controlling modification to the software 
being built by a programming team. The goal is to maximize produc- 
tivity by minimizing mistakes. 
Project management - the effective use of the resources necessary to 
complete the project. This includes planning, budgeting, staffing, esti- 
mating, and tracking. 
Documentation - the production of documents required throughout 
the systems life cycle related to the overall project management stan- 
dards. 

Setting Expectations 
CASE is still evolving and moving towards a fully integrated envi- 

ronment. The focus needs to be on developing the underlying process 
and the enabling environment if CASE is to reatize its full potential. 
But some of the components are available today to organizations who 
want to prepare themselves to take advantage of a totally integrated 
CASE environment. While examining their software development 
process and defining appropriate life cycle models, companies can 
bring in point tools that are presently on the market. Many experts 
think it unadvisable to change the existing development process all at 
once. Currently organizations can formulate a plan to evolve their 
processes, as a standard software development environment becomes 
a reality. 

system requirements. 
System analysis - Specification of WHAT the system will do. The The CASE 
translation of requirements results in a precise external specification 
of the system. 
Design - HOW the system will meet the requirements or solve the 
problem. Results in a reasonable design or internal specification to 
imolement the svstem. 
Construction/coding - implementing the design, largely coding and 
conducting unit tests on modules of code. 
integration and testing - linking the modules, determining if the de- 
sign meets the requirements. 
Maintenance - making necessary updates and improvements to the 
system as the requirements change over time. Ideally, the life cycle is 
repeated in this phase in order to avoid introducing new errors. 



Integrated Program Development Tools 

Program Editor: The Program Editor is an easy-to-learn, language- 
sensitive. mouse/menu-based source file editor designed to minimize 
syntax errors. The following features are supported: 

Synchronized file views 
Querying 
Customizability 

. .  , . . 
Alternate editor support 

Program Builder: The Program Builder, based on the utilities make 
and rnkrnj: automates the process of compiling a program composed 
of many different source files. The following features are supported: 

Efficient builds 
Error browsing 
Remote builds 

Program Debugger: The Program Debugger, based on xdb on HP- 
U X  or DDE on Domain/OS, is a multiwindow debugger which is 

HP SoftBench - Debugger Screen designed to enhance the understanding of the dynamic execution of 
programs. The following features are supported: 

HP CASEdge Multiview interface 
Parentlchild tracing (available on Domain/OS only) 

HP  CASEdge is the program name for HP's Computer Aided Breakpoints 
Software Engineering (CASE) products. There are three categories Program tracing 
of products that are part of this family: Register tracing 

Querying 
HP CASEdge/Environments - Integration platforms which can be . Record/~la~back (available on HP-UX only) 

populated and customized to meet the different needs of software de- 
velopers. 

Static Analyzer: The Static Analyzer provides information regard- 
HP C A S E ~ ~ ~ / T ~ ~ ~  - CASE tools which satisfy needs in of ing the structure of a program. It provides cross-reference queries, 

the areas of the software lifecycle. function queries. and does general pattern matching. The Static Ana- 
lyzer's features make it a particularly valuable tool while maintaining 

HP CASEdge/Knowledge - Software engineering consulting ser- or porting code. The following features are supported: .. . 

vices covering: assessment. metrics, education, methods and imple- . Browsing 
mentation assistance, which are designed to help software Recompiling 
organizations improve their development and management processes. Scoping 

Query history 
(Note. The Static Analyzer is not supported for FORTRAN or Pascal on the Serla 300, or the 
Domaln Series.) 

c3 Development Manager: The Development Manager makes code 
management an integral part of the development process in HP  
SoftBench. The Development Manager provides browsing and point- 
and-click access to the files related to a software project. Other tools 

HP SottBench for HP-UX and Domain/OS can then be invoked to operate on files that have been selected. The 

HP SoftBench is an extensible software development environment features are supported: 
consisting of both an integrated set of program development tools and . management choice 
a Tool Integration Platform. Program development in C, FORTRAN . 
and Pascal is supported. HP  SoftBench provides tools which target . Access from other tools 
the program construction, test and maintenance phases of software . Extensibility and configurability 
development. 

~p ~ ~ f t ~ ~ ~ ~ h  provides an  easy-to-use development environment Mail: HP SoftBench Mail is an encapsulation of the HP-UX mailx 
that leverages the power of UNIXO and the industry-standard X program. Mailx is an interactive message processing system, used to 
Window System, Version 110. Programmers new to UNIX will find read. send, edit, and manipulate mail. 
a friendly, easy-to-use environment. Experienced UNIX program- 
mers can take advantage of the Tool Integration Platform of 
HP  SoftBench to extend and customize their own environment. With T w l  Integration Platform 
HP Encapsulator you can extend the HP SoftBench environment by The Tool Integration Platform is a framework that provides tool 
adding your tools of choice to the Tool lntegration Platform, and you communication. distributed computing support, a common user inter- 
can customize the environment by automating development Processes face, and an integrated help facility. The Tml Integration Platform 
of choice. provides an architecture designed to support a powerful new genera- 
UNIX is a registered trademark of ATBT in the USA and other CWntrla. 
X Window System Is a trademark of MaMachusens lnstltute of Technology. tion of software tools which are highly interactive, task-oriented, in- 
OSF/Motif is a trademark ol the Open Software Foundation. terchangeable, yet tightly integrated. 

wvvw. hparchive.com 



SW Designcenter (Cont'd) 
HP CASEdge 

Tool communication - The HP SoftBench tools communicate in a 
networked, heterogeneous environment via a broadcast communica- 
tion facility designed to support close communication of independent 
tools. Tools provide compatible user and programmatic access to 
functionality; anything accessible from the user interface is accessible 
programmatically. Message requests allow one tool to invoke the 
functionality of another tool, and notification messages allow tools (or 
the user) to define triggers which respond to events and initiate other 
actions. 

Tool communication allows users to customize and extend the H P  
SoftBench environment. Users may bring their own tools into the HP  
SoftBench programming environment by using HP Encapsulator. 
One or more tools may be linked together to support a task or process. 
Tool encapsulation is a means to provide the Tool lntegration Plat- 
form's features to standard UNIX command-line oriented tools, 
without modifying source code. 

Distributed computing senleas - The H P  SoftBench environment 
supports distributed execution, distributed data, and distributed dis- 
play. 
Distributed execution: The H P  SoftBench tools can execute on any 
host in the network, provided that the host has HP  SoftBench in- 
stalled. 
Distributed data: With H P  SoftBench, data can reside on any host in 
the network. 
Distributed display: Distributed display allows access to H P  

I I X Window Sys., X Window Sys.. X Window Sys., 
Version 11 Version 11 Version 11 I 

Configuration Information 

340 and above 825 and above DN2500, DN3500, 1 1 1 1 DN4500, D N l O W  1 

Components 
System 
Software 

Min. 12 MB RAM* Min. 16 MB RAM Min. 12 MB RAM* / 2;:; 1 1 / 16MBRAM DNl, 

Serles 300 
HP-UX Prog. 
Environment 7.0 

Display 

1 700MB-DNlOOOO I 
'An 8 MB Syam u n  be configured It several ol the HP Soflkmh tools are configured to run 

W r  800 
HP-UX Prog. 
Environment 7.0 

Input 
Devices 

Disk 

SoftBench from.anywhere on the netwbrk, including non-HP com- 
puters. Ordering Information 

Domrln !krh 
DomainlOS 10.2 
update 1 

Higbresolution 
(1024 x 768 min.) 
bit-mapped display 
(typical) 

Keyboardmouse 

307 MB (typical) 

Industry standards - H P  SoftBench is based on industry standards 

High-resolution 
(1024 x 768 min.) 
bit-mapped display 
(typical) 

HP SoftBench must be purchased for each workstation that will be 
User interface - HP SoftBench provides a multi-window graphical used to run one or more of its programming tools. If it is desired to 
user interface. Productivity is increased by having a consistent user customize HP  SoftBench by adding additional tools or by automating 
interface across all tools. HP  SoftBench implements the OSF/Motif development processes, then both HP  SoftBench and HP Encapsu- 
appearance and behavior adopted by OSF as an industry standard. lator must be purchased. HP  Encapsulator is only required for devel- 

HP Encapsulator for HP-UX and Domain/OS 
HP Encapsulator allows users to extend and customize the HP  

SoftBench development environment. The HP SoftBench environ- 
ment can be extended by using H P  Encapsulator to add 
user-developed, third-party, and existing UNlX tools, without source 
code modification. It can be customized by using HP Encapsulator to 
automate development processes by establishing communication 
links between HP SoftBench tools and user-added tools. The result of 
this encapsulation process for the new tool is a consistent user inter- 
face based on the OSFIMotif appearance and behavior, and the abili- 
ty for that tool to communicate with the other H P  SoftBench tools. 

Tool encapsulation is a means to enable tools that were developed 
in the standard UNlX pipe model and are nonscreen oriented, to use 
the Tool Integration Platform features in H P  SoftBench. 

High-resolution 
(1024 x 768 min.) 
bit-mapped display 
(typical) 

Keyboard/Mouse 

571 MB (typical) 

Integrated help facility - Help can be obtained for general informa- 
tion, context-sensitive information, and definitions of terms used by 
any of the HP  SoftBench tools. 

Product Product Number 

HP 9000 

Serl* 300 

HP SoftBench License-to-Use 
HP Encapsulator License-to-Use 

HP SoftBench Media and Manuals 
HP Encapsulator Media and Manuals 

Serles 800 

HP SoftBench License-to-Use B1623A 
HP Encapsulator License-to-Use B1627A 

HP SoftBench Media and Manuals B1624A 
HP Encapsulator Media and Manuals B1628A 

Domrln !krh 

DN2500, DN3500, DM4500 

HP SoftBench License-to-Use B1851A 
HP Encapsulator License-to-Use B1855A 

HP SoftBench Media and Manuals B1852A 
HP Encapsulator Media and Manuals B1856A 

DNlOOOO 
HP SoftBench License-to-Use B1853A 
HP Encapsulator License-to-Use B1857A 

HP SoftBench Media and Manuals B1854A 
HP Encapsulator Media and Manuals B1858A - 

KeyboardNouse 

350 MB - DN2500, 
DN3500. DN4500 

opment. Runtime support is provided by HP SoftBench. 



HP Electronic Design System 
The HP Electronic Des~gn System includes the following: H P  De- 

sign Capture System, HP Design Verification System with System 
HILOT", Parts Libraries, Design Interfaces to physical layout sys- 
tems, and links to the HP  Programmable Logic Device Design Sys- 
tem and to prototype and manufacturing test systems. This integrated 
set of tools addresses the total electronic product development pro- 
cess. 

Design Capture System 
The HP Design Capture System is the cornerstone of HP's Elec- 

tronic Design System, providing schematic capture and design data- 
base management capabilities to improve the electronic design 
process. It forms the database and user interface foundation upon 
which other elements of the HP  Electronic Design System are built. 
Engineers can use this same intuitive user interface to access a variety 
of tools for entering and editing schematics for digital, analog, and 
microwave circuits. 

The H P  Design Capture System also provides on-line checking of 
design parameters such as fan-out, incompatible outputs, unused 
pins, unconnected wires, wire loops, and symbol pin mismatch. Find- 
ing design errors as soon as they are entered helps avoid costly rework 
at  later stages of the design cycle. Additional features designed to 
enhance productivity include automatic orthogonal routing of signals 
and the use of color to help organize complex circuits by highlighting 
different signal types or different areas of functionality on a circuit. 

With full support for top-down, bottom-up, or flat circuit design, 
the H P  Design Capture System provides the flexibility for you to 
work the way you want. For top-down design, you can create symbols 
"on the fly" without leaving the circuit page on which you are work- 
ing. An automatic symbol-creation facility speeds the process of bot- 
tom-up design. Flat designs spread over several pages become easier 
to handle with automatic part or signal locating functions. 

Regardless of the design methodology you choose, the advanced 
database structure provides access to other design information such 
as physical references. This access makes interfaces with physical lay- 
out systems faster, more complete, and reliable. It also makes com- 
parison of simulation data with a prototype or production device 
quick and easy. 

Comprehensive Parts Libraries 
Extensive, ANSI-compatible parts libraries support a wide variety 

of digital and analog design requirements. These libraries contain 
both symbolic and parametric information for more than 5.500 digi- 
tal and 3,700 analog parts, including off-the-shelf TTL, ECL, MOS, 
microprocessor, and passive and active analog devices. In addition to 
providing a graphical symbol for schematic drawing, each part entry 
contains information used in other functions of electronic design, in- 
cluding titles and revision levels, load information, scions or related 
parts, and physical design information. 

DESIGN AUTOMATION 
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HP Electronic Design System 

The object-oriented structure of the H P  Design Capture System 
database simplifies access and increases the speed at  which informa- 
tion can be found, extracted, updated, or created. With an object- 
oriented structure, the wires, components, pins, symbols, and other 
elements used in electrical design are not merely graphics inside the 
database but "objects" containing all the connective or textual infor- 
mation to define a wire, component, pin, or symbol. 

Design Verification System 
HP's Design Verification System, based on industry-proven 

System HlLO simulation products, provides logic simulation, exten- 
sive model libraries and fault simulation. 

By using the intelligent database, connectivity information of the 
complete circuit is maintained at  all times. Because this electrical cir- 
cuit representation is available on line, it is easy to move back and 
forth between design and simulation when making circuit modifica- 
tions. 

The flexible simulator interface provides a choice of waveform or 
textual formats for input specification and output display. A Simula- 
tion Data File Comparator can be used to compare any two user- 
created or simulated trace files, or t ocompre  measured files from the 
H P  16500A logic analyzer. The logic simulator incorporates a five- 
state, fifteen-value logic strength algorithm to accurately model 
MOS bidirectional gates, wired ANDs, wired ORs, or tristate pullups 
and pulldowns. 

Simulation models are mapped one-to-one with the symbols in the 
H P  Design Capture System parts libraries, which provide the graphic 
and parametric information for the design. This close coupling of the 
graphics and the simulation models provides complete and consistent 
access to commercially available parts throughout the logic design 
cycle, including TTL, ECL, and MOS parts as well as many complex 
microprocessors such as the Intel 8086 or the Motorola 68000. In 
addition, ASIC design kits containing programs, symbols, and models 
are available for specific ASIC vendors such as Fujitsu, Hitachi, LSI 
Logic, Matsushita, Mitsubishi Electronics, National Semiconductor, 
NEC, Toshiba, and others. 

Flexible Constructs for Functional Modeling 
System HILO's modeling provides flexible, functional modeling 

constructs such as event expressions, register transfer functions. 
Boolean and arithmetic operators, loop constructs, and conditionals. 
Since the modeling language is an event-driven, nonprocedural lan- 
guage, asynchronous signals such as interrupts can be modeled exact- 
ly as they occur in hardware. Multilevel support in System HILO 
allows simulation of designs, even when some parts are specified at  a 
functional level only. 

Links to Physical Layout 
Design interfaces link the HP  Electronic Design System with the 

Racal-Redac RINF, printed-circuit CAD system. Interface capabili- 
ties between the HP  Design Capture System and the H P  Printed Cir- 
cuit Design System are built into both systems. This combination 
provides automatic transfer of design information, including back an- 
notation or the initiation of engineering change orders. The HP De- 
sign Capture System also includes an interface to the H P  Engineering 
Graphics System (see page 659) as a standard feature. 

Configuration 
The HP Design Capture System is available on the H P  9000 Series 

300 and HP Apollo 9000 Series 400. 

Ordering Information 
H P  74210A HP Design Capture System 
H P  742308 H P  Design Verification Sub-system 
H P  74230A H P  Design Verification Interface 
(includes HP Software Link) 
H P  74230B System HILO Logic Simulator 
H P  74236 System HlLO Simulation Models 
H P  74230D System HILO Fault Simulator 
H P  74240B Simulation Data File Comparator 
Systm HlLO and HlCHlP are regkrtwed trademarks of GenRad. 
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HP Printed Circuit Design System 
Definable technology files, tidy functions 
Customizable outputs to manufacturing, text 
Tailored for surface mount design, packaging 
Fast, interactive graphics 
Autorouter features 
Integration to HP  Design Capture System 
Integration to 2D. 3D CAD 

HP Printed Circuit Design System 
The Hewlett-Packard Printed Circuit Design System (HP PCDS) 

is a computer-aided design (CAD) solution that combines printed cir- 
cuit board layout with electrical engineering design, manufacturing, 
and test. HP  PCDS is a part of HP  Designcenter, an integrated de- 
sign environment for electrical, mechanical, and software engineering 
teams. 

Design for Manufacturability 
With the HP  Printed Circuit Design System you can deliver highly 

manufacturable boards that comply to multiple manufacturing con- 
straints, in record time. Manufacturability features include user-de- 
finable technology files, tidy functions, and customizable outputs to 
manufacturing and test. 
User-detinable technology flh 

User-definable technology files allow instant verification that the 
board meets the manufacturing requirements that you define. Many 
standard technology files are available or you can modifylcreate your 
own to meet your needs. 

Some of the technology file data available for customization in- 
cludes: 

pin, placement, and routing grids 
default spacing 
trace sizes 
device orientation 
pad and pad stack definitions 
definable pin-pad approach 

Tidy functions improve board fabrication 
Tidy functions such as these automatically improve the board for 

fabrication: 
eliminate unnecessary vias 
remove unnecessary routing or open ends 
add teardropping 
thickening, widening, or final adjustments to traces 

Features Aid 1 ransfer to Manufacturing 
The HP Printed Circuit Design System includes functionality spe- 

cifically to aid in transfer to manufacturing: 
user-customizable manufacturing outputs for flexibility in using 
manufacturing machines 
custom reports 
HP  board test outputs 
photoplotter mask output 
links to manufacturing, test (HP 3065/3070 Board test) 

The design file format is open and completely documented, so users 
can also customize ways to input or output data. Access routines are 
provided. Because the design file contains all of the data for a particu- 
lar design, redundant data entry is eliminated and chances for errors 
are reduced. 
Tailored for Surface Mount Design, Packaging 

Leading-edge router technologies included with the H P  Printed 
Circuit Design System include: 

user-speciffiediracking, via grids for number of traces between IC 
legs and SMD pads 
SMDs with hidden or buried vias 
User-defined angle and length of approach to SMD pads (Defina- 
ble pin-pad approach helps route dense SM designs) 

Fast, Interactive Design and Graphics 
The interactive graphics of the HP  Printed Circuit Design System 

enhance your productivity. Pan and zoom features allow the system to 
keep up with your ideas. 

Area copy and rotate of traces and vias to reduce layout time 
Multilevel UNDO allows users quick recovery 
Highlighted guideline to help designers connect nets 
Automatic display of circuit copper length 

Autorouter Strategy Files 
The autorouter includes user-definable strategy files which help en- 

sure 100% routes. Some of the things you can define to maximize 
automatic routing for the best manufacturability include: costs; right 
waylwrong way; via parameter setting; layers; diagonal, and more. 
Integration to Schematic Capture 

Tight links with the HP  Design Capture System (HP DCS) elimi- 
nate redundant data entry and reduce the chance for errors. Addi- 
tional features include: 

transfer of netlist, parts information at  the push of a button 
back annotation, two-way ECOs 
components for all your mainstream needs, easy-to-use symbol edi- 
tor to cover custom parts 
H P  PCDS can also accept netlist data from products that support 

the Electronic Design Interchange Format (EDIF), such as OrCAD. 
P-CAD, and ViewLogic. With the EDIF link, engineers can develop 
schematics on HP Vectra personal computers and then transfer the 
netlist for layout and routing to the high performance workstation 
and HP PCDS. 
Integration to 2D and 3 0  CAD 

The integration of the HP Printed Circuit Design System to indus- 
try-leading 2D and 3D CAD tools (such as H P  MElO) allows concur- 
rent design between layout and mechanical. 

Defines starting point of PCB layout by transferring information 
such as board outline, mounting holes, via restricts 
Release drawings utilize MElO to annotate, add dimensioning, 
provide isometric views 
3D allows finite element analysis, 3D fit analysis 

Flexible Data Management 
The HP Design Data Controller provides flexible data management 
and file security for users of H P  Electronic Design System and 
Printed Circuit Design System. Large design teams can control data 
revisions, and file access, and also lock data at  project checkpoints to 
prevent unauthorized or unsynchronized updates. 
configuration 
The HP Printed Circuit Design System is available on the H P  9000 
Series 300 and HP Apollo 9000 Series 400. 
Ordering Information 
HP Printed Circuit Design System 
74400A HP Printed Circuit Design System, complete software in- 
cludes: the Design Module. Autorouter Module, and the Library 
Module 
74400R Right-to-Copy complete software 
74401A HP Printed Circuit Design System, Design Module 
74401R Right-to-Copy Design Module 
74402A HP Printed Circuit Design System, Autorouter Module 
74402R Right-to-Copy Autorouter Module 
74403A HP Printed Circuit Design System, Library Module 
7440311 Right-to-Copy Library Module 
74420A HP Design Data Controller (HP DDC) 



HP PLD Design System 
Easy PLD design 
Device independent 
Automatic fit, partitioning 
Integration with HP  Electronic Design System 

The HP Programmable Logic Device (PLD) Design System is an 
easy-to-use productivity tool that automates the design, verification 
and implementation of PLDs. It provides a device-independent design 
environment that and allows engineers who rarely design PLDs to do 
so with minimal effort. 
Automatic Fit, Partitioning 

Designers can develop and verify logic without the constraints of a 
particular PLD architecture. The system automatically fits complex 
designs into the most efficient PLD, and if necessary, partitions de- 
signs into multiple devices. It also provides insight to this process, 
allowing designers to understand the automatic choices made. 
H P  PLD Design System supports the entire design process of 
PLDs-from conceptual and functional design, through automatic 
device selection and pin/resource assignment, to debugging and 
fusemap generation. 
Integration to HP Electronic Design System 

HP PLDDS is tightly linked with the HP  Electronic Design System 
(see page 657) to allow transfer of designs or parts of designs for PLD 
realization. After device selection, the information can be transferred 
back to the H P  Electronic Design System for design layout and docu- 
mentation. 
PLD Design Entry and Verification 

Without considering the target device, engineers enter designs with 
schematic symbols, graphical state diagrams, truth tables, 
waveforms, or Boolean equations. H P  PLD Design Center debuggers 
specific to each design entry method are tightly integrated to quickly 
verify PLD designs at the same level of abstraction. 
Waveform Entry 

In the design of asynchronous circuits, a timing diagram often ex- 
ists showing the desired functionality in terms of certain input activity 
causing output activity. H P  PLD Design System automatically cre- 
ates the necessary logic from this timing diagram. 
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Ordering lnformation 
HP B1867A HP PLD Design System 
HP Programmable Logic Device Design System (PLDDS)-Editors, 
EDS link, utilities, foreign tool interface, programer, simulator, de- 
sign analyzer, compiler 
Contact your local Hewlett-Packard sales office for current prices and 
ordering information (see page 737 for sales offices). 

The HP Engineering Graphics System 

H P  offers a two-dimensional, highly customizable, artwork-based 
family of entry-level, computer-aided design (CAD) modules for 
complete product design. in electronic, mechanical, and general engi- 
neering applications. The HP Engineering Graphics System (HP 
EGS) consists of several modules allowing creation of schematic 
drawings; interactive PCB layout; thick-film hybrid circuit design; 
and general artwork. 

HP EGS is available on the HP-UX operating system, X Windows 
and Pascal operating system. The HP-UX operating system offers a 
true multitasking environment that allows interactivity with many 
design applications. HP EGS can be used as a stand-alone system or 
in a networked diskless environment. 

The modular product structure of H P  EGS lets designers use work- 
stations as multipurpose design systems to provide several applica- 
tions for a project. Because all modules share a common data 
structure and user interface, they are automatically linked. Links in- 
clude those to: HP Printed Circuit Design System and HP ME10 as 
well as lGES and EDlF links. 

Contact your local Hewlett-Packard sales office for current prices 
and ordering information (see page 737 for sales offices). 

Device Independence 
HP PLD Design System automatically selects the most appropri- 

ate PLD--or multiple PLDs-from a prioritized list of the most effi- 
cient devices for the design. You can also modify the system's choice 
of devices. 
Programming and Test Generation 

For device programming, the HP  PLD Design System transfers 
fusemap information in JEDEC standard format directly to a variety 
of PLD programmers, eliminating the need for programmer com- 
mands. The system automatically creates electrical test patterns to 
evaluate the behavior of programmed devices before designs are re- 
leased to production. 



Electronic Design 
Automation 

HP offers the broadest choice of solutionson the 
broadest range of wMkslatiis in the EDA 
market. C h o w  that ~mlude the kading 
products and top performers for EDA solutiwo. 
from s~ngle-vendor, broad line solutions lo niche 
applications 

Mentor Graph=-. 
NCR M~croelechaHa 
Pacd~c Numenx Cam 
Racal.Redac. Inc 

VLSl Techm3qy. Int 

Research Cenlre Men1orGraphl~sCo-v 
Mentw GraphmCQp. 

Compact SoHwam. Int 
Control Data GMBH 

Mentor GraphaCap. 

NCR M~crOeleCfiOnrS 
PertormameCAD 

Raca1.Redac.Int 

Mentor G r a p h a C ~ m  
Pac~lc Numenx Gw 

Racal-Redac. Inc 



DESIGN AUTOMATION 
EE DesignCenter 

HP 851 SOB, 85180A 

The HP 851508 microwave-design system integrates schematic 
capture, simulation, artwork generation, and documentation to  
speed  the  high-frequency design process. 

HP 851508 Microwave Design System 
Available on HP, Apollo, Sun, and 3861486 workstations. 
Interact with schematic, simulation, artwork, and documentation 
simultaneously. 
Minimize prototyping with advanced linear and nonlinear simula- 
tors. 
Ease documentation chores with automatic links to schematics and 
simulation results. 
Generate artwork from the schematic automatically. 

Integrated Solution for High Frequency Design 
The HP 85150B microwave design system is an integrated CAE 

package for microwave and RF  engineers. It provides extensive mod- 
eling. analysis, and layout capabilities to take a design from its con- 
ception to physical representation. It is particularly well-suited for 
developing monolithic microwave integrated circuits (MMICs), as 
well as hybrid microwave and RF  circuits. 

The HP microwave design system integrates the design capture 
system, the microwave linear simulator, the microwave nonlinear 
simulator, and the microwave artwork generator, with an exception- 
ally convenient documentation facility. Switching from one applica- 
tion to another is as easy as clicking a mouse button. 

With the design capture system, you can enter circuit schematics as 
easily and intuitively as you would draw them on paper. These 
schematics are used by the microwave linear or nonlinear simulator 
for analysis, optimization, or manual tuning. When satisfied with the 
circuit performance, you invoke the microwave artwork generator to 
generate the mask layouts automatically. 

The information you create with the microwave design system is 
easily consolidated for immediate documentation. Generate engineer- 
ing notebooks, reports, proposals, and production forms with mini- 
mum overhead. By preserving and leveraging the knowledge of the 
R&D environment, you can design circuits of increasing complexity. 

Ordering Information Price 
HP 85150B Microwave Design System 1644.500 

The H P 85 150B includes the following: 
Design-capture system 
Microwave linear simuiator 
Microwave nonlinear simulator 
Simulator interface 
Microwave-artwork generator 

The HP 85180A High-frequency Structure Simulator creates 
S-parameters and electromagnetic field plots for passive struc- 
tures, such as machined components and circuit models. 

HP 85180A High-frequency Structure Simulator 
Available on HP. Apollo, and Sun workstations. 
Calculates S-parameters for multipart structures. 
Requires no knowledge of electromagnetic field theory 
Unrestricted geometries with unlimited number of dielectrics and 
conductors. 
Analysis is based solely OF. Maxwell's equations and includes dis- 
persion. 
Complete solution for electric and magnetic fields, energy densi- 
ties, and more. 

Electromagnetic Field Solutions for Non-Experts 
The HP X5180A high-frequency structure simulator computes 

S-parameters for passive, three-dimensional structures. Although the 
simulator performs complete electromagnetic solutions, users need no 
background in electromagnetic field theory to operate it. It requires 
only geometric and material parameters. 

The high-frequency structure simuiator has many applications, in- 
cluding: microwave machined component design; microwave, RF, 
and high-speed digital circuit modeling; and production refinement. 
Machined component designers can simulate complex designs before 
investing in a custom-machined prototype. High-frequency circuit 
designers can create model libraries of transmission line structures 
and other circuit elements for use with their circuit simulators. Pro- 
duction engineers can use the high-frequency structure simulator to 
study the effect of tolerance variations on quality and manufacturing 
yield. 

Links to other systems enhance design productivity. As part of the 
HP  Designsystem, the high-frequency structure simulator is more 
than a single-point solution. Mechanical descriptions of components 
can be transferred from HP DesignCenter ME Series 30 mechanical 
design software. S-parameters computed by the high-frequency 
structure simulator can be used in the HP microwave-design system 
or in other circuit simulators. 

Ordering Information Price 
HP 85180A High-frequency Structure Simulator f45.000 

The HP 85180A includes the following: 
High-frequency structure simulator 
Simulator interface 



682 ME Designcenter u HP ME Series 10 and 30 

HP ME Series 10 and 30 offer advanced drafting, 20  design, and solids modeling systems for 
mechanical engineering applications. These CAD systems run on a distributed computing envi- 
ronment of HP workstations. 

HP ME Series 10 & 30 
HP ME Series 10 and 30 offer the full functionality required for 

drafting, documentation, 2D design and solid modeling. Both prod- 
ucts use the same, easy-to-use user interface that drastically reduces 
the learning time to allow greater designer productivity. The systems 
operate on a complete range of hardware platforms and under the 
major industry standard operating systems. 

Drafting and Documentation 
The ME Series 10 provides comprehensive drafting functionality 

and extensive 2D design capabilities: It also provides a complete set of 
functions to accelerate the ~roduction of drawings and other engi- 
neering documentation, whiie ensuring a standard-of accuracy. 

- 

Modeling 
The ME Series 30 Modeling. Design, and Drafting system inte- 

grates full solid modeling with 2D design. Design accuracy within the 
3D models provides the ability to simulate real prototypes. This sub- 
stantially reduces the need for design modifications that result from 
errors in prototypes, thus allowing greater design department 
throughput. 

Additional major features of ME Series 30 include: 
Workplane technique allows 3D model creation from 2D geometry 
Machining functions for model creation, including mill and stamp 
to support use of 2D geometry for model creation 
Photo-realistic imaging of models for perfect final documentation 
of designs 

- - ~xtensive design checking capability, including mass properties - .  Design . . 

and interference 
ME series 10 offers users an advanced set of tools for 2D design. Real-time manipulation of shaded 3D bodies for interactive assem- Powerful creation and modification commands, combined with inter- bly modeling capability 

active variational design for creation of families of Darts. enhance the 
design process. An on-line design checking capability enables design- 
ers to quickly and easily develop accurate designs from a given set of 
constraints. 

Major features of ME Series 10 include: 
~ u l i  dimensioning capabilities according to international standards 
(ANSI, ISO, DIN, etc.) 
Interactive and intuitive hidden line module 
Full text input and editing capability 
Comprehensive set of drafting symbols 
Semi-automatic isometric drawing creation 
Parts and assembly creation 
Unlimited number of layers available for drawing organization 
Parametric design capability 
Advanced geometry modification for adapting designs 
Associated information and attributes for material specifications 
and pricing details 

Data Management 
Manage all design engineering information with HP's Product In- 

formation Management solution. Based on relational database tech- 
nology, HP-DMS gives CAD users the tools needed to locate, 
retrieve, manage and control design office information - with the 
same, easy to use. ME CAD user interface. 

The main areas where HP-DMS provides distinct productivity 
gains are: 

Product information management 
Management of the design process 
Network and security management 



Product Information Management consists of day to day drawing ME Series integration capabilities include: 
and design administration including simple methods of storing and Parts list information for stock control systems 
retrieving data. Drawing title blocks can be updated automatically by Drawing data included in documentation systems 
HP-DMS once a design is under its control. An interactive bill of 2D geometry link to NC programming systems 
materials processor can be called up at  any time. Browsing and edit- ICES 2D bidirectional translator 
ing the information is easy before outputting to a file or drawing in a DXF bidirectional translator 
user specific format. The classification system aids designers in stor- ME Series 30 ADDITIONAL integration capabilities include: 
ing and finding standard parts and designs efficiently. HP-DMS pro- 3D geometry link to finite element analysis systems 
vides all the query capabilities of a comprehensive DBMS system ICES 3D output 
from within the ME CAD environment. Associated retrieval methods VDA-FS output providing trimmed parametric surface data 
allow design files to be found quickly. 

Managing the design process includes revision and version control HP's Proven Platform: Hardware and Suppott 
in conjunction with release control. To ensure that design information The HP ME series CAD systems support a complete set of 
is not lost inadvertantly, access control allows such information to be price/performance-leading computers. These networkable systems 
read by some and changeable by others. These security measures are range from MS-DOSb-based HP Vectra computers to UNIX**- 
completely customizable to suit each and every environment. Check- based HP workstations and superworkstations. With a large selection 
ing information in and out of HP-DMS prevents concurrent changes of peripherals and graphics displays. H P  offers a complete CAD solu- 
to design files. tion. 

Network and security management cover such aspects as backup Networking capabilities such as LAN enable users to set up a dis- 
and archiving, overall data security, and network control. HP-DMS tributed system featuring both products to address the full range of 
provides users with a simple view of network storage areas, relieving mechanical engineering CAD requirements. Networking capabilities 
them of the need to learn complicated network protocols or long path further integrate CAD stations into manufacturing environments. 
names to access their files. Data is controlled by HP-DMS and can 
reside on central disks or be distributed across local disks. Training 

The overall flexibility of HP-DMS means that it can be set up to A complete set of training courses is available for the ME Series 10 
conform to company specific methods of data management, and cus- and 30 to help Your engineers become i~creasingly productive. Struc- 
tomized to maximize productivity. tured to match the increasing capability of the ME Series CAD fami- 

ly, the courses allow you to choose the correct level of training for 
each engineer. Additional training in your environment is supported 

Viewsnly Stations by engineering consulting and a comprehensive set of documentation. 
View-only stations provide instant access to graphical and textual H P  offers a range of services to ensure that the initial period after 

information on the shop floor and at  the manager's desk. Timely and system delivery is trouble free. HP  engineers are available to install 
accurate information minimizes the risk of costly miscommunica- all components of your CAD system. They also will tailor the system 
tions. to your specific needs. 

Your local HP sales office has full details of the training and sup- 
port programs available in your area. Contact them for details. 

User Interface 
The key to success with computer tools is complete functionality ordering information 

and convenient access to that functionality. Computer tools must pre- For up-to-date ordering and pricing information you should con- 
sent functionality in a form understandable to the user. tact your local HP  sales office (see page 737). 
Nowhere is this more important than in the design environment . MS-DOS a ",s, ,redmark ,,f Mbd 
where years of experience have led to the development of well proven ..uNlX is a trademark of ATAT in the U.S.A. and in othercwntrles 
design techniques. HP ME Series 10 is an  advanced 2D design and drafting system 

m'! 
Short learning cycles and friendly system handling are essential for for mechanical engineering applications. ME Series 10 runs on 

engineering productivity. The H P  ME Series products are menu-driv- HP engineering workstations under the HP-UX operating sys- 
en and provide the ease of use beginners require. In addition, they tem and, a s  shown here, HP Vectra RS 32-bit PC workstations 
provide customizing capabilities for special applications. under the  MS-DOS operating system. 

The ME Series 10 and 30 user interface was specifically designed 
to ease user interaction by emulating traditional design techniques. 
As a result, the combined tablet and screen menu interface provides 
easy access to commands that use standard mechanical engineering 
terminology - commands such as fillet and mill are easy to understand 
and use. Interaction is further simplified by grouping the commands 
into functional blocks and the use of descriptive prompts. An on-line 
HELP facility is included to provide detailed descriptions of com- 
mands whenever necessary. 

In both products, the user interface is optimized for mechanical 
design: 

System functions are directly accessible from the graphics tablet, 
complemented by screen menu subfunctions 
Multi-viewport capability eases handling of large and complex 
models, designs, and drawings 
On-line HELP facility provides detailed explanation of the use of 
commands 
Feedback mechanisms such as rubber banding and dynamic com- 
ponent tracking aid creation and modification operations 

Integrating and Interfacing Ywr CAD System 
The CAD system is an important place of your total computer inte- 

grated manufacturing concept. It is the foundation for product devel- 
opment that allows a range of capabilities to grow around it. With the 
HP  ME series CAD systems, you can easily build on that foundation 
and add expanded capability as your requirements grow. 

wvvw. hparchive.com 



DESIGN AUTOMATION 
ME Designcenter 
ME VAB Products 

UNIGRAPHICS 

UNIGRAPHICS" 

UNIGRAPHICS, a product of McDonnell Douglas, is a 3-dimen- 
sional, interactive, fully integrated set of solutions for the engineer- 
ing, design, and manufacturing of mechanical parts and/or 
assemblies. Backed by a company with over 20 years of experience in 
the  development  of in teract ive  g raph ics  sys tems for 
CAE/CAD/CAM, UNIGRAPHICS is based on a single engineer- 
ing and manufacturing database, providing for a seamless flow from 
concept to finished product. 

UNIGRAPHICS includes a fully integrated product line from 2-D 
design and drafting, to 3-D wireframe/surfaces/solids, to manufac- 
turing/factory production. It provides state-of-the-art, complex, 3-D 
N.C. machining capability and an integrated, solid modeler that s u p  
ports free-form surfaces. It includes integrated quality control and 
shop floor management software from Valisys Corporation. World- 
wide sales and support is available. 

ABAOUS 
ABAQUS is a general-purpose, finite element program for ad- 

vanced linear and nonlinear engineering analysis. The program has 
general geometric modeling capabilities, a library of materials, and a 
range of procedures. It is designed for complex problems and has a 
simple input language and a range of postprocessing options. 

ADAMS 
ADAMS (Automatic Dynamic Analysis of Mechanical Systems), 

a product from Mechanical Dynamics. Inc., is a linear and nonlinear 
program for analysis of systems that move. ADAMS computes kine- 
matic. static, dynamic, and modal behavior of mechanical systems by 
computing displacements, forces, velocities and accelerations. The re- 
sults can be plotted or graphically animated to visually review the 
analysis. 

ANVIL-5000* 
ANVIL-5000, a product from Manufacturing and Consulting Ser- 

vices, Inc., is a complete system for design, drafting, finite element 
pre- and post-processing. and manufacturing. Modules include 3D 
designldrafting. surface modeling, solids, finite elements, graphics 
programming language and numerical control manufacturing. 

BEASY 
BEASY, a product of Computational Mechanics, Inc.. is a general- 

purpose computer aided engineering package for the solution of a 
wide range of problems in heat transfer, stress analysis, and electro- 
statics. Fully interactive, color pre- and postprocessors are supplied as 
part of the BEASY system, to assist the tasks of generating models 
and interpreting results. 

CAMAND 
CAMAND from CAMAX Systems, is an integrated CAD/CAM 

solution with a focus on Computer Aided Manufacturing. The 
software includes Surface Modeling, and specializing in multi-axis 
machining. CAMAND is suitable for companies who use NC ma- 
chines to manufacture parts requiring complex surfacing. CAMAND 
is designed to co-exist with other CAD systems, such as HP's ME 
Series 30. -. ~ 

UNIQRAPHICS I8 I t U Q b l d  mdanrk d McDandl DOUQb 
'ANVIL-5000 IS s trademark ol Manulaclurlnp and Consunlng Saviees. Inc. 

CIM CAD/CAM/SURF/ID from CIMLINC provides integrat- 
ed, interactive, graphical solutions for 2D/3D design, manufacturing, 
and CIM. The graphical NC Programming solutions provide 2'/2-5 
axis contouring to multi-surface avoidance. 

DADS 
DADS, a product of CADSI, is a mechanical computer aided engi- 

neering (MCAE) software package that performs static, dynamic, in- 
verse dynamic, and kinematic analyses. It provides a cost-effective 
computer simulation tool for predicting the real world behavior of 
complex mechanical systems without the need to construct physical 
prototypes. 

ESPRIT 
ESPRIT,  a product of D.P. Technology Corp., is a 

CAD/CAM/CIM system for HP-UX based workstations and MS- 
DOS based computers. It is a complete 3-D design and graphical NC 
part programming system. ESPRIT supports all major NC machin- 
ing disciplines including chip making, sheet metal fabrication, and 
non-traditional machining; sheet metal flat pattern development; and 
DNC/shop floor networking. 

FLUENT@ 
FLUENT, a product of Creare Inc.. is a fluid flow simulation pro- 

gram that models behaviors of fluid flow and heat transfer. Applica- 
tions include combustion, aerodynamics, particulates, computer chip 
manufacturing, electronic equipment cooling, heat exchangers, and 
chemical and process operations. 

GNC 
GNC, a product of CADCentre Limited, is an interactive graphi- 

cal solution for developing part programs supporting all major NC 
machining disciplines. 2 5  to 5 axis machining, surface modeling. and 
customizable post processing provide an extensive range of capability 
resulting in increased productivity from rapid development of accu- 
rate and correct NC part programs. Integration with HP's ME Series 
10130 and a common user interface provides a premier CAD/CAM 
solution. 

PATRAN 

PATRAN" 

The PATRAN system, a product of PDA Engineering, is an open 
3D Mechanical Computer Aided Engineering (MCAE) system for 
modeling, analysis and results evaluation. It uses a common geomet- 
ric database and user interface for all design, imaging, finite element 
modeling and analysis requirements. Industry application areas in- 
clude aerospace, automotive, defense and electronics. The PATRAN 
system offers complete analysis capabilities in thermal, structures, 
fluids, kinematics, and large displacement dynamics. It provides gate- 
way interfaces to all major design and analysis codes, accurate ana- 
lytical functionality, and efficient post-processing for rapid design 
interpretation. Superior worldwide training and support ensures cus- 
tomer satisfaction. 
FLUENT Is a w l d a e d  tradaark ol Cream Im. 
PATRAN is a registered trademark ot PDA Englnesrlng 



I-DEAS Pro/ENGINEER 
Pro/ENGI\ EER, a product from Parametric Technology Corpo- 

ration, is parametric, feature-based solid modeling system that sup- 
ports interactive design modifications to models of mechanical 
assemblies and parts, including tooling and fixtures. Other features 
include ANSI standard drafting, assembly management, advanced 
modeling tools, CAD/CAM translators, and automatic finite element 
meshing. 

SABRE-5000 
SABRE-5000. a product of Gerber Systems Technology, Inc., is a 

turnkey. high performance CAD/CAM system for improving manu- 
facturing productivity in a wide range of aerospace. automotive, 
heavy machinery, tool and die, and modeling applications. The sys- 
tem includes interfaces to finite element modeling/analysis packages 

I-DEASTM and translators for exchanging design and manufacturing informa- 
tion between different data bases including ICES. Ford, GM. 

The I - D E A S ~ ~  (Integrated Design Engineering Analysis Chrysler and VDA/Bezier data converters, 
Software) system from SDRC is solids-based and simulation-driven 
to address the product development activities of an entire engineering 
organization. I-DEAS contains software modules for solid modeling, SMp-81 
design, finite element modeling and analysis, drafting, testing and SVP-81, a product of Merry Mechanization, is a sheet metal spe- 
manufacturing. Each module is a market leader, providing the high cific CAD/CAM package for assisting fabricators in developing the 
functionality needed to be on the critical path of your product devel- f l a t  layout and NC information needed to manufacture 
opment process. parts by turret punching and brake forming operations. It has a direct 
I-DEAS for Design is the module for solid modeling, system assem- link to ~p~ ME 10 and 30. 
bly. mechanism design, & drafting/documentation 
I-DEAS tor Analysis is the module for finite element pre- and post- 
processing, model solution, laminate composite material & thermal UAI/NASTRAN 
modeling. plastic mold analysis, and system noise and vibration anal- UAI/YASTRAN, a product from Universal Analytics, is a large- 
ysis. scale, general-purpose finite element analysis program for static and 
I-DEAS tor Test is the module for general test data management and dynamic structural analysis, buckling, and steady state and transient 
analysis, specialized signal ~"ocessing, rotating machinery, model. fa- heat transfer analysis including modeling of conduction, convection, 
tigue and system dynamic analysis. and radiation. 

MARC 
M,4RCTM is a general-purpose finite element program that per- 

forms both linear and nonlinear analysis. The program handles large VersaCAD DESIGN 
strain and displacement problems such as creep and buckling, and VersaCAD DESIGN, a product of Versacad Corporation, is a fully 
incompressible material behavior. M E N ~ A ~  T M ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~   hi^^ programmable. interactive computer aided design and drafting 

pre- and postprocessor for  MAR^ provides an integrated set of tools software package. Features include interactive 2D drafting or 3D 

for model development and verification, and for results presentation, modeling, light source color shading, bill of materials reports, and ..?+, 

two-way CAD translators. 
MOLDFLOW 

Moldflow, a product from Moldflow Australia Pty. Ltd, analyzes 
the flow of thermoplastics into an injection mold at  the instant of f i l l -  ANSYS@ 
ing by calculating the heat transfer and fluid flow equations inherent 
in the injection of hot plastics into a cold mold. MOLDFLOW pro- 
grams are a tool that enables injection mold and part designers to 
design molds and parts by predicting the flow pattern of the plastics 
into the mold. 

MSC/NASTRAN 
MSCINASTRAN, a product of MacNeal-Schwendler Corp.. is a 

large-scale general purpose finite element program that solves a wide 
variety of engineering analysis problems. Nastran solves static and 
dynamic structural analysis, material and geometric nonlinearity. 
heat transfer, aeroelasticity, acoustics, electromagnetism and other 
types of field problems. 

NlSA II 
NlSA 11, a product of Engineering Mechanics Research, provides ANSYS ' 

extensive linear and nonlinear analysis of static, dynamic and heat 
transfer problems. The NlSA family also includes NISA-Com- ANSYS. a product of Swanson Analysis Systems, Inc.. is a gener- 
posites. NISA/3D fluid, and NISAOPT, a structural and shape op- al-purpose finite &ment analysis Program for solving structural. 
timization program. thermal, fluid, electrical, and electromagnetic applications. ANSYS 

integrates preprocessing, solution, and postprocessing in one package. 
MSC/PROBE The program includes solids modeling, design optimization, coupled 

PROBE, a product from The MacNeal-Schwendler Gorp.. is a analyses, fluid flow. and multifield elements, and provides an easy-to- 
P-version finite element analysis system for elastic, thermoelastic, learn user interface. It is used worldwide for a variety of applications, 
fracture, modal, and heat transfer analyses. PROBE allows repeated including automotive. aerospace, electronics, manufacturing, medi- 
design/analysis iterations, increasing the efficiency of the engineering cal, and transportation. ANSYS is available on pcs ,  workstations, 
process. and compute servers, and it can be ported between platforms. 
MARC and MENTAT are trademarks of MARC Software International. Inc. 
JI?OLDFLOW is a registered trademark of Moldflow Australla Pty.Ltd. 

SDRC and I-DEAS are trademarks 01 Structural Dynamics Research Corporation. ANSVS is a reglnered trademark of S w m m  Anatysls Syslas. Inc. 

wvvw. hparchive.com 



SOLID STATE DEVICES 
Components 

TS AlGaAs LEDs Intelligent Displays 

Hermetic Optocouplers & Solid Sta te  
Relays 

Motion Control Components Fiber Optic Components 

LED Solid State Lamps, Light Bars & 
Arrays 

Hcwlett-Packard is a world leader in LED 
technology and offers a broad variety of LED 
indicator products. Products are available in 
high-performance green, yellow, orange, 
high-efficiency red, and standard red. Recent 
advances in fundamental semiconductor ma- 
terial development have allowed new areas of 
contribution. New AlGaAs red materials are 
the basis for recent low current and very high 
brightness ( 1  candela at 20 mA) additions to 
the product line. New hermetic products in- 
clude infrared-secure lamps intended for ad- 
vanced military applications. 
Solid State Dkpla s 

Hewlett-Packard orers a complete line of 
seven-segment displays in AlGaAs red, stan- 
dard red, high-efficiency red, yellow, and 
high-performance green in a wide variety of 
package sizes. The newest members are low- 
current micro bright displays in red, yellow. 
and green. 

LED alphanumeric displays in monolithic 
and dot matrix versions are also available. 
Recent developments used on-board inte- 
grated circuits (OBIC) to provide more so- 
phisticated functions and capabilities to 
these displays. Some of these rugged displays 
are screened and tested for use in military ap- 
plications and harsh environments. 

The aesthetic appearance and reliable per- 
formance of LED displays make them appro- 
priate for use in instruments, point-of-sale 
terminals, appliances, automobiles, tele- 
phones, moving message panels, and other 
high-ambient light front-panel displays. 
Motion Control Components 

Hewlett-Packard's developments in 111-IV 
materials. integrated circuits. lenses. and 

packaging allow for a natural expansion of 
these efforts into development of optical in- 
cremental shaft encoders. The first HP shaft 
encoder was introduced in 198 1. Since then, 
the product line has expanded to include a 
broad range of motion-sensing and control 
components. 

HP's motion-sensing products include 2- 
and 3-channel kit encoders for commercial 
and industrial applications, 2-channel en- 
coder modules for high-volume computer pe- 
ripheral applications and digital poten- 
tiometers toreplace analog potentiometers 
for manual data entry in medical and mea- 
surement instrumentation. 

HP's motion control products include a 
quadrature decoder/counter integrated cir- 
cuit for easy interface of an encoder to a 
microprocessor and a general-purpose mo- 
tion control IC, which acts as a slave proces- 
sor in closed-loop servo systems. 

Optocouplers 
Hewlett-Packard's family of logic compat- 

ible, high-performance optocouplers provides 
solutions to problems caused by ground loops 
and induced common mode noise for both an- 
alog and digital applications in commercial, 
industrial and military products. 

Types of optocouplers available include 
high-speed and high-gain devices ac/dc to 
logic interface optocouplers. and opto- 
couplers which interface directly with 
microprocessors. 

Solid State Relays 
As an extension of the high performance 

logic compatible optocoupler family, Hew- 
lett Packard offers miniature, dual-in-line 
package solid state relays for small signal. 
and low power switching applications. HP's 
solid state relays are replacements for low 

current electro-mechanical relays in both 
commercial and military equipment. 

Fiber Optic Components 
Hewlett-Packard offers three families of 

fiber optic components which include trans- 
mitters. receivers. cable, connectors and con- 
nector assembly tools. 

Plastic Snap-In Link Com nents 
Low cost and ease of use maefihis family 

of link components well-suited for applica- 
tions connecting computers to terminals, 
printers, plotters and industrial-control 
equipment. These links use rugged, 1 milli- 
metre diameter plastic fiber cable. Assem- 
bling the plastic snap-in connectors onto the 
cable is extremely easy. The HFBR-0500 
evaluation kit contains a complete working 
link including transmitter, receiver, 5 metres 
of connectored cable, extra connectors, pol- 
ishing kit and technical literature. 

Miniature Link Components 
The miniature link family of components 

offers a wide range of price/performance 
choices for local area network, computer, 
industrial-control, and military applications. 
The unique design of the lensed optical coup- 
ling system makes this family of components 
very reliable. The low-cost miniature line 
features a dual-in-line package that requires 
no mounting hardware or receptacle for use 
with SMA-style and ST*-style connectors. 
Evaluation kits are available for this line. 
The HFBR-0400 kit contains an SMA- 
styled transmitter and receiver, two meters of 
connectored cable, and technical literature. 
The HFBR-0410 kit contains an ST*-styled 
transmitter and receiver, three meters of con- 
nectored cable, and technical literature. 



Hybrid Cascadable Amplifiers Bar Code Components 

Surface Mount Optocouplers 8. Solid S ta t e  Relays Bipolar Transistors 

Silicon Bipolar Transistors 
Device-to-device uniformity and superior 

performance are combined in the HXTR se- 
ries of microwave transistors which have 
been individually designed for low noise 
(HXTR-6000 series), high gain (HXTR- 
2000 series), low distortion linear power 
(HXTR-5000 series). With guaranteed RF  
performance specifications from 1000 to 
4000 MHz, these devices are well suited for 
high-reliability, space military, and industri- 
al applications at frequencies up to 6000 
MHz. 
Diodes 
Schottky Barrier Diodes: Schottky Barrier 
l>iodes combine extremely high rectification 
efficiency with picosecond switching speeds, 
low series resistance, and low noise charac- 
teristics. This combination makes the 
Schottky an excellent mixerldetector diode. 
PIN Diodes: PIN diodes function as variable 
resistors at microwave frequencies. By con- 
trolline the dc bias. the RF resistance of a 
PIN d h e  can be varied from 1 ohm to about 
10 ohms. This property of the PIN diode 
makes it extremely useful as a switch attenu- 
ator, modulator, phase shifter, limiter, or 
AGC element at all frequencies from 1 MHz 
to 18 GHz and above. 
Step Recovery Diodes: The step recovery 
diode is most graphically described as a 
charge-controlled switch. That is, a forward 
bias stores charge and a reverse bias depletes 

this stored charge. When fully depleted, the 
SRD ceases to conduct current. 
Diodes for Hybrid Integrated Circuits: 
These diodes are used to achieve circuits with 
light weight, small size. operation to high fre- 
quencies, repeatable characteristics, and 
lower end-product costs. HP offers a wide 
range of PIN. Schottky and SRD single di- 
odes in beam lead and chip configurations as 
well as Schottky silicon and GaAs beam lead 
pair and quad diodes. 
Integrated Products: Hewlett-Packard 
manufactures a broad line of components for 
the control, conversion, and generation of RF  
and microwave signals. This line of integrat- 
ed products (combinations of chip and beam 
lead diodes with hybrid thin film circuit tech- 
nology) includes SPST switches, attenuators. 
comb generators and double-balanced mix- 
ers. In addition, Hewlett-Packard manufac- 
tures monolithic silicon RF amplifiers and 
GaAs attenuator modules. 

Bar Code Products 
Designed to meet the OEM's bar code 

needs, Hewlett-Packard's bar code line in- 
cludes digital bar code wands, two decoder 
IC's, optical reflective sensors, slot readers, 
and bar code readers. The expanding line of 
digital wands contains HP's Low Current 
Digital Bar Wand. which draws less than 
5 mA of current at 5 volts, and the HP Smart 
Wand. an optical programmable contact bar 

code reader that provides bar code capability 
to host systems supporting a 5V serial inter- 
face. The Digital Slot Reader, introduced in 
1986 and available in both an infrared (880 
nm) and a visible red (660 nm) version, is 
ideal for use in security or industrial applica- 
tions. The Multi-Purpose Decoder IC offers 
a simple and inexpensive solution of adding 
bar code decoding capabilities to OEM prod- 
ucts. 
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High Reliability Testing 
Many Hewlett-Packard components are 

space qualified. The reliability of these de- 
vices is established by one of the finest high 
reliability testing facilities in the component 
industry. Hewlett-Packard's High Reliabili- 
ty Test Groups maintain military-approved 
parts in stock and can recommend I i P  stan- 
dard screening programs, patterned after 
MIL-S-19500. MIL-M-38510, or MIL-D- 
87157 for any HP component. 

Write For More Information 
Specifications of Hewlett-Packard's 

component products are available in 
individual data sheets or complete designer 
catalogs. These are available free of charge 
from your local HP sales office or 
authorized distributor, or return the 
Information Request Card located at the 
back of this catalog. 



ANALYTICAL INSTRUMENTS FOR CHEMICAL ANALYSIS 

HP 1050 Series HPLC Modules 

HP 1090M LC with LC ChernStatlon (Pascal Serles) 

HP 3365 ChernStatlon (MS DOS Series) 

LC Chromatography 
The HP 1090M LC is a fully integrated HPLC system with ad- 

vanced data handling capabilities. Simultaneous data acquisition and 
evaluation saves hours. The 1090M is especially useful in methods 
development, purity verification, and problem solving. The HP 1090L 
LC provides instrument control from a single keyboard. It is ideal for 
routine analysis where high throughput is paramount. 

HPLC Pumps and Autosamplers 
With HP 1050 module LC pumps, you can add capabilities one 

module at a time. Modules include the HP 1050 lsocratic Pumo. us- 
ing variable stroke design for superior flow stability; the ~ ~ ' 1 ' 0 5 0  
Quaternary Pump, which will deliver up to four solvents separately; 
and the HP  1050 Autosampler, which is compatible with any modu- 
lar HPLC system. 

LC Detectors 
HP's standards for quality and reliability extend to our line of 

HPLC detectors, which include the H P  1049A Electrochemical De- 
tector, the HP  1050 Multiple Wavelength Detector, the HP  1050 Va- 
riable Wavelength Detector, the H P  1040 Diode Array Detector, the 
HP  1047A Refractive Index Detector, and the H P  1046A Fluores- 
cence Detector. 

Bioanalytlcal 
HP offers a number of turnkey bioanalytical solutions. The HP 

Aminoquant Amino Acid Analyzer is precise, accurate, and sensitive; 
both the chemistry and the chromatography are ensured. It is fully 
automated, and most errors are eliminated. The HP Microassay sys- 
tem brings robotic automation that provides reliability, accuracy, and 
high throughput on ELlSA and other microtiter plate applications. 

UV/Vislbk Spectroscopy 
HP diode-array spectrophotometers provide more information by 

acquiring data at  all wavelengths simultaneously. The HP 8452 
UV/Vis Spectrophotometer with MS DOS controller provides virtu- 
ally instant spectra from 190 to 820 nm and exceptional reliability. 
The HP 8452 UV/Vis Spectrophotometer with HP  89550A Dissolu- 
tion Testing software combines advanced analytical features with 
simple, secure operation. 

Data Handling 
. i *- 

The HP Unified Laboratory is an advanced strategy that increases 
analytical productivity. It emcompasses the full range of HP analyti- 
cal instruments and data handling solutions from integrators to 

. - LIMS, plus standard networking. In Integrators, HP  has set the stan- 
dard and makes one of the lowest-priced, most cost-effective integra- 
tors on the market today. The H P  ChemStations are single-user 
workstations that combine instrument control, data evaluation, and 
reporting. They provide single instrument control for UV, LC, GC. 
GC/MS, LC/MS and GC/IRD; plus multi-instrument control for 
GC and LC. The HP Laboratory Automation System provides a flex- 
ible multi-user system for high-volume routine analysis; automating 
the entire process -- from data acquisition to final report. The HP 

... -.. Laboratory Information Management System provides a solution to 
complex information management needs. It improves information 
and sample flow, coordinates results from multiple analytical tech- 
niques and links manufacturing, QA and other corporate information 

HP 59708 GC/MS with MS ChernStatlon (HP-UX Series) management systems to you. 



Gas Chromatography -- 
The HP 5890 Ser~es 11 handles even the most demanding applica- 

tions with ease. Includes cool on-column inlet for faster, more precise 
analysis. Pressure programming for low-temperature analys~s and 
constant flow. And a h ~ g h  temperature oven for analyzing higher mo- - & . m  
lecular weight compounds. RS- 

L 
HP Mass Selective Detectors 

Un~versal, sensitive, reliable and easy to use, the H P  5970B and 
HP 5971A MSD's provide sensitive detection over a range of com- 
pounds and the economically priced H P  5971 makes it possible for 
any lab to afford MS technology. 

p'. s 

HP 5921A Atomic Emission Detector HP 5988A LC/MS with Particle Beam 
The 5921A is the first fully automated benchtop system capable of 

detecting elements that were ~reviouslv difficult - even immssible 
- to detect. Oxygen, organometallics,carbon, and sulfur f& exam- 

- 
ple. 

GC Sample Introduction/Management Systems 
HP offers several proven solutions for automated sample handling. 

The HP 7673 Automatic Injector and Sampler offers discrimination- 
free injection of up to 100 different samples. Advanced robotics and 
the ability to add a second injector and HP 18587A Bar Code Identi- 
fication system make it simple and virtually trouble-free. The 
H P  19395A Headspace Sampler eliminates many sample workup 
and extraction steps and can be used with any packed or capillary 
technique. 

HP 7680A Supercritical Fluid Extractor 
The HP 7680A SFE is a graphics-driven, computer-controlled in- 

strument designed for automated extraction of complex samples. SFE 
replaces time-consuming liquid-solid extraction techniques with rap- 
id and reproducible supercritical fluid CO, extractions. 

Mass Spectrometry 
HP's line of low-cost mass spectrometer products makes it possible 

for virtually every lab to afford high-quality GC/MS. The H P  5971A 
with MS DOS controller provides PC-controlled MSD and makes 
GC/MS accessible wherever needed. High-performance features in- 
clude multitasking for simultaneous data acquisition and analyzing, 
classical El spectra and Microsoft Windows for ease of use. The HP 
5970B GC/MS with MS ChemStation is a multitasking networking 
system using UNIX, X-Windows software tocontrol the world's most 
widely used MSD. 

GC/FTIR 
The HP 5965B GCIIRD and H P  5890 Series I1 GC makes cavilla- 

ry GC/FTIR routine.'It is an easy-to-use solution to a broad range of 
problems. A standard array processor gives you real-time spectra and 
selected wavelength chromatograms with increased sensitivity. The 
HP GC/FTIR/MS with 5890 Series 11 GC and HP 5970 GC/MS 
gives you the combined power of GC/MS and GC/FTIR and pro- 
vides the ultimate in organic compound analysis. 

Columns/Supplks/Software 
HP is one of the few analytical instrument makers to offer a com- 

prehensive line of competitively priced, high-quality supplies, acces- 
sories, LC and GC columns, and consumables. In addition, HP  offers 
dedicated software to provide turnkey solutions. 

HP 5971A GC/MS with ChemStation (MS DOS Series) 

HP 5921A Atomic Emission Detector 

If you would like to know more 
Just call your local HP  sales office or distributor and ask for the 

analytical products representative. Analytical Columns and Supplies 



870 Diagnostic Cardlology and Echocardiography U 

Cardiography instrumentation Ambulatory ECQ 
H P  Pagewriter XLi advanced cardiograph with interpretive capa- True. two-channel analysis and ST-segment measurement 
bility and preview display System includes HP Vectra PC, custom software, two patient ana- 
H P  Pagewriter XLs standard, real-time cardiograph lyzers and an HP LaserJet Series 111 printer 
ECG Management Systems for computer-aided management of Optional HP  43405A Memory Module for full disclosure 
electrocardiograms 
ECG Workstations for PC-based ECG department management 

/ - 

,.. "* - 

- ** 

HP SONOS 1000 Cardiovascular Imaging System 
Cardiovascular Instrumentation The most advanced HP phased array ultrasound imaglng system 

Computer~zed catheter~zat~on data analys~s system automates on- HP  Prec~s~on Imaging technology and w~de-aperature transducers 
l ~ n e  data collect~on analys~s Per~pheral vascular lmaglnp w~th  7 5 MH7 l~near array transducer 
Comprehens~ve data base for generating both clin~cal and adminis- Next-generat~on color flow lmaglng 
trat~ve reports Steerable PW/CW Doppler 
Complete choice of plug-in s~gnal cond~t~oners and transducers Transesophageal lmaglng capabil~ty 

Soph~st~cated Image revlew and analysis capabilities 



MEDICAL INSTRUMENTATION 
Patient Monitorlng Systems and Resuscltation 

HP CareVue 9000 Clinical Information System 
Bedside-oriented system for critical care 
Replaces paper-based charting process 
Easily adapted to each unit's specific needs 
Advanced human interface 
Collects information directly from bedside monitors and other bed- 
side devices 
Uses local area network to incorporate information directly from 
ancillary departments 
Applications include flowsheet, nursing/physician notes, nursing 
care plans, patient acuity, severity of illness and more 

HP Component Monitoring System 
Patient monitoring system for the OR, CCU, and ICU 
Monitors up to I h parameters simultaneously 
Choose 4, 6, or 8 waveforms, color or monochrome 
Intuitive, 2-levels of operation 
Comprehensive data management 
Interface to HP  Critical Care Network 

\ 

Resuscltation 
Easy to use. )-step operation 
L~ghtwe~ght, rel~able design 

For Additional Information on HP Medical instrumentation, write to 
INQUIRIES MAUAGER, Hewlett-Packard, 3000 Minuteman 
Road. Andover. MA 01 8 10. and request literature in any of the fol- 
lowing categories: -- Patient Monitoring Systems 

Obstetrical Information Management System 
Display and Alert 
Remote overview screens 
Bedside data entry 
Configurable admission/discharge forms 
25-year storage, retrieval and archiving 
Flexible system configurations 

Other Obstetrical products include: 
Anteparturn l'elal monitors 
lntrapartum fetal monitors 
Fetal ultrasound telemetry 
Fetal trace transmission system 

OR Monitoring 
Arrhythmia Central Stations 
Clinical lnformation Systems 
Ultrasound Imaging 
Cardiography Instrumentation/Ambulatory ECG 
Cardiovascular Instrumentation 
Obstetrical and Neonatal Instrumentation 
Resuscitation 
Healthcare Information Systems 
Supplies. Consumables, ~ i e s su re  Transducers 

We invite you to receive ADVANCES FOR MEDICINE, the Hew- 
lett-Packard medical products magazine, free of charge. 
Simply write to: ADVANCES FOR MEDICINE 

Hewlett-Packard 
3000 Minuteman Road 
Andover, MA 0 18 10 



X-RAY EQUIPMENT 
Cabinet X-Ray Systems 
Models 43855A, 438558 and 43856A 

FAXITRON MODEL 43855A 
WITH OPTION A02 

Faxitronm Cabinet Systems 
Radiography, the art and science of mak- 

ing pictures with X-rays, has an important 
place in modern technology. It is one of the 
major nondestructive test methods available 
to industry, provides an indispensable tool in 
scientific investigations and is a valuable aid 
to law enforcement agencies. Hewlett-Pack- 
ard makes a major contribution to these ac- 
tivities with X-ray equipment that offers a 
"better way" through advanced technology 
and design. This equipment makes radio- 
graphs easier and safer to take. 

Scientific Applications 
Oceanography, geology, marine biology. 

paleontology, pathology, botany, forestry 
and agricultural research are a few examples 
of scientific disciplines that use X-rays. A g  
plications range from the study of the interi- 
or anatomy of fossils to determining the 
viability of seeds. 

These are among the many applications 
sewed by HP Faxitron Cabinet X-ray Sys- 
tems. They offer a unique combination of 
high quality radiographic capability, sim- 
plicity of operation and convenience of use 
which is expanding the capabilities of scien- 
tific and industrial concerns throughout the 
world. 

FAXITRON MODEL 43856A 

Industrial Inspection 
Industrial quality control and inspection 

procedures, especially in the field of electron- 
ics, benefit from nondestructive testing by ra- 
diography. The advantages of a testing 
method which does not harm the test objects 
are obvious. Radiography. therefore, offers 
benefits in design engineering, incoming in- 
spection, production quality control, product 
reliability and failure analysis. X-rays are 
used to detect misregistration or plate-thru 
problems in multi-layer P.C. boards; porosi- 
ty, poor substrate bonding and wiring or lead 
location in transistors and integrated cir- 
cuits; voids and other  encapsulation 
problems in potted components; and solder 
balls or other defects in sealed relays. 

Die casting is another industry that bene- 
fits from the nondestructive aspects and abil- 
ity to "see inside" provided by radiography. 
Porosity, gas void, trapped metal inclusion 
and other common defects can be easily de- 
tected and the cause determined. Expensive 
machining time can be avoided for castings 
found to be defective through X-ray inspec- 
tion. The integrity of welds, alignment of 
connectors, inspection for proper assembly 
and mechanical defects are further examples 
of tests which radiography performs for in- 
dustry. The benefits of X-ray testing are re- 
duced production costs, better quality 
assurance and product safety. The results are 
increased profits. 

FAXITRON MODEL 438558 

Medical Applications 
HP Faxitron Cabinet X-ray Systems are 

used by the medical profession for specimen 
radiography in support of diagnostic surgical 
procedures and in biological research. Speci- 
men radiographs of biopsy samples are corre- 
lated with preoperative mammograms, for 
example, and in the evaluation of mastecto- 
my specimens. Typical research applications 
include microradiography of thin bone speci- 
mens and microangiographic studies of vas- 
culature. 



MODEL 43731A 
150kV 

-- 

High-speed (flash) radiography is used to 
record and study dynamic events where 
interposed material, smoke, flame, debris, 
or pressure variations exclude the use of 
high-speed cameras. Typical events include 
ballistics, shaped charges, explosives. 
behind-armor studies, shock waves in solids, 
aerospace phenomena, and crash-injury 
studies. 

PENETRATION IN ALUMINUM 

\ 

i i i qb 20 j, IW 
FEET 

X-RAY EQUIPMENT 
Flash X-ray Systems 

HP 43703B,43710A, 43731A, 43733A, 43734A 

MODEL 43733A 

Option 035 - Dual Remote Tubehead 

The basic performance requirement of a 
flash X-ray system used for the study of tran- 
sient mechanisms is to provide high resolu- 
tion radiographs with exposure times short 
enough to eliminate motion blur. HP  series 
43700 Flash X-ray systems produce X-ray 
pulses of sub-microsecond duration and are 
designed specifically for "stop motion" radio- 
graphic applications. All HP  43700 series 
systems utilize the same basic components, 
the same electrical theory. and are modular 
in concept. Standard systems include 150 
kV, 300 kV, 450 kV, I MV, and 2.3 MV 
models. 

PENETRATION IN STEEL 

METERS I 2 5 .O 2 0 3 0  

FEET 2 5 10 20 50 IW  

MODEL 43734A 
450kV 

An HP basic single "channel" flash X-ray 
system, composed of a pulse generator, high 
voltage power supply, cold-cathode field 
emission X-ray tube, and associated controls, 
provides a single radiograph per event. Addi- 
tional pulser/X-ray tube sets (add-on chan- 
nels) may becombined with the initial single- 
channel system to provide multiple-channel 
"systems." Multiple channel systems may be 
of identical output voltage or may use varied 
output voltage pulser/tube combinations. 

For specific information and consultation 
regarding HP X-ray systems, contact Hew- 
lett-Packard, 1700 S. Baker Street, 
McMinnville, Oregon 97128. Telephone 
(800) 952-2212. 

ROCKVILLE (Sales) 
#2 Choke Cherry Road 
Rockville, Maryland 20850 
Telephone (301) 948-6370 

ALBUQUERQUE 
7801 Jefferson Street, N.E. 
Albuquerque, New Mexico 87109 
Telephone (505) 823-6100 

FULLERTON 
Hewlett-Packard Company 
1421 S. Manhattan Ave. 
Fullerton, CA 92631 
(209)252-9652 

Compression of golf ball 
when hit with club 



CALCULATOR PRODUCTS 

There is a better way to meet your computational needs: Hewlett- 
Packard calculators. Whether you need a scientific or business calcu- 
lator, Hewlett-Packard offers a range of quality products designed to 
be the finest of their kind. 

Scientific calculators featuring RPN are the new, expandable 
HP  48SX and the HP  28s. HP  42s. and HP 32s. The HP 21s and 
HP 20s have algebraic entry systems. Business calculators include 
the H P  19BII and H P  17BII with a choice of entry systems (HP's 
time-tested RPN or algebraic), the H P  12C with RPN, and HP IOB 
with algebraic. 

The H P  Solve application, a standard feature on the H P  48SX, 
HP  28s. HP  42S, HP  32s. HP  19BI1, and HP 17BII. lets you enter 
your own equations and solve for any variable to explore "what i f '  
scenarios. 

For hard-copy records of your calculations, an optional infrared 
printer is available for use with the H P  48SX, H P  28S, 
H P  42s. H P  19BI1, and HP 17BII. 

Scientific Calculators 
HP 48SX expandable calculator 

The H P 4RSX is a major advancement. It is designed especially for 
engineering professionals, students, and educators. No other calcula- 
tor comes close to matching the features of the new HP 48SX. With 
the HP  Equationwriter application, you can enter equations just as 
they appear on paper. Graphics and calculus are combined like never 
before to find roots, intersections, local extremes or slopes, and deriv- 
atives while you view a graph of the equation. Easy unit management 
lets the HP 48SX keep track of the units as well as do the calculations 
for fast, accurate results. With the HP  Matrixwriter application it is 
easy to enter and view large matrices. Symbolic math functions and 
the HP  Solve application are standard. Expansion options allow you 
to increase your RAM, link to your DOS or Mac computer via 
RS-232C. and customize with specific plug-in application cards. The 
HP 48SX has a large 8-line. 22-character dot matrix display, RPN 
entry system, over 2100 built-in functions. 32 Kbytes of RAM (ex- 
pandable to 288 Kbytes) and a two-way infrared interface to go to 
other HP  48SXs or a printer. Application cards are available. 

HP 285 advanced scknttfk calculator 
The HP 28s was the first scientific calculator to offer symbolic so- 

lutions for technical professionals and students in math and engineer- 
ing. It performs symbolic algebra and calculus computations, and it 
plots equations on its display. It has 32 Kbytes of RAM, memory 
management features for organizing information stored in memory, 
an advanced graphics package with graphics storage and recall, ma- 
trix, vector and complex-number arithmetic, and advanced program- 
mability through a high-level programming language. Other features 
include menus and softkeys that make access to functions faster and 
easier, the HP  Solve application for use in personalizing the HP  28s 
without programming, and enhanced RPN with optional algebraic 
entry. The HP 28s has a 4-line by 23-character alphanumeric display 
with separate keyboards for numbers and letters and a wireless infra- 
red printer interface. Application books are available. 

HP 42s scientific calculator 
The powerful HP 42s  is an engineer's best tool for matrix math as 

well as an excellent replacement for the HP  15C. A sophisticated ma- 
trix editor prompts for input and makes it easy to solve problems such 
as simultaneous equations. Variables can be named, including real 
and complex numbers and matrices. A variable and function catalog 
keeps track of the names, and they can be accessed directly from the 
catalog by simply scrolling to the desired entry and executing it. The 
HP 42s  also features the RPN HP Solve application and numerical 
integration. Custom menus can be created and assigned to the top row 
of keys. And it can run thousands of keystroke programs available for 
the HP 41C/CV. The HP 42s  has a 2-line, 22-character dot-matrix 
alphanumericdisplay, RPN entry, 8 Kbytesof RAM, and an infrared 
printer interface. Application books are available. 



HP 325 scientific calculator 
The HP 32s gives technical professionals and students the RPN 

advantage at  the lowest price. It is the perfect HP  11C replacement. 
It has a complete set of math and science functions. RPN HP Solve 
application - which solves for any variable without reprogramming, 
numerical integration, complex number functions, and keystroke pro- 
gramming for solving repetitive problems. Programming includes 
looping and test flags for problems that require logical decision mak- 
ing. The HP 32s  has a one-line, 12-character dot-matrix display, 
RPN entry, 390 bytes of user RAM and 27 storage registers. An ap- 
plication book is available. 

HP 215 stat/math calculator 
The H P  21s is designed for college students in disciplines such as 

social sciences. agriculture, life sciences, psychology. and business, 
who are required to take statistics courses. The HP 21s eliminates the 
need for statistics tables, calculates common statistics distribution 
values and their inverses, and includes a statistical program library. 
Sample test statistics can be used to perform hypothesis testing and 
construct confidence intervals. In addition to its statistics functions, 
the HP  21s has all the essential math functions for college math 
classes plus time-value-of-money functions for business classes. The 
HP 21s has a one-line, 12-character numeric display and algebraic 
entry. 

HP 208 scientific calculator 
With the HP 20s. engineers, technicians, and students get an en- 

try-level, algebraic machine with all the functions other scientific cal- 
culators in the same price range offer plus a library containing six of 
the most-used programs for math, science and engineering. The 
HP 20s program library provides root finder, numerical integration, 
complex-number operations, curve fitting, 3x3 matrix operations, and 
quadratic equation solutions. In addition to its program library, the 
HP  20s has keystroke programming with conditional tests, base-con- 
version and base-arithmetic operations. The HP 20s has a one-line, 
12-character numeric display and algebraic entry. 

Business Calculaton 
HP 19611 Business Consultant 

The HP 19RII is the ultimate financial calculator and includes 
time-saving tools for daily organization. It gives you a choice of entry 
systems: RPN or algebraic. It combines the most comprehensive set 
of business and financial functions found in any calculator with an 
impressive set of information management features. Yet it is easy to 
use because of its menu and softkey approach to problem solving. The 
HP 19BII offers the HP Solve application, bond calculations, and a 
graphics package that plots histograms, scatter diagrams, curve fits, 
and NPV vs. discount rate for investment analysis. Information Man- 
agement features include time and appointment functions, number 
lists that you can label and total, currency/unit measurement conver- 
sions. and the ability to store and manage name and address lists. The 
HP 19BII has a 4-line by 23-character alphanumeric display, sepa- 
rate keyboards for numbers and letters, 6,500 bytes of RAM and an 
infrared printer interface. Application books are available. 



CALCULATOR PRODUCTS 

UP 17811 financial calculator 
The HP 17BII offers you everything the H P  12C has become fa- 

mous for - and more. It is designed for use by real estate and financial 
professionals, and it is the only calculator in its class to offer more 
than 250 easy-to-use business functions: features like the HP  Solve 
application, menus and softkeys, clock and alarm, list-based statis- 
tics, cash flows and powerful, SIA-standard bond calculations. Users 
have a choice of entry systems: HP's RPN or algebraic. The HP 
17BII has a 2-line, 22-character alphanumeric display. 6,500 bytes of 
user RAM, and an infrared printer interface. Application books are 
available. 

U P  12C programmable financial calculator 
The HP 12C is the proven performer for real estate and finance. It 

features business and financial functions for calculating mortgages, 
balloon payments, depreciation, and bond yield, plus math and statis- 
tics. The HP 12C has a one-line, 10-digit numeric display, RPN entry 
system and 20 storage registers. Application books are available. 

UP 108 business calculator 
The HP 10B entry-level calculator has the essential business func- 

tions plus HP quality in an extremely easy-to-use form. An auto- 
increment feature makes amortization schedules quicker to generate. 
Label descriptors make it easy to understand and enter cash flows and 
to identify interest, principal, and remaining balance in an amortiza- 
tion schedule. There is no need to shift modes to access functions; all 
functions on the HP  10B are available all of the time. Because the HP  
10B does not use a COMPUTE key, it saves time by eliminating key- 
strokes. The HP 10B has a one-line. 12-digit numeric display and al- 
gebraic entry. 

Ordering Information Price 
H P  48SX Expandable Scientific Calculator (RPN) $350.00* 
H P  28s Advanced Scientific Calculator (RPN) 2 3 5 . 0 0 s  
H P  42s  Scientific Calculator (RPN) 1 2 0 . 0 0 s  
H P  32s  Scientific Calculator (RPN) 69.95 s 
H P  21s  StatIMath Calculator (Algebraic) 49.95 s 
H P  20s  Scientific Calculator (Algebraic) 4 9 . 9 5 s  
H P  19811 Business Consultant (RPNIAlgebraic) 1 7 5 . 0 0 s  
H P  17BII Financial Calculator (RPNIAlgebraic) I l O . O O s  
H P  12C' Programmable Financial Calculator (RPN) 94.95 s 
H P  108 Business Calculator (Algebraic) 4 9 . 9 5 s  

For samaday shipment, call HP DIRECT at 800-538-8787 
Pr~ces shown are suggested U.S. List. 



Application Books 
HP 28 

00028-90111 Mathematical Applications (HP 28s) 
00028-90105 Vectors and Matrices (HP 28C/S) 
00028-90101 Algebra and College Math 

(HP 28C/S) 
00028-90102 Calculus (HP 28C/S) 
00028-90104 Probability and Statistics (HP 28C/S) 

HP 428 
00042-90020 Programming Examples and 

Techniques 
00042-90021 Electrical Engineering 
00042-90022 Mechanical Engineering 

HP 328 
00032-90057 Engineering Applications 

Enhancements And Peripherals 
For use with HP 48SX, HP 285, HP 425, HP 19811, HP 17811 HP 19 and HP 17 

HP 822408 Infrared Printer 00017-90019 Real Estate, Banking and Leasing S 9 . 9 5 T  

An infrared light beam provides a cordless connection to the calcu- 00017-90020 Business Finance and Accounting 9.95 s 
00011-90021 Marketing and Sales lator up to 18 inches away. The HP 82240B prints 24 characters per 
00017-YU,,22 Personal and Tax Planning 

9 . 9 5 s  

line in 5x8 dot matrix. This thermal printer turns itself off after 10 9 . 9 5 s  

minutes of inactivitv. has a wwer indicator and uses batteries or an 
optional AC adapter: 
Ordering Information 
HP 82240B Infrared Printer (I IOV) 
H P  H2241A Adapter, U.S. (I IOV) 

HP 12C 
Price 00012-90015 Real Estate Applications 

f 1 3 5 . 0 0 m  00012-90021 Leasing Applications 
1 5 . 0 0 s  0001 2-90022 Training Guide 

Accessories 
Accessories such as owner's manuals, battery packs, rechargers HP 41CV/CX 

and software manuals are readily available for all types of HP calcu- Although the HP 4ICV/CX calculators have been discontinued, the 
lators. To order, call your HP DIRECT office. In the US., call following items are still available: 
800-538-8787. Peripherals 
Ordering Information Price H P  822409 Infrared Printer (I IOV) $135.00* 
For use with HP 48SX H P  82241A Adapter, U.S. (I IOV) 1 5 . 0 O x  
H P  82207A Serial Interface Kit $59.95= H P  82161A Digital Cassette Drive 2 5 0 . 0 0 s  

NEC Japan Only Interfaces 
Opt 1AW Serial Interface Cable Only - 2 4 . 9 5 s  H P  82164A HP-IL/RS-232 Interface S 2 9 5 . 0 0 x  

NEC Japan Only H P  82169A HP-IL/HP-IB Interface 3 9 5 . 0 0 s  
H P  82208A Serial Interface Kit 5 9 . 9 5 s  H P  82242A Infrared Printer Interface Module 6 5 . 0 0 s  

IBM-compatible Plug-in Module for HP 41CV/CX 
Opt. 1AW Serial Interface Cable Only -24.95 Application Modules 

IBM-compatible 00041-15005 Surveying $45.00* 
HP 82209A Serial Interface Kit 5 9 . 9 5 s  00041-15016 Real Estate 4 5 . 0 0 s  

Apple/Macintosh 00041-15022 Games 4 . 5 . 0 0 s  
Opt. I A W  Serial Interface Cable Only - 2 4 . 9 5 s  00041-15049 Math/Statistics 4 5 . 0 0 s  

Apple/Macintosh 00041-15055 HP 41 Advantage 4 9 . 0 0 s  
H P  82210A HP 41CV Emulator Card 99.95s For additional information or a demonstration of Hewlett-Packard 
H P  8221 1A HP Solve Equation Library 99.95= calculators, check the yellow pages for your nearest dealer. 

Application Card .-. " r 
Prices shown are sug~e~ted U S. List. 

H P  82214A 32-Kbyte Battery-backed RAM Card 79.95w w For samaday shipments, call HP DIRECT at 800-538-8787 
H P  82215A 128-Kbvte Batterv-backed RAM Card 250.00= 
HP 82220A HP 48Sk overla; Kit l 5 . 0 0 e  
H P  82221A Soft Case for the HP 48SX 1 5 . 0 0 s  
00048-90003 HP 48SX Owners Manual, English 2 5 . 0 0 s  
00048-90054 HP 48SX Reference Manual 2 5 . 0 0 s  
8221 1-90001 HP Solve Equation Library Application 10.00 s 

Card Owner's Manual, En lish 
For sameday shipment, call HP DIRE~T at 800-538-8787 



NETWORKED COMPUTER SYSTEMS 
HP NewWave Office 

Hewlett-Packard integrates your company's information resources into a single, tightly knit information network. 

Better Use of Information and Once completed, these objects can be shared with other users in the 
organization. Computing Resources In addition, the HP  NewWave environment also provides the user 

more and HP 3000lHP 9000 'ys- with services such as computer-based training, context-sensitive help, 
Hewlett-Packard's New Wave Office and Agents. Agents are an intelligent facility which performs tasks on 

enhances your entire investment in information resources. The solu- behalf of the user operates throughout the environment, across 
tions combine products that utilize the advantages of personal com- application boundaries, to automate tasks, ~~~k~ can be triggered 
puting, networking, and distributed data processing into one complete user interaction based on time or conditional events. 
integrated system. 

~i r thermbre ,  HP's NewWave Office is completely tied to your or- 
ganization's application environment, providing immediate access to HP N ~ ~ w ~ ~ ~  ~ e ~ ~ l ~ ~ ~  
departmental, corporate and wen global information resources. There are three key products designed to enable developers to begin 
Users at all levels are better able to access, analyze, manipulate. immediate design work on new applications or to integrate their cur- share, and distribute vital information in order to make better, more rent applications with the ~p N ~ ~ w ~ ~ ~  the ~~~~l~~~ 
timely decisions. Kit, Developer Training and Technical Support. 

The HP NewWave Environment 
The HP New Wave environment is an advanced personal computer 

application environment providing a single window, or view, into your 
entire network of information and computing resources. This open 
environment is based on industry standards and is designed to allow 
the end user to focus on completing tasks rather than on learning and 
using individual applications. Furthermore, the HP  NewWave envi- 
ronment presents a major opportunity for the developer to deliver 
greater benefits to customers. 

Users working in the HP  NewWave environment can move quickly 
and easily from one application to another because applications are 
integrated seamlessly. The Object Management Facility (OMF) al- 
lows end users to link, combine, or manipulate different forms of data 
such as text, spreadsheets, graphics, scanned images and voice by 
treating it as a single object; to the end user. these objects are repre- 
sented as "icons." By manipulating the icons, a user can create corn- 
pound objects by using the mouse to move one icon on top of another. 

The HP NewWave Developer Kit 
The HP NewWave Developer Kit contains all the H P  components 

needed to write applications for this new environment. It includes the 
HP NewWave environment software, software development tools, 
and documentation. 

HP NewWave Developer Training 
This is an invaluable course for software developers who will be 

writing applications under the HP NewWave environment. Although 
the H P  NewWave environment is based upon Microsoft Windows, it 
consists of many extensions to Windows. This course provides the 
concepts and information on both Microsoft Windows and those ex- 
tensions needed by any HP NewWave application developer. 



Information Access 
HP 30001HP 90001PC 
Database Access 
Data Security and Control 
Conversion to PC Formats 
Personal Report Writer 

Personal Applications 
Word Processing 
Spreadsheet Analysis 
Graphics 

G 

HP NewWave Environment 
Common, User Graphic Interface 
Application Integration 
Task Automation 
Advanced Developer Tools 

Hewlett-Packard's ClientlSewer Solutions 



NETWORKED COMPUTER SYSTEMS 
680 HP NewWave Office (cont'd) n 

NewWave Office: Leadership in PC Integration 
PC integration and specific departmental services, such as access to 

information, system-wide communication, and shared resources, in- 
crease the effectiveness of workgroups by linking personal computers, 
terminals, minicomputers, mainframes and peri~herals. Shared . . 
printers, plotters and disk storage maximize return on peripheral in- 
vestments. Backing up PC hard disks to HP  systems increases data 
security, and centralized distribution of PC applications increases 
MIS control. 

Integrating PC resources with the HP  3000 or HP  9000 mini- 
computer concentrates the power of each computer on the tasks it 
performs best. For example. the HP  3000 is designed for transaction- 
based processing and the PC is designed to enhance individual 
productivity. 

HP's NewWave Office incorporates these PC integration and de- 
partmental service capabilities into a centrally managed system. 
NewWave Office enhances the H P  3000 or HP  9000 environment 
with resource sharing, information access, information distribution 
and popular PC applications capabilities. For example, with HP  
NewWave Office, users can extract data from HP 3000 applications. 
analyze and describe the information on their PC, and distribute the 
results electronically throughout the organization. The result: signifi- 
cantly improved use of computer resources and more timely, accurate 
decision making. 

Specific features of H P  NewWave Office include: 

- PC Backup - Centralized PC Software 
- Information Distribution Distribution 
- Printer and Plotter Sharing - Access to lnformation 
- Disk Sharing - Networked PC Management 

- Advanced PC Applications 
In addition, customers who do not need the complete capabilities of 

NewWave Office can purchase the departmental services of informa- 
tion access and information distribution, as well as PC application 
components individually. 

NewWave Office Components 
Information Access 

lnformation Access is a unique information management software 
package that provides access to information, facilitates reporting and 
data exchange, and coordinates distribution between personal com- 
puters, HP 3000 or HP  9000 minicomputers. It is an information 
sewer that extends the reach of your data processing systems by deliv- 
ering key business data throughout your organization. lnformation 
Access provides the means for end users to make better- 
informed decisions based on up-to-the-minute information by provid- 
ing simple, yet secure, access to information wherever it resides. 

lnformation Access provides the most current information to PC 
users by allowing access to local and remote H P  3000 and HP 9000 
systems as well as PC databases. Results can be output directly to 
many popular PC applications, including Lotus 1-2-3. Additionally, 
MIS professionals are no longer burdened by requests for custom re- 
ports because end users have direct access to the crucial information 
they require. 

Information Distribution 
HP DeskManager for the HP  3000, and HP Open Mail for the 

HP  9000 manages the flow of information throughout your network 
via electronic mail, and lets you integrate data processing applica- 
tions such as for finance, payroll and order processing functions. It 
simplifies administration of the electronic mail system with central 
directory keeping, and provides security features such as password 
protection, access limitation, and message scrambling. 

All types of messages, programs and data files, can be sent and 
received down the hall or around the world. The HP NewWave Office 
information distribution services facilitate enterprise-wide communi- 
cation. It offers users access to X.400-based mailing services, other 
UNlX mailing products, as well as connectivity to IBM's PROFS 
and DISOSS. Now you can link mail systems so that everyone in your 
company can exchange information with each other better, resulting 
in improved interorganizational communication and a faster response 
time. 

Additional Departmental Sewices Pruducts 
The following products augment the standard departmental ser- 

vices with advanced capabilities to further enhance the effectiveness 
of workgroups, departments or entire companies. These products can 
be added to systems that already have NewWave Office or its individ- 
ual components on their HP 3000 systems. 
HP File/Library 

HP ~ i l e / ~ i b r a r ~  is a complete electronic filing solution for the en- 
tire department. Any file, even a paper file, can be indexed in the HP  
FileILibrary catalog. Users can access documents wherever they are 
located, thus eliminating the need to duplicate files in multiple loca- 
tions and saving valuable disk space by archiving documents onto in- 
expensive cartridge or tape. 
HP Schedule 

HP Schedule keeps track of schedules and coordinates the busy 
calendars of an entire department or even a group of departments. It 
sets uo meetinas and can schedule resources located anvwhere on the 
netwdrk - frGm conference rooms and audio-visual kquipment to 
corporate jets. 
PROFS (MPEfV Systems Only) 

HP OfficeConnect to PROFS provides a transparent electronic 
mail link between HP systems running DeskManager and IBM's Pro- 
fessional Office System, allowing users of these two systems to com- 
municate with each other through their own electronic mail systems. 
DISOSS (MPE/V Systems Only) 

HP OfficeConnect to DISOSS provides a transparent electronic 
mail link between these two systems and IBM's Distributed Office 
Support System. Users on either system can communicate with each 
other using their standard address formats. Also, users on both sys- 
tems have open access to distribution lists and DISOSS document 
libraries. 
CONVERTfDCA 

HP Convert/DCA enables HPand IBM users to exchange and edit 
documents in both Final and Revisable Form Text DCA (Document 
Content Architecture). IBM PC users with Displaywrite can ex- 
change revisable documents with HP  Vectra PC users using Ad- 
vancewrite and Executive MemoMaker software. 



Cooperative S e w h  AdvanceLlnk 
Cooperative Services is a software development tool designed to AdvanceLink provides terminal emulation and file transfer capa- 

create cooperative processing applications between personal corn- bilities to a host computer across a variety of data communication 
puters and an HP 3000 minicomputer. ~h~ product comprises an links. AdvanceLink terminal emulation enables users to run applica- 
MS-DOS procedure library and an ~p 3000 intrinsic server, and it tions on HP 3000. HP  1000. and H P  9000 systems. AdvanceLink file 

supports popular PC development languages. transfer functions allow users to share data, text files, memos, and 
even graphics between the PC and host computers. With the Ad- 
vanceLink command language. users can build macros to coordinate 
and automate routine tasks. 

HP Advanceprint 
AdvancePrint provides low-cost, shared printing for PC users by 

allowing H P  Vectra, IBM, and H P  150 PC users to share printers and  ti^^ m m o ~ a k m  
plotters connected to an HP  3000 system. Advanceprint takes advan- Executive MemoMaker (EMM) is a full-functioned, easy-to-use 
tage of low-cost basic serial connections; no expensive networking is word processor designed for business professionals and managers. 
required. With AdvancePrint, PC users can print to shared devices as EMM includes features such as on-screen graphics integration, a 
if the printers or plotters were directly attached to their PCs (includ- spelling checker, and search and replace functions, allowing the user 
ing full graphics support). to create professional-quality memos and reports. 

PC Applications Ex.cutive Card Manager 
Hewlett-Packard PC applications provide users access to a wide Executive Card Manager (ECM) is a file management program 

range of word processing, database management, and graphics caps- designed with a Rolodex-like card file interface. Users can manage 
bilities. Designed for easy integration, these PC applications, almost any kind of information, from addresses and phone numbers to 

with any of Hewlett-Packard.s industry-leading printers and client contact records and purchase histories. Each file can contain up 
to 64,000 cards and each card can contain up to l l screens of infor- plotters. provide ~rofessionals with high-quality memos, reports, mation. E,-M also provides a built-in report writer that lets users pre- 

presentations and sophisticated documents. sent information in a variety of formats, including mailing labels. 

Graphics Gallery Collection 
The Graphics Gallery Collection provides professional quality 

presentation capabilities to PC users. Users are able to create colorful 
pie, bar and line charts as well as complex text charts, flow charts, 
organization charts, logos and presentation slides. 

AdvanceMail 
AdvanceMail is a personal computer mailing application that en- 

hances the integration of PCs with HP  DeskManager. End users are 
able to utilize the full range of electronic mail capabilities while re- 
maining entirely in their PC environments. 

Lotus and 1-23 a n  U.S. reglslaed trademarks of Lotus ~~t Corparalon. 
Mlcrown and Mlcrosofl Wlndom, a n  U.S. reg!dtaed trademarks of MlcrosoH Corpwatlon 

Advancowrite Plus 
AdvanceWrite Plus is designed for individuals who require the ad- 

vanced functionality of a sophisticated word processor with text, 
graphics and image integration. Providing a level of performance and 
functionality traditionally found only in dedicated word processors, 
AdvanceWrite Plus includes capabilities such as table of contents and 
index generation, equation processing, forms processing and integrat- 
ed spreadsheets. 

Implementation and Support 
To help you get the most out of your Integrated Information Solu- 

tions system, Hewlett-Packard offers a consulting service called H P  
OFFICE-ASSIST. The HP OFFICE-ASSIST program provides an 
experienced systems engineer and a day of customer education to help 
you implement your company's goals through the use of the appropri- 
ate office applications. 





Hewlett-Packard's PC-based CAD products deliver the performance, reliability and full industry-standard compatibility you need for 
demanding CAD applications. 

Pomonal Computer Matrix 

Model Product Standard Packrge Flexlble disk size Hard disk Video 
HP V s h  PC number1$ n u m k r  Rocsnor Memory tvw' IMbvte) (Mbvtel a d a ~ t r  kla . . .  . . ,  . . .-- 
286/12 Model 1 D2450A 80286 1 h4:o DT 5 25.'. t l 21  None Super VGA $ 1.999.00 

Model 1 D2467A (12 MHz) 1 Mbvte DT 3 5 . t n i l M I  None Su~er VGA (1 POP M 
Model 20 D2461A 
Model 20 D2462A 
Model 40 D2463A 
Model 40 D2464A 

..,.-.."" 
I ~b;te DT 5 25-1n (1 2) 20 s&r VGA $2.499.00 
l Mbyte DT 3 5-tn (1.44) 20 Super VGA $2,499.00 
1 Mbyte DT 5.25-ln (1 2) 42 Super VGA $2.699 00 
1 Mbvte DT 35.111 11 44) 42 Suoer VGA (7 FOP M 

~7 ~ .-,".. "" 

QS/16S Model 1 Dl4818 80386SX 1 Mbyte DT 5.25.1n (1.2) None None $2.399.00 
Model I D1461A 1 Mbyte OT 3.5-~n (1.44) None None $2.399 00 
Model 46 Dl4628 (16 MHz) l Mbyte OT 5.25-tn (1 2) 42 VG A $3.499 00 
Model 47 Dl4648 1 Mbyte DT 3.5-ln (1.44) 42 VG A $3.499 00 
Model 86 Dl4888 1 Mbyte DT 5.25-~n (1.2) 84 VG A $3.999.00 
Model 87 D1489B 1 Mbyte DT 3.5-111 (1.44) 84 VG A $3.999 00 

95/20 Model 1 Dl4918 80386 l Mbyte DT 5.25-ln (1.2) None None $3.199 00 
Model 1 Dl4218 l Mbyte DT 3 5-ln (1 44) None None $3.199.00 
Model 46 Dl4228 (20 MHz) l Mbyle DT 5 25-~n (1.2) 42 VGA $4,299.00 
Model 47 Dl4248 1 Mbyte DT 3.5-~n (1 44) 42 VGA $4.299 00 
Model 86 Dl4988 1 Mbyte OT 5.25-~n (1 2) 84 VG A $4.899.00 
Model 87 Dl4998 l Mbyte DT 3 5.tn ( I  44) 84 VG A $4.899 00 

386125 Model 1 02360A 80386 2 Mbytes DT 5.25-~n (1.2) None' Super VGA $5.399 00 
Model 1 D2371A (25 MHz) 2 Mbytes DT 3.5-111 (1.44) None' Super VGA $5.399 00 
Model 80 D2363A 2 Mbytes DT 5.25-111 ( I  2) 84 Super VGA $6.999 00 
Model 80 D2361A 2 Mbytes DT 3.25-tn (1 44) 84 Super VGA $6.999 00 
Model 170 TED 2 Mbytes DT 5.25-ln (1.21 168 Super VGA $7.999.00 #!m 
Model 170 TBD 2 Mbyles DT 3.5-ln (1 44) 168 Super VGA $7,999.00 

RS/25C Model 10e D2021A 80386 1 Mbyle DS 5.25-ln (1.2) None None $6.299 00 
Model lOOe D2022A (25 MHz1 l Mbyle DS 5.25-ln (1.2) 103 None $8,099 00 
Model 150e D2023A 1 Mbyte DS 5.25-ln (1.2) 155 None $9,799 00 
Model 154e D2024A 4 Mbyte DS 5.25-ln (1 2) 155 None $9.499 00 
Model 304e D2025A 4 Mbvte DS 5.25-~n (1.2) 310 None 51 I 699 1K) . . . , - . - - - 

V W  486 Model 1 D2220A 80486 2 Mbytes DS 5.25-~n (1.2) None None $8.999.00 
Model 150 D2221A (25 MHz) 2 Mbytes DS 5.25-tn (1.2) 152 None S 11.399.00 
Model 330 02222A 2 Mbytes DS 5 25.m (1 2) 330 None $13.099 00 
Model 670 D2223A 2 Mbytes DS 5.25-~n (1.2) 670 None $14,899.00 

Available S u m m  1990 
' A language option must be specifled when orderlng an HP Vectra PC (that is, option ABA for U.S. English). 
' "e" denotes models wlth ESDl hard dlsk controller. 
%T = Desktop DS = Deskslde 



PERSONAL COMPUTERS & TERMINALS 
684 Displays, Monitors and Accessories n 

The D1182A Color VGA Display is a 14- The Dl181  A/G/W Monochrome VGA The 20' D1187A and 16" D1188A High 
inch, medium-resolution monitor that of- Display is a 14-inch, medium-resolution Resolution Monitors a re  multiscanning 
fers excellent graphics display and very monitor that offers the  user 640 x 480 displays with superior display quality. 
high quality text character formation. graphics, 6 4  shades  of gray and a choice 

of amber,  green, or white phosphor. 

HP D2382A Super Video Graphics Adapter Board 1024 x 768 with 16 or 256 colors in non-interlaced mode. The InteIIi- 
r h e  ~p super video craphics ~d~~~~~ ~~~~d (D2382A) helps to gent Graphics Controller 20 (A1083A) is 15 times faster than con- 

improve productivity by increasing the speed of all graphics and text ventional VGA controllers, and supports resolutions up to 1280 X 

applications. The HP Super VGA Board supports the standard VGA with l6  Or 256 in nOn-interlaced mode. 
resolution of 640 X 480 graphics pixels or 80 X 25 text characters, The IGC 10 and IGC 20 are designed for use in ISA (Industry 
and is backward compatible with CGA, Hercules, and EGA. It is ca- Standard Architecture) PCs and support the T I G A - ~ ~ o  and DGIS 
pable of working in either &bit mode or 16-bit ,,,ode, M ~ ~ ~ ~ ~ ~ ~ ,  it interface standards. Both cards are upgradable via the addition of 
supports extended modes of 800 X 600 (non-interlaced) with up to 16 memory and permit VGA " ~ ~ ~ ~ - ~ ~ ~ ~ ~ g ~ . "  
colors and 1024 X 768 (interlaced) with up to 16 colors. The HP The IGC 10 and IGC 20 are fully compatible with the 16" and 20" 
Super VGA Board offers users additional functionality over that High displays. 
available from VGA onlv boards. 

The HP Super VGA ~ o a r d  is fully compatible with the HP Video np ~ 1 1 8 1 ~ ~ 1 1 8 8 ~  nigh ~ ~ ~ ~ l ~ t i ~ ~   it^^^ 
Graphics Color Display, the HP  Monochrome Video Graphics Dis- The High Resolution Monitors (Dl I 87A, 20" and Dl I88A, 16") play, the 16" and 20" High Resolution Color displays. and other provide superior display performance for personal computer and 
monitors compatible with IBM's VGA video interface. high-performance workstation users who need large screen andlor 

HP D l  181 A/G/W Monochrome Video 
Graphics Display 

T h e  H P  M o n o c h r o m e  V i d e o  G r a p h i c s  D i s p l a y  
(HP Dl ISIA/G/W) is specifically designed for use with the HP  
Vectra PC family. It is plug-compatible with the industry-standard 
VGA monochrome monitors. HP's Monochrome Video Graphics 
Display is designed for use with the HP  Super VGA Board 
(D2382A). 

The Monochrome Display offers a choice of screen colors, includ- 
ing amber, green, and soft-white. The display supports resolutions, 
varying from 320 X 200 to 640 X 480 and can display up to 64 shades 
of gray. It is ideal for text, graphics, and image applications. 

HP D l  182A Color Video Graphics Display 
The HP Color Video Graphics Display (Dl  182A) is a 14-inch, me- 

dium-resolution color display. It is designed for use by business pro- 
fessionals or by low-end CAD users. The high quality of the screen 
and the fine resolution of the display tube are ideal for use in environ- 
ments requiring a high daily system utilization. This combination 
provides both excellent graphics (in resolutions up to 640 x 480) and 
very high quality text character formation. 

The Dl 182A display offers an optional tilt/swivel mechanism (PN 
82959s) for enhancing ease of use. 

HP Al086A/A1083A High-Resolution Intelligent 
Gravhics Controller 10 and 20 

~ h ' e  Intelligent Graphics Controller 10 (A1086A) is five times fast- 
er than conventional VGA controllers, and supports resolutions up to 

high kesolution displays for various applications Including: CAD, 
DTP, or windowing environments. 

Through the use of multiscanning (multiple resolution) capability, 
both monitors work with a wide variety of video adapters providing 
video resolutions from VGA (640x480) through 1280X1024. In ad- 
dition, automatic synchronization allows the displays to automatical- 
ly sense and synchronize on resolutions pre-programmed into the 
digital, microprocessor controlled memory. 

For convenience and ease of access, digital controls that provide 
repeatability and accuracy of adjustments are located on the front 
panel; plus each display offers an optional tilt and swivel base 
(Dl 189A. Dl 190A) which gives the user control of the display's 
viewing angle, and allows adjustment for room lighting. 

Ordering Information 
H P  D2382A Super VGA Board 
H P  D2383A 256K Memory Upgrade for Super VGA 
Board 
H P  A1083A Intelligent Graphics Controller 20 
H P  A1084A VRAM Kit (.5 MB) 
H P  AIORSA DRAM Kit ( .5 MB) 
H P  AIO86A Intelligent Graphics Controller 10 
H P  A1087A Extension Module for H P  A1086A 
H P  DlI8IA/G/W VGA Monchrome Display (amber, 
green, white) 
H P  D1182A/ABA VGA Color Monitor 
H P  Dl 187A/ABA 20-in High Resolution Monitor 
H P  DllRSA/ABA 16-in High Resolution Monitor 

Price 
$399 
$159 

52,499 
5400 
$225 
5995 
$200 
$349 

5749 
53.695 
52,795 



PERSONAL COMPUTERS & TERMINALS Q 
Terminals should provide a comfortable interface with the comput- 

er. Hewlett-Packard terminals are designed to work in harmonv with 
the user, offering features like crisp, clear characters, smooth 
tilt/swivel positioning and excellent tactile feedback from keyboards 
to add to your comfort and increase your productivity. 

To select the right terminal to meet your needs (whether it's an HP, 
DEC or other ASCII system), refer to the matrix below. 

4$*% 4% 4,+% <+=' \+% 

@g5 +&% qG45 +!*% 8 @ $* 
4% \GQ 

& - ot I ,@ 1 

HP 700192 HP 700194 HP 700141 HP 700143 HP 700144 HP 700122 HP 700132 2393A 2397A 

Compatiblllty 2392A 2394A Wyse 30 Wyse 30.50 PC Term DEC VT220 DEC VT320 (VT220) TEK 401014014 TEK 401014014 
Modes DEC VT220 DEC VT220 TV905,910+,925E TV905,910+.925E, DEC VT220 DEC VTlOO DEC VTl00 ANSI x 3.64 ANSI x 3.64 

DEC VTl00 DEC VT100 ADM 3A,5 950. ADM 3A.5,31 DEC VTl00 DEC VT52 DEC VT52 
DEC VT52 DEC VT52 Hazelt~ne 1500 Hazelttne 1500 DEC VT52 

ADDS VP A2 ADDS VP A2 
Oume 101 Oume 101 

-- 

Phosphor Green. Green, Green, Green, Green, Green, Green, Green Color 8/64 
Colon Amber, Amber, Amber Amber. Amber, Amber, Amber, 

Soft White Soft White Soft White Soft White Soft White Page White 

-of 8 16 1 4 4 4 4 9 9 
Memory 
132 Column yes Yes no Yes Yes Yes Yes Scrolled Scrolled 

Printer Port yes Yes Yes Yes Yes Yes Yes Opt: serial,HP-IB ".I, ,, , 

Centronix Parallel 

K w r d  HP HP ASCII ASCII PC AT2 DEC Vr220 DEC Vr320 HP HP 
h u t  

Warnnv 1 Year 1 Year 1 Year 1 Year 1 Year 1 Year 1 Year 90 Day 90 Day 

Addltionrl VPLUS VPLUS 58 58 Programmable IBM PC 30 Full overscan, I10 Device Support: 
Features Compatible Compatible Programmable keys character set Programmable 27, 44 or 55 lines Touch Screen, Graphics 

Barcode Forms Cache keys Bidirectional Bid~recttonal keys in VT22O 60 Programmable Tablet, Mouse, Barcode 
reader Local Edit checks printer port pr~nter port mode Keys reader 

support Modified data tag 75 Barcode 
Barcode reader Programmable reader 

support function keys support 
in PC term 

mode 

Prlw $875 $1130 f409 $479 $ 579 $509 $555 $2460 $3885 

DEC VTm. DEC m20, VTlW and VT52 am pmdum of Mgnd Equlpmmt Cwpa*lon. Hu*(lrm 1500 k a product ol E.prl( Synhm. Inc. 
WY-30 and WY-50 am products of Wyse T~noloples Syatans. ADDS Vlsvrpolnt A2 Is a product of Awlled Db@taI h t a  Syam. Im. 
TdoVldeo 905.910+. 925E and 950 am products of TekVldeo System. Inc. QUME QVT-101 la a product of Qume Corporation. 
ADMBA. AOM5 and ADM 31 ere products of Lear Siegbr Corporation. 



COMPUTER PERIPHERALS 
Secondary Storage 
HP Series 6300, Series 6400,9144A, 9145A, 7980XC. 7980A, 7979A 

1 
HP Series 6300 Model 650/A 

Rewritable Optical Disk Drive and Library System 
Direct Access Secondary Storage 

Hewlett-Packard's rewritable optical storage products fill  the gap 
between high-performance hard disks and low-cost tape storage. This 
is the perfect storage solution for applications that consume large por- 
tions of expensive hard disk space but require online access. The opti- 
cal drive and library system are slightly slower than hard disk drives 
but more convenient than tape storage because they provide online 
access and do not require operator assistance. 
ANSI/ISO Standards 

In keeping with industry standards, HP's optical storage products 
implement SCSI and ANSI-IS0 specified continuous composite re- 
cording format. 
Durable, Removable media 

HP's rewritable optical storage products feature reusable media 
that is compact and removable, simplifying storage and transport. Be- 
cause the data resides on the disk's inner recording layer, it is not 
easily damaged. Data is not susceptible to head crashes, most mag- 
netic interference, or damage from common office mishandling. The 
media accepts unlimited read-write passes without disk degradation 
and can be stored for at  least 10 years. The 5.25-inch disk cartridge 
slips easily into a briefcase for transport or into a safe for security. 
Each rewritable disk can store up to 650 megabytes, 325 on each side. 
Rewritable Optiwl Disk Drive 

The H P Series 6300 Model 650/A is a standalone rewritable opti- 
cal disk drive. It accommodates one 650-megabyte disk cartridge, 
with 325 megabytes are accessible on one side. The media must be 
ejected and flipped to access the other 325 megabytes. Storage is scal- 
able with the addition of media. See product brief #5959-9906 for 
further information. 
Rewritable Optical Library System 

The HP Series 6300 Model 20GBlA provides up to 20.8 gigabytes 
of unattended direct access storage on 32 rewritable optical disks. A 
highly reliable autochanger delivers the 650-megabyte disk car- 
tridges to two rewritable optical drives, allowing unattended direct 
access to previously operator-intensive offline data. See product brief 
#5952-0328 for more information. 
Ordering Information Price 
H P  C1701A H P  Series 6300 Model 650/A 
Rewritable optical disk drive (includes 1 rewritable op- 56,435 
tical disk cartridge) 
H P  C1700A H P  Series 6300 Model 2OGBIA 
Rewritable optical library system (includes 32 542,000 
rewritable optical disk cartridges) 

'/a-inch Cartridge Tape Solution 
The HP 9 144A is a low-cost solution for technical systems, HP-UX 

Series 300 and small business systems, providing 67 megabytes of 
data storage on each 16-track cartridge tape. 

The HP 9145A is a higher performance $-inch cartridge tape drive 
for technical and small business systems. The HP 9145A has a trans- 
fer rate of 4 megabytes per minute (twice that of the HP  9144A) and 
stores 133 megabytes of data per cartridge tape. The HP 91 45A reads 
and writes to 32-track cartridge tapes, and it will also read 160 track 
cartridge tapes. 
Ordering Information Price 
H P  9144A '14-inch cartridge tape drive (16-track) 52600 
H P  9145A '14-inch cartridge tape drive (32-track) 54055 
Digital Audio Tape (DAT) Backup Solution 

The H P  Series 6400 Model 1300H and 1300s digital data storage 
(DDS) format tape drives are based on digital audio tape (DAT) 
technology. They provide 1.3 gigabytes of data storage on a single 
cassette and have a transfer rate of I I megabytes per minute. The 
model 1300H has an HP-IB interface and the 1300s has a SCSI in- 
terface. The tape drives provide high-capacity, unattended backup for 
HP's commercial and technical systems. 
Ordering Information Price 
H P  CIS1 1A Series 6400 Model 1300H 

DDS-format tape drives (HP-IB) 57500 
H P  C1512A Series 6400 Model 1300s 

DDS-format tape drives (SCSI) 55700 

l/2-lnch Tape Backup Solution 
HP also otTers high-performance streaming '/>-inch tape drives, the 

HP  798OXC, 7980A. and 7979A. See technical data sheet #5953- 
6897 for details. 



COMPUTER PERIPHERALS 
Tablet-A-slze Graphlcs Tablet 

HP SketchPro, RS-2324 Model 

New technology for unparalleled reliability Competitive Price 
Includes stylus and four-button cursor Compact design with overlay hold-down/protector 
Supported by major PC CAD software on the HP Vec- 8 Superior resolution - up to 1200 lines per inch 
tra PC, IBM AT, IBM PC/XT, and compatibles Multifunction softkeys with Mouse Mode 

The H P  7060A SketchPro Graphics Tablet is a small format (1 1 x 
11 in.) tablet for personal CAD systems. It is used for quick menu 
selection, and rapid cursor movements, as well as tracing and draw- 
ing. Primary applications include mechanical, electrical, and elec- 
tronics CAD, and AEC (Architecture/Engineering/Construction). 
Secondary applications include business graphics and desktop pub- 
lishing (DTP). 

Unwralleled Reliablllt~ 
due  to a patent-pending bermuted Trace Ordering (PTO) technol- 

ogy, Hewlett-Packard can minimize Darts. making the HP  SketchPro 
tlblet one of the most reliable tableis on the mazet .  The SketchPro 
tablet meets HP's standards, at  a low price. 

Supports Top PC CAD Packages 
The HP SketchPro tablet is designed to work with the software and 

hardware you have selected. The HP SketchPro tablet's industry- 
standard RS-232-C/CCITT V.24 interface enables users to connect 
the SketchPro tablet to the HP  Vectra PC. IBM AT, IBM PC/XT. 
and compatibles. 

The HP SketchPro tablet has four operating modes: Hewlett-Pack- 
ard, Summagraphics Bit Pad 2 (emulation), Hitachi HDGI I I IB 
(emulation), and Microsoft Mouse (emulation). With these modes, 
the SketchPro tablet supports the most popular CAD and graphics 
software, such as AutoCAD, VersaCAD, and CADKEY. 

A Complete Package 
The HP SketchPro tablet provides everything you need in the box - 

For operation, both a comfortable stylus and four-button cursor; for 
interfacing, an RS-232-C/CCITT V.24 cable for the H P  Vectra PC 
or the IBM AT and compatibles, a cable adapter for the IBM PC/XT 
and compatibles, and set-up instructions for configuring your 
software; for tablet menus, a clear anti-static overlay to hold menus 
securely in place without tape. 

Intelligent Design 
The HP SketchPro has been designed with special attention to 

ergonomics and aesthetics. The tablet's slope and shape provide maxi- 
mum user comfort. The anti-static overlay and recessed menu area 
mean menus without messy tape. Plus the small footprint saves valua- 
ble desk space. Both a power on/off LED and a point-digitizing LED 
provide positive feedback. 

Superior Resolution 
The HP SketchPro tablet has a resolution that is programmatically 

selectable up to 480 lines per cm (1219 lines per in.), and is accurate 
up to within 0.5 mm (0.02 in.) of the selected point. The H P  Sketch- 
Pro tablet's resolution meets the most stringent requirements. 

Multifunction Softkeys 
The HP SketchPro tablet includes several softkeys to provide com- 

monly used functions; variable active areas, aspect ratio adjustments, 
and mouse mode. These softkeys are predefined. Additional, 
programmable softkeys are provided for future software vendor sup- 
port. 

Specifications 
Size: height, 50 mm (2.0 in.); width, 325 mm (12.8 in.); depth, 343 
mm (13.5 in.); tablet tilt, 7 degrees 
Net weight: 1.8 kg (4 Ibs) 
Power requirements: source, 1 10-1 20 V or 230-240 V (depending on 
country); frequency, 60 Hz or 50 Hz (depending on country); power, 
4.1 Watts 
Resolution: 480 lines per cm (1219.05 lines per in.) 
Accuracy: *0.5 mm (0.02 in.); repeatability, +0.25 mm (0.01 in.) 
Proximity: 2.5 mm (0.01 in.); jitter, 0 pixels 
Stylus tilt: any degree <90° 
Active area: 278 mm x 278 mm (1 l in. x l l  in.) 
Technology: capacitive with Permuted Trace Ordering (PTO) 
Data output rate: up to I20 pairs per second 
Baud rate: up to 92,000 baud 
Product regulations: safety. UL Listed, CSA certified; RFI, tested at 
system level to FCC class B and VDE level B; Acoustics, less than 40 
db sound per A-weighted scale 
Environmental range: operating temperature, 0' to 55' C; non-oper- 
ating. -40' to 70° C; operating relative humidity, 5% to 95%; shock, 
y2 sine shock pulse < 3  msec duration, 160 in./sec delta V, non- 
operating Trapezoidal pulse, 30 g, 292 in./sec delta V 

Ordering Information 
H P  7060A HP SketchPro Graphics Tablet 

Price 
$599 

AutaCAD is a trademark of Autodesk. Im. and MlnoQon Is a reglatered trademark of Mlcro~ofl 
Corporation. 
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888 Tablets - A-slze Graphics Tablet 0 HP 4591 lC, HP-HIL Model 

Low cost High-resolution: up to 1200 lines/inch 
Works with HP Vectra, Touchscreen, and HP 9000 b Easy connection using HP-HIL 
Series 300 systems 

The H P  4591 1C is a high-performance, low-cost graphics tablet. Softwan Z)upport 
When it is installed on a computer supporting the Hewlett-Packard The HP Graphics tablet is supported by many popular software 
Human Interface Link (HP-HIL), you have a very effective pointing packages including ME 10, Graphics Gallery. AutoCADTM (version 
device to increase your productivity with interactive graphics applica- 2.52 and above), and Versacad (version 5.1 and above). 
tions such as mechanical, electrical, and electronics CAD, AEC (ar- 
chitecture/engineering/construction), business graphics, and 
desktop publishing (DTP). 

The HP Graphics tablet is ideal for tasks such as menu picks, 
graphics placement, drawing, and tracing. Overlays, like the ones 
provided with many software packages, can be used on the tablet al- 
lowing you to choose menu items conveniently without using screen 
space. With the tablet's stylus you can make fast movements and cre- 
ate complex drawings as easily as with a pencil and paper. 

Unparalleled Rellablllty 
Due to a patent-pending new Permuted Trace Ordering (PTO) 

technology, Hewlett-Packard can minimize parts, making the HP  
4591 1C one of the most reliable tablets on the market. The tablet 
meets the reliability standards you expect from Hewlett-Packard, at a 
low price. 

Excellent Performance 
The HP Graphics tablet has very high resolution, up to 1200 lines 

per inch. And its fast response time and high accuracy make it easy to 
use. The tablet is based on capacitive technology and is immune to the 
effects of magnetic fields. 

Easy to Install and Use 
The stylus is as easy to use as a pencil. Movements of the stylus tip 

on the tablet surface will be tracked on the computer monitor. The 
stylus tip can be activated by a gentle push of its tip onto the tablet 
surface. 

The HP Graphics tablet can be used with computers and applica- 
tions which support the HP-HIL interface. HP-HIL allows you to 
daisy chain up to 7 input devices (such as a mouse, tablet, bar code 
reader, keyboard, and others) without using a serial port. Simply plug 
the H P  Graphics tablet into the keyboard, HP-HIL port, or another 
input device. The HP-HIL interface provides power from the host 
computer or terminal, eliminating the need for additional power 
cords. 

Saves a Serial Port 
Since HP-HIL input devices have their own port and they daisy 

chain together, your serial ports are free so you can use other per- 
ipherals, such as plotters and printers. If you want to use input devices 
and output devices at  the same time, you won't need multiple serial 
port cards or costly switch boxes. 

Superb Design 
The HP Graphics tablet has been designed with special attention to 

ergonomics and aesthetics. The tablet slope and stylus shape have 
been chosen to make it comfortable in use. And the tablet is so com- 
pact in size it uses less desk space than most tablets with equivalent 
active area. 

Speclflcatlons 
Size: height, 50 mm (2.0 in.): width, 325 mm (12.8 in.); depth, 343 
m m  (13.5 in.) 
Active area: 278 mm x 278 mm ( I  l in. x l l in.) 
Tablet tilt: 7 degrees 
Net Weight: 1.8 kg (4 Ibs) 
Power requirements: voltage, 12 Vdc (supplied by HP-HIL); current 
200 mA maximum; power, 2.4 Watts 
Resolution: 480 lines per cm (1219.05 lines per in.) 
Accuracy: *0.5 mm (.02 in.) 
Repeatability: *0.25 mm (.01 in.) 
Proximity: 2.5 mm (.l in.) 
Stylus tilt: any angle <90° 
Data output rate: up to 120 pairs per second 
Document material: non-conductive 
Product regulations: safety, UL Listed, CSA certified; RFI, tested at  
system level to FCC class B and VDE level B; Acoustics, less than 4.0 
db sound per A-weighted scale 
Environmental range: operating temperature, 0' to 50' C; non-oper- 
ating, -40" to 70' C; operating relative humidity. 6% to 95%; shock. 
1/2 sine shock pulse <3 msec duration, 160 in./sec delta V, non-operat- 
ing Trapezoidal pulse, 30 G, 292 in./sec delta V 

Accessories Supplied 
Stylus: 16 cm with .75 m attached cable 
Cursor: 4 button with .75 m Cable 
Overlay Protector: 295 mm x 295 mm (I in. x 119 in.) 
HP-HIL Cable 

Information 

AutoCAD IS a trademark of Autodesk. lm. 

Price 
5599 
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Eight standard colors and up to 16.7 million shades 
and hues 
Near-letter-quality text; 167 characters per second at 
10 pitch 
One-year warranty 

Three Versatile Color Graphics Printers 
Choose from three printer models. The H P  PaintJet color graphics 

printer prints color graphics and text on A4/A-size Z-fold and cut- 
sheet paper, and also prints on A4/A-size transparency film for pow- 
erful presentations. The desktop size makes the H P  PaintJet printer 
convenient for personal use in a wide range of applications. 

The H P  PaintJet XL and H P  PaintWriter XL printers offer added 
speed and unattended operation for higher volume and shared envi- 
ronments. The built-in paper tray automatically feeds up to 200 
sheets of paper and up to 70 sheets of transparency film. The 
H P  PaintWriter XL is designed for use with Apple Macintosh com- 
puters, and includes AppleTalk capability for easy networking. 

Technical Information 
Printing process: thermal inkjet drop-on-demand printing. 
Text print speed: 167 characters per second at  I0  pitch, 200 charac- 
ters per second at 12 pitch. 
Graphics resolution: 180 x 180 dots per inch. 
Printing styles 

H P  PaintJetIPaintJet XL: Courier 12 point (IOcpi), Letter Gothic 
12 point (10 cpi), Letter Gothic 8 point (18 cpi); also bold, underline, 
superscript, and subscript. 

H P  PaintWriter XL/Color PrintKit for Macintosh Computers: 
AGFA Compugraphic CS  Times, CS  Triumvirate. CS  Courier, and 
CS  Symbol, scalable from 6-250 points. 
Media types: paper, transparency film. 
Media handling capability 
HP PaintJet: manual feed for cut-sheet paper and transparency film; 
sprocket feed for Z-fold paper 
HP PaintJet XLIHP PaintWriter XL: manual feed for cut-sheet va- 
per and transpa;ency film; automatic sheet feed for paper and trans- 
parency film. 
Media sizes 
HP PaintJet: A4/A 
H P  PaintJet XL/HP PaintWriter XL: A4/A and A3lB.l 
Graphics print speed2 
HP PaintJet: A4/A-size paper, 4 minutes or less; A4/A-size film. 8 
minutes or less 
H P  PaintJet XL/HP PaintWriter XL: A4/A-size paper, 1.5 minutes 
or less; A4/A-size film. 3 minutes or less. 
Print cartridges 
HP PaintJet: I black and 1 multicolor 
H P  PaintJet XL/HP PaintWriter XL: 1 black, 1 cyan, 1 magenta, 
and 1 yellow. 
Command language 
H P  PaintJet: HP PCL with extensions 
H P  PaintJet XL: H P  PCL 111 with Imaging Extensions" 
H P  PaintWriter XL: Color QuickDraw 

Printers - Color Graphlcs 
HP 3630A, C1602A, C1613A 

Print on paper and transparency film 
Automatic sheet feed with ~ a i n t ~ e t  XL/PalntWriter XL 
A4/A-size PaintJet; A3/B-size PaintJet XL/ 
PaintWriter XL 

Internal character sets 
H P  PaintJet: H P  Romanl,  PC8, PC8 (Danish/Norwegian). 
ECMA94, US ASCII, I S 0  7-bit languages: German, French, Ital- 
ian. Norwegian, Swedish, Spanish, United Kingdom 
H P  PaintJet XL: All of the above plus PC850. 
Buffer size 
H P  PaintJet: UD to 8 Kbvtes4 
HP PaintJet x i :  50 ~ b y i e s  input; 189 Kbytes for downloadable fonts 
H P  PaintWriter XL: 17.2 Kbvtes 
Interlaces 
H P  PaintJet: RS-232-C/CCITT V.24 serial, HP-IB (IEEE 488- 
1978). and Centronics parallel options 
H P  PaintJet XL: RS-232-C CCITT V.24 serial, Centronics parallel, 
and HP-IB (IEEE 488-197 / ) standard 
H P  PaintWriter XL: RS-422-A serial and AppleTalk 
Power requirements 
Source: 100. 120,220,240 Vac (+lo%) 
Frequency: 50-60 Hz 
H P  PaintJet: Consumption: 20W maximum 
H P  PaintJet XL/HP PaintWriter XL: Consumption: 65 W maxi- 
mum, continuous 
Physical specifications 

HP PaintJet 
Size: 98H x 442W x 302mmD (3.86" x 17.40" x 11.89") 
Weight: net, 5kg (1 1 Ib); shipping, 10.6 Kg (23.3 Ib) 
HP PaintJet XL/HP PaintWriter XL 
Size: 230H x 750W x 441mmD (9.06" x 29.53" x 17.36") 
Weight: net, 17.5 kg (39 Ib); shipping, 24 kg (53 Ib) 

Ordering Information Price 
HP 3630A PaintJet Color Graphics Printer $1,395 

Opt 001 RS-232-C CCITT V.24 serial interface i $0 
Opt 002 HP-IB (I EE 488-1978) interface $0 
Opt 004 Centronics parallel interface $0 

HP C1602A PaintJet XL Color Graphics Printer $2,495 
Opt IAX RS-232-C/CCITT V.24 serial interface/ 
Centronics parallel ~nterface $0 
Opt 1A8 HP-IB (IEEE 488-1978) interface $0 

HP C1613A PaintWriter XL Color Graphics Printer 52,995 
for Apple Macintosh Computers 
Note: Interface cables must be ordered separately. 

Accessories Available 
Description Part Number 

HP PaintJet and PaintJet XL 
HP Color PrintKit for Macintosh Computers 17305B 
(English version)' 
H P  Color PrintKit for Macintosh Computers 173068 
(French ~ e r s i o n ) ~  
H P  Color PrintKit for Macintosh Computers 17307B 
(German ~ e r s i o n ) ~  
HP PaintJet XL only 
H P  PaintJet XL Font Cartridge (CG Times. CG C1607A 
Triumvirate:" and Prestige Elite typefaces) 
HP-GL/2 Cartridge with two-megabyte page C1608A 
buffer and fonts 
B-size media handling kit (tray and 200 sheets of C1611A 
paper) 
A3-size media handling kit (tray and 200 sheets C1612A 
of paper) 

For further information on these products, order literature part num- 
ber 5959-9750 and 5952-1290. 
' Also uses lntermedlate paper slzes, Including untrimmed ISO; thsss slm are not available from 
HP. 
' Output times vary depending on Image cwnpbxlty, appllcatlm wltwara, mod* of computer. 

and Interface. 
Imaging extension capability Is software dependent. PCL Ill is compatlbls wlth the HP PalntJa 

programming language. 
Varles dewndlna on the urn of dormloaded characters. 

'Size depends on-dest~nation 
@ Reoulres RS-232-C ~nterlace 
~aclntosh IS a trademark of Apph Compute. 
Microsofi is a U.S. registered trademark of MkrosofI  Corporallon. 
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Personal, Departmental, and System Printers 
HP 2225,2227,2228,2235, C2106A. 2279A, 2934A 

HP ThinkJet Portable Printers HP 2225A/B/C/D/P HP DeskJet 500 Printer 
C2106A 

\ - 
I -- 

HP ThinkJet 

HP DeskJet 500 

The HP ThinkJet printer is a quiet, compact desktop printer that is 
very efficient (150 cps) and delivers crisp, easy-to-read text and 
graphics for letters, reports, and spreadsheets in draft or quality 
mode. Print cartridges are disposable, and there is excellent software 
support. Battery-powered versions for HP-IL and Centronics-type in- 
terfaces offer 200 page prints between recharges. 

HP QuietJet and QuietJet PLUS Printers 
HP 2227A/B, HP 2228A 

HP QuietJet 

The HP Desklet 500 printer is HP's most affordable 300 dpi print- 
er. It is quiet and compact, and its fast laser-quality text and graphics 
beat impact dot matrix printers. The DeskJet 500 printer is up to two 
times faster in text and five times faster in graphics than the original 
DeskJet. It offers built-in landscape mode and more font capability 
including kerning. Its features include two font cartridge slots and a 
built-in sheet feeder that easily accommodates envelopes. an MS 
Windows 3.0 driver complete with scalable fonts in sizes up to 127 
points. It is compatible with more than 500 software packages. Epson 
FX-80 and IBM Proprinter I11 emulation cartridges are optional. 
Three-year warranty is standard. 

HP DeskWriter Printer HP 2279A 

HP DeskWriter with Apple Talk 

The HP DeskWriter is HP's most affordable 300 dpi printer for the 
~h~ ~p ~ ~ i ~ ~ ~ ~ t  printers offer quality desktop printing at 192 cps Macintosh. The Quickdraw-based printer comes with both serial and 

draft and 48 cps NLQ for word processing, data base management, AppleTalk interfaces for interface flexibility. Four font families come 
and computer graphics. The HP QuietJet handles standard 8.5 x 11- standard in the product, with the to expand to 11. All font 
inch and A-4 size paper. The ~p QuietJet PLUS also handles ]5-inch families include plain, bold, italic, and bold italic versions. They pro- 
wide paper. Both printers have excellent software support and use dis- vide smooth, crisp text in any size UP to 250 points. T h i r d - ~ a r t ~  font 
posable print cartridges. software such as Adobe Type Manager gives Deskwriter unlimited 

font flexibility. Using the printer is plug-and-go easy. The H P  Desk- 
Writer printer works with Fifth generation's SuperlaserSpooler 
software. 

HP Ruggedwriter 480 Printer HP 2235 Series HP 2934A Impact Printer 

HP RuggedWriter 480 

The wide-carriage HP  RuggedWriter is a 24-wire impact dot-ma- 
trix printer that offers top-quality printing at  480 cps for draft and 
240 cps letter quality. It has three independent paper paths and dual 
110, and it can print 6-part forms. 

HP 2934A Impact Printer 

Speed, reliability, simplicity of operation, and unlimited duty cycle 
allow the H P  2934A 136-column impact printer to meet heavy print- 
ing needs (up to 12,000 pages/month). It prints 200 cps and offers 
near letter quality (NLQ), font cartridges, bar codes. OCR, large 
character generation, and 6-part forms printing. 
*Macintosh Is a registered trademark of Apple Computer. Im. 



HP LaserJet Printer Family 
All HP LaserJet printers provide publication-quality print, quiet 

operation, auto-rotation of fonts, and fast graphics formatting, and 
they are supported by all major software packages. Options for 
desktop models include the AppleTalk interface kit, Post Script print- 
er cartridge, and accessory memory. 
HP LaserJet IIP printer HP 33471A 

HP LaserJet IIP 
Personal 
Affordable 
Optional lower paper cassette for dual-bin functionality 
Font flexibility 

This printer prints up to 4 pages per minute and includes 1 font car- 
tridge slot, an input tray that holds either 50 sheets or 5 envelopes, 
and 14 bit-mapped internal typefaces. Options include a 250-sheet 
paper cassette for dual-bin functionality and an envelope tray. Op- 
tional Epson FX IBM Proprinter language emulation is also availa- 
ble. 
HP LaserJet Ill Printer HP 33449A 

HP LaserJet I l l  
New improved print quality 
Enhanced page-formatting features 
Faster graphics printing 
More font flexibility 

This printer prints at  8 pages per minute. The printer offers the new 
Resolution Enhancement technology, PCL 5 printer language, and 
HP-GL/2 vector graphics. Included are 2 font cartridge slots, a 200- 
sheet input tray, and 8 scalable and 14 bit-mapped typefaces built in. 
HP LaserJet lllD printer HP 33459A 

COMPUTER PERIPHERALS 
Personal, Departmental, and System Printers 

HP 33471 A, 33449A. 33459A. 2684A/P/D 

The HP LaserJet l l lD offers advanced paper handling in addition to 
the other features of the LaserJet I11 printer. Its two input trays, two- 
sided printing, optional power envelope feeder, and high duty cycle 
make it ideal for shared use. The printer comes with 2 cartridge slots, 
and 8 scalable and 14 bit-mapped internal typefaces. 
HP LaserJet Mastertype Library and Memory 

The HP MasterType Library for LaserJet printers offers 12 solu- 
tion-oriented bit-mapped font cartridges. 4 soft fonts, and over 100 
scalable typefaces on disks and cartridges. All LaserJet printers have 
optional upgradeable memory for increased font and graphics capa- 
bility. 
HP La~trJet 2000 Printer HP 2684 A/D/P 

HP LaserJet 2000 

High-speed, high-resolution text and graphics 
High-volume capability (up to 100,000 pages per month) 
Prints on six paper sizes up to and including ledger size (1 1 x 17 
in., A3) 
Automatic two-sided printing (duplex) 
Automatic font and graphics rotation 
Contains 34 internal fonts 
The HP LaserJet 2000 printer prints up to 20 pageslminute for 

high-volume, high-speed printing for minicomputers and PC net- 
works. Two 250-sheet input trays, a 1500-sheet correct-order output 
stacker, 3 font cartridge slots, and 34 resident fonts are standard. O p  
tions include two-sided printing, a 2000-sheet paper tray and a LAN 
connection for Novell NetWare networks. 

l i L ,  

HP 2680A Laser Printing System 
Up to 45 pages per mlnute 
Up to 1.000.000 sheets per month 
Continuous paper feed (8.5 x 1 1-inch fanfold paper) 
Non-contact fusing 
Up to four pages of print on one sheet of paper 
Variable-size characters 
This printing system serve; HP  3000 and Precision Architecture 

systems. Other features include high-volume label printing, merged 
text, graphics, electronics forms capabilities IFS/3000, ID- 
SFORM/3000, and other applications 
HP 2685C Laser Print Station 

The HP 2685C Laser Print Station is a local or remote print system 
for ma~nframe systems. It includes the HP  2680A laser printer, sys- 
tem controller, terminal, and disk and tape drives. 

Advanced paper handling 
Improved print quality 
Enhanced page-formatting features 
Faster graphics printing 
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892 Personal, Departmental and System Printers u HP 2562C, 2563C, 2564C, 2566C, 2587C 

Hewlett-Packard Dot Matrix Line Impact Printers 
The HP 256X C family of line impact dot matrix printers offers 

superior quality, fast and reliable printing for commercial, industrial 
or data processing environments. The selection of different character 
sets, raster graphics and standard industry interfaces, including 
HP 3000, 9000, and 1000 system compatibility, allows flexibility to 
customize the printers for individual printing needs. Other features 
includes multi-part forms printing, paper out and paper jam detec- 
tion, a 16-channel downloadable vertical forms control (VFC), and 
easy forms alignment. 

HP 2582C Dot Matrix Printer 

HP 2562C Printer 

Prints up to 420 Ipm high-speed draft character set 
25,000 pages per month 
Contains 6 internal character sets 
Enhanced Bar code/OCR options available 
Desktop model 

This printer features the 6 most popular character sets: 13.3 cpi com- 
pressed, standard Roman 8 USASCII, line draw, large block, bar 
codes, and high-density NLQ. The sound level is 64 dB. High reliabil- 
ity is ensured through memory backup, microprocessor control, and 
few moving parts. 

HP 2583C/HP 2584C Line Impact Dot Matrix Printers 

HP 2563C 

HP-IB interface, 
RS-232C1422, Centronics 
63,000/230,000 pages per month 
4201840 Ipm high speed draft charactel set 
Paper stacking aid 
55dB quietized cabinet 

These printers offer a wide selection of different character sets, raster 
graphics and standard industry interfaces (including HP 3000.9000, 
and 1000 system compatibility) allowing customization for individual 
printing needs. They are equipped with a paper stacking aid which 
has a removable basket. This allows easy paper removal for the opera- 
tor and ensures clean, efficiently stacked output. 

HP 2566/67C Line Impact Dot Matrix Printers 

HP-IB interface, RS-232Cl422, Centronics 
530,000/650,000 pages per month 
12001 1600 Ipm high speed draft character set 
powered paper stacker 

The HP 2566/67C line impact dot matrix printers offer superior 
quality, fast and reliable printing. These printers are equipped with a 
state of the art powered paper stacker that will stack a full box of 
paper and greatly reduce misstacks and paper jams. The stacker only 
operates when the printer is moving paper, reducing the noise level 
and preventing unnecessary wear and tear. 
Ordering Information Price 
HP ThinkJet Family Prlnkn 
H P  2225A ThinkJet printer, HP-IB $595 
H P  2225B ThinkJet printer, HP-IL, battery power 5595 
H P  2225C ThinkJet printer, Centronics $595 
H P  2225D ThinkJet printer, RS-232 5595 
H P  2225P ThinkJet printer, Centronics, battery power $595 
Accessory H P  922197 cable +$49 
HP QuietJet family printen 
H P  2227A QuietJet printer, dual 110 (Centronics/RS- $849 
232), wide carriage 
H P  2227B QuietJet printer, HP-IB, wide carriage $849 
H P  2228A QuietJet printer, dual 110 (Centronics/RS- $649 
232) 
HP DeskJ~tBOO printor 
H P  C2106A DeskJet 500 printer, dual 110 (Centron- $729 
ics/RS-232) 
HP DeskWrlkr prlnhr wlth A p p h  Talk 
H P  2279A Deskwriter printer, Apple Talk, and serial $995 . . 

110 to Macintosh 
HP 2934 Prlnter 
H P  2934A Printer, RS-232/RS-422 

Opt 042 Centronics-type interface 
Opt 046 HP-IB interface 

HP Ruggedwriter 480 Prlntorm 
H P  2235A RuaaedWriter ~rinter.  dual 

i c s / ~ ~ - 2 3 2 ) - -  
H P  2235B RuggcdWriter printer, dual 

(HP-IBIRS-232) 
HP 2 2 3 5 ~  ~ u g g c d ~ r i t e r  printer, dual 

ics/RS-232) w/ sheet feeder 
H P  2235D RuggcdWriter printer, dual 

(HP-IB/RS-232) w/ sheet feeder 

I/O (Centron- 

110 

110 (Centron- 

110 

Accessories 
H P  12239A sheet feeder - US letter-size 
H P  12239B sheet feeder - EUR A4 size 
H P  12235A font cartridge - 4 fonts and 16K RAM 

HP LaserJet family printen 
H P  33471A LaserJet IIP printer 
H P  33449A LaserJet 111 printer 
H P  33459A LaserJet Il lD printer 
H P  33416A AppleTalk interface kit for LaserJet 

111, IIID and IID printers 
H P  33417A AppleTalk interface kit for LaserJet IIP 

printer 
H P  33439P Postscript cartridge for LaserJet IID. 

IIP, 111 and IIID printers 
33477A Epson FX/IBM Proprinter Emulation 

cartridge for the HP LaserJet printer 
H P  33480A HP LaserJet printer LAN connection for 

Novell NetWare networks 
Opt. 001 Ethernet connection 

H P  2684A/P/D LaserJet 2000 printer 
Cable, interface, and installation not incl. 

Opt 048 RS-232-C/RS-422-A 
Opt 052 Dataproducts Short Line 
Opt 053 Centronics 
Opt 054 Dataproducts Long Line 
Opt 055 No Interface Required 

Line impact dot matrix prlnten 
H P  2562C line impact dot matrix printer 420 Imp 
H P  2563C line impact dot matrix printer 420 lpm 
H P  2564C line impact dot matrix printer 840 Ipm 
H P  2566C line impact dot matrix orinter 1200 lom 
H P  2567C line impact dot matrix printer 1600 lbm $34;000 
High-volume laser printers 
H P  2680A Laser printer system $95,470 
H P  2685C Laser print station f 97,800 



Des igne r  co lo r  s y s t e m  

Hewlett-Packard offers a complete line of pens, drawing media, 
and accessories for both business and technical graphics applications. 
And all these supplies are manufactured in the HP tradition of quality 
- quality that you'll see reflected in your work. 

Designer Color System 
HP's family of compatible plotter supplies consists of fiber-tip pa- 

per pens and transparency pens, plotter paper, glossy plotter paper 
and transparency plotter film. The fiber-tip pens are available in 10 
matching colors so that you can create paper duplicates of your trans- 
parencies. Pen colors are black, green, aqua, blue, violet, red-violet. 
red, orange, yellow and brown. Pens are available in narrow and wide 
line widths (0.3 mm and 0.7 mm for paper pens; 0.3 mm and 0.6 mm 
for transparency pens). 

Paper pens can be used on all plotters. You can obtain high quality 
results with HP  plotter paper for graphs and large quantities. Use HP 
glossy paper for reports and presentations. Transparency pens can be 
used on the HP  ColorPro. DraftPro DXL and EXL, DraftMaster Se- 
ries, 7475, 7550, and 7090, plotters with HP  transparency film for 
overhead presentations or with HP  glossy paper for presentation 
handouts. 

Quality color overheads help you make a point, sell a product or 
idea, enhance an image. Research proves that: 

presentations using visual aids are 43% more effective than unaided 
presentations, 
color is more persuasive than black and white for visuals, 
an average speaker using visuals can be as effective as a better 
speaker using no visuals. 
Overall, presenters using color overheads were rated as more credi- 

ble and more interesting by the audience. 

Technical Drafting Applications 
Hewlett-Packard offers three different types of pens and four dif- 

ferent types of media so you can select the pen/media combination 
that's right for your application. Fiber-tip pens are available in ten 
colors for use on plotter paper. Roller-ball pens come in four colors 
and are capable of plotting at  110 cm/s (43 in/s). In addition to four 
line widths for disposable drafting pens, HP  offers long-body and 
short-body drafting pens in six line widths. 

Sheets of plotter paper, vellum, tracing bond, and polyester film, 
are available in a range of sizes, both English (A to E) metric (A4 to 
AO) and architectural (C-E). Polyester film, vellum, and plotter pa- 
per come in 914.4 mm (36 in.) and 609.6 mm (24 in.) rolls for use 
with the HP DraftMaster RX and MX roll-feed drafting plotters. 

Pen Plotter - Supplles 

H P  S u r e P l o t  d i s p o s a b l e  draf t ing p e n s  

HP SurePlot Disposable Drafting Pens 
HP SurePlot disposable drafting pens provide the quality and de- 

pendability required for optimum productivity. HP  SurePlot disposa- 
ble drafting pens have a ceramic tip for clog-free plotting. The 
specially designed regulator makes them leak-free, too. HP  SurePlot 
pens are convenient and easy to use, with no assembly or maintenance 
required. 

Ordering Information 
Plotter supplies may be ordered through HP's direct telephone or- 

dering service, from any HP sales and support office, or from your 
local retail dealer. The HP Computer User's Catalog (PIN 5953- 
2450) describes the complete range of plotter supplies and accesso- 
ries. 

For Best Results 

F~ber-t~p pens 
(paper) 

F~ber-t~p pens 
(transparency) 

Roller-ball pens 

D~sposable 
draftlng pens 

Ref~llable 
drafting pens 

Series 
DraftMaster 
Ser~es 
7580 Series 

R p r  

ColorPro 
7475 
7550 Plus 
DraftPro 

Ser~es 
DraftMaster 

Ser~es 
7580 Ser~es 

7550 Plus 
DraftPro 

Ser~es 
DraftMaster 

Ser~es 
7580 Series 

7550 Plus 
DraftMaster 

Ser~es 
7580 Ser~es 

Ser~es 
DrattMaster 

Ser~es 
7580 Series 

C M  p w  
Transprenq Fllm 

ColorPro 
7475 
7550 
DraftPro DXL 
DrattPro EXL 
DraltMaster 

DraltPro 
Ser~es 

DrattMaster 
Ser~es 

7580 Series 

T m l n g  Bond 

7550 Plus 
Draftpro 

Ser~es 
DraftMaster 

Ser~es 
7580 Series 

7475 
7550 Plus 
Draftpro 

4 

7550 Plus 
DrattPro 

Ser~es 
DraftMaster 

Ser~es 
7580 Series 

7475 
7550 Plus 
DraftPro 

W l u m  
w 
Film 



COMPUTER PERIPHERALS 
Desktop Plotters-Precision Color for Charts and Drawings 
HP 7475A, 7440A 

High-quality output Eight-pen carousel 
Drafting capability Handles A4/A-size paper, transparency film 
Six-pen carousel ROM cartridge slot 

The HP 7475A is a low-cost plotter that provides the kind of graph- 
ics excellence and versatility you would expect to find in a much more 
expensive plotter. The HP 7475A produces fast, high-quality draw- 
ings for business, design. and measurement professionals. 

Applications 
Business: The HP 7475A produces colorful A4/A-size charts for re- 
ports, meetings, presentations, and trans arencies. The A3 B slze ca 
pability of the HP 747514 makes it the igeal plotter for PEL; ;hart; 
organization charts, flowcharts, or small flip charts. 
Design: Perfect as an entry level drafting plotter or an inexpensive 
companion to your design s stem, the HP 7475A creates liquid-ink 
drawngs on polyester film Ar frequently handled archival copies or 
check plots using fiber-tip pens on pa er 
Measurement: The HP 7475A adds /aidcopy graphics capability to 
intelligent instruments and instrument systems with an HP-IB (IEEE 
488-1 978) interface. Many systems (with or without display screens) 
can have the benefits of h~gh-quality. hard-copy graphics plotted di- 
rectly from measured data. 
Technical Information 
Resolution: Smallest addressable step size, 0.025 mm (0.001 in.) 
Repeatability: with a given pen, 0.1 mm (0.004 in); from pen to pen, 
0.2 m m  (0.008 in) 
Pen velocity (each axis): pen up, 50.8 cm/s (20 in/s); pen down, 
maximum. 38.1 cm/s (15 in/s); programmable, 1 to 38 cm/s in 1 
cm/s increments 
Acceleration: approximately 2 g's 
Environmental range: operating, 0°C to 55°C 5 to 95% Rh (at 
40°C): non-operating, -40°C to 75°C 
Plotting area: x-axis. 258 mm (10.2 in.), A/B; 275 mm (10.8 in.), 
A4/A3: y-axls, 198 mm (7.80 in.), A; 192 mm (7.56 in.). A4; 414 mm 
( 1  6.3 in.), B; 402 mm (15.8 in.), A3 
Interfaces: HP-IB (IEEE 488-1978) im lements the following func- 
tions as defined in IEEE 488-1978 - [HI, AHI. T2. TEO, LEO, 
SRI,  RLO, DCI, DTO, L2, PPO (listen only or address less than 7, 
otherwise PP2); RS-232-C CClTT V.24, asynchronous serial ASCII 
with switch selectable bau d rates of 75, 110. 150.200.300.600, 1200. 
2400,4800,9600. External clock input capabilities with intermediate 
baud rates of up to 9600 baud; 1024 byte buffer 
Power requirements: source, 100, 120. 220, 240 V- -10%. +5%; 
frequency, 48-66Hz 
Size: 127H x 568W x 367mmD (5.0" x 22.4" x 14.5") 
Weight: net, 7 kg (16.0 Ib); shipping, approx. l l kg (24.0 Ib) 
FCC: FCC certified to limits set for rad~o frequency interface when 
used with a class B computing device 

Accessories Supplied 
H P  07475-90002 Operation and Interconnection Manual 
H P  07475-90003 Reference Card 
Print Cache - prlnt buffer 

Power cords and an assortment of pens ar:d drawing media are also 
supplied with the plotters. The media size and appropriate power sup- 

ly are determined by plotter destination. 
~ O T E :  lnterface cables are not supplied with the plotter. They must 
be ordered separately. 

Ordering Information Price 
H P  7475A Six-pen graphics plotter %1,995* 

Opt 001 RS-232-C CCITT V 24 (cable not included) $0 
Opt 002 HP-IB (IdEE 488-1478) (cable not included) $0 

Accessories 
H P  07475-90001 Interfacing and Programming Manual 520 

For same-day shipment, call HP DIRECT at 800-538-8787. 

The HP ColorPro eight-pen lotter is designed to provide quick, 
presentation-quality color vlsuat for business and scientific a plica- 
tions. It draws with fiber-tip pens on overhead transparency f i L  and 
regular plotter paper and glossy plotter paper. 

The ColorPro plotter is designed for professionals who make deci- 
sions from numbers and make presentations with numbers. Whether 
you are drawing overheads for a meeting or recording data from a 
smart instrument, output quality is important. The exceptional line 
quality of the ColorPro plotter makes drawings and charts perfect for 
most professional presentations or reports. 

Technical Intormation 
Resolution: smallest addressable step size, 0.025 mm (0.001 in.) 
Repeatability: with a given pen, 0.1 mm (0.004 in) 
Pen velocity (each axis): pen up, approx. 52.0 cm/s (20.5 in/s); pen 
doun. m;~rimum. approx. 40.0 cm/s (15.7 in/s); programmable, 1.0 
to 40.0 cm/s in 1.0 cm/s increments 
Accelerat~on: approximately 1.2 g's 
Environmental range: operating, O°C to 55°C. 5% to 95% Rh (at 
40°C). non-operating. -40°C to 75OC 
Maximum plotting area: ,pen axis, 191 mm (7.5 in.) for A and A4; 
paper axis, 272 mm (10.7 In) for A4, 257 mm (10.1 in) for A 
Intertaces: HP-IR (IEEE 488-1978) interface which implements 
1F.t-F. 488-1978 standards; RS-232-C/CCITT V.24, asynchronous 
serlal ASCII with switch selectable baud rates of 75, 110, 150. 200, 
300. 600, 1200, 2400,4800,9600; 60-byte buffer 
Power requirements: source, 100, 120, 200, 240 V- -10%. +5%; 
frequency, 48-66 Hz; consumption, 20 W maximum 
Size: 125H x 460W x 308 mmD (4.9" x 18.1" x 12.1") 
Weight: net. 5.5 kg (12.0 Ib); shipping, approx. 8.6 kg (19.0 Ib) 
FCC: FCC certified toconform to limits set for radio frequency inter- 
ference when used with a class B computing device. Meets or exceeds 
I t.C-380, IEC-435. UL-478 

Accessories Supplied 
HP ColorPro Graphics Plotter Operating Manual 
Power supply 
Print Cache-print buffer 
An assortment of ens and media are also supplied with the plotter. 
The media size an!aipropriate power supply are determined by plot- 
ter destination. 
NOTE: Interface cables are not supplied with the plotter. They must 
be ordered separately. 

Orderina lntormation Price 
H P  7440x ~ o l o r ~ r o  lotter P $1 .495s  

Opt 001 RS-232-C CClTT V.24 (cable not included) $0 
Opt 002 HP-IB (I EE 488-1978) (cable not $0 
included) 

H P  17440A Graphics enhancement cartridge 5 1 6 5 s  
lnterface Cables 
H P  13242-60010 M-M special RS-232-C cable for use S69 
with Option 001, HP 150 Personal Computers, HP 
Vectra PC with HP 24541 B interface 
H P  245426 F-M special RS-232-C cable for use with 5 6 0 s  
Option 001, HP Vectra PC with HP 24540A interface, 
IRM AT .- ~ . .  

H P  10833A HP-IB I-metre cable for use with Option 5 8 0 s  
002 



COMPUTER PERIPHERALS 
Plotters - Hlgh-Speed, High-volume, Automatic Sheet Feed 

HP 75508 

Fast throughput with extensive built-in intelligence Best media flexibility and pen versatility in a desktop 
1- or 2-megabyte memory board option plotter 
HP-GL (7550A emulation) and HP-GL/2 language Flexible interface options 
capability Front-panel operation 

Option 005  

HP 7550 Plus Plotter 
Fast, High-volume Plotter With Automatic Sheet Feed 

The high-volume 7550 Plus plotter adds new features to the popu- 
lar HP  7550A plotter, making it very useful in shared-use and high- 
volume environments. 

New built-in intelligence and fast pen speed make the 7550 Plus 
the fastest desktop plotter on the market. Yet users will not sacrifice 
precision for speed-the plotter's high resolution means straight lines 
and smooth curves every time. 

The HP 7550 Plus offers these additional advantages: improved au- 
tomatic sheet feed capabilities for reliable, unattended operation; a 1- 
or 2-megabyte memory board option for continuous plotting without 
losing computer control and for multiple-copy and replot capabilities; 
and HP-GL/2, which puts advanced graphics power on the desktop. 

Marking another first for desktop plotters, the HP  7550 Plus is now 
available in two configurations: Centronics (one parallel and one seri- 
al connector), which is ideal for PC users; and HP-IB (one HP-IB and 
two serial connectors), which is identical to the 7550A's configuration 
and supports eavesdrop capability. 
Technical Information 
Media sizes: accommodates I S 0  A4 (210 X 297 mm), ANSl A (8.5 
X l I in). I S 0  A3 (297 X 420 mm), and ANSl B (I  1 X 17 in) 
Media: paper (regular and glossy), transparency film, vellum, double- 
matte polyester,film (automatic sheet-feed for regular paper and 
transparency film only) 
Pens: 8 per carousel, fiber-tip (paper and transparency), roller-ball. 

these I S 0  registered sets: ANSl ASCll (006). French (025). Ger- 
man (021). International Reference Version (002). Italian (01 5). JIS 
ASCll (014), Katakana (013). Norwegian I (060). Norwegian I1 
(061). Portuguese (016), Spanish (017), Swedish (OIO), Swedish for 
Names (01 I), United Kingdom (004) 
Environmental ranges: operating, 0 to 55 degrees C; storage, -40 to 
75 degrees C; humidity, operating with automatic sheet feed (trans- 
parency): 25 to 75% (at 15 to 35 degrees C)  
Power requirements: source, 100,120,220,240 V, - lo%, +5%; fre- 
quency, 48-66 Hz; consumption, 105 W maximum 
Size: minimum, A4/A, no catcher, 215H X 670W X 432mmD (8.5" 
x 26.4" x 17.0"); maximum, A3/B, with catcher, 215H X 670W X 
896mmD (8.5" X 26.4" X 35.3") 
Weight: net 17.3 kg (38.0 Ib), shipping 25.0 kg (55.0 Ib) 

Accessories Supplied 
Users guide, computer information', power cord', plotter paper 

sampler', transparency film sampler', carousel for fiber-tip pens, car- 
ousel for fiber-tip transparency pens, assorted fiber-tip paper and 
transparency pens, automatic sheet-feed equipment', and HP Sup- 
plies Source. 

Ordering Information Price 
HP 75508, HP 7550 Plus color desktop plotter 

Opt 005 HP-IB/two RS-232-C/CCITT V.241 $4,195.00 
RS-411-Aleavesdrop 
Opt 006 Centronics/one RS-232-C/CCITT V.24 $3.995.00 

and liquid-ink (refillable andhis.po-sable) Accessories Available Resolution: addressable, 0.025 mm (0.001 in); mechanical, 0.00625 Hp 33474B I -Megabyte memory board 
mm (0.00025 in) $335.00 

H P  33475B 2-Megabyte memory board 
Repeatability: with a given pen, 0.1 mm (0.004 in) $ 560.00 

Pen velocity: pen down, maximum, 80 cm/s (31.5 in/s); program- 
H P  17092A Automatic sheet-feed kit for 11 X 17 in $176.00 
media ( B  size), includes loading tray. paper catcher. mable 1 to 80 cm/s in increments of 1 cm/s and 50 sheets of I 1  X 17 in paper 

Acceleration: approximately 6 g 
Pen force: -15 to 66 grams H P  17093A Automatic sheet-feed kit for 297 X 420 $176.00 

mm media (A3 size), includes loading tray, paper Plotting area: pen axis, 254 mm (9.97 in) for A/B. 272 mm (10.65 catcher, and 50 sheets of 297 420 mm paper in) for A4/A3; paper axis, 196 mm (7.68 in) for A. 190 mm (7.45 in.) Hp 5959-9733 HP-GL/2 Reference Guide 
for A4, 41 1 mm (16.12 in) for B, 399 mm (15.65 in) for A3 f 39.75 

H P  5959-9734 HP-GL/2 Product Comparison Guide 
Buffer size: 32 Kbvtes: 1 or 2 meaabvtes with optional memory 525.00 

, . - .  
boards For further information on this product, order literature part num- 
Character sets: (Each in two fonts) FrenchIGerman. H P  9825, ber 5952-2214. 
Scandinavian, Spanish/Latin American. Roman Extensions, and 'Medla stze, language, and power apeciflutions appropr~ate to p ~ o n a  destlnatlon. 



COMPUTER PERIPHERALS 
Plotters-Low-cost, Eight-pen Drafting Plotters 
HP DraftPro Series Plotters 

Compatible with popular hardware and software HP quality and reliability 
HP-GL Graphics Language One- and two-megabyte buffer options for HP 
Wide variety of pen/media choices DraftPro DXL and EXL 

The H P  DraftPro Series plotters meet the needs of CAD profes- 
sionals. The HP DraftPro plotter accepts CIA2 and D/A1 media; 
H P  DraftPro DXL accepts A/A4 through D/Al media; and the HP  
DraftPro EXL accepts A/A4 through E/AO media (all standard 
ISO, ANSI, and architectural sizes including 30 x 42-in media). 

Hardware and Sottwan Compatibility 
Over 100 software packages work with HP  DraftPro Series plot- 

ters, including all leading architectural, mechanical, and electronic 
PC CAD software. 

HP  DraftPro Series plotters connect easily to most H P  and other 
personal computer/workstations. An RS-232-C serial interface is 
standard; HP-IB (IEEE 488-1978) can be ordered as an accessory. 

HP-GL Command Set 
The HP DraftPro Series plotters use HP-GL (Hewlett-Packard 

Graphics Language). With just a few commands you can label, draw 
lines, arcs, and circles, or select one of 21 international character sets 
(20 for the standard HP  DraftPro model). 

Although most plotter manufacturers claim to emulate HP-GL, 
only H P  plotters have the original HP-GL tested and approved by 
Hewlett-Packard. 

Line Quality 
With a mechanical resolution of 0.0125 mm (0.0005 in) and an 

addressable resolution of 0.025 mm (0.001 in), the HP  ~ r a f t ~ r o  Se- 
ries plotters draw well defined lines, smooth curves, and crisp charac- 
ters that help you and your designs look their best. The 0.10 mm 
(0.004 in) repeatability means your drawings have the professional 
quality you need. 

Integrates Into Your Environment 
Quiet operation makes the HP  DraftPro DXL and EXL plotters a 

good fit in an office environment. Because the HP  DraftPro Series 
plotters have wheels, they are easy to move and share. 

Output for Every Application 
The HP DraftPro Series plotters have the necessary pen and media 

flexibility to get the job done. Each plotter can plot on paper, vellum, 

and polyester film. They draw with fiber-tip paper pens, HP  SurePlot 
disposable drafting pens, and refillable drafting pens. For presenta- 
tions, the H P  DraftPro DXL and EXL use glossy paper or trans- 
parency film with transparency pens. 

From the front panel you can select the pen speed that optimizes 
performance and line quality for your pen/media combination. The 
eight-pen carousel lets you use a variety of colors and line widths with 
ease. Pens are changed automatically during plotting, and they are 
automatically capped when not in use to increase the life of the pens. 

HP Quality and Reliability 
Equipment downtime costs time and money. That is why the HP  

DraftPro Series plotters meet the same tough standards for quality 
and reliability that have made H P  pen plotters leaders in the industry. 

The HP DraftPro Series plotters have a one-year warranty. After 
the first year, on-site service contracts are available at  the lowest 
prices in the industry. 

The combination of reliability, quality, performance. flexibility, 
and support makes these plotters an excellent value and a smart 
choice in drafting plotters. 

Plotting Speed 
The HP DraftPro Series plotters have 2.8 g maximum (diagonal) 

acceleration. The DraftPro DXL and EXL have a maximum velocity 
of 80 cm/s (32 in/s); the DraftPro has a maximum velocity of 40 
cm/s (1 5.7 in/s). All three models have a pen-sorting feature that 
minimizes pen changes for more efficient plotting. 

Two Plug-in Buffer Options 
Two plug-in buffer options are available as accessories for both the 

HP  DraftPro DXL and EXL plotters. 
The easy-to-install cartridges are available in one- and two- 

megabyte options to let you quickly download an entire plot, freeing 
your computer for other tasks. (Cannot be used with HP-IB inter- 
face). 



Technical Information 
Medla Slzes 
The HP DraftPro series plotters accommodate the standard ISO. 
ANSI, and architectural sizes listed below: 

HP DraftPro 
CIA2 to D/Al, including widths from 550 mm to 640 mm (21.65 in 
to 25.20 in), lengths from 400 mm to 1000 mm (15.75 in to 39.37 
in) 
HP DraRPro DXL 
A/A4 to D/Al, including widths from 205 mm to 335 mm (8.07 in 
to 13.19 in) and from 365 mm to 645 mm (14.37 in to 25.39 in), 
lengths from 215 mm to 1140 mm (8.46 in to 44.88 in) 
HP DraftPro EXL 
A/A4 to E/AO, including widths from 205 mm to 491 mm (8.15 in 
to 19.33 in) and from 520 mm to 927 mm (20.47 in to 36.50 in, 
lengths from 215 mm to 1230 mm (8.46 in to 48.43 in) 

Number of Pens: 8 in carousel 
Pen Type 

HP DraftPro 
Fiber-tip paper, HP SurePlot disposable drafting, refillable drafting 
HP DraftPro DXL/EXL 
Fiber-tip paper, fiber-tip transparency, HP SurePlot disposable 
drafting, refillable drafting 

M d i a  
HP DraftPro 
Paper, vellum, double-matte polyester film 
HP DraftPro DXUEXL 
Paper, vellum, double-matte polyester film, glossy paper, trans- 
parency film 

Character Sets 
FrenchjGerman, HP 9825, Scandinavian, Spanish/Latin American, 
Roman Extensions, Special Symbols, Drafting, Kanji, and these I S 0  
registered sets: ANSI ASCII (006), French (025), German (021). 
International Reference Version (002), Italian (015), JIS ASCII 
(014), Katakana (01 3), Norwegian I (060). Norwegian I1 (061). Por- 
tuguese (016). Spanish (017), Swedish (OlO), Swedish for Names 
(01 I), United Kingdom (004); HP DraftPro DXL/EXL also use 
ECMA 94 Extensions (100); Kanji is available with an optional car- 
tridge. 
Resolutlon 
Addressable: 0.025 mm (0.001 in) 
Mechanical: 0.0125 mm (0.0005 in) 
Repeatability 
0. I0 mm (0.004 in) for the same pen on 0.08 mm (0.003 in) double- 
matte polyester film at 10-30 degrees C. 20430% relative humidity 
Accuracy 
0.5 mm (0.02 in) or 0.2% of the specified line length, whichever is 
greater, on 0.08 mm (0.003 in) double-matte polyester film at 10-30 
degrees C, 2040% relative humidity 
Maximum Pen Velocity 

HP DraftPro: 40 cm/s (16 in/s) 
HP DraftPro DXL/EXL: 80 cm/s (32 in/s) 

Maximum Acceleration 
Diagonal 2.8g 
Axial 2.Og 
Pen Cycle Time 

HP DraftPro: 100 ms 
HP DraftPro DXLIEXL: 67 ms 

Margins 
Expanded mode: 5.0 mm (0.2 in) on three edges, 31.0 mm (1.2 in) on 
the fourth 
Normal mode: 15.0 mm (0.59 in) on three edges, 39.0 mm (1.5 in) on 
the fourth 

Buffer 8lze 
HP Draftpro: 7.2 Kbyte 
HP DraftPro DXLIEXL: 31 Kbyte standard buffer (shared between 
user-definable polygon and pen sort buffers). Optional one- and two- 
megabyte plug-in buffers are available as accessories (Cannot be used 
with HP-IB interface). 

Environmental Ranges 
Temperature 
Operating: 0 to 55 degrees C (32 to 131 degrees F) 
Storage: -40 to 75 degrees C (-40 to 167 degrees F) 
Humldlty: 5 to 95% (in 0 to 40 degrees C) 
Acoustics' 
Operating pressure: 58 dB(A) 
Idle pressure: 42 dB(A) 
(These specifications are typical sound pressures at one-meter 
bystander position.) 

Power Requirements 
Source: 100, 120, 220,24OV, *lo% 
Frequency: 47.5-66 Hz 
Consumption: less than 80W maximum 
Physical Speciflcatlons 

HP DraftPro 
Size: 1,030H x 1,140W x 520mmD (40.6" x 44.9" x 20.5") 
Weight: net, 30kg (661b); shipping, 45kg (1001b) 
HP DraftPro DXL 
Size: 1.105H x 1,145W x 570mmD (43.5" x 45" x 22.5") 
Weight: net, 34kg (761b); shipping, 54kg (l2Olb) 
HP DraftPro EXL 
Size: 1.2 1 OH x 1,450W 620mmD (47.5" x 57" x 24.5") 
Weight: net, 41kg (911b); shipping. 61kg (1351b) 

Certlflcations 
FCC certified, Class B; meets or exceeds IEC-380, IEC-435. VDE 
0806/08.8 I, UL-478, and CSA C22.2 No. 220. 

Accosories Supplied 
User's Guide 
Power cord (appropriate to plotter destination) 
Media sample kit 

5 sheets of metric Al-size paper (594 x 841 mm) 
Fiber-tip pens (0.3 mm) 

Package of 5 (black, blue, green, red, and yellow) 
HP SurePlot disposable drafting pens (0.35 mm) 

Package of 4 (black, blue, red, and green) 
Carousels 

Fiber-tip pen carousel 
Drafting pen carousel 

Grit wheel brush 
Supplies catalog 

Ordering Information 
H P  7570A DraftPro plotter 
H P  7575A DraftPro DXL plotter 
H P  7576A DraftPro EXL plotter 

Price 
$3,995 
$4.995 
$6,495 

Accessories Available 
Descrlptlon H P  07570-90001 HP DraftPro Programmer's 
Reference 
Manual (English only) 
H P  07575-90001 HP DraftPro DXL/EXL Programmer's Reference 
Manual 
H P  0757690000 HP DraftPro Hardware Support Manual 
H P  07575-90000 HP DraftPro DXL/EXL Hardware Support Man- 
ual 
H P  17570A HP-IB Interface Cartridge 
H P  17571A HP-IB Interface Cartridge with Kanji 
H P  17573A One-Megabyte plug-in buffer (for DraftPro DXL and 
EXL)2 
H P  17574A Two-Megabyte plug-in buffer (for DraftPro DXL and 
EXL)' 

' HP Draftpro DXL and U(L only. Ona not ml labb  lor HP Draftpro. 
'Cannot be u m d  edth HP-10 Intahce. 



COMPUTER PERIPHERALS 
Plotters - High Performance, A4/A through AO/E slze Drafting Plotters 
HP DraftMaster Series 

Exceptional performance 
Superior line quality 
HP-GL/2 plus HP-GL emulation 

Restart and multiple copy capabilities 
HP DraftMaster SX, RX: 1 Mbyte buffer 
HP DraftMaster MX: 20 Mbyte spooler 

HP DrattMaster Series Large-Format Pen Plotters 
Hewlett-Packard has created a complete series of pen plotters fol- 

lowing in the HP DraftMaster tradition of quality and performance. 
H P  DraftMaster SX, HP DraftMaster RX, and HP DraftMaster 
MX are built for durability and productivity. They can handle 
greater workloads with faster throughput in today's demanding CAD 
environments, especially if you share your plotter. 

Expect superior line quality from these premier pen plotters with a 
mechanical resolution of 0.00625 mm (0.0002 in) and repeatability of 
0.10 mm (0.004 in). H P  DraftMaster Series plotters have a maxi- 
mum acceleration of 5.7 g, and a maximum pen speed of l I0 cm/s 
(43 in/s), so you can spend more time working and less time waiting 
for plots. H P  DraftMaster's unique combination of built-in features 
were specifically designed to increase personal productivity within 
your work group. 

Three Models 
HP DraftMaster SX 

HP Draft Master SX is engineered for reliable, high-quality, single- 
sheet plotting. The DraftMaster SX handles A- through E-size 
widths, up to 1.6 m (5.25 ft) in length. The standard 1 Mbyte buffer 
allows downloading of an entire plot, minimizing data transmission 
time and freeing the computer more quickly for another plot or task. 

HP DraftMaster RX 
In addition to all of the features currently available on H P  

DraftMaster SX, H P  DraftMaster RX offers convenient media han- 
dling capabilities, including roll feed and take-up reel, plus long-axis 
plotting up to 45.72 m ( 1  50 ft). This pen plotter is the ideal choice for 
sharing through a central computer or LAN (local-area network) 
server. 
HP DraftMaster MX 

HP DraftMaster MX is HP's most advanced pen plotter. It has 
every feature and capability of H P  DraftMaster RX plus multiuser 
interface for up to four users, a 20 Mbyte intelligent plot spooler, and 
superior plot management features. 

Four RS-232-C ports make HP DraftMaster MX an easily shared 
plotter for non-networked PCs or workstations. Plot files from all four 
PCs or workstations can be transmitted directly to the plotter without 
a switchlbuffer box. In addition, individual setups are available for 
each user. 

The 20 Mbyte intelligent spooler (hard disk drive) acts as a huge 
buffer, so multiple files from multiple users can be downloaded, stored 
in a queue, and plotted as required. Queue status can be reviewed and 
changed as needed. 

A single HP-IB port is also available to speed data transmission 
from HP workstations. 



HP-GL/2 
All HP  DraftMaster Series plotters implement HP-GL/2, Hew- 

lett-Packard's new standard graphics language. HP-GL/2's im- 
proved language efficiency substantially reduces transmission time, so 
you and your computer can go on to another task quickly. In addition 
to increasing productivity today, it ensures consistency between plot- 
ters and software in the future. To get the most from your plotter, HP  
recommends using an efficient HP-GL/2 driver. 

HP  DraftMaster Series pen plotters also have a variety of intelli- 
gent firmware features that make plot management fast and conve- 
nient. The restart function lets you redraw your current plot without 
file retransmission. You can use the copy function to produce multiple 
copies without file retransmission. This is especially useful for pro- 
ducing multiple color originals. 

Improved Pens 
HP SurePlot disposable drafting pens provide the quality and de- 

pendability required for optimum productivity. HP  SurePlot disposa- 
ble drafting pens have a ceramic tip for clog-free plotting. The 
specially designed regulator makes them leak-free, too. HP  SurePlot 
pens are convenient and easy to use, with no assembly or maintenance 
required. 

You can also choose from HP's complete range of fiber-tip, rol- 
lerball, and refillable drafting pens. 

Upgrade Kits 
The HP DraftMaster Series upgrade kits provide a path for your 

future needs. HP  p/n 17520A converts the HP  DraftMaster SX to 
roll feed; HP  p/n 17569A converts an HP  DraftMaster RX into an 
HP  DraftMaster MX. 

Reliability and Service 
HP DraftMaster Series pen plotters, like all Hewlett-Packard 

products, have been tested extensively to ensure their quality and reli- 
ability. HP backs all its plotters with a standard one-year on-site war- 
ranty. and has the most affordable on-site service contracts in the 
industry. 

Technical Information 
Media sizes: ranges include I S 0  sizes A4 through AO, ANSl sizes A 
through E, plus architectural sizes and oversized media. DraftMaster 
SX (sheets only); acceptable media widths; 207.0-381.0 mm (8.15- 
15.0 in), 539.0-713.0 mm (21.22-28.07 in), 753.0-927.0 mm (29.65- 
36.5 in). DraftMaster RX and MX; same sheet sizes as above plus 
these roll sizes, width 609.6 mm (24.0 in), 914.4 mm (36.0 in), length, 
46.0 mm (150.0 ft). 
Margins (sheets only): normal mode; three margins approx. 15.0 
mm (0.59 in) each, fourth margin approximately 39.0 mm (1.54 in). 
Expanded mode; three margins approx. 5.0 mm (0.2 in) each, fourth 
margin approximately 29.0 mm (1.14 in). 
Resolution: addressable; 0.025 mm (0.00098 in), mechanical; 
0.00625 mm (0.0002 in). 
Repeatability (for a given pen): 0.10 mm (0.004 in). (These specifi- 
cations are for 0.08 mm (0.003 in) paper, vellum, or polyester film) 

Accuracy: 0.09% of the move or 0.25 mm (0.01 in), whichever is 
greater. (These specifications are for 0.08 mm (0.003 in) polyester 
film.) 
Pen velacity: Maximum pen speed' : 110 cm/s (43 in/s) 
Acceleration: maximum, 5.7 g (55.5 m/s(2), 182.4 ft/s(2)) on diag- 
onal, 4 g per axis; programmable, 2 or 4 g (19.4 or 39 m/s(2)). 
Pen force: programmable or front panel selectable: 15-66 grams. 
Power requirements: source. 100, 120,220,240 V. + 10%; frequen- 
cy, 48-66 Hz; consumption for SX and RX. 125 W maximum; con- 
sumption for MX. 160 W maximum. 
Interfaces: RS-232-C (including dual I/O for terminal eavesdrop), 
HP-IB, and RS-422-A. MX also allows four RS-232-C users to 
share. 
Buffer size: SX and RX, I Mbyte RAM standard; MX, 20 Mbyte 
hard disk standard. 
Environmental ranges: operating temperature. 0 to 55 degrees C 
(32 to 131 degrees F); storage temperature, -40 to 75 degrees C 
(-40 to 167 degrees F); humidity, sheets, 5 to 95% (0  to 40 
degrees C); rolls, 30 to 70% (10 to 30 degrees C) 
Size: 1 19.4 H x 134.6 W x 50.8 cm D (47" x 53" x 20.0 ") 
Weight: Net, DraftMaster SX, 73 kg (160 Ib); DraftMaster RX, 74 
kg ( 1  64 Ib); DraftMaster MX, 76 kg (167 Ib). shipping, DraftMaster 
SX, 91 kg (200 Ib); DraftMaster RX 93 kg (205 Ib); DraftMaster 
MX. 94 kg (208 Ib). 
Pens: 8 in carousel; Fiber-tip (paper and transparency), long-body 
drafting (refillable or disposable), roller-ball. 
Media: Vellum, double-matte polyester film, tracing bond, trans- 
parency film, paper (regular and glossy). 
Character sets, each in t h m  fonts: French/German, HP  9825, 
Scandinavian, Spanish/Latin American, Roman Extensions, Special 
Symbols, and these I S 0  registered sets: ANSl ASCII (006), French 
(025). French (069). German (021). International Reference Version 
(002), Italian (01 5). JIS ASCII (014), Katakana (013). Norwegian I 
(060). Norwegian 11 (061). Portuguese (016). Spanish (017). Swed- 
ish (010). Swedish for Names (01 I), United Kingdom (004). 
' As In all pen plollers. actual pen speed m d s  on direction of travel, vector length, and maxi- 
mum velocity setting. 

Accessories Included 
User's guide (language appropriate to plotter destination), power 

cord (appropriate to plotter destination), paper sampler, adjustable 
pen carousels (2). fiber-tip pens (10). roller-ball pens (4). Disposable 
drafting pens for vellum with adapters (4). grit wheel brush, and plot- 
ter supplies catalog. 
Additional accessories included with HP DraftMaster RX 
and MX only 
Paper roll sampler, 914.4 mm (36.0 in), wide, 13.72 m (45.0 ft) long, 
take-up spool, 914.4 mm (36.0 in), and media cutters (5). 
Additional accessories included with the HP DraftMaster MX 
RS-232-C splitter cables (2) convert two DraftMaster ports into four. 

Ordering Information Price 
H P  7595B DraftMaster SX large-format single-sheet $8,495 
drafting plotter 
H P  7596B DraftMaster RX large-format roll-feed or $9.995 
sheet-feed drafting plotter 
H P  7599A DraftMaster MX large-format multiuser 51 1,995 
roll-feed or sheet-feed drafting plotter 
Note: interlace cables must be ordered separately. 



COMPUTER PERIPHERALS 
Plotters - Monochrome and Color Electrostatic Plotters 
HP 7600 Series Models 250,255, and 355 

406 dpi resolution 64 shades of gray; over 2000 user-selectable colors 
Monochrome plots in less than a minute; color plots in Rasterizer with hard disk 
less than eight minutes One-year on-site warranty 
Automatic cutter and take-up reel 

The H P  7600 Series electrostatic plotters offer a complete plotting 
solution for high-volume CAD environments. These plotters combine 
fast plotting speed with high-quality output to produce line drawings, 
complex plots, or shaded renderings for mapping, surveying, and 
mechanical, civil, and electrical engineering applications. 

The HP 7600 Series Model 250 plotter plots on media 609 mm (24 
in) wide; the Model 255 and Model 355 plot on media 914 mm (36 in) 
wide. All models can create long-axis plots up to 15.3 m (50 ft). One 
price includes the plotter, the rasterizer, installation by a qualified 
representative, and a one-year on-site warranty. 

High-productivity Plotting 
Actual plotting time for typ~cal final-quality, AO/E-size drawings 

is less than one minute plus data transmission time for monochrome 
plots, less than eight minutes plus data transmission time for color. 

The rasterizer, built on the Motorola 68020 32-bit processor. and 
the 40-megabyte hard disk provide top performance, simultaneous 
rasterization and printing, and sophisticated plot management capa- 
bilities. 

Top-quality Output 
The H P  7600 Series plotters have a resolution of 406 dots per inch 

- the high resolution needed for final-quality drawings. 

HP  toner has been carefully formulated for maximum plot density 
and durability. The media set includes paper, vellum, translucent, 
and clear and matte film, to meet all of your plotting needs: working 
copy, final plots, and archival drawings. 

Five different palettes - four of which are user-definable - can be 
accessed from the front panel. Each palette consists of 256 logical 
pens and defines several attributes (type, width, and level of gray or 
color) for each logical pen. You can choose screened or patterned 
lines. When you have special plotting needs, you can use the mirror 
image or rotate features. 

Colors Plus Shades of Gray 
The H P  7600 Series olotters can access a comolete spectrum of 

colors and shades of gra;for easy differentiation and smooth shading. 
The H P  7600 Series Model 355 plotter uses dithering algorithms to 

combine black, cyan, magenta, and yellow toner to form Lndreds of 
thousands of colors and shades, including 64 shades for each of the 
four toners. All these shades are accessible through software. When 
you define palettes from the front panel, you can select from a 
predefined set of over 2000 dithered colors. 

The HP 7600 Series Models 250 and 255 can produce 64 different 
shades of gray, all of which are accessible from the front panel or 
through software. 



Complete Media Handling 
With the standard automatic cutter and optional media stacker. 

you can neatly cut and stack drawings without operator intervention 
or manual cutting. 

The built-in take-up reel handles a full media roll - 152.4 m (500 
ft) for paper and 60.1 m (200 ft) for film - and is ideal for overnight 
or remote plotting. And a built-in manual cutter makes it simple to 
remove drawings from the take-up reel or separate long-axis plots. 

Front-panel Access to Advanced Featum 
You can define palettes, access up to five user setups, select plot 

modes, and manage the plotting queue, all from the front panel. The 
HP 7600 Series front panel has an easy-to-read 4 x 20 LCD, one- 
touch master menus, and a context-sensitive on-line help facility. 

From the HP  7600 Series front panel, you can queue up plots, 
change priorities within the plotting queue, receive plots while plot- 
ting, or ask for copies of a plot already transmitted. 

When you are doing several smaller drawings activate plot nesting 
to arrange the plots to minimize media usage. 

System Integration 
Built on the industry-standard HP-GL command language, HP- 

GL/2 is Hewlett-Packard's new standard graphics language. It pro- 
vides faster performance via a data compaction command plus simple 
software access to advanced features such as screened lines, plot scal- 
ing, and shading. Leading vendors of PC, workstation, and large sys- 
tem software are committed to providing support for HP-GL/2 
plotters. 

To take full advantage of the plotter's raster technology, the 
H P  7600 Series plotters support a PCL-based command set. The plot- 
ters accept raster input for plots up to AO/E-size and supports several 
raster compaction modes including CClTT Group 4.' 

HP 75868 Emulation 
These HP 7600 Series plotters also have an H P  7586B emulation 

mode for HP-GL compatibility. When combined with features acces- 
sible from the front panel, you can use most software which supports 
an HP  7586B plotter. 

Traditional HP Reliability 
The HP 7600 Series plotters meet the same stringent standards for 

quality and reliability that have made HP pen plotters leaders in the 
industry. They are based on the proven design of the HP  7600 Series 
Models 240D and 240E. 

The HP 7600 Series plotters have been subjected to dozens of tests, 
including vibration, shock, and extreme temperature cycling. This 
testing ensures that you get reliable, consistent plotting. And we stand 
behind our reliability claim with a one-year on-site warranty and low 
service contract prices. 

Technical Information 
Media width: Model 250, 609.6 mm (24 in); Model 255, 914.4 mm 
(36 in); Model 355,914.4 mm (36 in) 
Plot width: Model 250, 600.0 mm, t2 .4  mm (23.6 in, tO.l  in); 
Model 255,896.0 mm, *3.6 mm (35.3 in, tO.l  in): Model 355,864.0 
mm, +3.6 mm (34 in, *0.1 in) 

Thls Is a speclel subset of graphla commends lor use with the HP 7600 Serles plollers. Raster 
input requires speclfic software support; a PCL driver mitten for an HP printer wlll not support 
these plotters. 

Toner capacity: 5 liters (1.3 gal) 
Interfaces: RS-232-C/CCITT V.24, HP-IB (IEEE 488-1978), and 
Centronics parallel 
Maximum print sped: Model 250. 1.6 cm per second (0.64 in per 
second); Model 255, 2.3 cm per second (0.91 in per second); Model 
355, 3.0 cm per second (1.18 in per second) 
Resolution: 406 dpi 
Maximum accumulated e d  : i 0.2% 
Pin electrodes: configuration. dual array; diameter. 0.0060 cm 
(0.0024 in); spacing, 0.00625 cm (0.0025 in) 
Environmental ranger: operating temperature. 10 to 20 degrees C 
(50 to 86 degrees F); storage temperature. -10 to 60 degrees C (14 to 
140 degrees F); operating humidity, 30 to 80% RH3; storage humidi- 
ty, 15 to 85% RH" 
Power requirements: Model 250. Voltage requirements: source - 
100, 120, 220, 240 VAC; frequency - 50-60 Hz; Consumption - 720 
VA maximum; Model 255, Voltage requirements: source - 100, 120, 
220, 240 Vac; frequency - 50-60 Hz; Consumption - 720 VA maxi- 
mum; Model 355, Voltage: source - 100, 120,220, 240 Vac: frequen- 
cy -50-60 Hz; Consumption - 800 VA maximum 
Size: Model 250, 1030Hx1100Wx600mmD (40.55"~43.3"~23.6") 
Model 255, 1030Hx 1400Wx600mmD (40.55"x55. I"x23.6") 
Model 355, 1030Hx1400Wx600mmD (40.55"x55.Iax23.6") 
Weight: Model 250, plotter net weight, - 216 kg (475 Ib); shipping 
weight - 229 kg (503.8 Ib); rasterizer weight - 20 kg (44 Ib); accesso- 
ries - 20 kg (44 Ib); Model 255. plotter net weight - 259 kg (569.8 Ib). 
shipping weight - 272 kg (598.4 Ib); rasterizer weight - 20 kg (44 Ib); 
accessories - 25 kg (55 Ib); Model 355, plotter net weight - 31 1 kg 
(684 Ib), shipping weight - 307 kg (675 Ib); rasterizer weight - 20 kg 
(44 Ib); accessories - 20 kg (44 Ib) 
Product certifications: Models 250 and 255, safety approvals: UL 
listed, CSA certified, electromagnetic interference - FCC Class A 
verified. VCCI-I Model 355, safety approvals: CSA certified, UL 
listed. complies with EN 60 950/09.87. GS(TUV) approved. 
NEMKO approved; electromagnetic interference - FCC Verified 
Class B, meets VDE 0871-B (FTZ 1046184). SABS approved 

Ordering Information Price 
HP Part No. Description 
C1625A H P  7600 Series Model 250 24-inch 325,900 
monochrome electrostatic plotter 
C1627A H P  7600 Series Model 255 36-inch $29,900 
monochrome electrostatic plotter 
C1620A H P  7600 Series Model 355 36-inch $45.900 
color electrostatic plotter 
C1644A Media Stacker 3 200 
Note: interface cables must be ordered separately. 

Accessories Included 
User's guide, power cord, premium grade paper (one roll), pre- 

mixed liquid toners, pre-moistened cleaning wipes, writing head 
polish, dry cleaning wipes, handheld media cutting knife, manual me- 
dia cutter, take-up reel spindle, and media stacker (Model 355 only). 

At 23 degrees C (73 degrees 0.50 to 80% RH with HP approved polyaster flim. 
Non-condensing (Note: Never operate the ploner in the presence of condensation: It will cause 

damage to the wrltlng head.) 



COMPUTER PERIPHERALS 
Furniture 
Design Plus 

Furni ture  t h a t  f i t s  your  
Hewlet t -Packard s y s t e m  like a glove. 

Shown from lefl t o  right: Mobile Drawer Unit, System Table with Mobile Support Cabinet tucked underneath, Mobile LaserJet Cabinet 
and Mini-Rack Cabinet. For complete details, see chart on the  next page. 

Design Plus Mobile Drawer Units 
Design Plus fits H P  computers and peripherals perfectly, becoming Store your files, documentation and other valuables. These units 

an integral part of your total computer solution. match the height of our tables exactly. 
It's constructed of the highest quality materials. Die-cast metal 

legs withstand the weight of your equipment and the pressure of nor- ~ ~ b i l ~  support cabinetr 
ma1 office moves, without danger of buckling or breaking. Matte sur- Storage for hard-disc drives and tape back-up systems that fit con- 
faces resist scratches and stains, while protecting your eyes from the ven ien t ly  under our tables, 
glare of overhead lighting. 

Mobile Sound Enclosure Cabinet 
Mini-Rack Cabinet Choose this cabinet for HP serial impact dot matrix printers. 

Designed to hold the CPU and disc drive of your HP  9000 Series 
200, 360 or 500 computer, also the HP  3000 series 37, HP 260 or 
MICRO 3000. It matches the height and depth of our tables and can Universal Support Stand 
be locked into place. This results in additional work surface, flush- Printers and small plotters are supported, and rolled about easily 
fitted and without troublesome gaps or height discrepancies. on self-locking casters. 

HP Ergonomk rxecutiw chrlr rlth ann wpport 
H P M n o  Color Seal Chair back 
922081 Gray He~ght 16.25-19 ~n ( 4 1 3 4 3  mm) He~ght 18-20.25 In (457.514 mm) 
92208N Blue Depth 18 ~n (457 mm) 
92208P Be~ge W~dth 19 ~n (483 mm) Wldth 17.5 in (445 mm) 

HP Part no Color Sll( Chair back 
92208E Gray Helght 16.25-20.75 In (413-527 mm) He~ght 10.5015.50 In (267.394 mm) 
92208F Blue Depth 18 ~n (457 mm) 
92208G Belge Wldth 18.50 ~n (470 mm) W~dth 16 ~n (406 mm) 

92208K Dk Brown Arm set 

HP Ergonomk w o r k h h  chrlr 

HP Part no Color Sert Chalr back 
922085 Blue Helght 19.25 50 ~n (483648 mm) He~ght 10 5015 50 In (267-394 mm) 

Depth 18 In (457 mm) 
W~dth 18 50 in (470 mm) Width 16 ~n (406 mm) 

;z Cyllnder for 92208MINtP 
Cyl~nder for 92208EIFlG 

92208L Dk Brown Caster set15 per set 
92208U Cyllnder for 922089 

Replacement parts may be ordered from your local HP sales and service office or contact HP Support and Materials Organization st 1-800-227-8164. 

For same-day shipment, call HP DIRECT at 800-538-8787 

M 
(1.21.. ........................... $475 00 ea. 
( 3 t )  ............................. 440 00 ea. T 

PIlca 
(1-2) ................................ $245.00 ea. * 
(3+) ............................... 225.00 ea. T 

....... .............. (1-2) ... 79.00 ea. * 
(3+) ................... ......... .... 69.00ea. T 

Rl.3 
(1-2) ............................... $365.00 ea. * 
(3t )  .............................. 340 00 ea. T 



HP Pad number 
u 

D=ffplion lldCht w Ria 
92214A Desgn Plus Mobile terminal support and transport system table. Designed to 28.4 In 29.5 In 28.0 In (1-2 tables) ............................... $475 ea. 

safely move term~nals and small systems. (720 mm) (750 mm) (71 1 mm) (3t )  ... 445 ea. ....................... .... t 
9221C Large Destgn Plus System table. Comes with cable management, adjustable 28.4 In 59.0 in 28.0 In (1-2 tables) $585 ea. ............................. 

................... .......... levellng glldes. and IS same he~ght as 92211R mob~le rack system cablnet. (720 mm) (1500 mm) (711 mm) (3t )  ... 545 ea. 

922130 Desgn Plus CAD MI~I-workstat~on. For use with the HP 9000 Serles 3001500 28.4 in 44.3 in 28.0 in (1 
I - computers. Comes with 14.25-ln (362 mm) mde ra~sed mon~tor platform. pull- (720 mm) (1125 mm) (71 1 mm) (3 

out work surface that extends to 3 h n  (914 mm) deep, pull-out keyboard drawer 
: :::I 

. * \  and cable management. Same height as 92211R mob~le m~nt-rack: 92211UM 111s 
" '1 underneath. 

.............. ......... 
......................... . . .  

92213F Design Plus CAD workstatMn is dcigmd for use with HP CAD systems. It comes 28.4 in 59.0 in 28.0 in (1-2 W) .. f899 ea. 
w~th a pullout work surface. keyboard drawer. ratred monitor platform and cable (720 mm) (1500 mm) (711 mm) (3t) ... 849 ea. 
management. It attaches to other Design Plus Furn~ture. 

922130 Desim Plus monomic lash Ism. Soecificallv desimed for com~uter NIA NIA NIA 11-2 units) ........... 
worktations. Two nintwatt emitters produce theiame llght as @watts 
incandescent. Lamp stem fits Desgn Plus tables. U L  llsted and CSA approved. 

.. - ... , ................................. 
(3t )  ................... .... ......... 260 ea. 

922131 Pcsgn Plus damp. Dngnd fw the Dcsgn Plvs lamp (92213Q.) For use on non- NIA N/A NIA (1-2 units) $28 ea. .................................. 
Des~gn Plus table tops. Maximum clamp openlng IS 5 inches. (127 mm.) Use thls (3t) ............................................ 26 e a . s  
clamp for HP standard tables. 

> - - -  , 

............. ...... 0 9221U Wegree Design PlusCorner turn. Used for joining two system tables together Each side 28.0 in (1-2 units) .... $295 ea. 
for a larger work area. NOTE: not intended to support CAD monitors. (711 mm) (3t )  ........................................ 270 ea. 

............. ......... a 92214K Destgn Plus CAD corner workstation. Perfectly fitted for use with HP CAD 
......................................... 

28.4 ~n 44.3 in 44.3 in (1-2 tables) .. .......18 ea. 
systems Workstation comes with a keyboard drawer and cable management. It (720 mm) (1125 mm) (1125 mm) (3t )  849 ea. 

"a can be joined to Desgn Plusfurniture. 
I 

................................... 9221111 Dcsgn Plus pining bracket kit. For use on all Design Plus furniture pieces to (1-2 units) $40 ea. 
anchor one to another. Comes with needed screws and lnstructlons for assembly NIA NIA 37 e a . g  ............................................ 
and use. 

........................ 92211C Design Plus Mobile sound enclosure cabinet. For use with all 293X serial impact 28.4 ln 29.5 in 19.7 in (1 unit) ..... $ 585 ea. 
dot matrlx printers. (720 mm) (754 mm) (500 mm) (3t) .......................................... 545 ea, 

.;: '- 922111 Design Plus Mobile support cabinet. Rolk easily under the 92214BlC Design Plus 24.4 In 16.7 in 20.7 in (1-2 units) ........................... $310 ea. >>,<q ......................................... svstem tables. Can be used as a stand-alone svstem cab~net lor the HP 9000 (620 mm) (425 mm) (525 mm) (3-9) 290 ea. 
sertes 20013001500, has open back. Comes k t h  two sets of mounting ra~ls. a 
cable routlng klt (92199F). and two storage shelves, Internal dlmenslons are 12.8 
In (325 mml wlde x 20 40 In (520 mml h~nh. 

270 ea. 

- 

.................... 92211111 Destgn Plus small Mob~le support cabtnet. Rolls easily under the 9221481C 
.................................... 

17.1 In 16.7 in 16.7 in (1-2 units) f 2 ea. 
Desgn Plus system tables. Can be used as a stand-alone system cab~net for the (435 mm) (425 mm) (425 mm) (3-9) 230 ea. 
Ser~es 200. Model 237 or 300. Comes wlth one set of mount~ng ra~ls. a cable ( l o t )  ..................................... 210 ea. 
routlng k1t(922199F). and a pad to put under the Model 237. Internal 
d~mens~ons are 12.8 In (325 mm) w~de x 13.26 In (338 mm) huh. 

f 
, 

W l l N  Destgn Plus Moblle drawer unlt. Rolls eas~ly and s~ts next to all Design Plus 28.4 in 14.8 in 28.0 in (1-2 units) $745 ea. ................................ 
................... .............. system tables (also same height as tables). Comes wlth three drawers. 4 in. 6 in (720 mm) (375 mm) (711 mm) (3-9) .. 705 ea. 

and 12 ~n (104 mm, 156 mm. and 312 mm). ( l o t )  ................... .... ..... 665 ea. f 
................ ...... 

........................................ 
922llR Design Plus Mobile mini-rack system cabinet for HP modular peripherals and 28.4 in 14.8 in 28.0 in (1-2 racks) .. $585 ea. 

systems. Comes fully assembled with casters. Back opens for easy access. (720 mm) (375 mm) (711 mm) (3-9) 554 ea. 
Accessor~es available are the 92211s mounting rail and module lock kit. ( l o t )  ................... ...... ..... 515 ea. 

922111 f~ller panel k~ t ,  and 921998 power strip. Internal d~menslons are 12.8 in 
(325 mm) w~de x 22.44 In (572 mm) h~ah. . - 

92211E Small (4 ~nch) drawer un~t for 9221117 Mobile mmt-rack system cabinet. 4 in 12.75 in 18.62 in (1-2 units) ................................. $139 ea. 
(102 mm) (324 mm) (473 mm) ( I t )  .......................................... 129 ea,g 

922111 Medium (6 inch) drawer unit for 92211R Mobile mini-rack system cabinet. 6 in 12.75 in 18.62 in (1-2 units) ...................... $ 1 4  e a . m  . . 
(152 mm) (324 mm) (473 mm) i 3 t )  ........ : ........................... 139 ea. 

92211G Large (12 inch) d r a m  unit fw  92211R Mobile mini-rack system cabinet. 12 in 12.75 in 18.62 In (1-2 units) ................ ... ..... $159 ea. 
(305 mm) (324 mm) (473 mm) (3t )  .......................................... 149 ea. 

922115 Rail kit for 92211R Mobile mini-rack cabinet. Comes with four sets of rails and (1-2 kits) ................................ $50 ea. 
Cn____, module locks. Used to mount up to four HP computer and peripheral equ~pment Rail length-25.1 in (3-9) ................... .. ................ 45 ea. 

modules. (638mm) ( l o t )  ................... .. 40 ea. ................ 
922111 Flller  ane el kit for 9221111 mobile mini-rack cab~net. Klt contams 20 mawn 0.9 in 12.8 in 0.9 ~n (1-2 kits) .............. ... ..... $40 e a . m  . . 

........................................... cC panels used to fill empty space not occupied by computer equ~pment modules. (23 mm) (325 mm) (23 mm) (3-9) 35 ea. 
( l o t )  ................... .. .............. 30 ea. 

..... ............. 92214 Desgn Plur U n w l  supportstand. For use with HP Laserlet. HP 2932133134, 28.4 in 23.6 in 17.7 in (1-2 units) .... $295 ea. 
.......................................... HP 2563A printers and small HP plotters. Comes with printout catcher shelf. (720 mm) (600 mm) (450 mm) (3t )  265 ea. 8 - 

casters and levellng gl~des Has slot In top for bottom feed~ng and slot In door 
top for front feeding. Also has sound control pad. 

922llD Destgn Plus Mob~le LaserJet Printer cabinet. Comes fully assembled with a 28.3 in M.0  in 28.0 in (1-2 units) ............. ... ........ $385 ta. 
................... ........ storage shelf for paper trays and space for toner cartridges and other supplies. (720 mm) (508 mm) (711 mm) (3t )  .... 365 ea. 

For same-day shipment, call HP DIRECT at 800-538-8787 



COMPUTER PERIPHERALS 
Furniture 
HP Standard Furniture 

Solid, Expandable, Economical 

HP 92210T Moblle w o r k s t a t i o n  t a b l e  H P  92210P P r l n t e r  stand 

HP Standard furniture 
HP Part number Chmcrlptlon Height Wldth Depth Prlce 

. HP 92210A Compact workstation table. with leg levelers and modesty 27.0 in 48.0 in (1-2 units) ............... $325 e a . T  
i. - - panel. 7-in (178 mm) shelf standard. See 92210L casters (686 mm) (1220 mm) (3 t )  ........................ 305 ea. a 

next page to adapt table height to 28.4 in (720 mm). 

................ 
_-.C a 

HP 922108 Standard workstation table, with leg levelers and modesty 27.0 in 60.0 in 30.0 in (1-2 units) $380 e a . T  ,.> . ........................ --- panel. 7-in (178 mm) shelf standard. See 92210L casters (686 mm) (1524 mm) (762 mm) (3 t )  360 e a . a  
. 7.-s*\ next page to adapt table height to 28.4 in (720 rnm). 

:; 

HP 9221OC Workstation table with right-hand adjustable keyboard 29.0 in 60.0 in 30.0 in (1-2 units) ............... $455 ea.= 
........................ e section. Leg levelers, modesty panel and 7-in (178 mm) (736 mm) (1524 mm) (762 mm) (3 t )  405 e a . a  

shelf standard. Keyboard section starts 3 in (76 mm) from Adjustable keyboard dlrnenclonc 
/% the right side, adjusts down a total of 2.1 in (53 mm) from 1.2 in 24.0 in 10.0 in 
=\ table top and can be tilted 10 degrees from the horizontal. (30 mm) (610 mm) (254 mm) 

Manual adjustments. See 92210L casters next page to 
adapt table height to 28.4 in (720 mm). 

HP 92210D Workstation table with left-hand adjustable keyboard 29.0 in 60.0 in 30.0 in (1-2 units) ................ $445 e a . T  
........................ e section. Leg levelers, modesty panel and 7-in (178 mm) (736 mm) (1524 mm) (762 mm) (3 t) 405 e a . T  

/ ! shelf standard. Keyboard section starts 3 in (76 mm) from Adjultable keyboard dlmmtlonc 
the left s~de, adjusts down a total of 2.1 in (53 mm) from 1.2 In 24.0 in 10.0 In 

-\ the table top and can be tilted 10 degrees from the (30 mm) (610 mm) (254 mm) 
horizontal. Manual adiustments. See 92210L casters next 
page to adapt table height to 28.4 In (720 mm). 

.............. HP 9221011 The standard CAD corner workstation is perfectly fitted for 29 in 45 in 45 in (1-2 tables) $599 e a . a  
........................ use with HP CAD systems. Workstation comes with a (736 mm) (1143 mm)(1143 mm)(3 t )  559 e a . T  

keyboard drawer. Part of the HP standard furniture line. 

................ A;::: HP 92210V Workstation tabletop connector. 90-degree triangle, Joins Each side 30.0 in (1-2 units) $155 e a . a  
two 92210A/B/C/D tables together. (763 mm) (3 t )  ........................ 145 e a . T  

I ,  
I I . , 

For  same-day shipment, call HP DIRECT a t  800-538-8787 



COMPUTER PERIPHERALS 
Furniture 

HP Standard Furniture 

HP Standard furniture (continued) 
HP Part number hrlw bllht Width apch Pflc0 

922lW Desktop storage shell for 922101 workstation table, Includes 23.0 ~n 47.0 in 12.0 in (1-2 units) .............. .. $265 ea. ....... 
.................................. two book supports and back-wall message board. 11 In (279 (584 mm) (1194 mm) (305 mm) (3 t )  245 ea. T 

mm) storage shen adjusts from 15 tn (381 mm) to 21 In (533 
I+---' - mm) above work surface of table. Conven~ent paperlstorage 

shelf lncluded 

922100 Desktop storage shelf for 92210B/C/D workstation table 23 0 1n 59 0 ~n 12 0 1n (1.2 untts) L/-: 2 

$285 ea T 
Includes three book supports and back-wall message board 11 (584 mm) (1499 mm) (305 mm) (3 t )  265 ea 
tn (279 mm) storage shelf adjusts from 15 In (381 mm) to 21 

* ,?L .... ~n (533 mm) above work surface ol table Conventent 

&.. 
paperlstorage shelf tncluded 

922102 Newly revised desktop widtfl~pper door storage unit for 34.0 in 59.0 in 14.0 in (1.2 units) $495 ea. .............................. 
.................... ........... 922lOB/C/D workstation table, Includes lockable flipper door (864 mm) (1499 mm) (356 mm) (3 t )  .. 455 ea. 

and back.wal1 fabr~ccovered message board. Space from table 
top to shelf bottom IS 19.5 In (495 mm). 

.......... 
....... 

922101 Mobile drawer unit, on casters. Two drawers, with identical key 27.0 ~n 15.4 in 20.0 in (1-2 units) $335 ea. T ................................ 
....................................... lock all untts. Deep bottom drawer like 922104 below. Unit (686 mm) (391 mm) (508 mm) (3 t )  305 ea. T 

rolls easlly to any workstation: top same hetght as 92210AIB. 

.... 
... 922lOQ Suspended drawer unit. Two drawers, with identical key lock 21.0 in 14.8 in 19.4 in (1-2 units) $245 ea. ............................ 

................................ untts. Deep bottom drawer can store three types of hanging (533 mm) (375 mm) (493 mm) (3 t )  225 ea. T 
flles: letter-SIE, legal-we, and computer printout btnders. F~ts 
right or left s~de of 92210A/B/C/D tables. 

_._.-. .... ...... 
%.;:,:. .............. 92210~ Storage module unit, with threposition adjustable shell. Rear 19.0 in 21.0 in 19.4 in (1-2 units) ........................... $115 ea. ........ ....................................... ; of module is o m  for ventilation and access to 92210A/B/C/D (483 mm) (534 mm) (493 mm) (3t) 105 ea. T 

-...> cable management system. when module used to hold 
, . lmldr moduk dlmrmlw 
::-:+.. electron~c equ~pment. Flts rtght or left s~de of 92210A/B/C/D 17.0 in 19 4 in 19.4 in 

..E tables. (432 mm) (493 mm) (493 mm) 

............................. 7 92210E Work surface extension (return), with leg levelers and modesty 27.0 in 40.0 in 24.0 in (1.2 units) $235 ea. T 
- ,:,A f panel. Flts right or left wde of 922108 table, left s~de of (686 mm) (1016 mm) (610 mm) (3 t )  ......................................... 215 ea. T 

0 --._. . . 922lOC, right stde of 922100. Requlres use of 'Z' bracket 
(Included) when mountlng on 92210C/D. No( tor 92210A. 

................... 92210W Task light unit. Screws ~nto place underneath the 92210F/C/Z 2.0 in 24.0 in 6.6 in (1-2units). f119ea. 
desktop storage units. Includes 20-watt fluorescent bulb. lens (50.8 mm) (610 mm) (168 mm) (3t) ........................................ 109 ea. T 
and power cord mre management cl~ps. UL ltsted and CSA 
approved. 

Printer stand. Design matches HP 92210 series workstat~on Work w h  (1.2 units) ................................ $285 ea. T 
(see photo system. Conven~ent paper feed slot (4 x 19 ~n .  102 x 483 mm) 27 ~n 30 in 24in ( 3 t )  ................... .. 265ea. T .............. 
previous page) in top allows bottom paper feed. Also features rear prtntout (686 mm) (762 mm) (610 mm) 

catcher mth 1.5-tn (38 mm) slot to allow paper transport to Prlntwl &)HI 
rear feed printers. Cable management slots. 7-ln shell 18.5 in 17 1n 13.5 in 
standard. (470 mm) (432 mm) (343 mm) 

Mobile workstation table for terminals. Design matches HP Work w h  (1.2 units) ................................ $330 ea. 
(see photo 92210 series workstatton system. Features a dropped. pullaut 28.3 in 30 in 28in ( 3 t )  .......................................... 305ea. T 
previous page) keyboard surtace. Cable management slots. locking casters and (720 mm) (762 mm) (712 mm) 

7-111 (178 mm) sheH standard Keyboard wdam 
26.4 ~n 23.5 ~n 12 in 

(670 mm) (597 mm) (305 mm) 

Set of four heavyduty, doubkwheel casters. Use tn place of 
leg levelers on 92210A/B/C/D tables or 92210P stand where 
moblltty IS destred Caster helght 1 75 In (45 mm) Adapts 
hetght of tables to 28 4 tn (720 mm) 

Replacement parts may be ordered from your local HP sales and service office or contact HP Support and Materials Organization at 1-800-227- 
8 164. 

For samaday shlpment, call HP DIRECT at 800-538-8787 



CABLES & ADAPTERS 
Cables, Adapters & Typical SWR Performance 

- -- HP 0 1 2 6 1 ~ 1 :  112 cm (44 on) -- - 

HP 1250-1746 

er- 
e. 

HP 1250-1747 

f 3 .  :: 2 ; 
HP 1250-1748 
HP 11900A 
HP 11901A 
HP 11904A 

=X :n 
HP 1250-1749 
HP 119008 
HP 119018 
HP 119040 

xm -= 
HP 11900C 
HP 11901ClD 
HP 11904ClD 
HP 1250-1866 
bNZ .%,=I 
HP 1250-0216 
HP 1250-1288 

- ,.. 
HP 1250-0080 
HP 1250-1287 Some part numbers are not pictured. 

Coaxial Connector & Adapter Performance 

Typical SWR for connector pairs. 

1 5  

1 3  

gc 12  

The performance curves in the graph will help you in choosing and 
applying HP cables, connectors and adapters. SWR curves show de- 
sign specifications for mated pairs of connectors of the type indicated. 
You can expect typical performance in that range. 

For cross-series adapters, use the curve with the highest SWR in 
each case. For applications of Tee-adapters such as HP  1250-0559. 
1250-0846 and 1250-078 1, be sure to consider the extra shunt capaci- 
tance of the Tee. 

Of course when HP mounts various connectors onto RF  and micro- 
wave products, the product specification predominates and SWR is 
often far superior to that shown in these utility curves. For example, 
the HP "precision" Type-N adapters shown on these pages are for 
high accuracy use dc-1.3 GHz where SWR < 1.03. 

For more information on history and performance of various coax 
connectors, see HP's Coaxial & Waveguide Measurement Accesso- 
ries Caralog. (Lit # 5954-6401). 

'" BNC 

SMB 

SMC 



HP Part Number 
Cable Assemblies 
H P  10501A: 11'7 cm 50R coax with one UG-88C/U 
BNC (m) connector 
H P  10502A: 23 cm 50R coax with UG-88C/U BNC 
(m) connectors 
H P  10503A: like HP 10502A. but 122 cm 
H P  8120-1838: 30 cm 50R coax with two BNC (m) 
connectors 
H P  8120-1839: like HP 8120-1838, but 61 cm 
H P  8120-1840: like HP 8120-1838, but 122 cm 
H P  11000-60001: 1 1  2 cm 50R coax with dual banana 

Price 

plugs 
H P  11001-60001: 1 12 cm 50R coax, UG-88C/U BNC 530.00 * 
(m) to dual banana plug 
H P  11002A Test Leads: 152 cm, alligator clips to dual 521 .OO * 
banana plug 
H P  11003A Test Leads: 152 cm. probe and alligator $21.00 * 
clip to dual banana plug 
H P  8120-1661: 112 cm. dual BNC (m) to alligator 590.00 * 
~ l i n ~  

Adapters, 2.4 mm 
(See page 706 for technical description and performance) 
11900A 2.4 mm (m) to 2.4 (m) 
11900B 2.4 mm (f) to 2.4 (f) 
11900C 2.4 mm (m) to 2.4 (f) 
11901A 2.4 mm (m) to APC-3.5 (m) 
11901B 2.4 mm (f) to APC-3.5 (f) 
11901C 2.4 mm (m) to APC-3.5 (f) 
11901D 2.4 mm (f) to APC-3.5 (m) 
11902A 2.4 mm (m) to APC-7 
11902B 2.4 mm (f) to APC-7 
11903A 2.4 mm (m) to Type N (m) 
11903B 2.4 mm (f) to Type N (f) 
11903C 2.4 mm (m) to Type N (f) 
11903D 2.4 mm (f) to Type N m) 
11904A 2.4 mm (m) to K (m [ 1 

11904C 2.4 mm (m) to K (f) 
j 4  11904B 2.4 mm (f) to K (f)[ 1 

11904D 2.4 mm (f) to K (rn) 
Adapters Type N, Standard 50 0 
1250-0077 N(f) to BNC(m) 
1250-0082 N(m) to BNC(m) 
1250-0176 N(m) to N(f) right angle (use < 12 GHz) 
1250-0559 N tee, (m)(f)(f) 
1250-0777 N(f) to N(f) 
1250-0778 N(m) to N(m) 
1250-0780 N(m) to BNC(f) 
1250-0846 N tee (f)(f)(f) 
1250-1250 N(m) to SMA(f) 
1250-1562 N(f) to SMA(m) 
1250-1636 N(m) to SMA(m) 
1250-3772 N(f) to SMA(f) 

Adapters Type N, Precision 50 Q[lI 
1250-1472 N(f) to N(f) 
1250-1473 N(m) to BNC(m) 
1250-1474 N(f) to BNC(f) 
1250-1475 N(m) to N(m) 
1250-1476 N(m) to BNC(f) 
1250-1477 N(f) to BNC(m) 

-. . r- 

Adapters Type N, Standard 75 Q[21 
1250-0597 N(m) (50R) to N(Q(75Q) 
1250-1528 N(m) to N(m) 
1250-1529 N(f) to N(f) 
1250-1533 N(m) to BNC(m) 
1250-1534 N(f) to BNC(m) 
1250-1535 N(m) to BNC(f) 
1250-1536 N(f) to BNC(f) 

np 
Modd 

CABLES & ADAPTERS 
Cables & Adapters 

Ordering Information 
HP Part Number Price 

Adapters APC-3.5 
1250-1743 APC-3.S(m) to N(m) $135.00 s 
1250-1744 APC-3.5(f) to N(m) $165.00 T 
1250-1745 APC-3.5(f) to N(f) $1 15.00 X 
1250-1746 APC-3.5(m) to APC-7 $ 150.00 s 
1250-1747 APC-3.5(f) to APC-7 $160.00 T 
1250-1748 APC-3.5(m) to APC-3.5(rn) $ 170.00 T 
1250-1749 APC-3.5(f) to APC-3.5(f) 5185.00 
1250-1750 APC-3.5(m) to N(f) $135.00 x 
1250-1866 APC-3.5(mm) to APC-3.5(f) $320.00 w 
Adapters SMA 
1250-1158 SMA(f) to SMA(f) 
1250-1 159 SMA(m) to SMA(m) 
1250-1249 SMA Right angle (rn) (f) 
1250-1397 SMA Right angle (m) (m) 
1250-1462 SMA(m) to SMA(f) 
1250-1698 SMA tee(m) (f) (f) 
1250-1787 SMA(m) to BNC(m) 
1250-2015 SMA(f) to BNC(m) 

Adapters APC-7@ 
11524A APC-7 to N(f) 
11525A APC-7 to N(m) 
11533A APC-7 to SMA (m) 
11534A APC-7 to SMA (f) 

FWW 
Ranre 

Adapter Banana Plug 
1251-2816 Dual banana plug 

Adapters BNC, Standard 50 Q 
1250-0069 BYC(m) to UHF(f)  
1250-0071 BNC(f) to UHF(m) 
1250-0076 Right angle BNC(UG-306/D) 
1250-0080 BNC(f) to BNC(f) (UG-914/U) 
1250-0216 BNC(m) to BNC(m) 
1250-0591 BNC(f) to WECO Video (m) 
1250-0595 BNC(f) to BNC Triaxial (m) 
1250-0781 BNC tee(m)(f)(f) 
1250-1263 BNC(m) to single banana plug 
101 l0B BNC(m) to dual banana plug 
1250-1830 BNC(f) to BNC Triaxial (f) 
1251-2277 BNC(f) to dual banana plug 

Adapters BNC, Standard 75 Q[sl 
1250-1286 Right angle BNC 
1250-1287 BNC(f) to BNC(f) 
1250-1288 BNC(m) to BNC(m) 

w 
cm fin) 

Adapters SMB,SMC[41 
1250-0670 S V C  tee(m) (m) (m) 
1250-0671 SMB(m) to N(m) 
1250-0672 SMB(f) to SMB(f) 
1250-0674 SMB(m) to SMA(f) 
1250-0675 SMC(m) to SMA(f) 
1250-0813 SM B(m) to SMB(m) 
1250-0827 SMC(m) to SMC(m) 
1250-0831 SMC(m) to BNC(m) 
1250-0832 SMC(f) to BNC(f) 
1250-0837 SMC tee(m) (m) (m) 
1250-0838 SMC tee(f) (m) (m) 
1250-1023 SMC(m) to N(m) 
I2S0-1113 SMC(f) to SMC(f) 
1250-1152 SMC(f) to N(m) 
1250-1153 SMC(f) to N(f) 
1250-1236 SMB(f) to BNC(f) 
3250-1237 SMB(m) to BNC(f) 
1250-1391 SMB tee(f) (m) (m) 
1250-1857 SMB(f) to BNC(m) 

[ l ]  "Preclslon": typically t 36  dB rshm, lass lo 1.3 OHt. 
12) Type N wter conductor; center pin shed tor 75 R charscterlstb. 

$30.00 * 131 BNC outer condudor; center pln sized for 75 R characteristic. 
560.00 T 141 SMB 8 SMC are used often inside HP instruments for Inter-modula RF canrmctlons. 
$40.00 T SMB Is snapon configural~on SMC IS screw-on configuration. 

$4 1 .00 T [5] The K-connector 15 developed 8 manufactured by the Wlltron Co, Morgan HIII. CA. 

C~MCWS 

$40.00 T @ APC7 Is a registered trademark of the Bunker Ramo Corporation 
$42.00 T 
$38.00 T For same-day shipment, call HP DIRECT at 800-538-8787 

SWR ink 
Lorr 

~ k r  



OPERATING CASES 
Rugged Protection for lnstruments 

Operating Cases 

Hewlett-Packard operating cases protect instruments and equip- 
ment from the hazards of transportation and the rigors of the environ- 
ment. They offer sturdy protection when instruments are transported 
and used on-site. Operating cases are compression molded from a 
glass fiber reinforced composite material (FRP) that is lighter than 
aluminum, and provides excellent strength and durability. Tests of 
this molded material show tensile and compressive strength exceeding 
33.000 PSI and flexural strength exceeding 46,000 PSI. 

Both standard and optional heavy-duty hardware afford excellent 
protection from damage and the elements. Conveniently placed, sur- 
face mounted, spring-loaded handles fold flat when not in use, or can 
be designed to reside in recesses. Front and back covers 

Typlcai Series 5000 Operating Cases with 
lnstruments and options in place. 

seal with O-ring gaskets and clamping latches. All cases are rainproof 
under MIL-STD-108. On request, operating cases can be fabricated 
to meet the requirements of USA and NATO military specifications. 

lnterlor Configuration 
Operating cases come equipped with shockmounted aluminum 

frames that accept any standard 19-inch rackmounting instrument 
(EIA-RETMA standard) up to the height of the frames. Most full- 
sized instruments and modular combinations of instruments can be 
rackmounted in any one of our operating cases. The frame arrange- 
ment and the ability to remove the front and back covers allows for 
convenience of operation without removing the instrument. Conse- 
quently, the instrument can be set up for operation with a minimum 
of delay. Both HP  System I and System I1 cabinet styles can be 
mounted in operating cases (including System I and System I1 mod- 
ule combininn cases). 

~ a c k m o u n y i n ~  offers a number of conveniences. Total systems con- 
figured of ind~vidual instruments and accessories can be combined in 
one or more operating cases. Patch cable, HP-IB, and HP-IL connec- 
tlons can be left in place within the case, so that Instruments are ready 
for use with l~tt le or no delay. 

Exploded view of Series 5000 Operating 
Case with instrument and drawer ready 



Operating Case Series 3000 
(Standard Case with Surface Mount Hardware) 

H P  Operating Cases are available in 6 standard families with rack 
heights from 2 units up. - 

4' i 
i ' . , 

Special Features Available 
A. 3 1/1 H (88.9 mm) Drawer with ball bearing slides. $330 
B. 5 Vi H (133.4 mm) Drawer with ball bearing slides. $350 
C. 7 H (177.8 mm) Drawer with ball bearing slides. $370 
D. Slide shelf with ball bearing slides. $750 
E. Mating feet for stacking one case on top of another. $50 
F. Mating feet with locking mechanism. $105 
G. AC power receptacle strip with four outlets mounted $50 

on bottom rear of rack frame. Power cord 1 meter 
(3' 3" long), NEMA connectors. 

H. Pair of L-bar instrument support brackets. $62.50 
I. Addition of four permanently mounted. 341" diameter $120 

swivel casters. 
J. Addition of four removable, 341" diameter swivel $250 

case dlmenslons exclusive of hardware. Wdght range wlll determine selection of shock mounts. casters. Available also in kit form. 
' ~ r ~ c e s  shown are subject to change. K. Special color. Please specify. $40 

L. 1 U (1.75") modular cooling device with 3 fan $750 

Thermo-stamped Composite (TSC) Operating Cases upward venting action. 110 V. 

In addition to standard pressure-molded glass fiber reinforced com- HOW to Order 
posite material (FRP), H P  also offers, by special order, operating Operating Cases are ordered through your local H P  sales office. 
cases constructed of a thermo-stamped composite (TSC) material. See Customer Ordering Guidelines on page 71 1. 
This material offers high performance characteristics similar to FRP, 
with high impact resistance and light weight. It is available in limited 
case sizes and is best suited for high-volume production. 

Thermo-stamped Composite (TSC) Operatlng Case and Glass Flber Relnforced 
Composite (FRP) Operating Case with optional surface mount latches. 

wvvw. hparchive.com 



17101 Rugged Protection for Instruments 

Transit Cases 
Hewlett-Packard transit cases are sturdy containers for use when 

instruments must be frequently transported or used away from labo- 
ratory or office conditions. HP  cases protect your instruments from 
shock, vibration, moisture, impact, and contamination to provide a 
secure enclosure for shipping. Transit cases are a necessity whenever 
equipment is frequently transported from one operating location to 
another. 

Product Detail 
Our transit cases are compression molded from a glass fiber rein- 

forced (FRP) composite material that is lighter than aluminum and 
provides excellent strength and durability. Tests of this molded mate- 
rial show tensile and compressive strength exceeding 33,000 PSI and 
flexural strength exceeding 46,000 PSI. All cases seal tightly with 
O-ring gaskets and clamping latches. They are rainproof under the 
standards of MIL-STD- 108. Carrying handles are conveniently 
placed and are spring-loaded to fold flat when not in use. 

HP  cases are usually provided with foam cushions designed to cra- 
dle the instrument securely. The cushion inserts are typically molded 
polyurethane, or are fabricated from slabs of polyurethane or poly- 
ethylene flexible foams. Each case/cushion unit is designed as its own 

shock and vibration damping system, protecting against damage from 
handling, dropping, or crushing. 

Our standard transit cases safeguard your equipment from all but 
the most abusive treatment. To ensure maximum protection for in- 
struments, transit cases are also available to meet the specified re- 
quirements of MIL-STD-108, MIL-T-21200, MIL-T-28800, MIL- 
T-4734 and MIL-C-4150. 

Removable swivel casters are available as an option on certain 
cases. These are identified with an asterisk (*) in the case tables on 
pages 712 and 713. 

Instrument Cabinet System Styles 
H P  produces two styles of cabinet systems: System I and System 11. 

The most visible difference between the two styles is handle configur- 
ation. The handles on System I instruments are part of the instrument 
sideframe, projecting at 90 degrees from the instrument face. The 
handles on System I 1  modules also project at  90 degrees from the 
instrument face, but are not part of the instrument frame. These han- 
dles can be easily removed and are turned outward at the handle grip. 
Each cabinet style requires a different cushion insert configuration. 
This difference makes it important that you order your case from the 
proper selection table. 



S-ial or Custom Transit Cases 
Proper f i t  is cr i t ica l  i n  protect ing your instrument, and the dimen- 

sional measurements p lay a key role. W e  recommend when ordering a 
custom case that  you provide your  HP sales office w i t h  the instru- 
ment's exact height, width, depth, the serial and model number, and 
any other pert inent in format ion that  m a y  affect the design o f  the case 
o r  cushions (see Customer Order ing Guidelines). F o r  example, you 
m a y  wish t o  have addit ional space available for the protected storage 
o f  materials necessary for  your instrument's on-site operation. Space 
can be provided for power/data cables, operating supplies, accesso- 
ries, addit ional printed c i rcu i t  boards, and documentation o r  manu- 
als. 

Transit Case Styles 
Each transit case is coded t o  i ts  style i n  the fol lowing tables: Transi t  

(T), a completely removable cover w i t h  a handle a t  each end; Valise 
(V) ,  hinged w i t h  the handle opposite the hinge; and Valise Transit  
(VT), a hinged transit  case w i t h  a handle opposite the hinge and a 
handle a t  each end. Each case is designed and manufactured i n  the 
style that  best suits the configuration o f  i ts instrument. I f  a style other 
than the standard is  required for your application, a custom case can 
be ordered. 

Typ lca l  S y s t e m  II Va l i se  T rans l t  (VT) Case. 

CUSTOMER ORDERING GUlDELlNES 

Hewlett-Packard offen a CUSTOMER QUESTIONNAIRE guMe to Wp you identify speclflcatlons to meet your particular enclosure n d s .  To obtain information on 
how to order, contact your HP sales representative or call 916-7858000, SMO Procurement. 

EQUIPMENT INFORMATION 

PART NUMBER: Identification of the equipment or equipment system to be en- 
closed by part number, drawing number, etc. 

SIZE: To assure proper fit, each instrument must be carefully measured in the 
following manner: 

WIDTH: The distance across the entire body of the instrument, not including 
rackmounting accessories. Instruments set UP to be rackmounted require special 
cushion designs. 

DEPTH: The depth of the instrument from the front panel face to the rearmost 
projection from the back of the instrument. On a System 11 instrument, add 2 
inches if the instrument has handles. 

HEIGHT: The actual instrument height from the base of the cabinet to the top of the 
cabmet. Measure the height of feet separately. 

WEIGHT: The weight of the equipment to be enclosed. 

FRAGILITY: Specific fragility expressed in G forces, if that is known. 

USAGE REQUIREMENTS: Specific information about how the equipment will be 
operated, stored, shipped, etc. Special requirements such as unusual heat dissipa- 
t~on. RFI/EMI/ESD sh~eld~ng, orientation, operating environment. 

ENCLOSURE INFORMATION 

TYPE: Transit or operating case. Style and series. 

SIZE: The maximum size of the case or enclosure. 

USAGE: ~ ~ ~ ~ ~ ~ i ~ ~ / ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ / ~ ~ ~ ~ ~ ~ ~  requirements, ~~~i~~~~~~~~~ exposure 
to mo~sture, hum~dity, salt spray, temperature, altitude changes, corrosives, solar 
rad~ation, decontaminants, rough handl~ng, etc. 

0 ~ ~ ~ 0 ~ s :  Special latches, casters, dust boots, ventilation, drawers, shelves, writing 
surfaces, hold-down straps, stacking feet, cushions, internal power receptacles. 
etc. 

M ~ ~ ~ ~ ~ L A N ~ ~ ~ ~ :  Military specifications, inspection requirements, labels and 
mark~ngs, color, etc. 

The case selection tables include American standard and metric measurements. 
The addition of any options, accessories or standoff devices will affect the instru- 
ment's overall configuration and must be taken into consideration when ordering a 
transit or operating case. 



TRANSIT CASES 
Rugged Protection for Instruments (cont9d) 

Typ ica l  fu l l  module S y s t e m  I style cabinet Typ ica l  fu l l  module System Ii style cabinet. 

System I Cabinet Style Transit Cases 
full Module Wldth Instrumentt 
lnstrument Wldth . 16.75 In. 4215 mm 
lnstrument Depth 11.25 In. 285.8 mm 

inst. Height 
in. mm 

3.50 88.9 

HP Part "Price 
Number 
9211.1292 

5.25 133.4 92110839 $420 
7.00 177.8 9211-1293 $430 
8.75 222.8 VT' 9211.1294 $430 390 
10.50 266.7 921 1.1295 1430 390 

5.25 133.4 
7.00 177.8 
8.75 222.3 

Style 
VT * 

I in. 
- 

mm I Style I Number 1 14 549 1 

l m t r u m t  Depth. 16.25 In. 412.8 mm 

VI* 
VT* 
T' 

12.25 311.2 1 T' 1 9211-1313 1 $450 410 
lnstrummt Depth . 19.25 in. 489.0 mm 

[ Imtrummt Depth .22.25 In. 15.2 mm 

HP Patt 
Number 
9211.1288 

inst. Heieht 

"Price 
14 5-49 

$370 330 
9211-1289 
9211-1290 
9211-1291 

I HP part I **Price 

'Removable casters are an optlon. 
Twthlrds Module Wldth I n s t r u m  
Instru:,lent Wldth . 10.50 in. 266.7 mm 

$380 340 
$ 390 360 
$420 380 

Inst. Height 
in. mm 

12.25 311.2 

in. mm I Style I Number 1 14 5-49 
6.5 165.1 1 V 1 9211-1895 1 $330 300 

H I  Moduk Wldth lnattummb 

Style 
T 

-- 

Instrument Depth - 11.00 lny270.4 mm 
- 

Instrument Wldth -7.75 In. 196.9 mm 
Instrument Depth .8.00 In. 203.2 mm 

inst. Height 

( Inst. Height I ( HP Part 1 **Price 1 

HP Part 
Number 
9211.1297 

I HP Part I **Price 

in. mm I Style I Number 1 14 5-49 
6.5 165.1 1 V 1 9211-1316 1 $300 270 

l m t r u m t  Depth - 11.00 In. 279.4 mm 

**Price 
14 5-49 

$ 480 430 

- - 

6.5 165.1 1 V 1 9211-1315 1 $310 280 
Imtrummt Depth . 16.00 In. 406.4 mm 

inst. Height I HP part I **Price 

Inst. Height 
In. mm 

in. mm I Style I Number 1 14 5-49 
6.5 165.1 1 V 1 9211-1734 1 $330 300 

'Removable casters are an optlon. 
"Prices shown are subbt to chanpe. 

Style 

System II Cabinet Styie Transit Cases 
full Module Wldth Instruments 
Instrument Wldth . 16.75 In. 425.5 mm 

lnstrument De~th - 15.25 In. 387.4 mm 

h t h l r d  Moduk WMh I m t r u m b  
Instrument Wldth - 5.125 In. 130.2 mm 

lnstrument Depth .8.W In. 203.2 mm 

HP Part 
Number 

5.25 133.4 
7.00 177.8 
8.75 222.3 
10.50 266.7 
12.25 311.2 

Instrument M . 18.25 In. 463.6 mm 

Inst. Height 
in. mm 
6.5 165.1 

instrument Depth - 11.00 In. 

Inst. Height 
in. mm 
6.5 165.1 

**Price 
14 549 

Number 1 14 549 
9211-2642 1 $430 390 

HP Part **Price 
Number 
9211-2648 

133.4 921 1-2649 $480 
7.00 177.8 921 1-2650 $480 
8.75 222.3 9211-2651 $480 430 
10.50 266.7 921 1-2652 $480 430 
12.25 311.2 921 1.2653 $480 430 

Instrummt Dwlh - 21.50 In. 546.1 mm 

Style 
V 

inst. Height HP Part **Price I in. mm I Stvie I Number I 1-4 549 I 
9211.2654 

133.4 921 1.2655 
7.00 177 8 921 1-2656 
8.75 222.3 921 1-2657 $ 520 
10.50 266.7 T' 921 1-2658 $ 520 470 
12.25 311.2 921 1-2659 $520 470 

Instrummt Depth -24.50 In. 622.3 mm 

HP Patt 
Number 
9211-1317 

**Price 
14 5-49 

$ 290 260 

**Price 
14 5-49 

$300 270 

279.4 mm 

Inst. Helght 
in. mm 

Style 
V 

HP Part 
Number 
9211-1318 

Style 
HP Part 
Number 

**Price 
14 5-49 



i 

Typical System I1 half module instrument Typical System II quarter module Instrument 

System II Cabinet Style Transit Cases (Continued) 
Half Module Width Instruments 
lnstrument Width - 8.50 in. 215.9 mm 
lnstrument Depth - 9.75 in. 247.7 mm 

Inst. Height 
in. mm 

3 50 88 9 
525 1334 
700  1778 
875 2223 

10 50 2667 

HP Part 
Number 

9211-2666 
9211-2667 
9211-2668 
9211-2669 
9211-2670 

style 
V 
V 
V 
V 
V* 

**Price 
14 549 

$330 300 
$330 300 
$330 300 
$330 300 
$330 300 

lnstrument Depth 
Inst. Helght 

In. mm 

3 50 88 9 
5 25 1334 
700 1778 
875  2223 

1050 2667 
Instrument Depth 

Inst. Height 
In. mm 

3 50 88 9 
5 25 1334 
700  1778 
8 75 2223 

10 50 2667 
lnstrument Depth - 

Inst. Height 
In. mm 
3 50 88 9 
5 25 1334 
700 1778 
8 75 2223 

10 50 266 7 
Rernovablo M e r s  am an 
" Prtces shown are subject to change 

Variety of custom Operating Cases wlth optlons. 

wvvw. hparchive.com 

- 12.75 in. 323.9 mm 

w e  
V 
V 
V 
V 
V 

HP Part 
Number 

9211 2671 
9211-2672 
9211-2673 
9211-2674 
9211-2675 

**Price 
14 549 

$390 350 
$390 350 
$390 350 
$390 350 
$390 350 

- 15.75 in. 400.1 mm 

Style 
V 
V 
V 
V 
V 

- 18.75 in. 

Style 
V 
V 
V 
V 
V 

aption 

HP Part 
Number 

9211-2676 
9211-2677 
9211-2678 
9211-2679 
921 1-2680 

**Price 
14 549 

$400 360 
$400 360 
$400 360 
$400 360 
$400 360 

476.3 mm 
HP Part 
Number 

9211-2681 
9211-2682 
9211-2683 
9211-2684 
9211-2685 

**Price 
14 549 

$400 360 
$400 360 
$400 360 
$400 360 
$400 360 



17141 System I1 Plus-Handles and Rack Flanges, Bail Handle Kit 

System I1 Cabinet Design 

Handles and 

4% 
Rack Mount Flange 

NOTICE-Most of the cabinet accessory kits shown on these pages 
include both inch and metric fasteners to make them compatible with 
the new metric-fastener-cabinets, as well as the older inch-fastener- 
cabinets which are still in service. It is most important for the user to 
be aware of these different fasteners to avoid thread damage when 
attaching the accessory kits. Metric-fastener-cabinets are identified 
with a yellow label on the rear which reads "Caution-metric and inch 
hardware", a "metric" embossment in the front bezel casting under 
the plastic trim strip, and on the middle of the rear bezel casting. 

System 11 and System II Plus Cabinet Design 
HP's modular cabinet system offers bench-stacking and rack 

mounting versatility. These cabinets are designed for compatibility 
with EIA and IEC standards, both in width and height. 

System I1 Plus cabinets and accessories are identical in form, fit. 
and function as System 11, but are different colors for improved visual 
continuity. This catalog lists System I1 Plus part numbers only. 

Handles and Rack Mount Flanges 
Handles and rack flanges are available for all System I1 cabinets, 

although they find most use on full width modules or combinations of 
narrower modules locked together to form 1 MW (module width). 

Certain instruments are supplied with front handles as part of the 
selling price. Handles and rack flanges can be supplied with most in- 
struments by specifying the appropriate option from the following 
list, at  the time of order. The extra cost of each option is usually speci- 
fied on the instrument data sheet. 
Option 907 Front Handles 
Option 908 Rack Mount Flanges 
Option 909 Handles with Rack Flanges 
Option 913 Rack Mount Flanges (If handles already furnished) 

(HP 5062-4069 Version) 
The table below describes kits available for use after receipt of 

equipment. Field installation is very straight-forward. A plastic trim 
strip is easily removed and the handle or flange attached with screws 
supplied in the kit. Before rack mounting, bottom feet must be re- 
moved. 

Bail Handle Kit 
For Yz MW cabinets. vou can attach this front bail handle for easv 

portability. Attaching hardware furnished. 

HP Part No. Name Price 
HP 5062-4001 Bail Handle Kit for 88.1 (3%) Module ~ 3 8 %  
HP 5062-4002 Bail Handle Kit for 132.6 (5%) Module 3 5 T  
HP 5062-4003 Bail Handle Kit for 177.0 (7) Module 3 3 s  

Height 
mm (In) 

88.1 (354) 
88.1 (344) 
132.6 (5%) 
177.0 (7) 

221.5 (8%) 
265.9 (10%) 
310.4 (12%) 

Handle and Rack Flanges 

Kit Include, 2 Handles t 2 Trim Strips + 
Mt@. Screws 

1 

HP Part No Price 
HP 5062-3974[1] $31.00 2 
HP 5062-397612) 31.00 
HP 5062-3977 33.50 
HP 5062-3978 36.00 s 
HP 5062-3980 45.00 
HP 5062-3981 50.00 s 

2 Flanges + 
Mte. Screws 

HP 5062-3983 82.50 
HP 5062-3984 95.00 

2 Handles t 2 Flanges + 
Mte. Screws 

0 Rack Mount 
Flange Kit (31 

@ 'lck F 1 ~  Kh 
with Handles Instrument 

Module 

2 Flanges + 
Mte. Screws 

Rack Mount Flange Kit 
for Instruments with Prevlousty 

S~~lIlied Handles 

0 Front Handle 
KR 

[1] ~P5062-39741397514069 Kils use standard flanged with 1.75' hole spacing. 131 Will not fit onto lnstrument~ with pravicushl wpplled handles 
(21 HP 5062-39161398214070 Kits use specla1 flange with 3 Whole spaclng. 141 Option 913 ordered on tnstruments suppiles HP 5082-4069 For 3 . W  spacing orda HP 5062-4070 instead 

nl Oat 913 ---- - -. 

For same-day shipment, call HP DIRECT at 800-538-8787 



CABINETS & CABINET ACCESSORIES 
System II Plus-Support Shelves, Filler Panels 

NOTICE-Most of the cabinet accessory kits shown on 
these pages include both inch and metric fasteners to 
make them compatible with the new metric-fastener- 
cabinets, as well as the older inch-fastener-cabinets 
which are still in service. It is most important for the 
user to be aware of these different fasteners to avoid 
thread damage when attaching the accessory kits. 
Metric-fastener-cabinets are identified with a yellow 
label on the rear which reads "Caution-metric and 
inch hardware", a "metric" embossment in the front 
bezel casting under the plastic trim strip, and on the 
middle of the rear bezel casting. 

S u b  M o d u l e  S u p p o r t  

0 0 

S u p p o r t  S h e l f  

Rack Mount Adapter Kits 
Modules of less than 1 MW can be rack mounted using these kits. 

Individual Jh MW or YI MW modules use the kits shown below direct- 
ly. Combinations of 1/4 MW and 55 MW (of equal depth) are first 
joined side-by-side with the Lock Link Kit (HP  5062-3994) (follow- 
ing page), then have end flanges applied. Combinations adding to 1 
MW use regular rack flange kit (previous page). Kits include attach- 
ing screws but not front panel rack mounting screws. Hole patterns 
conform to EIA and IEC standards. 

Rack Mount Adapter Kits 

mm (In) Modukr 

HPkrtMn HPPutWo HP krt No 

Support Shelf, Slide, and Filler Panels 
Submodules of differing heights, widths, and depths (up to 20 D) 

may be rack-mounted using these support shelves. Any combination 
of 1/4 MW and YI MW will fit side-by-side up to 1 MW. Filler panels 
close up vacant spaces either on top of short modules or side-by-side. 
The slide kit provides ready access to internal shelf areas and is de- 
signed for HP  racks with 24-inch depth vertical support rails. Slide 
kit includes brackets and mounting screws. 

88.1 (3%) 
132.6 (5%) 
1770(7) 

265.9 (10%) 

KH 
I w l h  

HP Part No. Name Price 
5062-3996 0 Support Shelf for 88.1 (3H)H Modules 5 1 9 5 T  
5062-3997 @ Support Shelf for 132.6 (5h)H Modules 1 9 5 s  
5062-3998 0 Support Shelf for 177.0 (7)H Modules 2 1 0 s  
1494-0015 0 Slide Kit (2 ea slides, brackets, hardware) 1 2 0 w  

Filler Panels 

' the follomnn front   an el s p ~ e  to fill: 

11 H MW can be center mounted uslng 2 of Mese klts. 
21 Side-by-slde modules of equal depth requlre lock llnk kH (HP 50624994). 

5062-3973 
- 
- 
- For 1770 (7) H s h e ,  n g  I u MW to fill I 5062- I $75.00 1s % MW to fill 5062427 110.00 

$56.- 

1 ea. rack flange 
1 ea. % MW 

extenuon adapter 
flange and screws 

@ For % MW and hav~ng the following vwtieal 
space to fill: 

For H MW and having the following vertical 
@ space to fill: 

5062-3972 
5062-3957 
5062-3960 
5062-3966 

1 ea rack flange 
1 ea. % MW 

extens~on adapter 
flange and screws 

For same-day shipment, call HP DIRECT at 800-538-8787 

43.2 (l%)H 
87.6 (3H)H 

43.2 (1%) H 
87.6 (3%) H 

1 ea rack flange 
1 ea. U MW extension 

extens~on adapter 
flange and screws 

$51.- 
62.- 
6 7 . 0 0 w  
7 7 . 5 0 s  

5062-2035 
5062-2036 

5062-2037 
5062-2038 

5062-3971 
5062-3958 
5062-3961 
5062-3967 

$43.- 
50.- 
7 0 . 0 0 s  
7 2 . 5 0 s  

$50.00 
50.00 

$50.00 
50.00 

w 
w 



CABINETS & CABINET ACCESSORIES 
System II Plus-Lock Link Kits, Rack Mount Slide Kits 

N O T I C E S o m e  of the cabinet accessory kits shown on these pages 
include both inch and metric fasteners to make them compatible with 
the new metric-fastener-cabinets, as well as the older inch-fastener- 
cabinets which are still in service. It is most important for the user to 
be aware of these different fasteners to avoid thread damage when 
attaching the accessory kits. Metric-fastener-cabinets are identified 
with a yellow label on the rear which reads "Caution-metric and 
inch hardware", a "metric" embossment in the front bezel casting 
under the plastic trim strip, and on the middle of the rear bezel cast- 
ing. Due to design considerations, the slide-mount kits shown on this 
page are offered in both inch and metric fastener versions. 

5.16 x 9.53 (8 places) 

0 HP Rack 

b 7 6 . 2 4  

For non-HP racks, end bracket kits are available for both standard 
and heavy duty slide kits. Slotted hole arrays in the brackets provide 

Lock Link Kits HP 5062-3994 (includes inch screws) for front-to-back rack rail spacing of 24, 26, and 28-inch nominal 
All sub-module cabinets of equal depths can be linked together centers. They also allow choice of two vertical positions. Each kit of 

over-under or side-by-side with hardware in the lock link kit. Cabinet four brackets includes screws and four bar nuts. These general pur- 
frames are already pre-threaded to allow quick assembly. For side- pose mounting brackets fit most common non-HP racks such as GE, 
by-side connections the kit contains 12 front hooks and six rear links. Honeywell, etc. 
enough for 3 side-by-side joints. For vertical connections, the kit also 
contains four front hooks and four rear links enough for two over- HP Part NO Name Price 
under joints. Kit includes screws. Locking cabinets together horizon- Metric (I,,,.~) 
tally in a configuration wider than 1 MW is not recommended. 

If the over-under linked combination is to include rear standoff feet 
5062-3994 Lock Link Kit $ 25% 

(HP 5062-4009). then the over-under locking feet kit HP 5062-3999 1494-0060 Q Nan-Tilting, Std. Slide Kit, Fits 
(next page) should be used for over-under connection. (1494-0018) 345.4D & 421.6D Cabinets 100% 

The HP 5062-3994 Lock Link Kit is not recommended for full 1494-0059 Non-Tilting, Std. Slide Kit. Fits 
module overlunder combinations. Use Kit HP 5061-9699 Locking (14960017) 497.8D & 574.0D Cabinets l O O g  
Feet Kit (next page) to handle those larger weights. 1494-0062 Tilting, Std. Slide Kit, Fits 345.4D & 

Slide Kits and Rack Brackets (1494-0025) 421.6D Cabinets 1 9 0 a  

Rack slides are available for full-width System I1 cabinets to per- 1494-0063 Tilting, Std. Slide Kit. Fits 497.81) & 
mit easy access to internal spaces. Each kit consists of two slides (1494-0026) 574.0D Cabinets 1 9 0 3  
which mount directly to System 11 cabinet side handle recess spaces 3494-0058 0 Nan-Tilting, Heavy Duty Slide Kits 
(after removing side handles). The slides also mount directly to verti- (1494-0016) (497.81) & 574.01) Cabinets Only) 2 9 0 s  
cal support rails in HP-racks. HP  1494-0060 mounts 345.4D and 

149CW61 (4) End Brackets for 421.6D depth System I1 cabinets. H P  1494-0059; 497.8D and 
(1494-0023, Std. 574.0D. 46 s 

Standard weight slides carry 38.6 kg (85 Ib) max. load. Tilting ver- 1494-0064 a (4) End Brackets for Non-HP Racks, 
sions are available in standard duty only. (HP 1494-0062 and 1494- (1494-0042) Heavy Duty Slides 

For samaday shipment, call HP DIRECT at 800-538-8787 
70 tm 

0063.) 



CABINETS & CABINET ACCESSORIES 
System II Plus-Cabinet Feet Q 

NOTICE-Most of the cabinet accessory kits shown on 
these pages include both inch and metric fasteners to make 
them compatible with the new metric-fastener-cabinets. as 
well as the older inch-fastener-cabinets which are still in 
service. It is most important for the user to be aware of 
these different fasteners to avoid thread damage when at- 
taching the accessory kits. Metric-fastener-cabinets are 
identified with a yellow label on the rear which reads "Cau- 
tion-metric and inch hardware", a "metric" embossment 
in the front bezel casting under the plastic trim strip, and 
on the middle of the rear bezel casting. 

Bottom and Rear Cabinet Feet 

Cabinet Rear Standoff Feet HP 5062-4009 (includes inch 
screws) 

Kit HP  5062-4009 provides four corner feet which give 25.4 mm 
(I-in) stand-off protection to the rear panel of instruments. It is used 
when instruments are to be operated or stored vertically on their rear 
panels. (Fits all but 114 MW by (88.1) 3Y2H). Includes mounting 
screws. 

Cord Wrap Feet Kit HP 5062-3995 (includes inch screws) 
Kit H P  5062-3995 contains four ribbed corner posts on which you 

can wrap power cords or signal cables for transport or storage. (Rec- 
ommended for 114 MW and 1 /2 MW cabinets weighing less than 11 
kg. (24 Ib). Includes mounting screws. 

Cabinet Bottom Feet and Tilt Stands 
The standard foot H P  5041-8801 fits the bottom of full width and 

112 MW cabinets. It fits front or rear and four are required. HP  
5041-8822 foot is a non-skid version. Used in pairs it can prevent 
bench-top creeping. Tilt-stand H P  1460-1345 fits into the standard or 
non-skid foot and is used in pairs (front or rear) to tilt the instrument 
up or down for better viewing. 

For 114 MW cabinets, foot H P  5041-8805 fits front or rear (two re- 
quired). Tilt stand H P  1460-1 369 fits the standard 114 MW foot and 
can be used front or rear depending on whether you want an upward 
or downward display. 

Rear Panel Locking Foot Kit 
When full module cabinets are to be linked vertically, and rear 

standoff feet are planned, use this kit. It consists of right and left foot 
linking pairs and 2 front hooks, enough for one over-under joint. 

Also requires one HP  5062-4009 foot kit to supply the remaining 4 
corner feet. 

HP Part No Name 
5062-4009 Rear Standoff Feet Kit (4 Feet) 
5062-3995 Cord Wrap Feet Kit (4 Feet) 
5041-8801 Standard Foot 
5041-8822 Non-Skid Foot 
1460-1345 Tilt Stand 
5041-8805 1 / 4  M W Foot 
1460-1369 114 MW Tilt Stand 
5062-3999 1 MW Cabinet Lock-Foot Kit 
S For same-day shipment, call HP DIRECT at 800-538-8787 

Price 
f8.75* 

S 2 5 . 0 0 s  
s 1 . 3 o s  
5 3 . 8 0 s  
54.00% 
57.00= 

SlO.OO* 
f 60.00 s 



CABINETS & CABINET ACCESSORIES 
SYSTEM 1-Rack Hardware and Accessories 

System 1 Cabinet Design 
System 1 Cabinets are still used on older H P  instruments. System 1 

can be identified by its front handles being integral with the side casting 
frame. These two pages describe accessories for use with Svstem 1 Cabi- 
nets and small modular instruments. 

Comblnlng Cases, HP 1051A, l052A 
H P  105 1 A and H P  1052A combining cases conveniently rack or bench 

mount combinations of small modular Hewlett-Packard SYSTEM 1 in- 
struments. Both cases accept '/, or '/2 instrument modules, 130mm or 198 
mm wide (5'1s or 7=1/12 in). The basic difference is that the H P  1052A is 
130 mm ( 5 9  in) deeper and will accept modules up to 416mm deep (163/s 
in). The H P  lO5lA accepts instruments up to 286mm deep (I 11/1 in). 
Each case is furnished with two dividers. 

Accessory drawer H P  5060-8756 supplies storage space % width and 
77 mm (3-1132") high. Use an H P  5060-8758 filler panel above or below. 
HP 1051A, 1052A, 5060-8756 Specifications 
Size Price 
HP1051A:178Hx482.6Wx337mmD(7'x19'x131/("). $1,050 
HPl052A:178Hx482.6Wx467mmD(7'x19'x18)/6"). $1.050 
Weight 
H P  1051A: net, 4.5 kg (10 Ib). Shipping, 6.7 kg (15 Ib). 
H P  1052A: net. 5.4 kg (12 Ib). Shipping. 8.1 kg (18 Ib). 
Opt 908: Rack Mount Kit $40 
Opt 910: Extra Manual $1 

Rack Mountlng Klts, HP 5060-8739 to 5060-8744 
With these kits all Hewlett-Packard products in full rack-width cabi- 

nets of the integral side frame-handle style (see H P  1051A. 1052A. Com- 
bining Cases above) can be easily prepared for rack mounting. Each kit 
contains two flanges, a filler strip. and mounting screws. 
Rack Mountina Kit Orderina Information 

Rack Mounting 
P 5060-8739 TO 5060-8744) 

HP Part Number 

HP 5060-8739 
HP 5060-8740 
HP 5060-8741' 
HP 5060-8742 
HP 5060-8743 
HP 5060-8744 

Rack Adapter Frames, HP 5060-8762,5060-8764 
These frames can be used to hold combinations of '/, and Yz module- 

width HP instruments. Each frame is furnished with mounting hardware 
and three dividers. Two models are available for different instrument 
heights. Adapter frames are for permanent or semi-permanent rack 
mounting. Where quick removal and reinstallation of instruments is de- 
sirable, the HP 1051A and H P  1052A should be used. 

HP 5060-8762 is 178 mm (7 in.) high and accepts instruments heights 
of %H, fiH, and 1H. H P  5060-8764 is 89 mm (3!4 in.) high and accepts 
instruments of l/rH and IhH. 

HP Part No Name Price 
H P  5060-8762 Rack Adapter 178mm (7') 
H P  5060-8764 Rack Adapter 89mm (3%') 
H P  5040-6678 Extra Vertical Dividers for 5060-8764 
H P  5040-6680 Extra Vertical Dividers for 5060-8762 $12 

*Also used to rack mount ComMning Kiis HP 1051A 6 1052A shown above. 

Remove Handles  Attach 
a n d  Feet  Adapter  

Price 

$40 s 
$40 
$40 
$45 
$45 w 
$50 w 

Nominal Cablnet Height 

Mlllimetnn inches 

Mount 
Slides 

88.1 
132.6 
177 

221.5 
265.9 
310.4 

Rack Mount Sllde Klta and Cabinet Adapters 
By removing the side handle of full width system I cabinets, rack 

mount slides can be attached for easy access to internal space. Both tilt- 
ing and non-tilt are available, while max. load factor is 3 1.7 kg (70 Ib). 
The cabinet adapter plate attaches to the handle recess then to the slide. 
Slide kits include four angle brackets which mount to rack rails with 
front-to-back nominal spacings of 24.26 and 28-inches. 

3% 
5114 
7 

8% 
10'12 
12114 

Cablnet Adapters 
HP Part No Name Price - ~ 

H P  1490-0722 Adapter plate for 88.9mm H(3'h') 
cabinets 5 1 3 5 a  

HP 1490-0721 Adapter plate for 133mm H(51/rW) 
and higher cabinets 5260% - 

For same-day shipment, call HP DIRECT at 800-538-8787 



CABINETS & CABINET ACCESSORIES 
System 1 - Slide Kits, Fans, Joining Brackets, Cases 

Rack Mount Slide Kits, HP 1490-0713 to 
1490-0720 

HP Part Slide Cabinet Extension 
Number' Type Depth Length Price 
1490-0713 fixed All Sizes 482.6 (19)l $140= 
1490-0714 fixed All Sizes 635.0 (25)' $160= 
1. Cabinet Adaptm, below, must be added to slldes 
2. Slide's stationary mwntlng depth: 408.4 (18) 
3. Slide's stationary mwntlng depth: 558.8 (22) 

Filler Panels, HP 5060-8540,5060-8757 to 
5060-8761 

Filler panels can be used to close off any leftover space after instru- 
ments are mounted in combining cases (ieft) or adapter frames (be- 
low). Panels are available in a variety of widths and heights. 

5060-8540 '14 x '12 38 x 198 
38 x 130 
77 x 130 
155 x 130 

For same-day shipment, call HP DIRECT at 800-538-8787 

I I Module Cwe 
HP Part No Heinht x Width 

Joining Bracket Kits, HP 5060-8541 to 
5060-8545 

These kits join H P  System 1 instruments of the same width and 
length into easily handled single stacks. Each kit consists of two 
brackets, mounting hardware and trim. They are available to fit the 
three most common instrument depths: 

HP Part Number Price 
5060-8541: 279 mm (I 1 in.) EIA panel depth 5 1 6 0 s  
5060-8543: 406 mm (16 in.) EIA panel depth $160= 
5060-8545: 480 mm (19 in.) EIA panel depth 5 1 7 0 s  

Filler Panel Dimensions 
Millimeters I Inches 

Vectra 

Prlce 

You can now rack mount the Vectra SPU, VGA monitor and key- 
board. A rail kit for both SPU and the monitor are required to com- 
plete the installation. For H P  racks, the 12679B rail kit is needed for 
the SPU, and the 12679C for the VGA monitor. 

HP Part Number 
HP 35199A Rack Mount Shelf 
(1-9 units) 
(10-24) 
(25-49) 

Price 

f79 e a . w  
572 e a . w  
568 ea.* 

(50-99) 570 ea. 
HP 12679B Rail Kit 570 e a . s  
HP 12131A Keyboard Racking Kit $360 ea. s 
HP 35199B VGA Monitor Rack Mount 5125 e a . s  
HP 12679C Rail Kit 550 ea. 

For same-day shipment, call HP DIRECT at 800-538-8787 



CABINETS & CABINET ACCESSORIES 
EIA Racks 
HP 48298-Series 

Functional fit with HP instruments 
Same design as HP Design Plus work station furniture 
Quality construction 

Modularity lets you select only the parts you really need: doors, anti-tip feet, a work surface or a convenient drawer for small system parts, 

With the addition of these racks. Hewlett-Packard can now offer 
you a total system of test instruments, rack cabinets, computers and 
work stations. All these pieces are designed to be compatible - both 
in form and function. 

These 19-inch commercial/industrial EIA rack cabinets easily ac- 
commodate HP  test instruments and incorporate the same design ele- 
ments as HP's Design Plus work station furniture (see page 702). You 
can create work places which are easy to install, look good and incor- 
porate the latest in ergonomic features. 

The rack system is modular. Choose from three heights: 1600mm 
(63.0"). IOOOmm (39.4") or 720mm (28.4"). Then purchase doors, 
filler panels or other products only as you need them. You can select 
from blank front doors, ventilated rear doors, front caps, blank filler 
panels, a sliding drawer and anti-tip feet. We can even provide you 
with the proper mounting hardware. 

The basic rack consists of the frame, two side panels and a top pan- 
el. The frame includes a base plate, the four corner struts, to which 

the instruments are attached, and a top plate. Everything is manufac- 
tured from folded, welded steel. This all-steel, one-piece construction 
offers incredible strength compared to racks which are merely bolted 
together. The colors are selected to blend with old and new HP instru- 
mentation. The HP custom paint matches perfectly the newer instru- 
ment colors (known as System I1 Plus). 

The racks offer many additional features: 
Convenient lift hooks are included with all cabinets. Use them to 
lift the empty cabinet into place. 
If you have a large system you can mount instruments both from 
the front and the rear, since the EIA hole pattern appears on all 
four corner struts. 
The leveler pads are located at  the extreme outer corners of the 
frame to provide the largest base possible for safety. 
Swivel casters mounted to the base let you roll the racks easily into 
position. 



Lockable doors 
Blank front and louvered rear doors come in three different sizes 

for each of the rack heights. Both are lockable with a key, so that the 
instruments can be protected from unauthorized access. Even with 
the rear door closed. power to the system can still be furnished. 

The rear door is fully ventilated for maximum convection cooling. 
However, some configurations will require additional ventilation from 
user supplied fan units. 

Anti-tip foot kit 
Each kit contains two feet with leveler pads. The cast steel feet can 

be mounted either to the front or the rear using existing holes. Bolting 
the feet to the frame is easy with a wrench and the hardware supplied. 

Sliding drawer 
Keep your instrument manuals or system software close to you in 

this convenient 5'/4" high drawer. 
Construction is folded, painted sheet metal and it glides easily out 

on a set of slides. A plastic bezel in the front recess protects your 
fingers. 

Front caps 
The front caps visually "clean up" the front of the rack by covering 

the corner struts and the edge of the side panels. You will still have 
complete access to the instruments and the mounting ears. 

The caps are made of folded, painted steel and only a wrench is 
necessary for mounting. Mounting hardware is included. 

Name plate and mounting hardware 
If you wish, you can attach a Hewlett-Packard system nameplate 

in the existing indentation in the upper left corner of the racks. The 
plate features the HP logo, the words "Hewlett-Packard" and "Sys- 
tem". These labels are furnished with each rack. 

A kit of sheet metal nuts and 10-32 screws is all you need to com- 
plete the system. Each rack mount kit comes with hardware to mount 
the rack ears to the instruments. These screws and nuts mount the 
ears to the frame. There is enough in the kit to mount the maximum 
number of instruments in the tallest (1600mm) rack. 

Specifications 
Exterior height: 720mm (28.4"), lOOOmm (39.49, or 1600mm 

(63.0") 
Usable rack height: 553mm (21.8"), 833mm (32.8"), or 1433mm 

(56.4") 
Exterior depth: 800mm (31 5") 
Max. instrument depth: 710mm (28") 
Exterior width: 600mm (23.6") 
Net weights: 720mm: 5 1 kg (1 131b) 

1000mm: 59kg (1301b) 
1600mm: 75kg (1661b) 

Hole spacing: EIA standard 
Caster load weight: 180kg (4001b) each 

lrdering information 
P 46298A Rack, 720mm 
P 46298B Rack, l OOOmm 
P 46298C Rack, 1600mm 
P 46298E Front door for 720mm rack 
P 46298F Front door for lOOOmm rack 
P 4629% Front door for 1600mm rack 
P 46298H Rear door for 720mm rack 
P 462985 Rear door for 1 OOOmm rack 
P 46298K Rear door for 1600mm rack 
P 40112A Front Cap Kit, 720mm 
P 401 13A Front Cap Kit, IOOOmm 
P 40115A Front Cap Kit, 1600mm 
P 40101A Filler panel, 1.75" 
P 40102A Filler panel, 3.50" 
P 40103A Filler panel. 5.25" 
P 40104A Filler panel, 7.00" 
P 40105A Filler panel, 8.75" 
P 40106A Filler panel, 10.50" 
P 40107A Filler panel, 12.25" 
P 46298M Drawer and slides 
P 46298N Work surface 
'P 40100A Anti-tip foot kit 
P 4629811 Mounting hardware 
C For same-day shipment, call HP DIRECT at 800-538-8787 

Price 
ssso* 
S 9 O O s  
$975 s 
S 1 7 5 s  
$190= 
S 2 1 5 s  
5 1 7 5 s  
S 1 9 0 s  
S 2 l 5 s  

s s 5 s  
$ 9 0 S  
$95 s 
$36= 
$37 s 
538 
$40 s 
$41 s 
$42 s 
$43 s 

$235 s 
S 2 7 0 z  
$ 1 3 0 s  

s 7 0 s  



Q CUSTOMER SUPPORT 
General Information 

Supporting Your Success 
You chose HP  equipment because it best 

meets your test, measurement, and wmput- 
ing needs. H P  wants you to be successful and 
we're committed to helping you achieve the 
best results from your system for years to 
come. We don't stop serving you once the 
sale is complete. Our flexible support solu- 
tions-in hardware, software, customer edu- 
cation, and consulting services-bring you 
many benefits. Our support services will: 

Shorten the period between purchase and 
effective use of an HP  product. 
Deepen your understanding of your H P  
equipment and its capabilities. 
Customize your hardware and software 
for application-specific requirements. 
Make available unique resources for main- 
tenance and troubleshooting. 

Measure the results in greater overall pro- 
ductivity and lower cost of ownership. 

Maximizing the return from your equip  
ment investment can be seen as a three-phase 
process of planning and design, implementa- 
tion, and operation. Hewlett-Packard offers 
support services to ensure that you obtain 
maximum performance from your measure- 
ment system during each of these phases. 

Performance by Design 
A thorough design will ensure that your 

test and measurement system performs to 
your expectations and meets your needs. 
Whether you're planning a single instrument 
system or a complete factory, HP  can offer 
you technical assistance through consulting 
services or design the system for you through 
project services. 

Support Life Cycle --- 
Project services Consulting Hardware support 
Consulting Installation services Software support 
Educational services Project services Educational services 

Educational services 

Smooth Implementation through 
Knowledge 

A thorough understanding of your equip- 
ment's capabilities is essential to achieving 
maximum performance from your invest- 
ment. That's why we back our products with 
education courses and materials to ensure 
that you learn the best way to apply our 
equipment to your environment. 

We also offer installation services to en- 
sure that your system is installed correctly 
and quickly. 

Continuous Operation through 
Maintenance 

To help you minimize equipment down- 
time, Hewlett-Packard maintains a world- 
wide customer service organization staffed 
with trained engineers and technicians who 
are backed by factory designers and a large 
inventory of replacement parts. We will fo- 
cus the necessary resources to keep your 
equipment operating at  peak performance. 

With computers playing a larger role in to- 
day's measurement systems, software sup- 
port plays an essential role in maintaining 
your system's performance. HP  keeps you 
up-to-date on the latest software improve- 
ments to ensure your system continues per- 
forming to its maximum potential. 

Sewice Selection Guide 

Senices Maja Benefits 

Hardware HP Customer Return service Fast turnaround time 
support On-site service Cost savings 
k. 723) W30: 3-year customer return repair Dependable measurement accuracy 

coverage Peak instrument performance 
W31: 3-year on-site repair coverage 
W32: 3-year customer return calibration 
coverage 

Eduerllon8l Wide variety of courses covering latest Fast learning 
Sewices HP products and technology Time and cost savings over learning 
( ~ g .  726) Variety of audiences and skill levels independently 

Flex~ble delivery options 

Support Life 
To help you maximize your product's use- 

ful life. H P  will continue to offer standard 
support services for as long as feasible. To 
continue offering these services means man- 
aging our trained staff and repair parts in- 
ventories to match your needs. 

In any event. HP  offers support services on 
all of our products for at least 5 years beyond 
end of production. Furthermore, on most test 
and measurement equipment, services are 
available for at least 10 years beyond the end 
of production. 

In addition, we will make our best effort to 
repair or calibrate any HP product, whatever 
its age, even if the product has passed 
through its support life. Charges will be 
made on a time and materials basis. 

Support for Your Needs 
The following pages provide more details 

on Hewlett-Packard's wide range of support 
services. Ask your local H P  representative to 
help you select the services that best meet 
your needs in maximizing your measurement 
system's performance. 

Bml Fit 

Most instruments, especially those in 
critical applications or frequently used 

Whenever new products or technology 
are introduced in your environment 
New people 

Softmro HP ResponseLine software support Software usage and problem resolution Systems test 
suppart service assistance Instruments with software 
( ~ g .  729) HP BasicLine software support service New software releases Instrument controllers 

HP Software Update Materials servlce Up-to-date software information 
Fast, accurate support 

Consulting HP Requirements Analysis service Expert implementation assistance Fast, efficient implementation of 
Sewices lnstallat~on services Qu~ck startup of instrument systems instrument system required 
( ~ g .  731) Project services Increased productivtty 

Productivity assistance 
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