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AT HEWLETT-PACKARD

Our business is the practical application of high technologies. HP applies its
scientific and engineering resources to two fundamental areas: Measurement
and Computation. The company makes more than 4000 products with

broad application in the fields of science, engineering, business, industry,
medicine, and education.

HP has manufacturing divisions in more than 20 cities in the U,S. and eight
cities overseas, and has 172 sales offices worldwide. Annual sales are
approximately two billion dollars.

Aggressive Product Development

Traditionally, HP invests from eight to ten percent of its sales revenue in
research and development. The largest share of these dollars support product

development programs within HP's manufacturing divisions. This level

H Ew LETT of commitment enables the company to employ the latest lechnult.)gies in

developing innovative products that can be reliably produced, delivered, and

pAC KA p D supported on a continuing basis.

Many of the page numbers below refer to the beginning of a catalog section.
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Because HP products are functionally interrelated, the exchange of

ideas throughout the company is continuous. A technological achievement in

one product area often contributes to improved capabilities in other

products and systems. Similarly, the wide range of customer needs improves H‘-;; S ey
HP’s sensitivity and response. HP considers customer comments and suggestions

essential to its continuing efforts to improve product quality and usefulness.

Worldwide Support

All HP products come with complete documentation, including instructions
for their most effective and efficient operation. Wherever they are sold,
worldwide, HP products are supported by customer training programs, by
system analyst and customer engineer assistance where required, and by a
worldwide network of parts and repair centers for maintenance and service.

To locate the HP office nearest you, please see the listing on pages 709-712. Contents overleaf
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Milliammeter . .........ccieiiinnann 40-42, 62-74
1L o<1 o e T, S 2SI Lo e i 40
Voltage SOUTCE ... oooeevnernrrmennnnnasnens I8
NOMMBIESS . <o v sae s i e mams o s sah 39-74
DECADDNE ZORVETIELS: . ...ivo s oninir vin 750 ams o 50 v e SRS 242
PC Power SUPPHES ..« s o vamus rasinsie s 36, 230
Amplifier/Power Supply ................ ... 239
[ ST ot e ) ST A o N I v S W 7' 1
Constant Current SOUFCeS .. ... .o.oeenvroiarseans 238
Digitally Controlled ... oo vinrains snmn snsinma s SIS
DRpTERCKING: - ovs 25t o inn iateivias o e s AR AR AT 234
General Information ............. IR o . 218
General Purpose: 25-200 W Output .............. 226
General Purpose: 100-2000 W
317 £ 11 e P S L L 2o 228
General Purpose: 300-11,000 W
BIREPUE - o vz iv s oo IR AT 1 et e vaath 230
B VOIBEE | . .vvnr oA b e yhoel £ e s i MO 235
HP-IB Programmable ................. 232, 244, 658
Eow Costlab ... vveevimivinssinmins mimae bileies 222-225
MICTOPIOCEEEOY ... . ivs wisivs sstinais s il sraimrazonsre 224-242
Modular, DC-to-DC Converters . .........cveeoann 242
Modular, Single Output, Series
Reptilated 5 s i s st i s tea e st e A vtk 242
Modular, Dual Output, Series
Regulated .o ann e smane=teboms s Gostala  desn 242
Modular, 200-600 W, Switching
Regwiated: ..o o an brmariantomnre svmasma i i sl 242
Modular, 110 W Switching
Repilated: - .o amnu sl < sl 242
Modular, Triple-Output Swuchmg ............... 242
Options ...... ; T s e )
Precision Vollagc BoUrces. | A AN s SR oo s 236
Programmable .......... i ata e R 232, 244, 658
Specifications Definitions ... . ... .............. 219
Decade Capacitors and Attenuators ................ 103
Desktop Computers and Peripherals 34,614-621, 642
16-bit Parallel Interface . ... ... vcoeervmesan 621, 652
BED Input BMerfBee o wom s ma e o ihsm i 621
CardReader ..............cciiiieeanannn. 620, 638
Cartridge TapeUnit: c..o. oo inmiiniuas 30,619
Character Impact Printer ............ccc.vuennnn, 619
Deikiop COMPUIErs: .. covois v viiies 34, 614-617
T T e N (P SR P SO 1| 619

PISCINBETACE: ¢ . v mcamnarassis s bamite s i s o8 621
External Tape MEmOLY i cihe . vionsiossnsh s 620
Flexible DISCEITIVE ..« s v saviae s ssmmrasane 619, 642
General Interface ... .. iiiesiiven ot s 621, 652
HPAB Interface. . . .oasvnseimeeaes 621, 648, 651-654
Incremental Plotter Interface .................... 621
|G 2T T A N (ORI o O L A ¢ 620
Plotter (Incremental) Interface .................. 621
Real Time Clock Interface ...................... 621
Serab IMErTace . v nu v s vina e il s 621, 652
RS-232-C Serial Interface ......... 621, 649-650, 652
Tape CartnidgeilInit . - ovonnmae it 30,619
Tape Duplication Interface . .................c.c.c.. 621
FAPE PUNOI i v e o e et matat oo 37 alalid oo it 020
Tape Reader Subsystem ........................ 620
Therthal Pripter . oivowoain o v 274, 620, 654
XY Plotter ....cu.ivnssmmmisesmmsssy e sins 246-255, 620
Detectors
Coaxial, Microwave, OEM .................0.... 436
Crystal, Coaxial and Waveguide ................. 436
b L T e R S s A Y e 688
DHEECUOBAL . <o ooves i wraia s siiatass asls st it G e ]
2% e e o G o RS ) i o 0 s 7 T 558
Slotted 1ane .. o o T AL 433
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Analyzer - LOgIe i oiiams o S e ey a 126
Analyzer, Signature . . .................. 122, 524-534
Boart TERLern s iu i fu diasia v o5 575 S5 dalam brearsiy 108-113
EHTCUIUTEST vsvoraiioinissonn mimions e s tra o B obraietnik a1 e 108-114
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IC Tester; Interface Kil ... . ....ovunis o hid ot nmes cmme 107
FOUTTRBIRT o o dooimas oot 6B e R T s 104-107
[ e SRR - & el s i oo o o, SN s o B 106
Impedance Meter ..ovveivisasies viseaasiseis 86-94
BCRINIBLED . | i Vb e sy ot d s (s Sl ats 86-90
Microprocessor Troubleshooting ............. 114,122
Microprocessor Training .. ............cccvi0vnnn 125
T 7 e S 54-74
5] 10715 |3 R SRR AR fon 7 L 54-56, 62-74
L 17511 o) 350, 358
Output Card . VA TN S0 i ) N
PC Board Test Syslcm ........................ 110
Pressura Gabge < uucva cinmns maenns esa . 668
Printer ... 654
Programmable Power Supphes PR L e 232 244 658
Signal Analyzets . o limbdd. reatd, 050k 122, 480-547
Signature AnIVZET . coiavrananes i n e 524-533
SPEC UM ADRIVEEIS |« .5 b e s b 4w s ware 05 Eie 488-533
SEaRaAge LI o i e s it S S e e T 463, 479
e MPEr AR RN ol E oo i rhies s nndd s T 40 PONRES 68
Test Sets, Pigall LOpIC ¢, © .ovstivive vt iinanns. 120
R eI . S e i h T s e e s 68, 669
To Analog Current Converter Card ............... 665
To Analog Voltage Converter Card . ........ ... .., 665
AERINIID . . o v coinirasnin i ey et e o e BN e 124
TronbleshOoting, ..o ciuic v halapiie w sannmly Sh sy s 114
Troubleshooting (Video Tape) ................... 696
Nibration Controller. ..o < iiae it s Sgy 531
O TS o e v e el A D) 49-74
Digital Input/Analog Comparator Card ............. 665

Digital-to-Analog Converters ......... 232, 531, 658, 665
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Digital Output Card .......... e e 665
EARIGZET s satsisn Soine v i odn e 5 S ang: T o 619
DIOHE TEELEI . . v cooovis s sovmorgie wreiwinnin o Eiovs mcsisamimss 54, 68
PNOUES. i s R I BN R e T R e 0 688
Directional Bridge ...................... 444 464, 469
Directional Detectors . ......c.oiveilviiiaiasnsenis 601
IISE CATIRIARE oot vonsmns s sin v asisonzaaimbe e ARRe minc s 643
DiseDFIVES i obr piokan i st it S o S 619, 642, 644
Dise Media .....cuvvrmmvanmonomnrenessvamanasss 643
Dse Pack: i sniienm vs seedd S St e 643
Displays, Cathode-ray Tube .................. 202-217

Computer-Graphi€s: ... oo e saaimi sowani s o 216

Display SyStem ... .ovvvinnrvinicraranarinnns 27, 214

Graphics Translator (HP-IB Interface) ........ 27, 214

ImMaging ....covvinii i 206

INStrUmMentation: = cwemsa v ve o e s el e st 212

Tr-COlOT o oottt et 217
DIStanee: MEter .. ucivwinimies s s e e 58 695
Distortion Analyzers .....................0... 538-542
Distribution Amplifier ... ... oiiiaan 36, 286
Double Balanced Mixer ........................... 689
Doublers, Frequency . co.... 393,394, 396

Down Converter, 0.5 10 550 kHz {1 lo
12 GHz, to 70 MHz or 140 MHz IF) ............. 600

Dual Tracking, Power Supply ...................... 234

E

EIA Registered Visible Light

EmitlersfDeleetars ,ouss svs/iass saliinie sn e 20w 686
Optical Reflective Sensor ........ovvnvrvssvins.. 686

Electronic Counters: .......ociiessiniosiniis. 288-320

Electronic Total Station .......................... 695

Baualizers; CABlE: . i oiiiaa s i, wia e s Saa /s i 589

Error Measuring Set (1 kb/s-50 Mb/s) ............. 562
Error Measuring Set (1 kb/s—150 Mb/s) ............ 558

Error Rate Measurement .. ................... 558-562
Extengion; HPIB ;o g tonmnd i naiie sl sha SaVEINT e 32
F
Faxitron® X-Ray Systems ............o0ovvinniionn, 694
FDM Network Surveillance Systems .. .............. 5390
Fiber Optic HPAB LIAK  v0.v voevioipreims s smasbissomimnn o s 32
BIBEEOPHOS: o sumenes semsmiin i s we whots el st 686
Fiber Optic Power Meter .. ....................... 419
Filters
Bandpass. . . . - oo et s ms e v ainanss wixia i 396, 520
Coaxial and Waveguide . ............... 396, 439, 445
High Pass. .. ..ovcvneoemmnn e mmennnnnsesnosss 445
Low PRSS © . cvwain s snariesaianind sy ica s avive 306, 439, 445
Four Channel Adapter . ..........c.ocvvvvevionninins 343
Four Channel TTL-CMOS Translator .............. 343
Four Color Plotters: ... ... . .eecanooidsioaagn 649-651
Fourier Analyzer . ...............ccoeveuean... 526-533
FM Modulation Analyzer ......................... 543
FM Signal Generators ... .... 372, 374, 378, 381, 384-386
Frame Alignment Monitor & Error Detector . ........ 560
Frequency
COUMAIT oo 2 das S ieE 5SS S EaTa e ST 288-320
Counter/Modulation Analyzer ................... 543
Counter/Track Generator .. ................... 516
DOUBIETE! < v ivcu serimioness o omianacn ays a:9-02 80 0 imsn ) miagmss 393 396
Meters, Coaxial and Waveguide .............. ... 437
Response Test Set .. ...ouvvineeanmmrnnesessss 442
Synthesizer, Microwave ...........c.ooiiiiianiaas 380
Frequency Standards ............................. 276
CERTUINN ite - oms v e w970 P otaraaca 1tos wiativhm ot el ot woss o 278

Distribution Amplifier .. ........ ... o oo 286

General TREOEATION . .. ows vsmsminee ey pemmnsile v 276

(U155 oo e g vt [ P e A Eer P 284

BUBORUIE cirirs s misnicn sapsiapraimorso sgepte ATER S LM Al aTH 0 200 281

Standby Power Supplies ............ ... 287
Frequency Doubler ... ... ............... 393 394 396
Frequency and Time Standards .............. . 276
Frequency Selective Meter and

Tracking Oscillator . oeuaiiviowi i sisimees o 592-595
Frequency Synthesizers .............. 372, 374, 378, 380
Function Generators . ..............ceceomuann 351-359
Functional TeSer . ... vcvsvsamssm s sms pamenseons 112

Fuseholder; BF v i wisssismes aasms saasas cons 390

G
GaAs Field Effect Transistors . ...........coecuaan 688
Gas Chromatographs .......coovvrirrvvnerrereenanss 690
General Purpose Interface
BUE COMEROLIBER . < yovi o mimaiorsimimnttisip aommsn s i eire 18 pysasane 3 34
Generators
Datd . ovoooo e, 344,558
BUACHON .0 oot (a0 Bidteras Sk s tevas e diaratiise 351-359
HP-IB TiminE v vvvviwes o vwans sassnsmaansssnmess 29
NOSE: . oaucscnvn s sammamn sari satim s SO0
Paltcrn.......,..,...,.,......,..,, r 562
PulEe: covivonimenamanmn e i s IIO 353-358
Signal .....iiiiinirer s s 370-394
SQUATE WAVE: oo s oigise saatn » 348, 353, 358
Sweep ... 358-365, 372, 397-417, 601
Tracking . oo 365, 504, 508, 514, 516, 518, 521
15530 v 1 RN o G gy e -5 XS 620
Graphics PlOMers, ... cvemss soseananasas 620, 646-654
Accessories & Supplies «....... .o il 656
Graphics Plotter/Printer ... .. T S - .
Graphics Translator (HP-1B Interface
FORQISPIAYEY oo cowa s srsmanice saeimions o O - 27, 214
Graphics Prnter: . . ;oo ais S aiieh eosaden S 3 618
Group Delay (Network Analyzer) .............. 454, 460
Guarded Digital Multimeter .. ...... ... . .00, 71,74
H
Harmonic Mixer (Coaxial and
Waveguide) . i N W
Hewlett- Packard Interface
BUnRPEIPY . oo nrvarenmniisn e el M R S S e 21
High Capacitance Meter ......qoiimenmsammsns anes 96
High Gain Preamplifier ........................... 268
High Power Attenuators .............coooeeenenn. 428
High Power Sensors ..........oovoveinenenonon.... 422
High Resistance Meter .....icicusaseies vianeasoma: 84
High Speed System Voltmeter ...................... 60
How to Solder (Video Tape) . .............0.coovnn 669
How to Use an Oscilloscope (Video Tape) ........... 669
HP-IB
ANAWVERTS: o ovan s o s e e (R S W s stara 28
CABIES: ..o o e ime s wiimmn AT e s e e 28
Controlled Attenuator/Switch Driver ............. 430
Controlled Channel Selector . .................... 556
Contrallers veas swicanss s BEamsm swrmaea Saanie e s ... 34
Tt e — g || E— 33
BXEONRIOT iy ionsrite s .65 5 obersc a6 o SRTESR B wa 1 b e o 32
Instrument list ........ o m L o AT B et 23,24
Relay ACtOator ... . oo s s sk s s » 29
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Y TFemterl i PARIALL <. . oo e e e s e R e 104, 108
IC TFest Syatem, Digital coos oo i don ikl s 106
GHPEdanca MEIEF .. . .-« vo s rrhmmas ciRS s s 86-94
INPedance PrODe. oo s s b wd ik & M sriag 469
Impedance Transformers (50-759Q) ........ 465, 469, 523
In-circuit Functional Tester .............. .00 112
INSErUNIERE ACCCISOTIEE .., .o com.viiery e oohimntos o RS e i 676
Insteamient Cart o s e Al 589
Insulation Resistance Meter ........................ 84
InRRIaMoN T ;.o v nnisvms s sien i s niz R R, 84
Interface Cards for Desktop Computers ............. 621
Integrators, Reporting ........coiovivnuiiniiiniin.. 691
Interface Kits
EORICARBINZRT o s i i via wovwa s sovianin sl oiwgard o bbrices 157
Multiorogrammer: . .5y v o svie.s YRV ST s o8 660
INETUPLEaTA] . s immiosmmmsem s e e T e e el 665
T CRICRIRLON: v vt s SRS Rl et 615
Inverter Power Supply (1700 Series
OLCilloomel) < misim niene: s aloratenaws 195
1/0 Expander for Desktop Computers .............. 620
J
JAN & JANTX Praducts ooy v vadidaa e .. 688
L
Laboratory Automation Systems ................... 691
Laboratory Strip Chart Recorders ......... 246, 256-261
Laboratory X-Y Recorders .................... 246-255
Laser MeasUFCmCHL. - i vaminiaes simian e S8 vaasimm 667
Laser Transducer .............c.c0ovuneneieeinnnn. 667
BERMETIOT oo o mavsni e posttanits BTl 53 2229 82, 86-94
Light Emitting Diodes ..................cccvurnnn. 687
EAMEE ¢ soan coarm o imsarin s ihamsiis e s iimmmieaiaas 523, 688
Liquid Chromatographs .............c.iviviiainn.s 691
Logarithmic Preamplifier ......................... 269
Eogasithmie Moltheter: . wasiiiae suoiise va ol da 48
TS Tl T T T e e e 68
Logic
ANBINZOTE o sy roeivrernmisim o mesia)wiiesm woie: bivss jazeioidolialorbdorald 126
ANAIYZEr ACOESSOTIBE ooy osin v sarnames sl s 155
Analyzer Interface Kits .. ....................... 157
S e R e P | SO TE 117
B T B o ) (O UL SR SUS B S 118
EDPATAIOR oosun e b s s a4 e 119
Development SYSICH, <. 2uo il 5t oianioie o mieiile s oo 132
BB oo e i e i o e T s s 8 e B el 124
PAUEIR GENErator i ssisie mpnaahinmehiss 336
FIODER. 7y vrerom i pm v bov s e e I e ol e 115
PRIBEE ©onimne g s G S e s T G v 116
Troubleshooting Kits  .......................... 120
Low Distortion (Generator «...:ouse cuume i mpanauelen 2y 358
Low Distortion Measurement Set .................. 538
Low Frequency Spectrum Analyzer 514, 524-526, 531-533
Low Gain Preamplifier ................... 262-264, 268
Low Resistance Meter . . ... « i stk st o s 70, 83
M
Machinery AnBIYZEr 00 iai s me bl 5nioe el f b e 526
Magnetic Tape Recorders, Analog ............. 271-273
Mark Reader, Optical viaomiian diiadsissw it 638
g R T T el TS OB e 400
MEAES SPECITOMEIE < & oqxv via L 2 G e T e s i 690
Mechanical Impedance Analyzer . .............. 531-533
Meodical- Instrumentation . cvisansacsie s vans 692
Medium Gain Preamplifier ............... 263, 264, 268

Medium Range Distance Meter .................... 695
L S A T s e rec\ [y A LI 665
Meters
o 0 i P S o A B3R, a8 42-48, 54-74
ACREABIAN0E: -0 il v s wans 42, 43, 54-74
CAPAGITANCEL oo s e 86-96
CORARCIANGE: & .5 il e i el s e 86-96
Digital Multimeter ............coviuiennnnannn 54-74
PIEQUOICY i dinwiom i@ il A sk em i 1S3 LAY, 437
Bl CAPACIANGS ... «cpipemis e Enrie st b e ey bre 96
IMPERANGE = . v s F s 4 i S e s T 82-96
| 173 - R N 82-96
Logarithmic Voltmeter .................civiirainn 48
Milliammeter, AC . ..................... 56-74, 685
Miliammeter: DC: .. oL v vsenis s 42, 56-74
Milliohmmeter .......................... 56-74, B3
MOGRIRLION - . vix oivasismss s s siaigsins s oL bl 543
Multifanction:. (oves « asmmveds T on st 43, 54-74
PNOISEITUPUNG ©oiscoi warisasivacasn ol Sobibtn 60 o S e sl o a0 426
D HIBIET: s v s ia o vy e s TR o e 54-74
BEAK-POWEE i wrmmrama arisarsy snin (o mibly sl nvs s w23 Mo 425
Power (RF/Microwave) .................... 420, 424
RUERCLANOR. . 1o oomiioreis sios 03000 o Srr AN Be oL s 82-96
Standing-Wave-Ratio (SWR) ................... 447
S UROCEAPTEI I T 0 s sramtores | Diakeieiesm w s HCeDTo S 82-96
e BENVES: oo o st a0 e e e e T 46, 58, 70
Microprocessor Power Supplies ................ 224, 242
Microprocessor Troubleshooting .. ... .. 114, 122, 126-151
Microprocessor Training ...............cooivuunn.. 125
Microwave
Bipolar Transistors .......... ... .......oooi.... 688
ERRION: v nonsions saimn iz avinnoc o e s Slsr s B dig 427
Counters .......coeivienernrorarenaassnnns 316-319
IHOBER. o s oo o sbhamnTe sniers il aTasEmetls Satah 688
GEASEBETS: 5 v amn i ne 5 asad) o & eiets s o o o e 688
Inteprated Products’ ... vvueniiesaasivs wssisiss 688
B AR Y e s it v Y R T e Tl g 597
Network Analyzers ....... 471-478
Power Measuring Equlpmem .............. 418-425
RAdIOTRERIRE e v e S R 596
SIENE] CXCNOFAYOTE v 0k ol e )i ey fa0ar s 370-393
Spectrum Analyzers ... .... 183, 494, 499, 504, 510, 520
Sweep Oscllators . . cvviais e remiaT s 401-417
Synthesizers . .........oiiiiuiiiiiiannanns 378, 380
TRl BEGREIODE oo ninines i ias s 427-447
Milliohmmeter ............................ 56-74, 83
Mixers, Double-balanced .......................... 689
Mixers, Coaxial and Waveguide ............... 438, 523
Modal AnAIVEIS. . ...cicaivcone s swicsion s vomiininds 526-533
Modular Power Supplies . ..., .....vrvrnrnrrnsonn 242
Modulation ARalyZer ... ... ccoveimmmann oveninis s 543
Modulators, Absorptive ..........cociniiiiieeinn 689
Modulators, IPIN - e i e T e s LS e 395
Modulation Test Source vt s zehinmisat 545
Multi-frequency LCR Meter .................... 92-95
Multineter .. e vusmmesomme wam a rs s 43, 54-74
Multiple Span Plug-In Module . .................... 260
Mulitiplex (Primary) Analyzer ..........cooviiuinin 552
MUIPIEXCT . e s vvieie e eisie vinmin sisiim alaioa se opiaieia e l6on 6 nin 78
MUlGPTOgFAMMEr .. .u o bk ke D e s A 658
N
Network Analysis, General Information ......... 448-452
Network Analyzers ..............0000uvnn 448-479, 452

Automatic....... T A e e e 454, 466, 478
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Noise Rack Mount Slides and Adapters ................ 194
Analyzer, Acoustic .................... 526, 531-533 Spectrum Analyzer Plug-In ......... 183, 506, 508, 510
Analyzer/Modulation ..................c0 0000 543 g 811 atel | £t ORI - = | s | | O 199
FIgure MEter . . . . ccovnnsvmin e i 60 e siaa vaiels ale 426 Variable Persistence Storage ................ 166, 178
GERBrRIOD - woamis smn i s e wommai, 426, 526, 534 Viewing Hoods ..........covinrinnneriniineeis 194
Source (IF, UHF, VHF and Outside Plant Telecommunications
WERVERUIAEY o i s s vminmismaops et an e 426 Test EquiDiBit ... ... ..o coiih oo sssisie sainas 580

Normalizer, DRl Scc:0is sois s s obieam s 463, 479 Overhead Transparency Kit .............oooiviann 655

INUH VLR |ira s g irioms watwince sowmn e wisseiie ks ik o 40

Numeric LED'DISplays < . oo ievvay anslina e 686 P

7. 0T T () T = ey e b s 3 i byl £ A A 98

o] PACK, DHEC <0 oo 5 s wiomss it b stel o iva: s sracihd wrd e e 643

OEM Pad, CoaxiglANRDNAtOr - s ve, il 2 e s SGAT T 0 64 428
Component Oscillators ................c0iiiia 285 Pattern Generator/Error Detector .................. 562
(87110 1) 1<ty U R » 0. S 624 PO Board Testers: . . .. vevnsmme s e a i 108-113
Displays, ORI\ o aareaina svinies pian e o Fuvi g 211 PCM Test Bouipment  ..oocvimesnnine s somas o 550-562
Graphics Plotters  ................. i R 646655 POM Test SYSLemE: o iissrinmeie sidan s danm i 2 555
Instrumentation Tape Recorders ................. 271 Peak Power Calibrator .. «.aiwsesss o smansssmmnbos 425
Microwave Attenuators .................c...0o... 432 Peak Power Meter, Analog ............ovceviuiins 425
Microwave Components ........................ 688 Personal Calculators ........o.veevivnimmsearensess 604
Microwave Crystal Detectors ................... 436 Personality Modules ... .............. 145, 647, 652-653
Microwave SWItCheS . ..q o ivmiiniiiiss soiamnis 440 Phase Meters .............. 458, 460, 468, 470, 471, 526
Strip Chart Recorders .................. 246, 256-261 Phase Modulation Analyzer .....................0. 543
XoY RECOIAES ..connnswlowinidini oyt 246-255 Phase Modulation, Signal Generator ................ 374

Ohmmeters ..........coevienueurrnn. 43, 54-79, 83-84 Phase Sensitive Demodulator

Optical Mark Readers . ....caust s s seodins ot 638 Preamplifier .........coiuiiriiieiiiiiiannaans, 269

(0770 s 1] -1y AU SRt | S = P15 1O ST 1 687 Physical & Optical Measurements . ................. 666

OIPLOBIBEEIONICS o i< isi e aibalbias s weiss e« riaimin-a e hiom 686 PIN Modulators, Microwave ...................... 394

Oscillators PIN PHOOHIOOES : © oo s viviiels siminive sasinives =os st ok wia's 686
PORID: 500000 s s v e oo a1 s s sz 345 Plotter, GraphiCs .. ....covnevessernensssessss 646-654
EMNBUHONS 7. o i e 300 sareiareataida'h it 351-359 Plotter/Prnter. <o it aresme s a s wre s s 654
General HLOPMALION, o wee mamsneessoss v siombumas 345 Accessories and Supplies: .. . . .ee0 e ssineesd s 656
Loow DIStartion: s imes ses s s wavs st 347, 358 PIOtter, X-¥ . avvsicvnn s cmmiamaions S 246-255, 620
7 T T T RSO | 358 Plrg=In Oscilloscopes: . . sty iiiaesvsme v sa T 175
PUIBE oo iy G Ve e alh g e s e e bR 353-358 Point Plotter Plug-In Modules ..................... 250
EMBTEE oo cenmin b mistore e st miarare  sise S sapan T SN 284 Portable
QUATRZ COMPONEIE i sa v o ih s - Sitdias VAT 285 CONBLELE) ;i it amnie s e 2 a0 s e S 302, 307, 308
SIEWRYEL oo vinime monrsyinsacs e e ey b LRI 348 Desktop Compuiers: ool sy s 614-617
SOUATEWAYE. i aiiy o msalp iiin s 348, 353, 355, 358 Instrumentation Tape Recorders ............. 271-273
S L 358, 397-417, 601 Signal Generators . . oviiin it vaiiin s vidaiions 358, 386
Telephone Tt . . o i iassiasmniniinnabioanine 364 Strip Chart Recorders .......ccvvvuriras 246, 256-261
5 A E R o W s I e | T A 349 TEsUSCL. 2. siamesin g D e nd e fes A S h e 572
TERCRING 7. ccovvaloson i kAot e s Soad 364 VOHMBIEE ,cunn mvss e v pirsnys mprans 54-56, 64-66
NHEE, . . s pisssaminin. e nipsoninia e vy sun vor RO W ERRITTS 394 XiRay SystemE: .. uncdmmnsvessaa aees 54, 56, 64—-66

Oscillographic Recorders ............. 262-264, 267-270 Power Meters, RF & Microwave ............... 420, 424

OSCIIBSTOPER... . o ocoeivo\borrnim i o0 it 6w i SEATSE 160-201 Power Sensors
AECEBBOTIEE i wmions v/alstins a7s B ThSia- 7 noe il e e e ol 188 FIBET OPHE o-1iewermeim s mmsaica o ialare s o 5mers o Fgite 419
115 5 N S e el e P o v 196 RF & MiCrowave : .o v osvmnnivoasiwodess 422, 425
ContiastFIErs.. . . vou v mias o boed st s 194 Power Meter Calibrators ..................... 421, 425
100 MHz Third-channel Trigger View ,........... 164 Power Meter/Modulation Analyzer ................ 543

CrystAl DEIATTIME oo ammsmasien msmvsaioe peds 164 Power SPItter ....cvuvrenmo s ey iaes 444, 464, 470

Delta  Time: svanaan=is v i in) Sk 164 Power Supplies

Fast Variable Persistence Storage .............. 164 Amplifier/Power Supplies . ................... 36, 239

Variable Persistence Storage .................. 164 Atomic Clock . ....vovuvarmsnas s i e P 287
200 MHz Delta Time Measurements ............. 171 Condensed LIBHAE: ooy gt sain srsves 220
275 MHz Delta Time Measurements ............. 171 Constant Current SOUTCES . ..o voviernriimnanins 338
275 MHz Delta Time Measurements Digitally Controlled . ................... 232, 244, 658

with MiCroprocessor ... c.eiis.esevimminvamis 171 DAL ECACKINE. . .0 iaicne minivin s simimennn pibimms s piesann 234
General Information . .......................... 160 Frequency Standards .. .. .ooqam aiiiovain st 287
High Writing Speed Mainframe ................. 177 General Purpose: 25-200 W Output .............. 226
Inverter Power Supply for 1700 General Purpose: 120-2000 W Output ............ 228

Series OsCIlOBEOPES .. vuv v vnsiemamene s maes e 193 General Purpose: 300-11,000 W Output .......... 230
Large Screen Mainframe ........... .00t 177 ED RN NOMBREE: 1o cimroicsnts i srarm s ST R s 7 vt s 235
T e L R -l N e 194 HP-IB Programmable ................. 232, 244, 658
LW Erequency. « e s it ne malei o e SRt ot 184 Inverter for 1700 Series Oscilloscopes ............. 195

Plug-In; 180'series ......o0ievmrvrerssneessasans 175 Low-CoBt Liabi o oynsinm st i o5 A s s 220-225



Microprocessor La it (el s o LR Ragei e 224, 242

Modular, DC to DC Converters .................. 342

Modular, Single Output, Series Regulated .. ....... 342

Modular, Dual Qutput Series Regulated ....... ... 342

Modular, 200-600 W, Switching . ................ 342

Modular, 110 W, Switching ..................... 342

Modular, Triple-Output Switching ............... 342

Precision Voltage SOUTCES ... .. v vewveansos e 236

Programmable. . ... oo ouimasmiGaia i 232, 244, 658

Specifications Definitions ..................c000n 219

Btandbyl oois Siisvin sivine s i iR e A 287

TranSistor BIA SUBDIY - vvoisiomaroisiamnzatsfsipile bl ot 476
Power Supply/Amplifier ... ... ... ..o .00 36, 239
Practical TFraNSISONS ... c.uvwe 2o v niliomree 8 o e 1 698
Preamplifiers. . . o0 soaii sosimi s 37, 260-262, 268-270
Precision Coaxial Connectors ...........oceenvnvnn 683
Precision Frequency Source ............... 278, 351-358
Precision Oscillator ..........00vvieeenon, 285, 350, 358
Precision Voltage Sources ............ovivmnnneens 236
| g o [ I R R o G 520
Preset C Meter ...... eratara g e T O e e
Primary Multiplex Analyzcr ....................... 552
Primary Multiplex Analyzer Systems ............... 555
PEIEE: Ling: = ootk s g 640, 641
Printer, Thermal Graphics .......c..iciicimnivans 618
Probes

ACCESIONIES oo <uis 54 sasiaes wis 53, 190, 193, 194, 682-685

ABHVE" sy s bl 3 e 192, 297, 469, 523, 589

CABIEASSEMBIY . oriereaco minie e b 53, 190, 682

BEIBGIE s s R T\ e TSI L R R T A e 155

gt T RN T | 41,118, 192, 685

DRLA iz oia S it e oo o Bl e s 155

Digital Multimeter ...........cooiirmrnreron. s 53

Frequency DoubIer ... - oo ivninasoints s wamaes IO

EHED BIBQUEHCY: . L, oieiv s 05 0 s vioiia RBa AT 47, 53

Impedance ........ IV s T SR 80-96, 469

N N R R AL S A YL KA 115

INEIRLITE . ooiaoica wricmnies wonsons m vie L Ll L 188

PRI s 5 O T R 2 YRR 1 o e R v s 589

ilelain ||| T T S ——— | 433

Trigper, gl o - cmbnasct S cbianasinadia 155, 190

TimeInterval .........0iverimminennianennannn. 297

Noltage Divider ... .<coos conalicsiaans, 53, 188, 685
Programmable Signal Source.......... 356-365, 378, 380
Pulse and Word Generators ................... 321, 333
Pulse Generators . ............... 116, 321-332, 351-358
PRISE MOIIRLOF < o ccivas e e s asalkmem it » 394
Pulse Train Output /Stepping Motor

ComPolEATA . - cur. i srma s s ealares edere i) S elbetise o 665
Pulse/Word Generator System,

SOIMNHIEN) GIEE. (e otd erorte kst el 333
SHRETSEORIC. ©n S0 20w s T raYa G Taar s e e 116
Q
U T L I SRS WS, IS | | S o [L o 97

Quartz Component Oscillator ...................... 285
Quartz Frequency Standard ...................... 284

QU2 Pressure GrAURE . s m e oyaisiains ovlolato < 614 668
Quartz Thermometer . . . ... v e e amn o 669
3}

Range Calibrator (for 435A Power Meter) .......... 42]
REAHeIE  CAr o i s B T v R e sl 620,638
Reader, Optical Mark ............. e (NN 638
Real Time Application Terminals ... ... ... .. ..., 639
Recorders

Accessories & Supplies: o e iowding,ovianiian cesliy 265
OscillographiC 15 e sty ne 246, 262-264, 267-270
Instrumentation Tape ......... oo iwaves 246, 271-273
SR GHETE o e, TR R 246, 256-261
7 ) (e A R PR IR AT e =y gt 246, 248-255
Reflection/Transmission Test Sets 444, 464, 469, 475-4717
Reflectometer Bridge . ...cciviivuninsunirasanaii 444
Relay Actuator (HP-IB) ... b e vmnes 29
Relay Driver (HP-1B) ........ <R e s s e AR 430
RelazOutpul Cards ... . v oo R o et 661, 665
Relay REGIBer ..o e s s s, oo 661
Remote Automatic Surveillance Systems. ............ 590
Repetition Rate Generators (8080 System) .......... 590
Resistance Meter: .5t o i v s o ot 54-74, 84
Resistance Output Cards . .. J0il v vavanabsmsnieas 656
1 0y ) B e o SR e SRR ST AR 589
RE Inpedance ANAIYZET ... civviien o shhia s ais oy 100
BEANVOIMCIET sk oo i sSalianaa and! 5 s e A e 47
20 TG LT L e SR S R 46, 58, 66, 70
Rotary Air Line, Coaxial .5 isams vibiiai e 441
Rotary;Joint, Coakial 000 oo s e i e 441
Rotary Vane Attenuators, Waveguide ............ ... 432
Rubidium Frequency Standard .................... 281
S
S-Parameter Test Sets . c..... 459, 464, 475, 476
2o 1] - U L e By e £ A 78
SChottky DI00ES. .« v iienisialhioinatato s nas s hs wiincs areie 688
Selective Level Measuring Set  ................ 584, 592
Selective Level Voltmeters .................... 492, 592
Selactive Yoltmeter ..ol o wina ivai ) e e 570
Self-Test Digital Multimeter ...........ccoiivinaan 70
Sensors, Microwave Power . .................. 422, 425
Sefial Data ANIVERE . ... o e dhrd et S e e s e s ol 152
Serial-to-parallel Converter ....omavis sivemamaaiis 151
Signal Analyzers ........... ... 183, 480-547
Automatic SPECtrum  ..wiiv lsivaaie v 488, 502
IRERAL 5l e e e sy s i T T 526-533
Distortion ..... . 538-540
General Int’ormanon ,,,,,,,,,,,,,,, 480~ 48? 531-533
MOdBIRHON: « oo worioma s e st e e B aTh T e 2 W sl e 543
B DECITTII Y s B e N0 o el a2 s 183, 488-533
Signal Conditioners: . ...iv canmii siwamas vmmsme 268-270
Signal Coupler Preamplifier ,............... S 269
Signal Generators
PACCESBOTIES 457 o5 i asniiaiice sia par i Duraral aly a0 iy 396
Down Corwcrlcr. 0.510500kHZ .......ooiii... 385
General Information .. ...:uociieeiin s S, 370
HE S VHE, U ESS B, S ) i e 381-393
MICTQWAVE: i s Do R larila o & TSR ina s 378, 391-393
Pulie: Modulatop U, L0l e L 394
Synthesized o irissinms srimam v diceons s sd b 372-379
Signal Sources ........ ... 345-350, 353-365, 372-394
Signal Sources, Programmable ...... .. 356365, 372-380
Signature Analysis ,................. 114, 122, 524-533
Signature Analyzer, Digital ............... 122, 526-533
Siewave OSCHISLOE <t b s ms o o s v Tl el s 348
Single Span Plug-In Module . R e )
Slotted Lines (Coaxial and Wavcgmde) ............. 433
Sliding Load (Coaxial and Waveguide) ............. 438
SEMS Systeny SoftWane « o5 mn s il s s 590
Small Business Compuler .. ...« voeiineriorsa s slerss 627
Solid State
ERsPIRVE LATIDR 5 v o g e I 0 IR 686
Diodes, Transistors, Integrated Products . ....... ... 688

Nonres, AMAENMLTEED ...\ oo oo iy s o ) 545
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Spectrophotometer, UVI/VIS ... ... 690
Spectrum Analyzers, General Information ... . ... 480-487
Spectrum Analyzers .............. 000000 183, 488-533
Spectrum Analyzer Preselector .................... 520
Square Wave Generators ............. 348, 353-355, 358
Stability Analyzer, Frequency ..................... 546
Standards: Frequency and Time .................... 276
Standing Wave Ratio (SWR) Meter ................ 447
Stepping Motor Control ...........cooviiicinioeen 661
Step Attenuators, Coaxial .. ................... 430-432
Storage-Normalizer ....c..oow v svivin v 463, 479
Strip Chart Recorders . ................... 246, 256-261
Structural Dynamics (s s smses vavs e damsis 531-533
Surveying Calculators & Products .. ............. ... 695
Sweep Oscillators, General Information . ... 351, 397-399
Sweep Oscillators ............... 356- 365 397-417, 601
Sweep Signal Generator .....:...oeesmisson . 372
Sweeper Synthesizer ...uin . owvaiivanwa e e e 372
Swept Slotted Line .......cooveereens 397-417, 433, 607
Switch Controller . o smaied 1 40 W e 430
Switches
Access, Distribution and Bi-directional ............ 586
HPIBDEVEE < a0 micreins shmsminvingio e ajsssece s fitlels 430
Coaxial, Microwave OEM ...................... 440
SPST 689
VHE Switeh, HP-IR! ..iqcimarssoamia avvams avsinc 29
Swivel Adapter ........ ... ... ... ... I 441
Synthesized Function Generator .. ................. 358
Synthesized Signal Generators ... . ................. 372
Synthesized Signal Source ............. .. 000l 327
Synthesizers, Automatic .. ... 358-365, 372, 374, 378, 380

Synthesizers, Frequency ............. 372, 374, 378, 380

Synthesized Function Generator ................... 358
Synthesized Signal Generators ........ 372, 374, 378, 380
System, Logic Development ...... ... . ... ... ..., 132
Systein Digital LCR MeEer . . .ov v sisimisiow agomsns 90
System Digital Voltmeter _............... 60-62, 70-73
T
Tape Cartridge Unit ................oiiiiiininnn, 619
Tape Punch, Reader Sub-systems .. ................ 620
TAPEDEBBUEREY oo v vonors wam s aninmnsn ondesms b bl 272
Tape Memory, External _........oooviiiiiiviin s 620
Tape Recorders, Analog Magnetic ............. 271-273
Telecommunications Test Equipment ........... 550-601
AccessSwitch ... ... ... 586
Amplifier, Error Detector Input . ................. 357
Amplifier—IF .. TR, e AT
Ampltlude/Delay Distortion Analyzcr ............ 565
Attenuator—735 Q General Purpose ............. 7 597
Audio Channel Selector: HP-1B Controlled ........ 556
BBISweeper . ¢ v fileiie s i s o v AL 597
Balanced 2/4-wire Audio Channel Selector ........ 556
Bi-directional Switch . (i R SR S OO
Cable/Conductor Fault Locators ................. 580
Cable Maintenance and Construction
Test BQUipment .......coosmesmeensnmneosrssss 579
Carrier TeStINE, —suiiin o it aaileiai i e a/a s siash SV e 582
Controller: SWitch ..., .veerrenriienninenaes 586
Converter, 75.& Unbal/110Q Bal ................ 557
Data Communications Test Set .................. 568
Data Error Analyzer: .. oveneieimsie sawnis as v 568
Data Generator . ...........cooouenieeenoa.. 334, 558
Data Line: ANRIYZETS v swmoie wsmiiace s 2 o8 566
Darector, Brror: i - v dd ¥R A6 ST e iR 558
Pown CONVEEIEE aim wnwaies sioaisiasmm e v oo i e 600

Error Measuring Set (1 kb/s-50 Mb/s) ........... 562
Error Measuring Set (1 kb/s-150 Mb/s) .......... 558
Error Rate Measurements .. ................ 558-562
EDM Measuremienis: . .. ..o ee oo s e ies 582, 592
Frame Alignment Monitor & Error Detector ....... 560
HP-1B Controlled Channel Selector .............. 556
Isolator, PCM Test Equipment .................. 557
Remote Automatic Surveillance Systems . ......... 590
Microwave Link Analyzers ............covvevnnn 597
Microwave Radio Testing ....................... 596
Modulator Analyzer .........ccoceiiniininnenan 534
Pair Ideatilier iuus svevis madem v viig 3 Do as bt 580
Pattern Generator/Error Detector ................ 562
PCM Test SYStems  ..uuiwc i svinin's sasaes st 555
PEM TESHABY ol v orinimmiesnsin moimjusoss mm s m e 550
Primary Multiplex Analyzer ..................... 552
Selective Level /Meter ... ... 592
Selective Level Measuring Set ................... 584
SLMS ACCESSOTIES . . ..ooveetniianen ey 589
Sweepers BE oo snvwimsmiara i s il viis s Ga s i 601
Switch: Access ...........oiviiiiaiini i 586
SWitch-Controller . . cvw s svss e suwisne snenmed B 586
Telephone Line Analyzer .. .....;.ccvioeiaasiivs 565
Transmission Impairment Measuring Set .. .. .. 576, 592
Upconverter Simulator for Microwave
LK ADAIVEET o vsivis s owas s samsisece magvs e s wince POB
Yoice S-Data Tesling .. viois vaiiis saciepsmnis 563
Telephone Test OSCIAtONS v v v oo va 5 owioi e suimin 575
Temperature Measurement . ... q.uiimeiismii e 68
Termifial, ERT oo wivmoiewsin v wminreimmniianie mamimsiamalorns 630
Terminal, Data Capture ... cuicaessvin i s 639
Terminations, Coaxial and Waveguide ... .......... 194
Teat Eeats: ox cvn S e mnai A S R A LR e T e L e 682
Testmobiles, Oscilloscope .. ....................... 199
Tiest Osetllators’; ..« cuvis svnmim o e SR AR e 349
Test Sets, Digital Logic ............ovviiienennn.s 120
Test Sets, TransmisSion ... ...ouvevienvrineeeonan 572
Thermal Plotter/Printer ... ... .. ................ 654
Thermal PRDEr «uoiwsvneinmmis vannse vavies o 274
Thermistor
Sensors, Coaxial and Waveguide ................ 425
FiberiOplie: 505 iesiias mib s i e R W AR 419
Thermocouple Power Meter .................cc0nun 420
Thermocouple Power Sensors .. ................... 422
R CEMOMIBECTS L5« s 9 s5w T8 a baT YR e s 68
Timne Base . s soniv ssom s yisims s asid D dnds s s 289
Time Sanditd ... cosonmermarn pnenacs sl oe e 1 276
Tinie SYRRESIZER 1o fvntos as alasmTss alliams srasiz 323
THACHPACEE, .-c.0ivv 0 v v500 2 arcsa 5 1mmm phnm i rommaancases 29, 665
Timing Analyzer, Logic ...... S e 134
Total Harmonic Distortion Meawunng Scl ....... ‘”\38 540
Total SIation o oo amiiemiaiag ealeiisie Sl 695
Touch-Hold Probe ..............ccoovininno. .53
TTHCER, CUITEBIE - io5iiiine swnisiowiomm s mmm aiasarions e w5600 118
Tracking Generators 362-364, 504, 508, 514, 516, 518, 521
TrAMINESLOBIE . o i v srinin somsas s s v ooisimne £ 124
Tratning/Video Tapes & aaswasmannayy s v e aan 696
Transceiver Modulation Analyzer .................. 543
Transceiver Test System  .........ociviiievisnies 548
Transfer Function Analyzer .................. 531-533
Transistors, GaAs FETs ...ciiiiciainiviiins viti e 688
Transmission Impairment Measuring Set ............ 576
Transistor-Bias Supply. ooscniwsmn s s i 410
Transistor Test Fixtures ...................... 475477
True RMS Voltmeter ... 46, 58, 66, 70

Tuners, MICrOWave . ... ... vieiurenennnn . 439



Two-Channel Real Time

Spectrum Analyzer .................... 526, 531-533
I ARTRIICTS v v 2 5\00.3 s 3 S o 0 e S O W o T8 38
TIPS NSHOTE <o b mstmalsmmels 438
U
Uimiversal:Brdge - .su v sanivaua el snma i s o,
Universal Carriage (Slotted Section) .. ..... e s 433
Upconverter Simulator for Microwave

IREADRINIEE, | ... oo s oo s ladore e Sheskin aiief hniidhec s 601
v
YECLOr VOILOIBter oo o s a i o i e it i 55 470
NH OSSO o o el 1, 394
Vibration: ABRIVEEr  cu.ooncv i s mac 526, 531-533
Vibration Controller ...............cc.ooiiinnn... 531
NVAAEQ TRPRE. wuicisinrvic! oo ovvtaricon v abam w60 w7am, a3 o a7 sl o 696
Voice Data Testing ................coiiuiiiennnn 563
Voltmeters

ANROE S v ol 0 el AT s ey e Bl Ry 39-48

BHBIEA o uoas vorm wu waiomsm s sk oS ity s IR 49-74

LOBBEILIMIC, 5 o5 1 <55 a5 M ed 57 e A D e 5 S s e 48

3 P L i o) S R S 47

L 1] e o DO F A L A sy S ot 102, 470
w
Wave Analyzer ................. 492, 531-533, 542, 592
Waveform Analyzer, Fourier .................. 526-533

Waveguide
ARENURLOTE 5 o i waa )i miaiesl S5mis e 7k S e 432
CoaxiAl AGAPIETS .. . 5k i o e inw 2o W ohemis 5 armre 441
Erystal IICtBCtONg - v usesnie sib b s fesiia s ey 437
DirectionaliConplerss s ot nisidwe dis s bia s anisie o 435
Frequency Meters ... .ot s amaihiis casnutidses 437
HarmomC XS ive chinin o SR e e s =/ 439
HOIIET | | 5o s siammie s oz eioras [Pl o3 bie YR w51 44]
Low-Pass) Eilters o i ot il soiisrrsis 439
Movable SHOEIS: ... v ins sinies sl s ma s 438, 477
Precision AMenatOrs. : o i e sy i 432
Reflection/Transmission Test Sets .. ......... 438, 477
Shorting SWILEH o0 an s eiimia e e aias i Ve s 438
Slide Screw TUNETS .......cvvovvinnninnnneennn, 439
Sliding Lioads i oviiame v vassisinlkatds s 438
SUAINTSHONE ... oo ot it e o s e Tl AR O AL 438
SIGHEd SeEOON: i o b b &5 s TR LG 433
L NG S W e R, o 441
L BTTHALIONS. i1s. - wa e imraalath it oysniai wib S el 438
Thermistor MOBNES « - v bt v L et et n Bt v il 425
Variable Attenators ... . ..c.cowiivesiisvssie s 432

Waveguide-Waveguide Adapters ................... 44]

Ward Generators  ............. sy oy p s 321, 333-344

X

X-Ray Systems, Scientific & Industrial ............. 694

X=X CRT DispIays: .« v ervcevinmiinossslalsioatsrssa aiofs 202-217

X-Y Plotters/Recorders .................. 246, 248-255
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E MODEL NUMBER INDEX
(éa New product listings are printed in bold face type

HP-31E Scientific Pocket Calculator ... ........... 605
HP-32E Advanced Scientific Pocket Calculator ...... 605
HP-33C Programmable Scientific Calculator

with Continuous Memory ... ................... 607

HP-33E Programmable Scientific Pocket Calculator .. 607
HP-34C Programmable Scientific Calculator

with Continuous Memory ...................... 607
HP-37E Business Management Pocket Calculator ..., 606
HP-38C Programmable Financial Calculator

with Continuous Memory ...................... 606

HP-38E Financial Programmable Pocket Calculator .. 606
HP-41C Alphanumeric Fully Programmable

Calculator with Continuous Memory .............. 608
HP-67 Fully Programmable Pocket Calculator ....... 610
DTS-70 Digital Test Systems ..................... 110
HP-92A Business Printing Calculator .............. 606
HP-97 Fully Programmable Printing Calculator ... .. 610
HP-97S1/O Caleulator . ......................... 615
HFET-1000 series GaAs FETs . ................... 688
HFET-2201 GaAs FET ... .......ccctvmnvrncnrn.s 688
HFET-5001 GRAS FETE ...uciironervsmionmismrs s 688
HXMR-5001 Double Balanced Mixer .............. 689
HXTR-2000 series Bipolar Transistors ............. 688
HXTR-5000 series Bipolar Transistors . ............ 688
HXTR-6000 series Bipolar Transistors ............. 688
100
105A & B Quartz Frequency Standards ............ 284
140T Spectrum Analyzer Mainframe .............. 513
141T System Spectrum Analyzers ................. 512
141T Spectrum Analyzer Mainframe .............. 513
180 series Plug-in Oscilloscopes  ................... 175

180C, D High Writing Speed Oscilloscope Mainframes . 177
180TR Rack-mount Display Mainframe . 446, 506, 508, 510
181A,AR, Variable Persistence Storage Mainframes .. 178
181T, TR Variable Persistence/Storage Display
Mainframes ..................... 446, 506, 508, 510
182C Large Screen Oscilloscope Mainframe ......... 177
182T Large Screen Display Mainframe 446, 506, 508, 510

184A High Speed Oscilloscope Mainframe .......... 178
197B Oscilloscope Camera . ....................... 196
200

200CD Wide Range Oscillator . .................. 346
201C Audio Oscillator  ..........ccviinvinian.. 346
7L Ol 8701111 T S  ———
204D OFGNRIOT: cicnvasvania rihie 39 eiia e saire s 348
L L 1 | O M 348
2HAB PulsEGenerator) . o coxvaviii s s anieaiiia s 328
236A Telephone Test Oscillator ................... 575
239A Low Distortion Oscillator  ................... 347
HP250 Small Business Computer .................. 627
281 series Coaxial-Waveguide Adapters ............ 441
292 series Waveguide-Waveguide Adapters ......... 441
300

HP 300 Computer System . ................... .... 628
331A Distortion Analyzer ........................ 540
33IADIStortOn ANAINIEF - viene s am i news g 540
334A Distortion Analyzer: ... .veeiviinaiianvases 540
339A Distortion Measuring Set  ................... 538
340B Noise Figure Meter ... ...... ... ... ... 426
342A Noise Figure Meter .. ...................... 426

343A VHF Noise Source .........cocveviinnnnnsis 426
3458 IF NOBE SOUICE. o ic-siemmsis s sorisms snwmss o 426
346B Noise Source .............cuveiinininarannns 426
I4TA series NOIER SOUPEES. ... ..o s iwiemm omovocainm wsionsie v s 426
FAOA- INOISE SOUTCE. =00 s s 5 ataii el adva s e Saarpe v 4 426
F0D ALenuator Bt .. o« wmwmms smsmmais s e s 103
355 series Coaxial Step Attenuators . ............... 430
360 series Coaxial Low-pass Filters ................ 439
362A series Waveguide Low-pass Filters ............ 439
375 series Waveguide Variable Attenuators ......... 432

382 series Waveguide Precision Variable Attenuators . 432
393A Coaxial Variable Attenuator .. ............... 432

394A Coaxial Variable Attenuator ................. 432
400

400E & EL AC Voltmeters ............oviiinnnnn. 45
400F & FL AC Valtmeter ....cisconcovaoamisas dnrssa 45
400 GL AC Voltmeter .. ...........ccuvuneunnnnnnnn 45
GOIBAC VNOIMBIBE (oonivises vre it st e eobitesd o s s ade 44
S L OE ] L2701 1y i B S S R 43
HESESWER M@IBE: - .vrieivoiva v ssinas ammmmis s saisi s iae 447
419A DC Null Voltmeter .............co0iciiuunnn 40
420C Coaxial Crystal Detector .................... 436
422A Series Waveguide Crystal Detectors . ......... 437
423A /B Coaxial Crystal Detectors ................. 436
424A Series Waveguide Crystal Detectors ... ....... 437
AT A NOIEEIEE. |01 coimre o wonto sy ocon b e el gzssis s o oowowrin 42
428B Clip-on DC Milliammeter ................... 41
432 Series Power MEtErE .« vvvwsvamswmne wens 419, 424
A35A Power MEIor: i i ionmies vugi o viaars 4 Wi 421
436A Power Meter . ...t 420

440A Detector Mount. . ...cciciiiireiiviiinieees 433
4428 Slotted Line RFProbe ...................... 433

444A Slotted Line Untuned Probe . ............... 433
447B Slotted Line Detector Probe . ................ 433
448B Slotted Line Sweep Adapter Probes ........... 433
456A Current Probe for voltmeters . ............... 685
AOTAAMPIIICE  covim satvsvasl o imn s 5w e s i o i 36
465A Amplifier . ..... ... 36
467A Power Amplfier ...covmevieivesusvenaismin 36
478A Coaxial Thermistor Mount .................. 425
486A Series Waveguide Thermistor Mounts . ........ 425
ARON TWT. Amplificr: v av oo drmanm e s nanis 38
491C TWT AmpHERT . cvoawman s amesm swas i s 38
49FA TWT Amplifierie ciisnsys oz S v i 38
A9SA TWT AMPIERE . oo cimvinenas iveresio s o b 38
500

532 Series Waveguide Frequency Meters  ........... 437
536A Coaxial Frequency Meter ................... 437
537A Coaxial Frequency Meter ................... 437
545A LogicProbe . ... ... ... ... ... 115
S46A Logic Pulser < .couca i cennes cevies o 116
S4TA Current Tracer ............covvvvieennnnnnns 117
SARA EORIc CHD: wvu vannin svmas wsasass sa e s o 118
600

G06BTHF Signel Generator: ..oiin i visvadsvans 388
608E VHF Signal Generator ...................... 389
612A UHF Signal Generator ..................... 390
618C SHF Signal Generator ...................... 392
620B SHF Signal Generator ...................... 392

626A SHF Signal Generator ...................... 393



628A SHF Signal Generator .....ouaiisvii i 393
65IBTEst OsCIHBOF . . i v v iorie s one s o wan e nisore 349
B5ZA Test DaeIMAtor, .o wes i vibiwineerammundian 349
GOAA TERt DBAINMBIOr. . ..« vvoiy ot vssren i Pales b b 349
680 Strip Chart Recorder ........cocimminvieesin 256
700

TASATAC CAHBERLOT s et s fasinefb oo e < .4 208 368
746A Hi Voltage Amplifier ... ..............c.c000. 368
752 series Waveguide Directional Couplers .......... 435
774D Coaxial Dual Directional Coupler ............ 434
775D Coaxial Dual Directional Coupler ............ 434
776D Coaxial Dual Directional Coupler ............ 434
777D Coaxial Dual Directional Coupler ............ 434
778D Coaxial Dual Directional Coupler ............ 434
779D Coaxial Directional Coupler ................ 434
784B Coaxial Directional Detector ................. 601
786D Coaxial Directional Detector ................ 435
787D Coaxial Directional Detector ................ 435
788C Coaxial Directional Detector ................. 435
789C Coaxial Directional Detector ................. 435
796D Coaxial Directional Coupler ................ 434
797D Coaxial Directional Coupler ................ 434
798C Coaxial Directional Coupler ................. 434
800

805C Coaxial Slotted Line: ...........c..cccuneen 433
809C Slotted Line Carriage ........ccnovvivrinrains 433
810B series Waveguide Slotted Sections ............ 433
816A Coaxial Slotted Section  ...............venn. 433
817B Coaxial Swept Slotted Line System ........... 433
870A series Waveguide Slide Screw Tuners ......... 439
2900

905A Coaxial Sliding Load ....................... 438
OTA Coaxinl SHARE LA | v oo onie s siossnets 438
908A Coaxial 50-Ohm Termination ................ 438
909A Coaxial 50-Ohm Termination ................ 438
910 series Waveguide Terminations ................ 438
911A/C Coaxial Sliding Loads ........cc.cvvsvenys 438
914 series Waveguide Sliding Loads ................ 438
920 series Waveguide Moving Shorts ............... 438
923A Waveguide Sliding Short .. .................. 438
930A Waveguide Shorting Switch ................. 438
932A Waveguide Harmonic Mixer ................. 439
934A Coaxial Harmonic Mixer .................... 439
938A Frequency Doubler Set  .............ccvvinun, 393
940A Frequency Doubler Set ...............c..0n. 393
1000

HE 000 SYEIRME . . . oot ot e st oo e 622
JOOGA Testmobile: ... ... . osastisseesrviviosmss o o7 199
1007A Testmobile .. ........covivvvenrniimnnnnsns 199
YOORA: TEStmMOBIE. .o iisoiias spvomm s wiaid i emeamn g o 199
1051A & 1052A Combining Cases  ................ 676
1081B Liquid Chromatograph ..................... 691
1084B Liquid Chromatograph .................... 691
FTOASCUETENE-PIODE . ovomei ok Snrice o ovmansyscaceeors 192
1111A AC Current Amplifier ..................... 192
1112A Inverter Power Supply. .......covinconosssos 195
1117B Testmobile, Oscilloscope . .................. 199
1120A 500 MHz Active Probe . .........c00vvnnans 193
PEIAKCPEROBE! .. siicviis: wsns manss e e i 469

1122A Probe Power Supply . .:civoavinvsaaionne i 192
1124A 100 MHz Active Probe .................... 192
1200B Dual Channel Oscilloscope,

OO RN AT o o T e e oty ottt SO L s 184
1201B Dual Channel Storage Oscilloscope,

DT T (OO e N e S 184
1205B Dual Channel Oscilloscope,

SRR . 0 e Ok, e 184
1220A Dual Channel Oscilloscope, 15 MHz ......... 186
1222A Dual Channel, Delay Line Oscilloscope,

ISIMIHIZ: - o s i o rd S TSGRl 515 - it 186
1230A LOGIC THRRET .« .. v vvvvvnnsennnennnnnnnnns 190
1304A 32 cm. (13in.) Display ............ ... 204, 213
1310A 48.3 cm (19in.) Display ............... 204, 216
1311A 356 cm (14 in.) Display ............... 204, 216
1317A 432 cm (17 in.) Display ............... 204, 216
1321A 53.3cm (21 in.) Display ............... 204, 216
1332A Small Screen Display . ................. 204, 206
1333A Small Screen Display .. ......coeneuarens 204, 206
1335A Small Screen Display ................0.. 204, 206
13368 Small Screen Display  ............ ...t 204, 206
1338A Tricolor Displayiiic cesh cuin s duisie i, 204, 217
1340A Display Module .................. 204, 212, 213
13508 Computer Graphics Display System ....... 27,214
1600A 16 Bit Logic State Analyzer ............... 149
1600S Logic State Analyzer ...................... 149
1602A 16 Bit Logic State Analyzer ............... 141
1607A 16 Bit Logic State Analyzer ............... 149
1610A /B Logic State Analyzer ................... 137
1611 A Logic State Analyzer .....c.ees i voms s 145
1GISALOEIC ARRIVELY: .. .05 .50 o b v SO s e e g 134
1640A Serial Data Analyzer ...................... 152
1645A Data Error Analyzer ...........cco000yeisn 568
1645S Data Transmission Test Set ................. 568
1700:series OscillOSCOPES: o4 25 imsiii i mane slalai 164
1715A 200 MHz ATime Oscilloscope  .............. 171
1722B 275 MHz ATime Oscilloscope, with

NIICTODEOOBREON: . it braioimnn e h o e o monp oo 171
1725A 275 MHz ATime Oscilloscope  .............. 171
1740A 100 MHz Oscilloscope, Third-Channel Trigger

VIBWI 0o sesiaan s s mamisn v e bl e i o 164
1741 A 100 MHz Oscilloscope, Variable Persistence

Storage, Third-Channel Trigger View ............ 164
1742A 100 MHz AT Oscilloscope, Trigger View . ... .. 164
1743A 100 MHz Crystal ATime Oscilloscope,

Third Channel Trigger View .................... 164
1744 A 100 MHz Oscilloscope, Fast Variable

Persistence Storage, Trigger View ........... e 108
1801 A Dual Channel Vertical Amplifier, 50 MHz ... 179
1804A Four Channel Vertical Amplifier, 150 MHz 180
1805A Dual Channel Vertical Amplifier,

PORIVERZ | s a0 s e s e A e Y R el 179
1809A Four Channel Vertical Amplifier,

10O MEZ ol ol e el ST e ol wc s i gt s 180
L8200 Time Bage 984, = o WylE e o8 Nl Foto 8 181
1821A Time Base/Delay Generator ................ 181
1825A Time Base and Delay Generator ............ 182
2000
2105A COMPULET ' . icrvia s sl a e v e o 624
2105M Computer ... ......d0.dd o000 2 0L 624
2109 COMPURLEr .. cuiols wiioiualsmmitaatant ot wiida sivaide o & 624
ZUINIECOmMPRLETY . ciro bt e e oy e WS I o 624

1

vl




12

O

MODEL NUMBER INDEX

New product listings are printed in bold face type

2112M Computer ........vceevevennniernnnaens.. 624
I3 Caomputer: it Duneng eiussms s Snhte S 624
2117F COMPULEE o\ iveeian vnmnissnnessinnnenes s 624
2240A Measurement & Control Processor .......... 626
2313B Analog I/O Subsystem ., .................. 626
2608A Line POBter” <. .l svvaninemiassiss 620, 641
2621A Interactive Display Terminal ... .. ........... 636
2621P Interactive Display Terminal ................ 636
20FTAPHMEE . ldcenrvimn oo se vmeisiind bsisida 620, 640
2631G Graphics Printer ......cic.eenveissmins 620, 640
2635A Printing Terminal . ........................ 640
2640B Display Terminal ...........c...0iviinaennn 633
2640C Cyrillic Display Terminal .................. 634
2641A APL Display Statiof .............0000ivnn. 634
2645A Display Station ............ccceheiiiivanin. 632
2645K Katakana Display Station .................. 634
2645N Danish/Norwegian Display Station .......... 634
2645R Arabic Display Station . ................... 634
2645S Swedish/Finnish Display Station ............ 634
2647A Intelligent Graphics Terminal ............... 630
2648A Graphics Terminal ........................ 631
2649A Microprogrammable Terminal . .......... .. 633
2804A Quartz Thermometer ..............c.c00.n. 669
2811B Quartz Pressure Gauge .................... 668
2813B Quartz Pressure Probe ., ... ............... 668
2816A Pressure Signal Processor ................ .. 668
3000
HP 3000 Series I11 and Series 33 Systems .. ........ 629
3040A Network Analyzer ...... .................. 453
3042A Network Analyzer ...........co0eecunnnn.- 454
3052A Automatic Data Acquisition System .. ........ 76
3060A Circuit Test System . ........coviiiennnnen 112
3074A Data Link Adapter . ....................... 639
3075A Desktop Data Capture Terminal ...... ..., .. 639
3076A Wall-Mounted Data Capture Terminal ... . .. .. 639
3077A Wall-Mounted Time Reporting Terminal . ... .. 639
3200B VHF Oscillator ... ...iceiwsviieissemees sy 394
3310A Function Generator ....................... 353
3310B Function Generator ..........::ccivevisnss 353
3311A Function Generator ....................... 354
I 2A Function Generatar .wiies comine bisiss oraem 355
3320A Frequency Synthesizer ..................... 360
3320B Frequency Synthesizer ..................... 360
3325A Function Generator/ Frequcncy

Synthesizer/Sweeper ......... T TR . 1 ]
3330B Automatic Synthemzer ..................... 361
3335A Frequency Synthesizer ...........c...... 362, 588
3336A/B/C Synthesizer/Level Generator . 364, 594
3350 series Laboratory Automation Systems ........ 691
3380S Reporting Integrator .. ..................... 691
3388A Reporting Integrator ... .. ... ............. 691
3400A RMS Voltmeter: .. .iccciniimae iivaies i 46
3403A True RMS Voltmeter ...................... 58
3406A Broadband Sampling Voltmeter . ............. 47
3435A Digital Voltmeter .............ccoovnirrnnn-. 56
3437A High Speed Digital Voltmeter ............... 60
3438A 5-Function DMM:HP-IB ... ................ 62
3455A 6% Digit DMM ... . coiviiiinviiiiiiinnes 70
3465A 4% Digit DMM ... ... ... e 64
3465B Digital Multimeter ............. ... .. ... 64
3466A 4': Digit Autoranging DMM ... ... ...... 66
3467TA Logging PMM .cuvenimmsiimmsmvimsasansss 68

3476A/B 3% Digit DMM .. ... ... ... ol 54
3490A Multimeter ...ociiweesisses srmsvmmms sess 73
JAOSA SCANNGT ... .0.ce o5 s vad e Pl a e 78
3529A Magnetometer Probe . ... ... ... ... ... ... 41
3550B Communications Test Set  .................. 578
3551 A Transmission Test Set . .................... 572
3552A Transmission Test Set ..................... 572
3555B Transmission & Noise Measuring Set  ....... 574
3556A Peophometer . oovsvmiin e diia sesas e 574
3570A Tracking Receiver  .................c00unn 453
3575A Gain/Phase Meter .............c.co0eiinnn 456
3580A Spectrum Analyzer ..................c..0... 524
J5R1A Wave Analyzer oo uininousva i nasss 542
3581C Selective Voltmeter ....................... 570
3582A Spectrum Analyzer ........i..iiieesciiines 526
3585A Spectrum Analyzer .................00.... 488
3586A /B Selective Level Meter .................... 592
3586C Wave Analyzer ........................... 492
3702B IF/BB Receiver (70 MHz IF) .............. 597
3710A IF/BB Transmitter (70 MHz IF) ........... 597
3711A IF/BB Transmitter (70/140 MHz IF) ... .. .. 597
3712A IF /BB Receiver (70/140 MHz IF) ........... 597
3722A NOISE GENETALOT . ooinssinels s s ovivinisesos s sos 534
3730A Down Converter: RFtodlF ................. 600
J743ATF AmpHEEr ....ovvisnvenmenearmrnnerssce. 397
3744A BB Sweeper Accessory ..................... 597

3745A /B Selective Level Measuring Set (25 MHz) .. 584
3747A /B Selective Level Measuring Set (90 MHz) .. 584

3750A Attenuator: 750 .. ..ciiiiiiiriii e 597
AT Access BWiteh oo s v minas e e s 586
3755A Switch Controller ................cciovnns. 586
3756A 90 MHz Bi-directional Switch . ............. 586
3757A 8.5 MHz Access Switch ...............,.... 586
3T62A Data GENeLator’ vt oo s i oo 344, 558
3763A Error Detector . .........oiiiniinnnnnn... 558
3770B Telephone Line Analyzer ................... 565
3771 A Data Line Analyzer (CCITT) .............. 566
3771B Data Line Analyzer (BELL) ................ 566
3777A HP-1B-controlled Channel Selector . ...... .. 556
3779A Primary Multiplex Analyzer (CEPT) ........ 552
3779B Primary Multiplex Analyzer (BELL) ........ 552
3780A Pattern Generator/Error Detector ., ......... 562
3783A Frame Alignment Monitor & Error Detector .. 560
3808A Medium Range Distance Meter .......... ... 695
IBTOA Total Station o, e veniom sasa i sraie s 695
3820A Electronic Total Station .. .................. 695
3964A Instrumentation Tape Recorder ............. 272
3968A Instrumentation Tape Recorder ............. 272
4000
4140A pA Meter/DC Voltage Source .. ... ............ 98
4191A RF Impedance Amalyzer ... ..... .......... .. 100
42084 OBCHAOY . .10 v wisinitaten wimsiasim e i s o 5 merwn 350
4260A Universal Bridge ........................... 85
4261 A Digital LCR Meter’ ...covivvrasssessysoss 86
4262A Digital LCR Meter . ..............000vuunn. 88
4265B Universal Bridge .................ccoivvvnn 85
4271B Component Test | MHz

Digital LCR Meter ..........ccovmiieiininennnnss 90
4272A | MHz Preset

Capacitance Meter .............co0vvvreenen... 91
4273A 1 kHz Preset C Meter .........ccccvoinniin.. 91
4274ALCR Meter .......covvcienirnnnennriinnons 92



SITSALOCRMEIBE: ,vnisisiin ci dnivw sisimbasa s ol
4282A Digital High Capacitance Meter ............
4328A Milliohmmeter ..................... Ve Eale
4329A High Resistance Meter ....................
AIV2ALERIMEter: . .vvovuvinonawin s taveaiane
T b A Y T U || S | o iy RS ey
ARBEAALCOURLON < oot o i ahite b okl o i foe 5108
BETTACASOUBION: ... W0 0 hr i e e e AR e RS
4440B Decade Capacitor ,.......c.ceewveenvorsse.
4800A Vector Impedance Meter ...................
4815A Vector Impedance Meter ...................
4904A Cable Fault Locator ................c......
4905A Ultrasonic Leak Detector ..................
4910G Open and Split Locator ....................
4930 Conductor Fault Locator ....................
4940A Transmission Impairment Measuring Set .. .. ..
4943A Transmission Impairment Measuring Set
4944 A Transmission Impairment Measuring Set .. ..
4960/4961 Automatic Pair Identifier ...............

5000

S004A Signature Analyzer ........::..occiiiinenn
5011T Logic Troubleshooting Kit ..................
5015T Logic Troubleshooting Kit ..................
5021A Logic Troubleshooting Kit .................
5022A Logic Troubleshooting Kit . ................
5023A Logic Troubleshooting Kit .................
5024A Logic Troubleshooting Kit e S
5035A BasicLogicLab ...............cceiieninns
SOBST LORICTRY | -« soryins s ririass o ms sareidaer e w2150
5036A Microprocessor Bl o e
SOASA DIgItal TC TEEEET i iivnicms o mmansisto e o moivmns
5046A Digital IC Test System  ...........ocoiiuvn
SO55A DIBHAL RECOTUCT 1000 cvcais asopmme o aomsiois 4.9y sbsisdie
5060:series Cooling Kits ..o sasinmsis e
5060 series Control Panel Covers ..................
5060 scries Filler Panels ..o cvvaivinsinovsmsis
5060 series Rack Adapter Frames .................
5060 series Rack Mounting Kits ...................

5061A Cesium Beam Frequency Standard ..........
5061 A with Option 004 Tube ., ...................
E21-5061A Flying Clock (Cesium) ................
5062C Cesium Beam Frequency Reference ..........
5065A Rubidium Frequency Standard ..............
E21-5065A Portable Rubidium Time Standard .. ....
11 g P PO BT T L S B R R
5085A Standby Power Supply ............. ... ...
5087A Distribution Amplifier .....................
SESOA Thermial Printer (. vaiiidinmnedsnvanitsnmess
5245L Electronic Counter ..............ccvvueeon..
5253B Frequency Converter Plug-in  ...............
5254C Frequency Converter Plug-in ...............
5255A Frequency Converter Plug-in . ..............
5257A Transfer Oscillator Plug-in  ................
5262A Time Interval PRER=IN < .uve.: cvevnsivnia s
5300A Counter Mainframe .................00....
53008 Cointer MAINfTAME .. ifvuese sows coe s ois o
5301A 10 MHz Counter Module ..................
5302A 50 MHz Universal Counter Module ,........
5303B 500 MHz Counter Module .................
5304A Timer/Counter Module ....................
5305B 1300 MHz Counter Module ................

. 94
. 96

5306A Digital Multimeter/Counter ................ 305
5307A Frequency Counter Module . ............... 305
5308A Timer Counter Module .................... 305
5310A Battery Pack Module ....... ...........0.in 306
5311B Digital-to-Analog Converter ................ 306
5312A HP-IB Interface Module ................... 306
5FAA Universal Counter .........oun oo s sss e 307
S315A Universal Counter . 5. im s inias vaa aas 308
SI2BA Universal Colnter . ..aamoiesims »onpsmeami 310
5335A Universal Counter .. ...................... 314
5340A Microwave Frequency Counter .............. 318
5341A Microwave Frequency Counter .............. 319
5342A Microwave Frequency Counter .............. 316
5343A Microwave Frequency Converter ............. 316
5345A Electronic COUNtEr ......covvsoenmosnsasess 291
5353A Channel C: Plug-in for 5345A .............. 304
5354A 4 GHz Frequency Converter ................ 304
5355A Automatic Frequency Converter ............. 295
5356A, 5356B Frequency Converter Heads ..., .. .. 295
S350A- Time Synthesizer . uivcdutiiaeiees nsvems 323
5363B Time Interval Probes ...................... 297
53TOA- Universal Counter ......svesessiiaeesisans 298
S5381A Frequency Counter: .. ..... .. uesvaesaasaess 320
5382A Frequency COunter . .........i..ivuessanse. 320
5383A Frequency Counter . ..........c..0eiueninins 320
5390A Frequency Stability Analyzer ...... .. 546
5391A Frequency and Time Data Acqulsmon Systcm 296
5420A Digital Signal Analyzer .. .... RRoL )
5423A Structural Dynamics Analyzer ..., ........... 532
5427A Digital Vibration Control System ............ 531
SS1C Founier Analyzer: ' ovsivnamyumott il 52l 531
SH0TA Laser Transdueer ..o vomoms sommssnin sisiaings 667
5526A Laser Interferometer ......tiiiiiivce s 667
5700 series Gas Chromatographs .................. 690
5840A Gas Chromatograph ....................... 690
5880A Gas Chromatograph . ...................... 690
5986A GC/Mass Spectrometer .................... 691
5992 series GC/Mass Spectrometers ............... 690
5993 series GC/Mass Spectrometers ............... 691
5995A GC/Mass Spectrometer . ................... 691
6000
6002A Autoranging DC Power Supply ............. 233
6110A-6116A Precision DC Power Supplies ......... 236
6129C-6131C Digitally Controlled Voltage

ONTCER - 3 s e rm sl ia e o A A YTy = o\ ety e 244
6140A Digital Current Source  .................... 245
6177C Precision DC Current Source . .............. 238
6181C Precision DC Current Source . .............. 238
6186C Precision DC Current Source ............... 238
6200B-6209B DC Power Supplies  ................. 222
6211A-6218A Dual Range DC Power Supplies ..., .. 222
6220B DC Power Supply .....c.covriiiiiniiaa... 226
6224B DC Power Supply . s civiansiiiiies e v 226
6226B.DC Power SUpply .....ecveerenneeanesnenns 226
6227B Dual Tracking DC Power Supply ............ 236
6228B Dual Tracking DC Power Supply ............ 236
6234A Dual Output Power Supply ................. 223
6235A Triple Output Power Supply ................ 224
6236B Triple Output DC Power Supply ............ 224
6237B Triple Output DC Power Supply ............ 224
6253A Dual Output DC Power Supply ............. 226

6255A Dual Output DC Power Supply ............. 226

A
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6259B DC Power Supply
6260B DC Power Supply
6261B DC Power Supply
6263B DC Power Supply
6264B DC Power Supply
6265B DC Power Supply
6266B DC Power Supply
6267B DC Power Supply
6268B DC Power Supply
6269B DC Power Supply
6271B DC Power Supply
6274B DC Power Supply
6281A DC Power Supply
6282A DC Power Supply
6284A DC Power Supply
6286A DC Power Supply
6289A DC Power Supply
6291A DC Power Supply
6294A DC Power Supply
6296A DC Power Supply
6299A DC Power Supply
6384A DC Power Supply
6427B DC Power Supply
6428B DC Power Supply
6433B DC Power Supply
6434B DC Power Supply
6438B DC Power Supply
6439B DC Power Supply
6443B DC Power Supply
6448B DC Power Supply
6453A DC Power Supply
6456B DC Power Supply
6459A DC Power Supply
6464C DC Power Supply
6466C DC Power Supply
6469C DC Power Supply
6472C DC Power Supply
6475C DC Power Supply
6477C DC Power Supply
6479C DC Power Supply
6483C DC Power Supply
6515A High Voltage DC Power Supply
6516A High Voltage DC Power Supply
6521A High Voltage DC Power Supply
6522A High Voltage DC Power Supply
6525A High Voltage DC Power Supply
6824A DC Power Supply/Amplifier
6825A DC Power Supply/Amplifier
6826A DC Power Supply/Amplifier
6827A DC Power Supply/Amplifier
6920B AC/DC Meter Calibrator
6940B Multiprogrammer ................ccooennns
6941B Multiprogrammer Extender
6942A Multiprogrammer ...................c00000
6943A Multiprogrammer Extender

.........................
.........................
.........................
.........................
.........................
.........................
........................
.........................
.........................
.........................
-------------
.............
...............

.................

7000

7004B X-Y Recorder
7010B X-Y Recorder
7015B X-Y Recorder
T7034A X-Y Recorder
7035B X-Y Recorder
7040A X-Y Recorder

............................

TO4TA XY Revorder . ..vvwrs whme siisidse S oo s o 255
FOUBA XN RECOPHBE (v cisemndiemniiibar i smteio s ool e oaiery 252
TOASA K=Y Recorder . v sive s vl s bl i o 252
TOL6A X=X ReCOTdBY | v-ucanve sriaiionisin scotarsiirances wxin ¥ o0 252
T047A X-Y Recorder ... coianianinaasavaaainss 252
7100B Strip Chart Recorder, 2Pen ................ 260
7101B Strip Chart Recorder, I Pen ................ 260
7130A Strip Chart Recorder,2Pen ................ 258
7131A Strip Chart Recorder, 1 Pen ................ 258
7132A Strip Chart Recorder, 2Pen ...........c..0s 259
7133A Strip Chart Recorder, 1 Pen ........... ... .. 259
7155B Portable Strip Chart Recorder .............. 257
7220A 4-Color Graphics Plotter . .................. 650
7220S 4-Color Plotter/Paper Advance .............. 650
7221B 4-Color Graphics Plotter ................... 649
7221S 4-Color Plotter/Paper Advance .............. 649
T225A Graphics PISHer: ...csisumivsvvmsminne ws 652
7245A Plotter/Printer ........cc.eiiiiiinnninanas 654
7260A Optical Mark Reader ..............co00nen 638
7402A 2-Channel Oscillographic Recorder .......... 262
7404A 4-Channel Oscillographic Recorder .......... 262
7414A 4-Channel Oscillographic Recorder .......... 267
7418A 6 to 8 Channel Oscillographic Recorder ...... 267
7562A Log Voltmeter/Converter ................... 48
7563A Log Voltmeter/Amplifier ................... 48
1906 Disc DEIVE: 1.y v s rime 7R RER A R ST Al e Bl s 644
TOODISC DIEIVE oo w5005 01 mibosns tors msioi s 5148 s 1w 644
TO25Disc DIIVE: (s vsininiemi s maa r e s 644
8000

8005B Pulse Generator ...........ccccunveenennnns 329
8006A Word Generator ......... ..cesiunecasinns 342
80078 Piilse GENErator ... »ss«sssivowsasivns st 332
BOITA Pulse Generator ... ¢us. s iabm s aihmailssys 329
BO12B Pulse GONELAIOE . ...svve soimmpns mivirsnsisimeis e 330
80138 Pulse Generator . ...coizccumivsianiy cmiiii 330
8015A Pulse Generator ............c.coevunirennns 326
8016A Word Generator ... cuosecvvwinscoass oo 338
8018A Serial Data Generator  .................... 360
SOBOA Mainframe. ... coiiuswaavasmssismme s o 333
8081A Repetition Rate Generator, 300MHz ... ... .. 334
SOB2A Pulse Generator: ... cuww sy s s v 331
8083A Output Amplifier, 300 MHz ... ............. 334
8084A Word Generator, 300 MHz ................. 334
8091 A Repetition Rate Generator, 1 GHz .......... 335
8092A Delay Generator/Freq. Divider 335
8093A Output Amplifier, | GHz .................. 335
8160A Programmable Pulse Generator ,............ 324
8165A Programmable Signal Source ............... 356
8170A Logic Pattern Generator ...........co00-0.. 336
BA03A Modulabol . conzacunmu e bl a e 395
8404A Leveling Amplifier ........................ 417
8405A Vector Voltmeter: | ...ovvivvmnasivnsiananasia 470
8406A Comb Generator ..........ocvvennrnenrnans 523
8407A Network Analyzer ............cccoiivienann 468
8409A Semi-automatic Network Analyzer .......... 478
8410B Network Analyzer Mainframe 474
8410S series Network Analyzers ................... 471
8411A Harmonic Frequency Converter ............. 474
8412A Phase-Magnitude Display ............. 468, 474
8413A Phase Gain Indicator ............ccovvvvnnn 474
8414A Polar Display ... ooenmdes saeuvinasis 468, 474
8418A Auxiliary Power Supply ......... ... ... ... 474



8443A Tracking Generator-Counter ............... 516
8444A Tracking Generator ............ceeomenises 518
8444A Option H59 Tracking Generator . ... 504, 508, 521
8445B Automatic Preselector ...............00.000. 520
8447 series AmpPHEIers .. ..coovvisiisine semslinssleiiing 37
8450A UV/VIS Spectrophotometer . ............... 690
8470A, B Coaxial Crystal Detectors  ..............- 436
8471A Coaxial Crystal Detector ................... 436
8472A Coaxial Crystal Detector . .................. 436
8473B/C Coaxial Crystal Detectors .. 436
8477A Power Meter Calibrator ................... 425
8478B Coaxial Thermistor Mount ................. 425
S48IA/ H Power Sensars o | couveid - voadameivneslFe i 422
SA81B PoWer SEnsor ... ool reils siaimese ol sabed 422
8482A /H Power Sensors 422
8482B Power Sensor ........overenainonase e 422
BABIA Power Sensor ....cwsinilanct s aielide cebeia 422
B484A PowerSensor .........cuscwmshesressns s 422
8491A /B Coaxial Fixed Attenuators .............. 428
8492A Coaxial Fixed Attenuator .................. 428
8493A /B series Coaxial Fixed Attenuators .......... 428
8494A /B/G/H series Coaxial Step Attenuators . .... 430
8495A /B/D/G/H/K series Coaxial

Step/ ABRUALOTS: 5y n it VA s e e 430
8496A /B/G/H series Coaxial

SEP ALIENURTONS: . viiw/s vyl o« a A i ez d et 430
8498A Coaxial Fixed Attenuator .................. 428
8501A Storage-Normalizer ...................... 463
8502A & B Reflection Transmission Bridges ........ 464
8503A & B S-Parameter Test Sets ................. 464
8505A Network Analyzer ................cc00vnns 460
8507B Automatic Network Analyzer ............... 466
8552A Spectrum Analyzer—IF Section ............ 13
8552B Spectrum Analyzer—IF Section ............. 513
8553B Spectrum Analyzer, Tuning Section .......... 516
8554B Spectrum Analyzer, Tuning Section .......... 518
8555A Spectrum Analyzer, Tuning Section ......... 520
8556A Spectrum Analyzer, Tuning Section ......... 514
B557A Spectrum Analyzer ................0... 183, 506
8558B Spectrum Analyzer .............cc00nnn 183, 508
8559A Spectrum Analyzer ................... 183, 510
B565A Spectrum Analyzer .........cccecniainana, 504
8566A Spectrum Analyzer ................... 494, 499
B568A Spectrum Analyzer ................... 494, 496
8581 A Automatic Spectrum Analyzer .............. 502
8582A Automatic Spectrum Amalyzer .. .. ... . ... . .. 502
BOROA DIItal MATKET . -. o coivoi coasiorimmis mnta s slaisls 400
8601 A Generator/Sweeper . ...ici v iniimie s 400
S61 AN Sipral (GEnerator’ ... . .ousemmearmiee sases b 391
B616A Signal Generator . ....iic..iaiviiens i 391
8620 system Sweep Oscillators  ................ 401, 601
8620C Sweeper Mainframe ...... ... ocoiiiiiinoa 402
8621B Multiband Sweeper Drawer  ................ 412
8640A AM/FM Signal Generator . 381
8640B AM/FM Signal Generator ................. 381
8640B Option 004, Avionics Signal Generator . 384
8640M Signal Generator . ..............c0oinnn.. 385
8654A Signal Generator ............c0cnieiiia.n 386
B654B Signal Generator .............c.cimiiennn, 386
8655A Synchronizer/Counter ............cov0..... 387
8660A Synthesized Signal Generator ............... 374
8660C Synthesized Signal Generator ............... 374
8662A Synthesized Signal Generator .. ..... ... . ... . in2

8671A Microwave Frequency Synthesizer ........... 380
8672A Synthesized Signal Generator ............... 378
86908 Sweep Osaillator: ... .. 200 e v e 414
8691B-8695B RF Units (PIN leveled BWO)

BorBODOB | .. oo A g5 e o e O 415
8691A-8697A RF Units (Grid Leveled BWO)

L gLy 0) 2 R I A L 1 5] 0 P T 415
8698B, 8699B Solid State RF Units for 8690B ... ... 415
8705A Signal Multiplexer for 8690B ............... 417
8706A Control Unit for 8690B ...............o00vun 417
8707A RF Unit Holder for 8690B ................. 417
8709A Phase-lock Synchronizer ................... 417
8717B Transistor Bias Supply .........ccooniiuu. 476
8721A Coaxial Directional Bridge ................. 469
8731-8735 series PIN Modulators  ................. 395
8740A Transmission Test Unit  ................... 476
8741A Reflection Test Wnit: o oo cvanabociiiiiie 476
8742A Reflection Test Unit .......covenunnnvnnn. 476
8743A Reflection/Transmission Test Unit .......... 475
8745A S-Parameter Test Set ........c...eoiivinnns 475
8746B S-Parameter Test Set ......ocuesinnriiveres 476
8747A Waveguide series

Reflection/Transmission Test Units .. ............ 477
8748A S-Parameter Test Set ...................... 459
8750A Storage-Normalizer ...................... 479
8754A Network Analyzer .............. 0000000 458
8755B Frequency Response Test Set Plug-in . ....... 446
87558 Frequency Response Test Sets ............... 442
8761A & B Coaxial SWItches. .......eeesmsmvniedisn 440
8801A Low Gain Preamplifier .................... 268
8802A Medium Gain Preamplifier ................. 268
8803A High Gain Preamplifier .................... 268
8805A Carrier Preamplifier ....................... 268
8805B Carrier Preamplifier ....................... 268
8806B Phase Sensitive Demodulator . .............. 269
8807A AC/DC Converter s 269
8808A Logarithmic Prcampltﬁcr .................. 269
8809A Signal Coupler .........ccoviviiinniiienas. 269
8820A DC Bank Amplifier ....................... 269
8821A DC Bank AmPUEEE e ormsamotismin s rernsa 269
8900B Peak Power Calibrator ..................... 425
8901A Modulation Analyzer ............cccoviuiuan 543
8950B Automatic Transceiver Test System .......... 548
9000
9411A Switch Controller ..........cciivenvmnnnnn 625
04124 ModulagiSadtel . s vl s i s e sk 625
541N IR SaaIch= oo s S ARl IS B e 625
QAVAA Matrix BWHCR! . cn ot s < e v : 625
9815A, S Desktop Computer ................... 34,615
9825A, S Desktop Computer ................... 34,615
9835A, B Desktop Computer .................. 34,616
9845B, T Desktop Computer ................... 35,617
98668 Thermal Primteri o s siu ci it et s deie re 620
OBT0A Card ReAdOr v vt h i oo s s diore it e 620
9871A Character Impact Printer .................. 619
9872B 4-Color Graphics Plotter ... ................ 651
9872S 4-Color Plotter/Paper Advance ...._ .. ... .. .. 651
DETAA: DIRINZEC | o v TR e e oy o A LT 619
O875A Cartridge Tape Unit  ..........oiiaviaaiin 619
9876A Thermal Graphics Printer ... ... ... .. ..... 618
9877A External Tape Memory .................. 620
9878A 1/0 Expander 620

15
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9883A Tape Reader Subsystem ................... 620
9884A Tape Punch Subsystem .................... 620
9885M /S Flexible Disc Drive .............0.00. 619, 642
10000

10001A 10:1 Divider Probe: ...v..civsicosiivamsves 191
10001B 10:1 Divider Probe ..................c0..- 191
10002A 50:1 Divider Probe: ... ......iiiiasivimania 191
10002B 50:1 Divider Probe ..............cc0cov... 191
10003A 10:1 Divider Probe  ......... ..., 191
$D004EY 1071 Divitler PIODE: ... . sieics mumiopimesndsiss e ste; 31
10005D 10:1 Divider Probe oo vavivesanciin 191
10006D 10:1 Divider Probe ....................... 191
10007B 120 Probe: i sy simadse =i Saayia /s 53, 191
10008B 1:1 Probe . ... ... ... ... ... 53, 191
10011B BNC Adapter Tip  iaccuedcvnnizanes 53, 194
10013A 10:1 Divider Probe ................c0oo... 191
10014A 10:1 Divider Probe ....................... 191
10016B 10:1 Divider Probe ....................... 191
10017A Miniature Divider Probe 188
10018A Miniature Divider Probe .. ..... .. ......... 188
10019A Cable Assembly ..........ccovviiiiin. o 190
10020A Resistance Divider ... .................... 191
10021 A Miniature 1:1 Probe .............c00vuunn. 188
10022A Miniature 131 Probe . .......cccoiieviuains 188
TODZAANC TS COD:  ovvniinnmonse sovinios s ires ssls 190
10026 A Miniature 1:1 Probe (50Q) ....... ........ 188
10027A Miniature 1:1 Probe (509Q) ................ 188
10028A JumperCable .........c....iiu i 190
10034A Probe Ground Lead Kit ... ............ ..., 193
10035A Probe Tip Kit oo cvpaan hounwis i am 2ty 193
100368 Probe Tip Kit 190, 193
LO037B Probe TipKit: ..ouus i evinasmia. v 190, 193
10040A 10:1 Miniature Divider Probe .............. 188
10041A 10:1 Miniature Divider Probe ... ........ ... 188
10042A 10:1 Miniature Divider Probe .............. 188
10050A HP-IB Adapter (1602A) .................. 144
10051A Test Probe (1602A) . ..................... 144
10059A HP-IB Interface (1602A) 157
10069A HP-IB Interface (1615A) ................. 157
10100C 50 ohm Feedthrough Termination 194
10100B 100 ohm Feedthrough Termination ......... 194
10110B BNC Male to Dual Banana Plug ........... 683
10111A Shielded Banana Plug to BNC Female . .. 683
10113A Triple Banana Plug to Dual BNC Female ... 683
10116A Light Shield for 1220 Series Oscilloscopes . 187, 194

10117A Panel Cover for 1220 Series Oscilloscopes ... 187
10119A Rack Mount Kit for 1220 Series Oscilloscopes 187

10140A Viewing Hood for 1700 Series Oscilloscopes . 194

10166A Front Panel Cover (180A, I81A, 184A) .. ... 194

10173A RFI Filter and Contrast Screen for 1700 Series
Oscilloscopes . 194

10176A Viewing Hood for 12.7 cm (5 in.) Rect. CRT 194
10178A Metal Mesh Contrast Screen

for 181 and 184 series Oscilloscopes .............. 194
10183A Light Shield HP for small screen displays 209
10229A Retractable Hook Tip Adapter ............. 194
10230C Clock Probe, Logic Analyzer ............... 155
10231C Data Probe, Logic Analyzer ... ... ........ 155
10233A Cable, 1645A to 5055A or 5150A  ......... 568
10235A Interface Cover for 1645A ... ... .......... 569
10236A Trigger Bus Cable (1600S) ......... .. ... ... 158
10237A Data Cable (1600S) ....................... 158

10247A Clock Probe ... .::occicncsivsinamaisiniis 155
10248C Data Probe .. ... ... . .. ... ............. 155
10250A TTL Trigger Probe . .......... ... 144, 190
10253A Card Reader for 1600A . ... ... ........... 151
10254A Serial-to-Parallel Converter . ... T L
10257B Personality Module for 1611A {6800 ,uP) ., 146
10258B Personality Module for 1611A (8080 uP) 147
10259A Personality Module for 1611A (OF8 uP) ... .. 147
10260A Personality Module for 1611A (Z80 uP) . 147
10261 A Personality Module for 1611A (6502 uP) .... 147
10262A Personality Module for 1611A (1802 uP) . 147
10263A Personality Module for 1611A (8085 uP) 147
10264A GP Personality Module (1611A) ... .. ... ... 146
10275A PDP-11 UNIBUS Interface ............... 157
E02T0A LST=1E INTEFERERT . vie vvininime aamfoms niw aye s imns 157
10277A,B,C General Purpose Interface ............. 157
10278A HP 1000 series Interface .................. 157
10279A NOVA 3Interface ..........ccciiiivaaeas 157
10280A MicroNOVA Interface .. ... ............ ... 157
10281A HP-IB Interface (1640A) .. ... ... ... ... ... 157
10299A Rack Mount Adapter ... .................. 159
10352B Graflok Back -.....uasnemmiamisinmvaisis 197
10353A Pack Film Back ......................... 197
10358B Camera Carrying Case  ........ccc.cveiioen 198
10361A Camera Bezel Adapter ................... 197
10362A Camera Bezel Adapter . .................. 197
10363A Camera Bezel Adapter . ... ... ........... 197
10367A Camera Bezel Adapter  ................... 197
10369A Camera Bezel Adapter . .................. 197
10370A Camera Bezel Adapter wo TO8
10371 A Camera Bezel Adapter . 198
10372A Camera Bezel Adapter . .................. 198
10375A Camera Bezel Adapter ................... 197
10376A Camera Bezel Adapter .. 197
10377A Camera Bezel Adapter . 198
10378A Camera Adapter ......................... 197
10380A OEM Horizontal Frame for HP Small

Screen Displays ..........ccoiiiiiiiiiiiiiiiann 211
10382A Bench Hardware Kit for 10380A . .......... 211
10386 A OEM Vertical Frame for HP Small .

Screen Displays ... . 211
10387A Interface, Typc 303 Modems {1645A} ‘‘‘‘‘‘ 569
10388A Interface, CCITT V35 (1645A) ............ 569
10389A Interface, Breakout Box (RS-232C) (1645A) 569
10407B Plug-in Extender (180 system) ............. 194
10475A 3 in. Drawer for 1117B .. ................. 200
10476A 8 in. Drawer for 1117B ... voes 200
10491B Rack Mount Adapter, 1700 series, I6OGA 159. 194
10492A Interconnecting Cable for 1338.&;’13501\[1 m) . 217
10493 A Interconnecting Cable for 1338A/1350A (3 m) . 217
10494A HP-IB Interface (1610A) ... ... ... ... .... 140
10495A HP-IB Interface (16104A) . 140
10496A HP-IB Interface (1610B) ... ... ............ 140
10499A Field Retrofit Kit (1610A) . 140
10500 series Double Balanced Mixers .............. 689
10501 A Cable Assembly ......................... 682
10502A Cable Assembly ............. ... 0.c0ann. 682
10503A Cable Assembly .......coonvivvvnrrrnnnn. 682
10511A Spectrum Generator ...................... 396
10514A Double Balanced Mixer ................... 396
10515A Frequency Doubler . ...................... 396
10519A Cable Assembly . ........................ 682
10525T & 10525E Logic Probes . .......... I B



JOS26T VR PUISRE . . 00000 o wimenid s miaensdaliie sl 116
Y0528 Logic D! vvoumweaminmiin s e ioveis s 117
10529A Logic Comparator ...............c........ 118
10534A Double Balanced Mixer ................... 396
10541 A Reference Boards ..............ciocii.aae: 118
10541B Preprogrammed Reference Boards .......... 118
10544A/B/C Component Oscillator ............... 285
10590A Plug-in Adapter ...............cciieniinnnn 294
10595A Board Extender Kit (... c.iiavisiiimiiaaa 293
10631A,B,C,DHP-IBCables ................ 28, 683
10844A Programming Interface Kit (5045A) ........ 107
10845A Program Card (5045A) ................... 107
10846A Program Card Coupon Book ............... 107
108478 5045A Service Kit .. ............0vvunnnnn. 107
10855A Broadband Preamplifier .................. 305
10856A Low Pass Filter Kit . ... .................. 306
11000
11000A Cable Assembly .........cccoivmienennann 682
11001A Cable Assembly ...... ... 0iiniieiiinass 682
BIOD2A Test Leads oo v iormra mumasn magmomn s 682
LIDOZA et Bals w3iiid siiiiiresi al s b v i 682
11035A Cable Assembly ..........ccocnvienirnn. 682
11036A AC Probe for 410C. ., .i:viiiaeminnwiaas 684
11040A Capacitive Voltage Divider ................ 684
11045A DC Voltage Divider for 410C .............. 684
[1046A CArTving Case ... ..o vsnmsamienison e 677
11047A Output Voltage Divider ................... 684
IH067A- TesELead Kit ... covve v mommad s sy 53, 55
11068A Soft Carrying Case  .........cocouvnininns 53,55
I1075A & 11076A Instrument Cases .............. 677
11096B High Frequency Probe .................. 42,53
11143A BNC to Clip Leads

Cable AssembBly .« ...vqmvin e saia e 682
11170A/B/C Cable Assembly ..................-. 682
11473A-11476A Balancing Transformers .......... 685
11500A /B Cable Assembly .................. ..., 682
LIS0TA Cable AsSemblY . ... .ovvmemenyossormssanre 682
11507A Output Termination .............cccnvenns 396
11508 A Terminated Output Cable ................. 396
I1509 A Ruseholder: o -:ivomzeisiviivasmane merves 396
EISIIACanial SHOTL, .o ssig: dusithum st 438
I1512A Coaxial Short: <. -ivies v snemanigey e 438
11515A Waveguide Adapter ...................... 441
11516A Waveguide Adapter ...................... 441
TIISIHATMEREE . o oot ol i ot S e v b ey e o 523
11518A-11520A Waveguide Taper Sections ......... 523
11524A APC-7 to N (female) Adapter 441, 683
11525A APC-7 to N (male) Adapter .......... 441, 683
11531A Test Plug-in for 8690B .. ................. 417
11533A APC-7 1o SMA (male) Adapter ....... 441, 683
11534A APC-7 to SMA (female) Adapter ..... 441, 683
11536A Probe Tee for 8405A  .................... 470
11540A Waveguide Stand  ..........ciciiciianin, 441
11542A-11548A Waveguide Clamps .. ............. 441
11549A Power Splitter for 8405A . 470
HISEDA CoaxiliShort: .. ... cooeosmb snlh o 438
L1S66A Atr Line BREENBION . .« S s v awism o 441
VIS6TA Ailr Eine EXIension: .. ..oiseiiiiesseias 441
11570A Accessory Kit for 8405A .................. 470
FISBLA Attenuator Set. oo cmiidiiadaiise sasies 428
LISBIOA ALenuatorSeE: . ;.o vamm s aatnmesme sirlaism: 428
TISE3A Attenuator-Set: oo e el i e 428

11587A Accessory Kit for 8410 series
LESBBA Swivel AdBDIEE .« ccive v vine s con e sionis s
11589A & 11590A Bias Networks
11599A Quick-Connect Adapter for 8745A
11600B Transistor Fixture
11602B Transistor Fixture .............c.co0iiennn
11604A Universal Extension for 8745A
11605A Flexible Arm for 8743A
11606A Rotary AirLine ........co..oooiviviaiinn
11607A Small Signal Adapter for 8745A
11608 A Transistor Fixture
11609A Cable Kit for 8410S ......................
11650A Accessory Kit for 84108 . .................
11652A Reflection/Transmission Kit for 8407A
1 1654A Passive Probe Kit for 8407A

11655A Impedance Probe for 8407A

11658A Matching Resistor for 8407A
11661B Frequency Extension Module
11664A Detector for 8755
11664B Detector for 8755
FLeESB Modulator for 8T8 L L et e 3
11666A Reflectometer Bridge for 8755
11667A DC-18 GHz Power Splitter ................
11668A 50 MHz High Pass Filter for 8755
11672A Service Accessory Kit ... ..o rinnoeesaans
11675B Leveling Cable Assembly for 784B
11678A Low Pass Filter Kit  ..........cccviinnnnn.
11679A /B Extension Cables for 8755
11683A Range Calibrator ........c.icvimveeiunia..
11684/5/6/8/9A Low Pass Filters
11687A Adapter, 50 to 75 Q
11690A Frequency Doubler .......................
11691D Coaxial Directional Coupler ...............
11692D Coaxial Dual Directional Coupler
NGO IA Lamiter oo desian e sivaan s sabire sislis e s
1 1694A Matching Transformer, 50-75Q ............

.............

.......................

477
441
477

475
475

475
441
477

445
421
445
396
396

11697A, B & C Bandpass Filters ... ............ 396
FITOTA TSt PINE-II . .ciurie e v o e s aiminhs s e as s s 37N
1 1708A Attenuator (for Calibrating 8484A) . 422
I1710B. Down Converter ... ... .5 cwienemessasioees 385
11711A Noise Source Adapter ..................... 426
11713A Attenuator/Switch Driver .. ............... 420
11715A AM/FM TestSource ..................... 545
11716A, B Interconnection Kits . .................. 430
117204 Pulse Modulgtor ..ccvvcenaiacsasivviins 394
11850A & B Power Splitters . ..................... 464
11851 A RF Cable Kit for 8505A .................. 465
11852A 50-75 © Minimum Loss Pad ............... 465
11853A 50 @ Type N Accessory Kit ............... 465
11854A 50 € BNC Accessory Kit . ................. 465
11855A 75 Q Type N Accessory Kit . 465
11856A 75 2 BNC Accessory Kit .................. 465
11857A/B/C Test Port Extension Cables

for BSOBA KB riie i SR e e SR 465
11858A Rigid Interconnect Adapter ............... 465
11866A APC-7 Calibration Kit .. ................. 477
12000
12050A Fiber Optic HP-IB Link .. ... ... .. .. .. ... 32
12551B 16-Bit Relay Output Register .............. 626
125558 Digital-to-Analog Converter ............... 626
125568 40-Bit Riegister ... civcums conanaiosnes o 626

12604B Data Source Interface

17

A




18

(O

MODEL NUMBER INDEX

New product listings are printed in bold face type

12930A Dual-Channel Interface ................... 626
12940A 20 Mbyte Disc Cartridge .................. 643
13000

13064A Tape Degausser .............cc0cevnennnas 272
13222C RS 232 Cable, Female .....c.cosmicsssaiss 637
13222M European Modem Cable .................. 637
13222N US. Modem Cable .........covvvervnnras 637
13222W HP 300 Cable: o.ivivie v o saiineemaiisas 637
13231A Display Enhancements .................... 634
13238A Duplex Register ... ... vinlan wiaria ssts'sas 634
13245A Character Set Generation Kit .............. 634
13250B Serial Printer Interface ................... 634
13254A Video Output Interface  .................. 634
13265A 300 Baud Modem, originateonly ........... 637
13266A Current Loop Interface .................. 634
13290B Development Terminal .................... 633
13296A Shared Peripheral Interface ............... 634
13356A 120 Mbyte Disc Pack .........covovrennnn. 643
13394A 50 Mbyte Disc Pack ...................... 643
13515A Frequency Doubler Probe ................. 394
14000

14513A Rack Kit (for one unit, 3%2"H) ............. 240
14515A Rack Kit (for one unit, 5%4"H) ............. 240
14521A Rack Kit (for Bench Series) ............... 240
14523A Rack Kit (for two units, 3%2"H) ............ 240
14525A Rack Kit (for two units, 5%"H) ............ 240
14533B Pocket Programmer ...................... 245
14534A Pocket Programmer Cable ................ 245
14535A Interface Kit, DCPS-to-21

MX Compiter. i .u.ousng sastans e wens 245
14536A DCPS Chaining Cable .................... 245
14539A Cable Assembly, DCPS

to2] MX Computers ...............cc.cocvennen 245
14540 Cable Assembly, Multiprogrammer-to

2N MX Compuler, o.vosionsesvssnoassssionfiies 664
14541 A Chaining Cable, 6940B

o /6941 B 06981 B  ciis i e Sy e 664
14550A Interface Kit, Multiprogrammer-to-

2 MXCOmPBIES: = ool aleminits o i/aaiodn Man el v 664
14551 A Multiprogrammer Service Kit ............. 664
14555A Multiprogrammer Card Connector ......... 664
14700A/14701A Extender Interface Kits ............ 663
14702A Chaining Cable .......................... 663
14703A Spare Card Connector .. .................. 663
15000
15363A Card Reader .-.viianini s s o 343
15450A Four-Channel Adapter .................... 343
15451A Four-Channel TTL-CMOS Translator ...... 343
I5S0TA Isolator: .oiasivssmes ssve s sssain s 557
15508B Impedance Converter ......cosvseemvosmons 557
15509A AmpHFier ... ovviveidayiadiavaddsaan i 557
ISSTSAH BQualizers ..« .our v iremmunndobasie el 589
15580A 25 MHz High-Impedance Active Probe ..... 589
15581B 25 MHz High-Impedance Passive Probe ..... 589
15582A RetirnLoas Joif  -ooconvn sviinnsenaimasas 589
LSS8AA. Fransit. Clane ... 5o gl bbb, 08 589
15585A Diagnostic Kit. ..o smesn saneninun e ks 589
15587A 25 MHz Low-Noise Amplifier ............ 589
15588A 90 MHz Low-Noise Amplifier ............ 589

15589A Instrument Cart

16000
TEDDSA Probes  ..coums s wmis s assioin e v am e s e 83
TGO0D6A Probe:. ... ..co0.nsnei g EnaRe s s s e sds 83
I60DTA Test LEadS: .vivoimassmasmm s srinion o i3 83
16008A Resistivity Cell . ...........c.ooiiiiiia... 84
16012A, 1601 3A Test FixtUres v voiaviaem g s mys 82
16014A Series Loss Test Adapter . .................. 82
T6D19A TSt FIXIUIE  vuvvvinevissiem e cinniry s s oo 82
16029A Test Bixture o iisiiasnmyianond ivaiae i 85
FODELA TSt FIXMITE - o oo vcimein vy o oomirioiyon . wisiaiamins 87
Y6062A Test Lead ' v saviinataian e it s dhaaid i i 87
TOOGIA TELLBER .. e oo e mi s s o s e 87
TE1ABA Test BorUE: v arasiaiinuiasia s A s e idia 82
16470A Reference Inductors ....................... 82
16491 A Camera Bezel Adapter . .................. 198
17000
17005A Chart Advance for 7004B Recorder ........ 251
17012B Point Plotter ..........cccnrmvernrnncesns 251
1701 2C Point PIOHET ..cvsiiniies anmer summanines 251
17055A Overhead Transparency Kit ............... 655
PTIOBA TIMEBBIE! . o in s vmuice D s amsie atn vz 5 249
TTIT0A DL COUPIEE i s cimamnilnsssthib e stiin araa i 250
ITI71A DC Préamplifier . ... cveosvsosessnmnessus 250
L7172 Titae Base:  .oopia s vwiaas ik s lsiataeie 5% 250
17173A Null Detector .. ... ..oooiriiinunnnnranns 250
17174 DCOMet o canuri e d e ruas v s 250
GO ey N o R N R0 .ot o SR 250
I7TIT6A SCEMNET | uovn v e v v v by b ibegits v 250
17177A AC/DC Converter DC Preamplifier ........ 250
17178A DC Attenuator ..........ovvvvnvrinnnenss 250
17400A High Gain Preamplifier ................... 262
17401 A Medium Gain Preamplifier ................ 262
17402A Low Gain Preamplifier ................... 262
17403A AC Carrier Preamplifier .................. 262
17404A DC Bridge Amplifier ..................... 262
17500A Medium Sensitivity . .....ccsesmasssnscins 260
17501A High Sensitivity ..........co0iniiiiinian 260
17502A Temperature Module ..................... 260
17505A Very High Sensitivity ..........c0000ioann 260
17600A General 1/O Personality Module for 7225A .. 652
17601 A HP-IB Personality Module for 7225A ....... 652
17602A 8, 12, 16-Bit Personality Module

B0 T22BK (\sigiaim s o bl AR AR i o S R i 652
17603A RS-232-C Type Personality Module

RO TRRBA: o okt P e b A e e e 652
18000
18062A MIL-STD-188C Interface (1645A) ......... 569
18107A External Oscillator (2804A) ............... 669
18108A Line Amplifier (2804A) .............cvvun 669
18109A Diagnostic Kit (2804A) ................000 669
18110A Laboratory Probe and Cal Module,

25 mm (17) (2804A)  ..cmiiuiyse i i ata 669
18111A Laboratory Probe and Cal Module,

230 mm (9:1") (2804A). . .ciussiiasinanaviaai 669
18112A Laboratory Probe and Cal Module,

460 mm (18:1") (2804A) .......cunisieeseiaes e 669
18115A Heavy Duty Probe and Cal Module,

30 mm (1.27) (2BO4A)! i .vassonsamsmmeas sirs e 669



18116A Heavy Duty Probe and Cal Module,

100 mm (3.9 (ZBOMA). et e v it e e 669
18117A Heavy Duty Probe and Cal Module,

L8O M (T 17) C2804R) | e e o atd e 669
20000
22900A series Cards for 2240A . .................. 626
30000
33000 Absorptive Modulator ...................... 689
33001 Absorptive Modulator ...................... 689
33002-5 SRD Comb Generators ................... 689
33008 Absorptive Modmlator ...................... 689
33016C SPDT Microwave Switch ................. 689
33100 series SPST Microwave Switches ............ 689
33150A Microwave Bias Network ................. 689
33190B SwitchDriver ..........cccooviveiernncnsn. 689
33200 series Octave Band  .................c0uunn. 689
33300 series Coaxial Step Attenuators .............. 432
33311B/C Coaxial Switches ... ... iwiwaavemesin 440
33320 series Coaxial Step Attenuators .............. 432
33330B, C Coaxial Crystal Detectors ............... 436
33600 series SPDT Switch Modules ................ 689
33800 series Mixer Detector Modules .............. 689
FATI0A CartVINg CaSE ..o vcvvinws s o e als an il 53
34111A High VoltageProbe . ......... .c..cc0000... 53
34112A Touch=-Hold Probe . ... i« iieceesaiicesaiivi 53
37013A System Software ......................... 590
37014A System Software ......................... 590
FT20TA HP-AIB EXtender .. .cuuin soosenmmanae v 33
40000
43501B X-Ray System .........cccievearvsvesszns 694
43804 X-Ray System  ..........coveenvenncnnnnn. 694
43805-X-Ray SYStEmM i iiameinvaiteiae eswima 694
43807 X-Ray System  ..........0ciiiurinnnnnennn 694
50000
52126A Intel MULTIBUS Interface ................ 157
59301 A ASCII-Parallel Converter .................. 29
59303A Digital-to-Analog Converter ................ 29
59306A HP-IB Relay Actuator . ................... 29
59307A HP-IB VHF Switch ,......c.cvvveererinnn. 29
59308A HP-IB Timing Generator .................. 29
59309A HP-IB Digital Clock ...................... 29
59310B HP-IB Computer Interface ................. 34
59313A HP-1B Analog-to-Digital Converter .......... 29
59401 A Bus System Analyzer ...................... 28
59403A HP-IB Common Carrier Interface ........... 32
59500A Multiprogrammer HP-IB Interface ..... 31, 660
59501A HP-IB Power Supply Programmer ...... 30, 232
60000
61000 Modular Power Supplies (OEM) ..........., 242
61005C DC-to-DC Converter (single output) ........ 242
61315D DC-to-DC Converter (triple output) ........ 242
62000 & 63000 Modular Power Supplies (OEM) ... 242
62005A-62048G Modular Power Supplies ........... 242
62212A-62215G Dual Output Modular Supplies ... .. 242
62410A Modular Supply Rack Mounting Tray ...... 243
62411A Rack Tray Blank Front Panel .............. 243

62412A Rack Tray Blank Rear Panel .............. 243

62413A Rack Tray Cooling Unit (45¢cfm) ......... 243
62414A Rack Slide Kit (for standard cabinets) ...... 243
62415A Rack Tray AC Distribution Panel ......... 243
62416A Rack Tray Cooling Unit (160 ¢fm) ........ 243
626051, 62605M, 62615M 300-600 W Switching

Povrer Supplies: .t Dol L WL e . oy 242

62615D 525 W Dual Output Switching Power Supply . 242

63005C 110 W Switching Power Supply ............ 242
63312F Multiple Output DC Power Supply ......... 242
63315D Triple Output Switching Power Supply ...... 242
64000 Logic Development System .................. 132
69322A Quad D/A Voltage Converter Card . ....... 661
69330A Relay Output Card  ............ccovvvenns, 661
69331A Digital Qutput Card .. ............. 00000 661
69332A Open Collector Output Card  .............. 661
69335A Stepping Motor Control Card .............. 661
69351B Voltage Regulator Card ................... 661
69370A D/A Current Converter Card .............. 661
69380A Breadboard Output Card .. ............... 661
69422A High Speed A/D Converter Card .......... 661
69423A Low Level A/D Converter Card ........... 661
69430A Isolated Digital Input Card ..............., 661
69431A Digital Input Card .. ..............cuu.... 661
69433A Relay Output With Readback Card ........ 661
69434A Event Sense Card ...............c.c.c0nnn 661
69435A Pulse Counter Card ..............c00uuuen 661
69436A Process Interrupt Card . .................. 661
69480A Breadboard Input Card ................... 661
69500A Unloaded Resistance Output Card .......... 661
69501A-69513A Power Supply Control Cards ....... 661
69600B Programmable Timer Card ................ 661
69601B Frequency Reference Card ................ 661
69700A-69706A Resistance Output Card . ... . ... ... 665
69720A Digital-to-Analog Voltage Converter Card . ... 665
69721A Digital-to-Analog Current Converter Card .... 665
69730A Relay Output Card. .............ccoccnnatns 665
69731A Digital Output Card ...................... 665
69735A Pulse Train Output/Stepping Motor

Control Card o' 5 fanis s e s v 665
69736A Timer/PacerCard ....................... 665
69751A Analog-to-Digital Converter Card ........... 665
69770A Isolated Digital Input Card . ............... 665
69771A Digital Input/Analog Comparator Card ... ... 665
69775A Counter/Totalizer Card . ................. 665
SOTTEA Inferrupt CoMl: ..ot es s siavnom e 665
69790A Memory Card ........................... 665
69793A Breadboard Card ..................c.c.00.. 665
80000
82104A Card Reader (41C) ... ......... . .......... 609
82106A Memory Module (41C) .................... 609
82143A Printer (41C) ... ... .0, 609
B2IS3A Wand (41C) ..........c.-coivviiiivnnsas 609
82903A 16 k Memory Module (41C) ................ 613
84801A Fiber Optic Power Sensor  ................ 419
85010B Basic Measurement Program Pac

for B501A /8505A & 9825A .............c.v.ns, 467
85030B Applications Pac for 8507B-9825A ......... 467
85031A APC-7 Calibration and Verification

RATOrBSOTR. | o eIl e e e i e 467
85032A 50 Q Type-N Calibration Kit

ar 8SOTR: v dess ey s S e S 467
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MODEL NUMBER INDEX

New product listings are printed in bold face type

85033A SMA Calibration Kit for 8507B 467
85036A 75 @ Type N Calibration Kit

for 8507B ... . e 467
85426A Bias Insertion Network ................... 469
85428B Minimum Loss Pad ...................... 469
86200 series Sweeper Plug-ins for 8620C ....... 410, 601
86222A & B Sweeper Plug-ins for 8620C . ... ... 408, 601
86240A /B/C Sweeper Plug-ins for 8620C ...... 406, 601
86290A & 86290B Broadband Sweeper

Bl fon 820G < nuvieymriminmsvmaasiss s 404
86300 series Sweeper Modules for 8620C .......... 412
86600 series RF Section Plug-ins

PO BBB0A & C . e leeeh i 376
86630 series Modulation Section Plug-ins

For-3000:A:&C: (iR cris s i Sosmt e b o s 377
90000
90100D Practical Transistor Series (Video Tape) 698
90420D Digital Troubleshooting (Video Tape) ....... 696
92904A Wall Mounting Cradle .................... 639
98032A 16-bit Parallel Interface .................. 621
98033A BCD Input Interface ..................... 621
98034A HP-IB Interface ........................ 621
98035A Real Time Clock Interface ................ 621
98036A Serial Interface ..........ccccoviviiiivains. 621
98040A Incremental Plotter Interface ............. 621
OB041A Disc Interface . ....ccoivimimessviws miisces 621
98133A BCD Interface .......................... 621
98134A General Interface ........................ 621
98135A HP-IB Interface ........................ 621
98136A RS-232-C Serial Interface ................ 621
98137A Tape Duplication Interface .. ... ... ... .. .. 621
1250-0076 90° BNC Male-Female ................. 683
1250-0077 Type N Female to BNC Male ........... 683
1250-0080 BNC Female to Female ................ 683
1250-0082 Type N Male to BNC Male ............. 683
1250-0176 Type N Male to Type N Female 90° ... .. 683
1250-0216 BNC MaletoMale .................... 683
1250-0559 Type N Tee, 1 Male, 2 Female .......... 683
1250-0777 Type N Female to Female .............. 683
1250-0778 Type N MaletoMale .................. 683
1250-0780 Type N Male to BNC Female ........... 683
1250-0781 BNC Tee 1 Male, 2 Female ............. 683
1250-0846 Type N Tee,3 Female ................. 683
1250-1158 SMA Female to Female ................ 683
1250-1159 SMA MaletoMale .................... 683
1250-1263 BNC Male to Single Banana Plug ........ 683

1250-1264 BNC Male to Dual Banana Plug
1250-1286 Right Angle BNC (female)
1250-1287 BNC (female) to (female)

1250-1288 BNC (male) to (male)

1250-1454 BNC Adapter Tip for HP Miniature Probes .

1250-1472 N (f) to N (f) Precision (5092) ..........
1250-1473 N (m) to BNC (m) Precision (50 Q)
1250-1474 N (f) to BNC (f) Precision (50 Q)
1250-1475 N (m) to N (m) Precision (50 2)
1250-1476 N (m) to BNC (f) Precision (50 Q)
1250-1477 N (f) to BNC (m) Precision (50 Q)
1250-1528 N (male to male) (75 Q)
1250-1529 N (DtoN(ND(759Q) ..ovvnvirvnnannnn.
1250-1533 N (m) to BNC (m) (75 Q)
1250-1534 N (f) to BNC (m) (75 @)
1250-1535 N (m) to BNC (f) (75 @)
1250-1536 N () to BNC () (75 Q) ................
1251-2277 Dual Banana plug to BNC Female
1251-2816 Dual Banana plug (for cable)
1490-0714 Fixed Slides (180, 181

rack style oscilloscopes) ........................
1490-0719 Pivoted Slides (180, 181

rack style oscilloscopes) ........................
1490-0768 Slide Adapter for securing slides

(180, 181 rack style oscilloscopes)
5020-0530 Amber Filter for 12.7 cm (5")

rECRUERIATIERT . (i svnmns o vt v b e e A
5020-0567 Smoke Gray Filter for 12.7 cm (5")

rectangular CRT e sissis ot e spatna vilssiham
5040-0516 Front Panel Cover (1700 series

ORCILIORCOPBS) . ¢ aivisi s iinm R K B
5060-0548 Blue Filter (1700 series

OBCIHOBCOPES) wiummivn s i o wiar @ v s T
5060-0789 Cooling Kit ............. ... ccovunnn..
5060-0796 Cooling Kit .....
5060-8739 to -8744 Rack Mountmg Kits .o
5060-8756 Accessory Drawer .....................
5060-8757 to -8761 Filler Panels
5060-8762 Rack Adapter Frame
5060-8764 Rack Adapter Frame ...................
5060-8766 to -8771 Control Panel Covers
10004-69515 IC Probe Tip Adapter ................
10017-67603 Adapter Cable, HP standard probe to

0.64 mm (0.025 in.) square pin ..................
10017-67604 Adapter, converts HP miniature

probes for use with standard probe accessories
10024-69501 Interface Pin Kit for 10024A

......

...................

683
683
683
683
683
683
194
194
194
194
194
194

194
677

. 677

676
676
676
676
676
677
194

190

. 190



® An easy-to-use, high performance
concept that links instruments,
desktop computers, minicomputers,
and peripheral devices into auto-
mated measurement systems

® Very broad selection of HP-IB com-
patible instruments and accessory
devices

There are many applications where the
measurement power of interactive instru-
ments can be further enhanced by coupling
them to desktop or minicomputer, Operating
in a remote mode can provide more exact, er-
ror-corrected results as compared with con-
ventional manual operation techniques.

Presently, three major parameters combine
to reduce significantly the engineering devel-
opment costs of configuring measurement
systems:

1) The Hewlett-Packard Interface Bus,

also known as “HP-1B";

2) Distributed computing through the
growing number of “smart” instru-
ments with internal microprocessors;
The broad choice of computers, rang-
ing from “friendly” casy-to-program
desktop computers to more sophisti-
cated computer systems capable of
managing multi-station instrument
clusters and complex data bases,

Relationship Between HP-IB and
Other Interface Standards
Hewlett-Packard historically has been
committed to the overall advancement of
measurement technology, and has for some
time been working on the problems of simpli-
fying and standardizing means of instrumen-
tation interfacing. An example of such an
effort is the intimate involvement with the
HP-1B from its conception at HP to its pre-

3
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HEWLETT-PACKARD INTERFACE BUS

® Wide choice of computers for the
reduction, analysis, storage and
management of measurement sys-
tems and resulting data

* UUseful over wide range of problems
from simple to very complex—add
capabilities as your system require-
ments grow

sent status as a world instrumentation inter-
face standard (IEEE 488-1978).

In mid-1972, Hewlett-Packard began to
participate in various international standard-
ization bodies. The U.S. Advisory Com-
mittee, composed of diverse interests rep-
resented by both users and manufacturers,
first established initial goals—and then
adopted the interface concept utilized by the
HP Interface Bus as an appropriate starting
point. A draflt document was subsequently
written and evaluated by members of the
Committee, and then submitted as the U.S.
Proposal to the IEC (International Electro-
technical Commission) Working Group in
the autumn of 1972. Since then, the interface
definition has undergone a number of minor
changes to accommadate various needs at the
international level.

In September 1974, the parent technical
committee [EC TC76, approved the main in-
terface draft document for a formal ballot
among the member nations of the [EC. Bal-
loting took place in 1976, and IEC recom-
mendation 625-1 was adopted. The [EC
recommendation, using a different connec-
tor, is totally compatible with the present
definition of the HP-IB.

Meanwhile, the IEEE Standards Board
approved 1EEE Standard 488-1975 “Digital
Interface for Programmable Instrumenta-
tion”, first published in 1975 and again pub-

Versatile interconnect system for instruments and controllers

lished in 1978 with minor editorial changes
as |EEE Standard 488-1978. The IEEE
standard is also fully compatible with the
HP-IB. In January 1976, the American Na-
tional Standards Institute adopted the |EEE
Standard and published it as ANSI Standard
MC 1.1.

The standardized interface concept is now
well accepted, and more than 500 products
utilizing the HP-IB concepts articulated in
IEEE 488 are today available from more
than 150 different manufacturers. As addi-
tional instrumentation interface standards
evolve from the HP-1B, we will clearly indi-
cate the relationship of the Hewlett-Packard
Interface Bus to those standards—just as we
have done with IEEE Standard 488, ANSI
Standard MC 1.1 and IEC Publication
625.1.

Why The HP Interface Bus Name?

As the list of HP products available with
the “new digital interface” grew, our custom-
ers sought a convenient way to identify tnose
products having the interface capability. In
response, in 1974 we adopted the name
“Hewlett-Packard Interface Bus" or simply
“HP-IB". We will continue to use the identi-
fying name and this symbol:

\ HP-IE 4

Both will be used with appropriate HP pro-
ducts so that their interface capabilities may
be readily identified.

The Hewlett-Packard Interface Bus fully
complies with IEEE Standard 488. As such,
it incorporates the mechanical, electrical and
functional specifications of the Standard. A
fourth and vital element of any interface sys-
tem is the operational aspect of a product at
both the human-machine interface and ma-
chine-machine interface at the HP-IB port.
HP-1B capability provides additional user
benefits that are beyond the scope of |IEEE
Standard 488. Typical user conveniences
such as underscored program codes on the
front panel of the instruments for easy pro-
gramming, convenient data output formats,
designed-in “Learn Mode” capabilities, com-
plete support documentation in the form of
programming and interfacing guides, appli-
cation notes and operation manuals illustrate
the added benefits for users of products with
HP-1B capability.

Single Source Systems Approach

The decision to use a “system” instead of
conventional manual methods must be based
on an engineering evaluation of benefits ver-
sus costs. Among the many benefits associat-
ed with a systems approach:

® More consistent results in repeated mea-
surements—a system is not subject to
operator flatigue.

® Greater throughput because systems are
generally faster.

® More thorough testing because system
speed allows more parameters to be mea-
sured in a shorter time.

® Results expressed in engineering or scienti-
fic units, since many systems controllers
are capable of on-line data manipulation.
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HEWLETT-PACKARD INTERFACE BUS

Versatile interconnect system for instruments and controllers

® Greater accuracy because system errors
can be measured automatically, stored and
accounted for in the results.

® “Adaptive” data acquisition wherein a sys-
tem can be programmed to branch to other
measurements to help pinpoint when it
senses an abnormal condition.

® Measurement results can be stored in com-
puter memory or on hard copy.

It is our objective to facilitate the integra-
tion of instrumentation systems by providing
users with instruments and computers de-
signed for systems applications. Computers
are designed with HP-IB options that allow
easy hook-up to the bus and incorporate
easy-to-use bus commands in their software.
HP’s policy when designing HP-1B compati-
ble instruments is to eliminate interfacing
ambiguities associated with controllers and
instruments operating per the IEEE, ANSI
and 1EC standards by adopting consistent in-
terface design guidelines.

Proper training on system components is
very important for efficient utilization of any
interface 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. (Re-
fer to HP-IB Training, Page 26). In the area
of HP-IB support documentation, we offer
Operating and Service Manuals with pro-
gramming information, Instrument/Con-
troller Introductory Operating Guides,
Quick Reference Guides and Application
Notes. Technical assistance during system
development is available from resident sys-
tems engineers specialized in desktop com-
puters, computer systems and instruments at
most local sales and service offices.

How The HP Interface Bus Operates

All active interface circuitry is contained
within the various HP-1B devices, and the in-
terconnecting cable (containing 16 signal
lines) is entirely passive. The cable’s role is
limited to that of interconnecting all devices
in parallel, whereby any one device may
transfer data to one or more other participat-
ing devices.

Every participating device (instrument,
controller, accessory module) must be able to
perform at 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 (e.g., a pro-
grammable instrument can LISTEN to
receive its control instructions and TALK to
send its measurement).

A CONTROLLER manages the operation
of the bus system primarily by designating
which devices are to send and receive data,
and it may also command specific actions
within other devices.

A minimum HP-IB system configuration
consists of one TALKER and LISTENER,
without a CONTROLLER. In this configu-
ration, data transfer is limited to direct trans-
fer between one device manually set to “talk
only” and one or more devices manually set
to “listen only™ (e.g., a measuring instrument
talking to a printer, for semi-automatic data
logging).

E
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The full flexibility and power of the HP-IB
become more apparent, however, when one
device which can serve as CONTROLLER/
TALKER/LISTENER (e.g., calculator or
computer) is interconnected with other de-
vices which may be either TALKERS or
LISTENERS, or both (e.g., frequency syn-
thesizers, counters, power meters, relay actu-
ators, displays, printers, etc.), depending on
the application. An HP-1B controller partici-
pates in the measurement by being pro-
grammed to schedule measurement tasks, set
up individual devices so that they can per-
form these tasks, monitor the progress of the
measurement as it proceeds, and interpret
the results of the measurement. HP offers
controllers which can be programmed in
higher level languages such as BASIC, FOR-
TRAN and HPL.

HP-IB Connections and Structure
The HP-IB has a party line structure
where all devices on the bus are connected in
parallel. The 16 signal lines within the pas-
sive interconnecting HP-IB cable are
grouped into three clusters according to their
function as follows:
1) Data Bus (8 signal lines)
2) Data Byte Transfer Control Bus
(3 signal lines)
3) General Interface Management Bus
(5 signal lines)

DEVICE A ABLE TO TALK,
LISTEN, AND CONTROL
le.g. controller)

DEVICE B ABLE TO TALK
AND LISTEN leg. freausncy
counter|

DEVICE C ONLY ABLE TO
LISTEN leg. signal generator]

DEVICE D ONLY ABLE TO
TALK leg. thermomater)

DATA
DI

Dios

DATA BYTE TRANSFER CONTROL
Dav

NAFD

DAC
GEN'L INTERFACE MANAGEMENT
IFC

ATN
SRO
REN
EON

Interface connections and bus structure.

ADKMERAR T -

Rear panel switches are set so instrument
will either be addressable by controller in
a multi-device system, or will simply “talk
only" to another davice such as a printer.

The DATA BUS consists of eight signal
lines which carry data in bit parallel, byte
serial format across the interface. These sig-
nal lines carry addresses, program data, mea-
surement data, universal commands and
status bytes to and from devices intercon-
nected in a system, Identification of the type
of data present on the DIO signal lines is in-
dicated by the ATN (attention) signal.
When the ATN signal is true (asserted) ei-
ther addresses or universal commands are
present on the data bus and all connected de-
vices are required to monitor the DIO lines.
When the ATN message is false, then device
dependent data (e.g., programming data) is
carried between devices previously addresses
to talk and listen.

Transfer of cach byte on the Data Bus is
accomplished via a set of three signal lines:
DAYV (data valid), NRFD (not ready for
data), and NDAC (not data accepted).
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 DAYV signal is sent by the talker
and received by potential listeners whereas
the NRFD and NDAC signals are sent by
potential listeners and received by the talker.

The General Interface Management Lines
manage the bus to effect 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-1B device need not
be able to respond to all the lines. As a practi-
cal and cost-effective matter, each HP-1B de-
vice will usually be designed to respond only
to those lines that are pertinent to its typical
function on the bus. (Details appear in each
device's operation manual).



Products For "Do-it-Yourself"

Unbundled HP-IB Systems
Hewlett-Packard has an extremely broad

range of HP-IB instruments and controller

HEWLETT-PACKARD INTERFACE BUS

Versatile interconnect system for instruments and controllers

Individual products

capabilities, as indicated on the table be- Each bench instrument is, by itself, an ex-
low—capabilities you can use to solve a wide ceptional performer in terms of providing
variety of measurement problems via HP-1B signals, making measurements, or recording
tailored system solutions, results. Each has the additional capability

Individual Hewlett-Packard Products Available With HP-IB Capability

Products
related to Model Product name/characteristics See page
Stimulus 33208 Option 007 Frequency Synthesizer: 0.01 Hz to 13 MHz 360
33250 Synthesizer /Function generator / Sweeper: | uHz to 22 MHz 352 L 358
33308 Automatic Synthesizer/Sweaper: 0.1 Hz to 13 MHz 361
33354 Synthesizer /Level Generator: 200 Hz to 80 MHz 362
3336A Synthesizer /Level Generator: 10 Hz to 20.9 MHz 364 & 534
A140A PA Meter /DC Voltage Source 98
53594 Time Synthesizer: | ns aceuracy kL
6002A Option 001 DC Power Supply: 200 W autoranging 233
£129C Cption J99 Digital Voltage Sources: + 50 Vdc at 5 A {requires 593014 Converter) 244
6130C Option J99 Digital Voitage Source: +50 Vde at LA (requires 59301A Converter) 244
6131C Option J99 Digital Voltage Source: = 100 Vdc at 0.5 A (requires 593014 Converter) 244
61404 Option J99 Digitat Current Source: +100 mA at 100 Vde (requires 593014 Converter) 24
69408 Multiprogrammer (requires 59500 interface) 658
65424 Multiprogrammer 662
8016A Option 001 Word Generator; 9 x 32 bit 340
8018A Option 001 Serial Data Generator: 50 MHz, 2048-bit memory 338
B160A Programmable Pulse Generator: 20 ns to 999 ms period 322
BIBSA Programmable Signal Source: 0,001 Hz to 50 MHz 321 & 336
BI70A Logic Pattern Generator: 8 x 1024/16 x 512 bit 336
8620C Option 011 Sweep Oscillator: 10 MHz to 22 GHz 402
BEGOA Option 005 Synthesized Signal Generator: 10 kHz to 2.6 GHz 374
8660C Option 005 Synthesized Signal Generator: 10 kHz to 2.6 GHz 374
86624 Synthesized Signal Generator: 10 kHz to 1280 GHz an
86714 Microwave Fraquency Synthesizer: 2 to 6.2 GHz 380
86724 Synthesized Signal Generator: 2 to 18 GHz 378
Display 13508 Graphics Display System 274214
51504 Option 001 Alphanumeric Thermal Printer; 20 Columns 274
98714 Option 001 Character-Impact Printer: 132 columns 619
72258 Graphic Plotter: 150 A2 and 8% X 11 inch chart size 652
72454 Thermal Platter /Printer; Vector graphics, matrix printing 654
98728, 98725 Graphics Plotter: muiticolor (4 colors) programmable B51
533044 Numeric Display: 12 LED characters, decimal point 30
Display also via Desktop Computers and Computer Systems
Switching 2240 Measurement and Control Subsystem 626
Scanning 34958 Scanner: to B0 channels, low thermal; (up to 40 relay channels) 78
Translation 3754 25 MHz Access Switch (requires 3755A swilch conltroller) 586
or Timing 3756A 90 MHz Switch (requires 3755A) 586
37578 8.5 MHz Access Switch (requires 3755A) 586
3777A Telecommunications Channel Selector: up to 30 channels; de to 110 kHz 556
69408 Multiprogrammer (requires 59500A interface) 658
69427 Multiprogrammer 662
94124 Modular Switch (requires 3411A switch controller) 517
94138 VHF Switch (requires 941LA) 517
94144 Matrix Swilch (requires 9411A) 5717
117134 Attenuator/Switch Driver (controls coax swilches and step attenuators) 430
120504 Fiber Optic HP-IB Link kY]
37201A HPIB Extender 13
59301A ASCl-to-Parallel Conyerter: string lo 16 characlers 29
59303A Digital-to-Analog Converter 29
593064 Relay Actuator: for programmable switches, attenuators 29
593074 VHF Switch: two 50 Ohm, bidirectional, de to 500 MHz 29
593084 Timing Generator 29
593094 Digstal Clock: month, day, hour, minute, second 29
59313A Analog-to-Digital Converter 29
554034 HP-1B/Commaon Carrier interface; RS232C or CCITT V24 32
595017 Power Supply Programmer: isolated D-to-A converter + 10 V de at 10 mA 232
Control and 9815A/5 Desktop Computer (uses 981354 Interface) & 615
Computation 98254/ Desktop Computer (uses 980344 Interface) 34 & 615
98354/8 Desktop Computer (uses 9B034A Interface) 34 & 6l6
98458/7 Desktop Computer System 45 (uses 98034A Interface) BEBIT
HP1000 M-series Computers (2105, Z108M & 2112M; use 593108 Interface) 622
HP1000 E-series Computers (2109 & 2113€; use 593108 Interface) 624
HP 1000 F-series High-performance computers (2111F and 2117F use 593108 Interface) 624
Interface 10631A HPB Inferconnection Cable: 1 m (3.3 it) 28
Cabling 106318 HP18 Interconnection Cable: 2 m (6.6 ft) 28
10631C HP-IB Interconnection Cable: 4 m (13.2 ft) 28
106310 HP-IB Interconnection Cable: 0.5 m (1.6 ff) 28
HP1B 120504 Fiber Optic HP-1B Link 32
Extension 37201A HP-B Extender KK
59403A HP-B Common Carrier Interface 2
Design and 59401A Bus System Analyzer 28
Servicing

23
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Rear view of 3-device HP-IB Bench System

HEWLETT-PACKARD INTERFACE BUS

Versatile interconnect system for instruments and controliers m

which allows its use in HP-IB instrumenta-
tion systems — either in “do-it-yourselfl™ sys-
tems configured and assembled by users
themselves, or in some of the standard sys-
tems which are designed, preassembled and
supported by HP. While the HP-IB Interface
is optional in many instruments, it is increas-
ingly becoming “standard™ in some of the
newer products.

Most principal functions on the instru-
ments are HP-IB programmable. New
instruments incorporate conveniences for the

Individual Hewlett-Packard Products Available with HP-IB Capability (cont.)

programmer such as underscored program
codes on front panels to enable quick refer-
ence programming and complete HP-1B doc-
umentation to facilitate integration into a
system.

Just as with electronic instruments, HP
controllers for use with HP-1B are all proven
performers. Regardless of the need for reduc-
ing, analyzing, storing or managing measure-
ment systems data, HP has a controller that's
right for your application.

Products
related to: Mode! Product name /characteristics See Page
Measurement 4364 Option 022 Power Meter: ~70 dBm to +44 dBm, to 18 Ghz 420
16024 Option 001 Logic State Analyzer: &4 x 16 bit memory 136
1610A/8 Dption 003 Logic State Analyzer: 64 x 32 bit memory 137
16154 Option 001 Logic Analyzer: 256 x 24 bit memory 134
16404 Option 001 Serial Data Analyzer: 2048 bit memory 147
22004 Measurement & Control Subsystem 629
28044 Option 010 Quartz Thermometer: 0.05°C accuracy 651
34374 System Digital Voltmeter: high speed, 3'2 digits 56
34384 Digital Voltmeter: low-cost, 3% digits 58
34554 Digital Voltmeter: 5% of 6 digits. auto calibration 66
34904 Option 030 Digital Violtmeter: 5 digits, self test 70
35828 2-channe! Real Time (FFT) Spectrum Analyzer: 20 mHz to 25.6 kHz 518
35854 Swep! Spectrum Analyzer: 20 Hz to 40 MHz. 3 Hz BW, 0.5% amplitude accuracy 488
35864 /B/C Selective Level Meter: 50 Hz to 32.5 MHz 492, 592
37454 25 MHz Selective Level Measuring Set: CCITT FOM systems 584
37458 25 MHz Selective Level Measuring Set: Bell FOM systems 584
37474 90 MHz Selective Level Measuring Set: CCITT FOM systems 584
37478 90 MHz Selective Level Measuring Set: Bell FOM systems 584
37714 Option 005 Data Line Analyzer: CCITT measurement standards 566
37718 Option 005 Data Line Analyzer: Bell measurement standards 566
3779n Primary Multiplex Analyzer: CEPT 2 Mb /s PCM systems 552
37798 Primary Multiplex Analyzer: Bell 1.5 Mb /s PCM systems 552
41914 RF Impedance Analyzer 100
4262A Option 101 Automatic LCR Meter 86
42704 Option 101 Automatic Capacitance Bridge 85
42718 Option 101 1 MHz Digital LCR Meter 90
42724 Option 101 1 MHz Praset C Meter o2
4274A Option 101 Multifrequency LCR Meter: 10 Steps, 100 Hz to 100 KHz o4
42744 Option 102 Multifrequency LCR Meter: as above, bul with isolation 94
42754 Option 101 Multifrequency LCR Meter: 10 steps, 10 kHz to 10 MHz 95
42754 Option 102 Muttitrequency LCR Meter: as above. but with rsolation 95
42824 Option 101 Digital High Capacitance Meter 96
49434 Option 010 Transmission Impairment Measurement System (TIMS) 582
49444 Option 010 Transmission Impairment Measurement System (TIMS) 582
53124 HP-IB interface (Talker) for 53008 Counter System 312
53284 Option 011 Universal Counter: to 512 MHz, 10 ns time interval 298
5340A Option 011 Automatic Microwave Counter: 10 Hz to 18 GHz 316
5341A Option 011 Automatic Microwave Counter: high speed, to 4.5 GHz 316
5342 Option 011 Automatic Microwave Counter; 10 Hz to 18 GHz 314
53454 Option 011,012 General Purpose Plug-In Counter 289
53534 Channel C Plug-in for 53454 291
53544 4 GHz Frequency Converter for 53454 291
53554 Automatic Frequency Converter 295
5363A/8 Time Interval Probes 318
53704 Time Interval Counter: +20 ps single-shot resolution 294
54204 Digital Signal Analyzer (requires 109204 cards) 522
5501A Option 251 Laser Transducer: for accurate positioning measurements 649
85014 Storage Normalizer for 8505A RF network analyzer 463
85034 & 85038 S-Parameter Test Set: 50 or 75 Ohm, for 85054 464
85054 RF Network Analyzer: 500 kHz to 1.3 GHz 460
85664 Spectrum Analyzer: 100 Hz to 22 GHz 499
85684 Spectrum Analyzer: 100 Hz to 1.5 GHz 496
89014 Modulation Analyzer: 150 kHz to 1.3 GHz 536
Also see models 22404, 69408, and 69424 626, 658, 662
Storage 39644 Option 007 Instrumentation Tape Recorder: 4 channel 270
39684 Option 007 Instrumentation Tape Recorder: B channel 270
Storage also via Deskiop Computers and Compuier Systems 602-508
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Standard Bundled HP-IB
Measurement Systems

Many application requirements can be sat-
isfied with a standard HP-IB measurement

HEWLETT-PACKARD INTERFACE BUS

documented by Hewlett-Packard. Precon-
figured systems save you design and setup

system performance. Installation and service
contracts are available from your local HP

25

system — already preassembled, tested, and time, and HP guarantees overall specified Sales and Service Office,
Standard HP-IB Measurement Systems
Application Model Controller System name/characteristic See Page
3052A 9825/35/45 Automatic Data Acquisition: fast and precise low-level 76
measurements, powerful computation.
Data Logging 5391A 9825 Frequency and Time Data Acquisition Systems: 296
and over 50,000 four-digit frequency and time interval
Acquisition measurements per second
98754 9825/35/45 Tape Cartridge Unit 30,619
30404 9825 Network Analyzer: complete amplitude and phase 453
characterization, 50 Hz to 13 MHz. Group delay optional.
3042A 9825 Automatic Network analyzer: same as 30404, and includes 454
Network the faster 9825A as computing controller.
Analysis 84094 9825 Automatic Microwave Network Analyzer: measures trans- 478
mission and reflection parameters, 110 MHz to 18 GHz.
85078 9825 Automatic RF Network Analyzer: measures complex impedance, 466
transfer functions, group delay; 500 kHz to 1.3 GHz.
3044A 9825 Spectrum Analyzer: precise amplitude and frequency 535
measurements, 10 Hz to 13 MHz.
30454 9825 Automatic Spectrum Analyzer: same as 30444, and includes 536
the faster 9825A as computing controller.
! B581A 9825 Automatic Spectrum Analyzer: covers 100 Hz to 1.5 GHz; 502
Analysis exceptional frequency tuning accuracy and resolution,
85824 9825 Automatic Spectrum Analyzer: covers 100 Hz 502
to 22 GHz, exceptional frequency tuning
accuracy and resolution.
Frequency 53904 9825 Frequency Stability Analyzer: short and long-term char- 546
Stability acterization of precision frequency sources, 500 kHz
Analysis to 18 GHz.
Transcelver 89508 9825 Automatic Transceiver Test System: for AM and FM 548
Testing transceivers, 2 to 1000 MHz, transmitters to 100 W.
DTS-70 1000 Digital Test System: fast, accurate fault location 110
Circult on loaded printed circuit boards.
Testing 30604 9825 Analog and Digital Test System: Fast, accurate fault 112
location on loaded printed circuit boards
5046A 9825 Digital IC Test System: Reduces production 104
Digital IC Testing costs through the isolation of faulty companents
prior to printed circuit board loading.
370134 1000 Frequency Division Multiplex Network Surveillance System: 590
FDM Network remote capability based on HP 1000 Computer
Surveillance 370144 9835 Frequency Division Multiplex Network Surveillance System: 590
remote capability based on 98354 Desktop Computer
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HP-IB Training and Support
Available from Hewlett-Packard

Hewlett-Packard has field sales people
trained in electronic instruments, desktop
computers and computer systems Lo assist us-
ers configure HP-IB measurement systems.
Also available for technical consultation are
computing controller systems engineers and
HP-1B instrumentation specialists.

Listed below are training courses on HP-
IB computing controllers and instruments
available on a regular basis.

Computer Systems

Course Name Duration

® Introduction to HP1000 Mini- 4 days
computers

® Disc-Based RTE System Course 10 days

® Memory-Based RTE System 10 days
Course

® HP-IB in a Minicomputer Envi- 4 days
ronment

Desktop Computer Systems

Course Name Duration

® HP Basic Programming 4 days

® 0825A Operation and Program- 4 days
ming

® 0835A Operation and Program- 5 days
ming

® 9845B Operating and Program- 5 days
ming

® 0835A Assembly Level Pro- 5 days
gramming

Electronic Instruments

Course Name Duration

® HP-1B Seminar

2 days

Service and Warranty
Considerations

Hewlett-Packard has dedicated Measure-
ment System Service people who perform on-
site maintenance on both customer confi-
gured systems as well as HP configured sys-
tems, irrespective of whether an HP desktop
or minicomputer is used. Service contract
coverage is available to meet your specific
measurement system service needs and can
be tailored to include extended warranty,
calibration and extended hours of coverage.
Contact your local sales and service office for
further information on HP-IB service con-
tract 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. HP takes responsibility for standard
HP-IB systems performing as specified.
However, software or interfacing which has
not been provided by Hewlett-Packard as
part of a standard system delivered by HP is
not covered by this warranty.

In all cases, overall operational responsibil-
ity for those HP-IB systems assembled by a
customer from individual HP-1B devices
shall rest with the customer.

HP-IB Specifications Summary
Interconnect Devices:
Up to 15 maximum on one contiguous
bus.
Interconnection Path:
Star or linear bus network; total trans-
mission path length 2 metres times num-
ber of devices or 20 metres, whichever is

less (See HP-IB Extension Capabilities
for extending operating distance.)
Message Transfer Scheme:
Byte-serial, bit-parallel asynchronous
data transfer using locked 3-wire hand-
shake technique.
Data Rate:
One megabyte per second maximum over
limited distance; 250-500 kilobytes per
second typical over full transmission path
(actual data rate depends on individual
device characteristics).
Address Capability:
Primary addresses, 31 TALK and 31
LISTEN; secondary (2-byte) addresses,
961 TALK and 961 LISTEN. Maximum
of 1 TALKER and up to 14 LISTEN-
ERS at a time.
Control Shift:
In systems with more than one controller,
only one can be active at a time. A cur-
rently active controller can pass control to
another, but only designated system con-
troller can assume control over others.
Interface Circuits:
Driver and receiver circuits are TTL-
compatible.
Connector Lock Screw
Compatibility
HP-IB products delivered now and in re-
cent years are equipped with connectors hav-
ing ISO 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 and stamped with
the letter “M” whereas non-metric parts
have a shiny nickel finish). HP-1B Metric
Conversion Kit (P/N 5060-0138) is avail-
able to convert these early instruments,
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The 1350S Display System includes a 1311 X-¥Y Display, a 1360A
Graphics Translator, an interconnecting cable, and a binder for
instruction manuals.

A complete, mobile softcopy graphics test station can be assem-
bled using HP's Model 1008A CO1 Testmobile with the options
required to fit your application. With the configuration shown, HP
small screen displays or the 1311 Large Screen Display may be
used, and a slide-out tray is provided for the 9825A Computing
Controller.

Model 13505

13508 Display System

® High speed CRT display for HP-IB systems
® Operates with 9825A or 9835A

® System 1000 graphics accessory

® Remote display using RS-232C (Option 001)

Model 13508 is a high resolution display system that generates
bright, sharp vectors and alphanumerics at high writing speeds. The
system includes a graphics translator with the high speed HP-IB
(IEEE 488-1975) interface that accepts digital data from desktop
computers and minicomputers or microprocessor controlled systems.
Data is stored in a digital memory which continually refreshes the
display, without placing a load on the controller or computers.

High Speed Graphics

The digital memory of the 13508 can be addressed in random fash-
ion. Thus, any number of vectors or characters can be entered without
erasing or rewriting all 2048 memory locations. For example, one
curve on a graph can be updated while other picture elements remain
unchanged. Random-access memory also increases the speed at
which the graphics portion of a system can be operated. The 13508 is
ideally suited for real time applications.

Versatile Operation

Up to 32 files are available for storing text, graticules, or other seg-
ments of the picture. A file can be repetitively flashed to alert an oper-
ator to abnormal system operation such as an out-of-tolerance
measurement. File Management capability allows the 13508 to dis-
play different information on up to three additional CRT's.

Binary Tape Option

A 10184A Binary Tape option simplifies programming the 13508
when it is used with the 9825A Desktop Computer. It uses most of the
same program commands as the 9872A or 9862A plotters. Additional
commands are provided to blank and view individual files as well as
flash segments of the picture. The 10184 A binary program resides in
9825A memory, occupying 3806 bytes.

RS-232C Interface Option

An RS-232C interface option (001) can be substituted for the stan-
dard HP-IB interface, Option 001 is a teletypewriter interface (stan-
dard EIA RS-232C/CCITTV-24).

Option 001 operates in an asynchronous, receive only mode. It pro-
vides a system clock at standard baud rates from 110 to 9600 that can
be used to clock the teletypewriter interface in the controller or com-
puter.

NOTES

For complete description and specifications, request technical data
sheets for the 13508 Display System, the 1311 Display, and the
1350A Graphics Translator, An HP-IB cable is not supplied with the
13508, and must be ordered separately.

System Options Price
001: RS-232C interface instead of standard HP-IB $100
010: tilt stand for 1311 only add $200
184: 10184 binary tape add §100
510: 1310A 19 in. X-Y display instead of 1311 add $300
517: 1317A 17 in. X-Y display (rack mounting con- add $250
figuration) instead of 1311

521: 1321A 21 in. X-Y display instead of 1311 add $900
604: P-4 phosphor display, without graticule add $30
908: rack mounting parts for 1311 and 1350A add §75
Ordering Information

13508 Display System $7500

1008A Option CO1 Testmobile $350

27
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Bus system analyzer, cables & accessory modules
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59401A

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 59401 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. Because
the 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.

59401A Specifications

Display: monitors all bus lines. Represents data lines, any memory
location, or DIO 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 switch-
es; memory can be loaded from front panel switches for driving bus
with a 32 character sequence.
Timing: (1) data changed =500 ns before DAV pulled low; (2)
ATN driven low >1 us before DAV pulled low; (3) DAYV driven
high <700 ns after NDAC is false; (4) DAV driven low <700 ns
after NRFD is false, if conditions | and 2 are mel.
Operating speeds: one character at a time, 2 characters per second,
regular bus speed, or variable rate determined by external clock in-
put; in either Listen or Talk mode.
External clock input: 1 standard power TTL gate input; =10 MHz
repetition rate.
Compare output: provides | 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).

\HEE 4

10631A/B/C/D

General

Temperature ranges: operating, 0 to 50°C; storage, =40 t0 +75°C.
Humidity: 95% relative, 0 to 40°C.

Power requirements: 100, 120, 220 or 240 V +5%, —10%; 48 to 66
Hz; =42 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 [b).

Options and Accessories Price
5061-0089 front handle kit §15
1063 1B 2 m (6.6 ft) bus cable, furnished N/C

59401A Bus System Analyzer $2800

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-1B cables are not included with individual
HP-IB devices, and must be ordered separately (exception: HP-IB
computing controller interfaces include cable with connector).

Ordering Information i
10631A HP-IB Cable, 1 m (3.3 ft) 560
10631B HP-IB Cable, 2 m (6.6 ft) $65
10631C HP-IB Cable, 4 m (13.2 fi) $75
10631D HP-IB Cable, 0.5 m (1.6 ft) $60

HP-IB Accessory Modules

Modules in the HP 59300, 59400 and 59500-series are ideal build-
ing blocks for use with instruments to extend measurement capabili-
ties. Modules listed here can be interconnected via the HP-1B 1o HP
measuring instruments, signal sources and recording devices capable
of operating directly on the HP-IB. In addition, these modules fre-
quently serve as useful ways to interconnect with devices which are
not themselves capable of direct HP-1B operation.

Instrument requirements differ. Some only output or accept data
on the HP-IB. Others can be remotely programmed by ASCII char-
acters sent along the HP-1B. These modules can work with instru-
ments on any of these levels with or without a controller. Each module
having controls can be operated stand-alone from its front panel, or it
can be placed in automatic operation under program control.

Module provision for stand-alone, local operation also has impor-
tant system benefits. The operator can set up and check out the sys-
tem under manual control, avoiding otherwise complex and time
consuming error tracing. Each module has status indicator lights that
make it easy to monitor operation.
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59301A

59306A

59307A

59308A

59301A ASCIl-to-parallel Converter

Accepts byte-serial ASCII characters from the HP-1B and converts
them to parallel output. A string of up to 16 characters terminated by
linefeed is converted to 1-2-4-8 BCD and placed on the output lines;
the ASCII linefeed character causes a print command (strobe) to be
output by the 59301A.

With the 59301A, instruments with the HP-1B interface can be op-
erated with HP 5050B/5055A Printers (requires two output cables,
HP 562-16C, not furnished). Or, the 59301 A can be used with HP
6129C thru 6131C and 6140A (Option J99) digitally-controlled pow-
er supplies for HP-IB programmable voltage and current. The
59301 A can additionally be used to control other functions using its
hexadecimal format.

59303A Digital-to-analog Converter

Accepts an ASCII string and converts any three consecutive digits
to a de voltage accurate to 0.1% in 30 us. Fully programmable via the
HP-IB or operates stand-alone from the front panel. Offers three out-
put modes for conversion: normal, offset, or plus-minus (9.99 volts to
—9.99 volts) to make it convenient for operating strip chart recorders.

A primary application for the HP 59303A is to present on a logging
device the data points being taken during a measurement, such as
with the HP 5345A Counter. No controller is required for operation.
Compatible logging devices include strip chart recorders, X-Y plot-
ters, and displays.

Versatile interconnect system for instruments and controllers

Accessory modules

69313A
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59501A

59309A

59303A

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-1B. Relay contacts are specified to switch24 Vdcor 115 Vac @
0.5 A. Use the 59306A with HP 8761A /B SPDT switches for HP-IB
programmable microwave switching dc-18 GHz; use it with HP 8494
thru 8496G /H attenuators for HP-IB programmable attenuation dc-
18 GHz (external power supply required).

59307A Dual VHF Switch

This module offers a pair of single throw 4-pole switches (dc to 500
MHz, 50 ohm) optimized for fast risetime (1 ns) pulse waveforms.
Switches are independent and bidirectional, and can be operated ei-
ther from front panel pushbuttons or remotely from the HP-IB.

59308A Timing Generator

Has two modes of operation—a pacing function which provides
output at a specified rate, and a timing function which provides a
delay with respect to a trigger for a specified period of time. Timed
intervals can be selected by thumbwheel switches on the front panel,
or can be programmed remotely from the HP-IB. Times from 1 us to
more than a day are available. Trigger inputs are available via HP-1B
commands and rear panel connector. Timing outputs are available for
both TTL and ECL levels, with switch selection of a squarewave or
pulse output positive or negative-going edge. Output pulses are 500 ns
+ 100 ns wide, and rise time is <50 ns.

29

D




30

(D]

HEWLETT-PACKARD INTERFACE BUS

Versatile interconnect system for instruments and controllers

HP-IB Modules

59309A Digital Clock

Displays month, day, hour, minute and seconds, 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 during short power interruptions, Alternately,
an external source such as the K10-59992 can sustain the clock for up
to one year.

59313A Analog-to-Digital Converter

This medium-speed 4-channel unit can accept a full scale input of
+ 10 V dc on each channel, individually selectable in four ranges. It
also has a program-controlled reverse channel for driving small signal
lamps, relays, or TTL circuits. An HP-IB controller can command
this unit to perform a single conversion, or initiate a series of internal-
ly-paced conversions at one of six selectable rates (up to 200/s on one
channel; up to 50/s on each of four channels). Sampling can also be
initiated externally by TTL transition or contact closure to ground.

50501A 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—10V dc in unipolar mode; —1 to +1 and —10 to
+10 V de in bipolar mode), as well as photo-isolators which electri-
cally separate HP-IB control and data lines from power supply cir-
cuitry by up to 600 V dc. (Additional details on page 232.)

9875A Cartridge Tape Unit

Provides a standard for data interchange among HP Series 9800
Desktop Computers via the Hewlett-Packard Interface Bus and also
provides remote data acquisition capabilities. Any desktop computer
in the series can store data on the 9875 tape unit, which can then read
the data into any other desktop computer in the series. The tape unit
stores data in HP's Standard Interchange Format.

An internal microprocessor enables the 9875 to become a stand-
alone data logger in a simple HP-IB system. In the LISTEN-only
mode the 9875 will automatically record data on the bus from an-
other HP-IB device without a controller. When it’s in the TALK-only
mode, the 9875 will automatically output directly to another HP-IB
device without a controller. Using a built-in programmable time in-
terval (1 second to 18 hours) allows automatic delays between succes-
sive inputs or outputs.

The 9875 is rack mountable and is available as either a single or
double tape drive unit. Each cartridge has 225k byte capacity.

9875A Cartridge Tape Unit

Dimensions—max, height' x width x depth Net Weight Shipping Weight
Model Description mm (inches) kg (Ib) kg (Ib) Price
59301A ASCII-to-parallel Converter 1016x2129x2946(4x838x11.6) 1.70(3.78) 2.32(5.16) § 575
59303A Digital-to-analog Converter 10161059 %2946 (4x4.17x11.6) 2.61 (5.80) 3.17(7.04) $ 950
59306A Relay Actuator 1016x2129x2946(4x8.38x11.6) 2,64 (5.87) 3.23(7.18) § 700
59307A VHF Switch 101.6x212.9x 2946 (4x8.38x11.6) 2.64(5.87) 323(7.18) $ 750
59308A Timing Generator 101.6x2129x294.6 (4x8.38x11.6) 2.10(4.67) 383(8.51) $1150
593094 HP-IB Digital Clock 1016x1059x2946 (4 x4.17 x 11.6) 1.70 (3.78) 284 (6.31) $1025
593134 Analog-to-digital Converter 1016x212.9% 3454 (4x8.38x 13.6) 5.45(12.0) 6.36 (14.0) $1500
59401A Bus System Analyzer 145.5x 205.1 x 495.3 (5.73 x 8.08 x 19.5) 5.64 (12.44) 9.1(20) $2800
59403A HP-IB/Cemmon Carrier Interface 1016%x2129x4300(4x8.38x16.9) 4.50 (10.0) 6.10(13.5) $1575
59501A Power Supply Programmer 101.6%2129x 1946 (4 xB.38x11.6) 261 (5.80) 3.17 (7.04) § 550

Hoight above inciudes feet, with feet removed height is 88,1 mm (3.477),
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Multiprogrammer Models 6940B and 6942A

With a Multiprogrammer
Your HP Desktop or Minicomputer Becomes a Reliable
Easy-to-use Automatic Test or Control System
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MULTIPROGRAMMER
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Response

* A/D

® Analog Comparators

® Pulse Counting

* Frequency Measurement
Time Interval Measurement
Event/Alarm Sensing
Scanning

Digital Input

Memory Input

L

. )

Stimulus

® Voltage & Gurrent D/A
e Stepping Motor Control
® Power Supply Control
® Pulse Output

¢ Time Base Reference
* Digital Output

® Resistance Output

* Relay Switching

¢ Memory Output

k YOUR TEST )

OR
PROCESS

Benefit from the Multiprogrammer
Functional Card System

You can quickly design and implement a control system using the
HP-1B and one of the HP Multiprogrammers. Choose from the wide
selection of functional plug-in cards and assemble them into a Multi-
programmer mainframe to economically interface your analog and
digital input/output signals. The Multiprogrammer provides the in-
terface between your HP-1B controller and the physical world. Thou-
sands of Multiprogrammers are in everyday use as the nucleus of user
defined and assembled systems for production testing and control,
data acquisition, process monitoring, laboratory experiment control,
life testing, quality control, and component evaluation.

Start building your system with one of the HP Multiprogrammers
combined via the HP-IB with a computing controller. To help you,

HP offers a variety of proven design aids. These include the Multi-
programmer Technical Brochures complete with capabilities, typical
system layouts, specifications, and more; ...A User's Guide that
gives you sample programs, test routines, and [/O interface data for
all 38 Multiprogrammer plug-in cards. . . There is also a Utility Car-
tridge with a recorded program ready to use in the HP 9825A, 9835A
and 9845A computing controllers, to aid in writing your own applica-
tion ... and a System Throughput Analysis that allows you to accu-
rately determine the measurement and control speed you can expect
before you build your system.

Refer to pages 658 and 662 for more details on the HP 6940B and
6942A Multiprogrammers and how they are used with the HP-1B.
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HEWLETT-PACKARD INTERFACE BUS

Versatile interconnect system for instruments and controllers

HP-IB Over Longer Distances

59403A

FULL DUPLEX BIT SERIAL

T HP-18 B £ 59403 | @EZ)

The distance between HP-IB devices may be extended by up to
1000 metres, using two 59403A's; even further with modems.

The total transmission path length for the HP-1B is specified as 20
metres. To extend this, HP has developed these techniques:

Product 59403 Common Carrier 372014 HP-IB 120504 Fiber
Interface Extender Optic Link
Application Gen Purpose Gen Purpose Fast Intra
Inter-intra Facility Inter /Intra Facility Facility
Transmmis- Dual Twisted Pair Dual Twisted Pasr Dual Fiber
sion medium or Modem Link or Modem Link Optic Cable
Operating Twisted Fair: Twisted Pair 100 metres
range 1000 metres 1000 metres
Madem Link: Unlimited Modem Link: Unlimited
Modem data Asynchronous, Asynchronous:
rates 110/300/ 1200 bits /s 150,/300 /600, 1200 bits /s —
Synchronous. Up to
19.200 bits /s
Hardwired 1760 Bytes/s 775 Bytes/s 20,000
speed Bytes /s
Error Parity Only No Block Check With Checksum
Checking Retransmission Auto Retransmission Byte with Auto
Retransmission|
Blectrical Balanced Coupling Ophical
Noise lsola- - on Hardwired Links
tion
Program- No Yes, excep! Parallel YYes, excepl
ming Poll and Pass Control Paraliel Poll
Transparency ang Pass
Control

59403A HP-IB/Common Carrier Interface

Pravides a way to extend the separation of component parts in an
HP-1B system by more than the 20 metre maximum transmission
path length specified in various interface standards, and it is especial-
ly useful for production or remote site applications. Distances up to
1000 metres are possible by using two 59403A modules (one at each
location) interconnected by a dedicated and shielded two-twisted-pair
cable. And even longer distances can be achieved by using a telephone
line (with appropriate modems) instead of the dedicated cable.

Each 59403A module converts HP-1B data and control lines to a
serial bit stream of digital information for transmission over the dedi-
cated or telephone lines, and vice versa in the reverse direction. In
both cases, operation is full duplex, so that (for example) one HP-1B
device at a remote location can request service from the controller at
the same time the controller is sending data to another HP-IB
device at the remote location.

The recommended dedicated cable is available from HP as Part
Number 8120-1197 (Belden type 8723). The 59403A is designed to
operate with 110, 300, and 1200 baud asynchronous or synchronous
full duplex modems which are EIA RS 232C or CCITT V.24 com-
patible. In the U.S., Bell 103A modems with “soft carrier turn-off”
are recommended for the direct dial (DDD) network. (Check your
local telephone authorities regarding data communication regula-
tions.)

59403A HP-IB/Common Carrier Interface $1579

12050A 12050A

m*.!
..

1|E ’F-

=

39200 series Fiber Optic Cable

HP 12050A Fiber Optic HP-IB Link With 39200 Series
Cable

e Extends HP-IB Length Up to 100 Metres Via Fiber Optic

Cable

e 20 KBytes/s Data Rate

e Excellent Electromagnetic Noise Immunity

® Electrical Isolation Between Distant Sites

® Built-in Self Test and Error Correction

A single point-to-point Fiber Optic HP-1B Link consists of two HP
12050A Fiber Optic HP-IB Link units, one at the local controller site
and the other at the remote instrumentation site. The 12050A units
are connected using a single length of 39200 Series Fiber Optic
Duplex Cable or two Simplex Cables. Data transfer rate is up to 20
KBytes/s regardless of cable length. If a remote device requests ser-
vice, the service request (SRQ) will be asserted at the local end of the
Link typically within 100 ys of its occurrence. Thus for many HP-1B
applications, no system performance degradation will be observed
when extending the bus length with the Fiber Optic HP-1B link. HP-
IB devices communicate programmatically via the 12050A units just
as they would in local operation. Since information is transmitted us-
ing light pulses rather than electrical signals, it is impossible for large
clectromagnetic fields to interfere with data being sent over the Fiber
Optic Cable.

Specifications

HP 12050A Fiber Optic HP-IB Link

Power Requirements: 86 to 127 V ac: 17210 254 V ac, 48 to 66 Hz.
15 W.

Operating Temperature/Humidity: 0 to 55°C. 10to 95% RH: non-
condensing at 40°C

Size: I Hx2I Wx44dem D (3.5"x 84" x 17.47)

Weight: 2.75 kg (6 lb. | oz.)

39200 Series Fiber Optic Cables

Operating temperature: 0 to 70°C.

Storage temperature: — 40 1o 85°C.

Relative Humidity: 95% at 70°C.

Max. tensile force on Cable: 60 kg (132 Ibs.).

Max. tensile force on Connector/Cable: 5 kg (11 Ibs.).

Min bend radius: 7 mm (0.3 in.)

Flexing: 50000 cycles (180° bending at minimum bend radius).
Crush load: 20 kg (44 bs.)

Ordering Information
39200 Series Fiber Optic Cables

Simplex Duplex
Length (2 req'd/system) (1 req'd/system)
10m 39201A 392018
5m 392024 293028
50 m 35203A 362038
75m 392044 392048
100 m 30205A 392058
12050A Fiber Optic HP-IB Link $1950 ea
(Two required per systam)



HEWLETT-PACKARD INTERFACE BUS

Versatile interconnect system for instruments and controllers

® Transparent extension of HP-IB systems
® Operation over twin-pair cable or modems
® Automatic error detection and correction

Model 37201A

* High immunity to electrical interference
® Multi-point (multi-drop) capability
* Auto-dialler interface

“ l AT20MA HPIB EXTENDER
P Freiiaeanacany
awee "t LA Data meY (3]
CouwrLETE MALLNE 1:.-\.;" AR
v
ml - e ° o . e . ° . - L ]
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The 37201 A HP-I1B Extender overcomes the limited range avail-
able with direct HP-1B cable interconnections. Each 37201 A con-
verts parallel data from the interface bus into a serial bit stream,
suitable for transmission to a remote site, and reconverts incoming
serial data to bit-parallel HP-IB format. An HP-IB system can there-
fore be split into two or more discrete parts separated by HP-IB Ex-
tenders and a serial data link. A range of 1000 metres is obtainable if
twin-pair cable is used for the transmission path, and virtually unlim-
ited range is available if a modem link is used. Communication be-
tween Extenders is full duplex, allowing information to flow in both
directions simultaneously.

Point-to-point connection using twin twisted pair cable or full du-
plex modem link,

A pair of HP-IB Extenders provides a transparent interface be-
tween local and remote HP-IB devices. Program control of the
37201A is seldom necessary. Consequently, HP-IB Extenders can be
added to an HP-IB system usually without any modification of soft-
ware and without writing special routines to control the Extenders.

Integrity of HP-IB data and control signals is assured by an auto-
matic error-checking protocol, which retransmits any data corrupted
in transmission.

Twin-Pair Cable Operation

Twin twisted-pair cable provides a simple inexpensive transmission
medium for distances up to 1000 metres. The serial data rate is nomi-
nally 20 kbit/s. Suitable cable is available as an accessory (HP Part
Number 8120-1187). Transformer coupling within the 37201 A gives
a high degree of immunity from the effects of common mode signals.
This, combined with the automatic error correction capability, makes
the 37201 A suitable for use in an electrically hostile environment.

Modem Link Operation

The 37201A is designed to operate with a wide range of synchro-
nous and asynchronous modems over private lines, leased lines, or. the
public switched (dial-up) telephone network. The data interface is
compatible with EIA RS-232C and CCITT V.24 and V.28 standards.
Asynchronous data rates provided are: 150, 300, 600, and 1200 bit/s.
For synchronous modems, operation at any bit rate up to 19.2 kbit/s
is possible. Besides operating in point-to-point mode, the 37201 A can
be used with modems in a multi-point (multi-drop) leased line con-
figuration involving up to 31 remote sites. When operating over the
public switched telephone network, connections may be dialled man-
ually. Alternatively, an external auto-dialler may be used to make
connections under program control. The 37201A has an RS-
366/V.25 interface to permit operation with an auto-dialler,

The error checking/correcting communications protocol used in
the 37201 A protects against errors introduced by poor quality data
circuits. It even provides immunity to major interruptions in the data
link, such as dropouts, line breaks and modem sync loss, and recovers
automatically without loss of data.

The 37201A is in general compliance with each of the following
standards and supports their major capabilities:
® |EEE Standard 488-1978
* ANSI Standard MC1.1
® |EC Standard 625-1

37201A HP-IB Extender $1840
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HEWLETT-PACKARD INTERFACE BUS

Versatile interconnect system for instruments and controller

Controllers/interfaces

HP 9815 Desktop Computer (HP 98135A Interface)

HP 9825 Desktop Computer (HP 98034A Interface)

A separate controller is not required for simple HP-1B configura-
tions (e.g. data logging). However, the full flexibility and potential of
the Hewlett-Packard Interface Bus are more obvious when used with
HP Controllers.

Role of a Controller

In addition to managing the llow of information over the bus, the
controller in an operating measurement system actively participates
by scheduling measurement tasks, by setting up individual devices so
they can perform the tasks, by monitoring the progress of the mea-
surement as it proceeds, and by interpreting the results of the mea-
surement,

HP controllers serve another important function by providing ac-
cess to a large number of display, input /output and data storage peri-
pherals. These include plotters, line printers, floppy discs, tape
cassettes, etc. Additionally, HP controllers can perform the job of in-
terfacing with other instrument subsystems or computer systems us-
ing serial communication links—thereby gaining access to common
data bases, sharing results, etc.

Finally, a controller can provide the tools for program development.
These will normally include an editor that can be used in generating
source programs, debug aids that can be used in analyzing and modi-
fying program flow, and a means of storing and recalling programs
and/or results.

Wide choice of HP Controllers

Hewlett-Packard has a continuum of HP-IB (IEEE 488) control-
lers from which to select. If your interfaced-system application is of
the “lab bench” variety (as in engineering design or metrology), you
may prefer to use one of the desktop keyboard units such as the
9815A, 9825, System 35 or System 45. On the other hand, if your
application calls for complex or high volume production testing at
multiple locations, simultaneously, and in several programming lan-
guages, your choice will probably be one of the solutions offered by
the HP 1000 Computer.

HP-1B interfaces for each controller are described below. For more
comprehensive details on the controllers please consult pages
615-617.

98135A HP-IB Interface for 9815
HP’s most economical controller using HP-1B is the 9815 desktop

L HEE

System 35 Desktop Computer (HP 98034A Interface)

unit, for handling the less complex tasks associated with small sys-
tems. If you are familiar with HP's hand-held personal calculators,
vou'll feel at home with the 9815's Reverse Polish Notation (RPN)
language. The keyboard has a 10-key numeric pad, 15 special func-
tion keys, program language and control keys, editing keys, and 28
scientific function keys. The 9815 has a 16-character numeric dis-
play, a thermal printer, and a high-speed bidirectional magnetic tape
data cartridge system.

For HP-1B applications, the 9815 can accept one HP 981354 Inter-
face, which allows the 9815 to communicate with up to 14 HP-IB
instruments or peripheral devices. If your application requires an in-
terrupt capability, please see other HP controllers, since interrupt is
not available with the 9815/98135A.

98034A HP-IB Interface for 9825 or System 35 or 45

The 9825 Desktop Controller is an extremely flexible performer. It
uses HPL, a high level, formula-oriented programming language
which offers power and efficiency for handling equations, data ma-
nipulation, and input/output operations. HPL provides for subrou-
tine nesting and flags, and allows 26 simple variables and 26
multidimensional array variables, limited only by the size of the 9825
memory. Plug-in option ROMs provide added power and flexibility
for instrumentation control and data collection.

Significant capabilities of the 9825 include two-level priority inter-
rupt (for controlling several instruments or peripherals requiring at-
tention at unpredictable rates or times), live keyboard, direct memory
access, multi-dimensional arrays, automatic memory record and load,
and an extended range of internal computation. The 9825 offers up to
32 K bytes of memory. The computer includes a built-in 32-character
alphanumeric display, a 1 6-character printer (upper/lower case), and
a high-performance data cartridge system. Three 1/0O slots provide
plug-in capability for standard desktop controller interfaces.

The Series 9800 System 35 (Models 9835A and B) is a powerful,
integrated desktop computer ideal for many scientific and engineer-
ing applications involving computation, data acquisition or both. It
offers large memory (64 K to 256 K bytes), built-in tape cartridge
drive (217 K bytes) optional thermal printer (16-character) and an
impressive range of interfacing capabilities including buffered 1/0,
Direct Memory Access (DMA), fast read /write, 15 levels of priority



System 45 Desktop Computer (HP 88034A interface)

interrupt and built-in [/O drivers. System 35A has a 12-inch CRT
(24 lines x 80 characters), and System 35B has a lower-cost 32-char-
acter single line display. Both can be programmed in HP’s powerful,
enhanced BASIC and in assembly language. Assembly-level pro-
gramming can offer speed increases of two to 100 times to exper-
ienced programmers in specialized applications.

System 35’s enhanced BASIC has many of the powerful features of
FORTRAN while remaining easy to learn and use. ANSI BASIC
programs as well as HP enhanced BASIC programs written for Sys-
tem 45 will run on System 35. With unified mass storage commands
and unified graphics commands, the same programs work regardless
of which mass storage device or plotter is used.

The Series 9800 System 45 is an integrated desktop computer for
such applications as mathematical modeling, design analysis, produc-
tion test control, text processing and linear programming. It provides
fifteen levels of programmable priority interrupt and it includes a
CRT display, an optional 80-character thermal line printer, enhanced
BASIC language, and a unified mass storage system with two tape
cartridge drives.

In the alpha mode, the CRT lists programs for viewing and editing,
or displays data, keyboard inputs, user prompts and system messages.
In the graphics mode, the CRT displays plots within a 560 x 455 dot
matrix and allows dot-for-dot duplication of the graphic data in hard-
copy form using the optional high-speed thermal printer.

System 45's language uses the same set of commands to address any
selected storage medium, such as the HP 9885 Flexible Disc Drive,
the HP 7900 Series large fixed disc drives, and the built-in 217 K byte
tape cartridges.

The HP 980344 Interface is required for operating the 9825, Sys-
tem 35 or System 45 in HP-IB applications. A 9825 equipped with a
General [/O ROM can handle fundamental HP-IB input /output op-
erations. With an Extended 1/O ROM, the 9825 is capable of com-
plete HP-IB control. All these operations are available on the
9835A /B with just the General 1/O ROM. Up to three interfaces can
be plugged directly into the System 35’s /O slots and as many as 14
interfaces (with up to 14 devices on each) can be connected to System
35 using 9878A 1/O expanders. System 45 has complete HP-1B capa-
bility with the Opt. 312 /O ROM. Up to four interfaces can be
plugged directly into System 45's 1/0 slots and as many as 12 inter-
faces (with up to 14 devices on each) can be connected using 9878A
1/0 expanders.

HP 1000 Computer System (HP 59310B interface)

59310B HP-IB Interface for HP 1000

The HP 1000 computer system is especially well suited for broad
measurement and data management requirements such as those
found in quality assurance, production testing, etc. This is because the
HP 1000 (combining an E-series or F- series computer and Real Time
Executive Software) is capable of concurrently controlling multiple
clusters of HP-IB test and measuring equipment which may be orga-
nized into separate physical or functional groupings, each of which
may have up to 14 HP-IB devices per cluster. The HP 1000 also: (1)
makes it possible to develop new programs while existing programs
are actively controlling and communicating with the bus-interfaced
devices; (2) can be programmed in HP Real Time BASIC, FOR-
TRAN, and HP Assembly language; and (3) can be linked to distrib-
uted computer networks to achieve centralized test record
maintenance, yield analysis, and work order scheduling and tracing.

Each separate bus cluster (of up to 14 HP-1B devices) connected to
the HP 1000 requires one 593108 Interface. The 59310B is supported
by a driver, utility software and a manual supporting operation in
HP's memory-based RTE-M and disc RTE-II and RTE-1V Real
Time Executive systems. A diagnostic routine for quickly confirming
correct operation is included with the interface, and each interface
has a 4-metre cable terminated in an HP-IB connector with metric
fasteners. Compatibilities between various HP computer systems,
computers, and operating systems are indicated below. The E-series
and F-series Computers include the HP 2170A, 2171A, 2172A,
2174A/B, 2175A /B, 2176A /B, and 2177A /B. Note that the 59310B
interface may also be used with HP 2100A /S computers.

HP 2176A/8
NP 1000 HP 21054 2177A/8 HP 21004 /S

RTE-M: Yes Yes Yes No

RTEL: Yes No Yes Yes

RTE-IV: Yes No Yes No
HP-IB Interface Ordering Information Price
59310B: Interface, RTE-II/1V for HP 1000 $600
98034A: Interface for 9825A, 9835A /B or System 45 $400

98135A: Interface for 9815A $600
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AMPLIFIERS

General purpose amplifiers
Models 461A & 465A

-T @, 461A AMPLIFIER

NEWLETT - FACKARD J
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461A

461A Description

This general purpose amplifier can be used as a preamplifier to
raise the level of a signal or as a buffer,

The solid-state HP amplifier Model 461 A provides stable 20 and 40
dB gain over a wide frequency range with fast rise time.

461A Specifications

Frequency response: * | dB, 1 kHz to 150 MHz when operating
into a 50  resistive load (500 kHz reference).

Gain at 500 kHz: 40 dB +0.5 dB or 20 dB + 1.0 dB, selected by
front panel switch (inverting).

Input impedance: nominal 50 Q.

Maximum input: 1 V rms or 2 V p-p pulse.

Maximum dc input; =2 V.

Maximum output: 0.5 V rms into 50 Q resistive load.

Equivalent wide-band input noise level: <40 'V in 40 dB position
when loaded with 50 Q.

Distortion: <5% at maximum output and rated load.

Overload recovery: <1 us for 10 times overload.

Size: 76 mm Hx 130 mm W x 279 mm D (3" x 515" x 11").
Weight: net, 1.8 kg (4 Ib). Shipping, 2.7 kg (6 Ib).

461A Amplifier $510

—

HEWLETT « PACKARD

@ 465A AMPLIFIER

4008

465A Description

HP's 465A amplifier provides 20 dB or 40 dB gain (X10 or X100)
with flat frequency response from 5 Hz to 1 MHz with floating in-
puts.

465A Specifications

Voltage gain: 20 dB (x10) or 40 dB (X100), open circuit.

Gain accuracy: +0.1 dB, (£1%) at 1 kHz.

Frequency response: 0.1 dB, 100 Hz to 50 kHz; <2 dB down at
5 Hz and | MHz.

Output: =10 V rms open circuit; >5 V rms into 50 1 (0.5 W).
Distortion: < 1%, 10 Hz to 100 kHz; <2%, 5 Hz 10 10 Hz and 100
kHz to 1| MHz.

Input impedance: 10 M shunted by <20 pF.

Output impedance: 50 1.

Noise: <25 uV rms referred to input (with | MQ source resistance).
Size: 76 mm H x 130 mm W x 279 mm D (3" x 5%" x 117).
Weight: net, [.8 kg (4 Ib). Shipping, 3.2 kg (7 1b).

465A Amplifier $410
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37
Wide band amplifiers
Models 8447A/C/D/E/F (4']

¢ Wide Band
® Flat Response
® | ow Noise

uses: to improve the sensitivity of counters, spectrum analyzers, RF
voltmeters, EMI meters, power meters and other devices without dis-
tortion or degradation of amplitude accuracy; to increase the maxi-
mum power available from a signal generator or sweeper.

Broadband Frequency Coverage

The 8447 series offers an amplifier for nearly every application in
the 100 kHz to 1.3 GHz frequency range. The wide bandwidths are
compatible with other wideband instruments and accommodate wide-
band spectra.

Options

A variety of options are available: a 752 impedance model (Qption
002) for applications such as television/FM broadcasting and CATV;
Option 001 and Option 011 dual channel versions with BNC and
Type N connectors respectively for operation with dual channel sys-
tems such as oscilloscopes or network analyzers (or the channels may
be cascaded for increased gain); Type N connectors rather than the
standard BNC connectors (Option 010).

w 84470 AMPLIFIER 0.1-1300 MHz
i HEWLETT-PACKARD

LINE INPUT ouTPUT

' o oN s00 son
e PRE AMP i
I [ CAlN 2608
' y f 0¥ 06 MAE O\ .
: : ' General
~ Waeight: net, 1.56 kg (3 pounds, 7 ounces). Shipping, 2.30 kg (5 Ib, 1
0z).

Size: 85.8 H x 130 W x 216 mm D (3%" x 5%4" x 8142").

SHT0 Power requirements: 110 or 230 V ac + 10%, 48-440 Hz, 15 watts.
Ordering Information Price
The HP 8447 series of general purpose amplifiers combines high reli- 8447A Preamp $700
ability and convenience. 8447C Power Amp $625
8447D Preamp $765
High Performance 8447E Power Amp $8135
The performance of these amplifiers qualifies them for a number of 8447F Preamp-Power Amp 81365
Specifications
B447A Preamp BAA7C Power Amp 84470 Preamp B447E Power Amp BA4TF Preamp-Power Amp
Frequency Range 0.1-400 MHz 30~-300 MHz 100 kHz2=1.3 GHz 100 kHz-1.3 GHz 100 kHz=1.3 GHz
TEDM 3 th 50 kHz-700 MHz 10-400 MHz 50 kHz=1.4 GHz 50 kHz=1.4 GHz 50 kHz=1.4 GHz
andwidt
Gain (Mean) 2048 +0.5d8 08 £1d8 268 +1.548 22dB + 1548
at 10 MHz (20°C-30°C) (20°C-30°C)
Gain Flatness +0.5d8 +1dB +15d8 +1.5d8
heross Full |
Frequency Range g
Noise Figure <5dB <11d8 <B85dB <11 dB typical 2
Output Power >+6 dBm >+17 dBm >+7 dBm >+15 dim
for 1 d Gain typlcal g
Compression s
Harmonic ~32 dB for 0 dBm ~35 dB for +10 dBm -30 d8 for 0 dBm -30 8 for +10 z
Distortion output output (typical) dBm output 2
Typical Output =25 dBm =15 dBm =30 dBm =20 dBm
for <-60 dB g
Harmonic -
Distortion §
VSWR <17 <20 <2.0input <22
<2.2 output 1=1300 MHz g
1-1300 MH2 e
Impedance 500 500 500 500 ?
Reverse Isolation =30 dB =35 dB >40 dB >40 d8
Maximum DC +10V +10V +10V +l0v
Valtage Input
Options Avaitable 001 002 001, 010, 011 010 010
Option Prices add $415 add $10 add $515, 35, §570 add §35 add §70
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Microwave power amplifiers
Models 489A, 491C, 493A & 495A

ERTHODT CURBENT

AN0R MICHOWAVE AMPLIFIER
R
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489A

Microwave TWT Amplifiers

Amplification of frequencies from 1 to 12.4 GHz is accomplished in
four ranges by the Hewlett-Packard medium-power, microwave am-
plifiers. Each delivers at least 1 watt for a 1-milliwatt input—a gain
of at least 30 dB.

All four TWT amplifiers have provision for amplitude modulation,
and since the internal modulation amplifier is dc-coupled, remote
programming and power leveling are possible. Sensitivity is high for
large output power changes from relatively small modulation signals,
obviating the need for an external modulation amplifier.

The dc amplifier has a gain of 20 dB and exhibits a passband from
de to 500 kHz when the modulation index is in the neighborhood of 1
dB, as might be encountered in RF leveling. When the modulating
levels are high, in the region of 20 volts, the passband will be a mini-
mum of 100 kHz: a 20-volt change at the MOD INPUT produces a
minimum of 20 dB on/off ratio.

Cathode current in the TWT is monitored by a front panel meter
and can be conveniently controlled by the GAIN adjustment for rated
power output, or for reducing tube current to extend tube life when
full output power is not required. The helix, collector, and anode cur-
rent can be measured at an easily accessible test point board. Com-
bined with the 8620 or 8690 Sweep Oscillator they make an excellent
high power swept source.

Advantages

DC coupled modulation circuitry allows power leveling and remote
programming.

Periodic-permanent-magnet focusing means fewer alignment prob-
lems.

Applications

Antenna efficiency and pattern measurements.

Extends attenuation measuring systems capability by at least 30
dB.

RFI susceptibility tests.

L

0

GuTRuT

)
'®

489A-495A Specifications

Output power: | watt for an input of =1 mW.
Gain: 30 dB at rated output.
input/output: impedance, 502; connectors, type N female.
Noise figure: =30 dB.
Amplitude modulation:
Sensitivity: modulation input of >—20 V peak reduces RF output
by =20 dB from dc to 50 kHz.
Frequency response: dc to 500 kHz (3 dB).
Pulse response: <1 us rise and fall times.
Size: 140 H X 426 W X 467 mm, (5%" x 16%" x 18%"),
Weight: net, 14.9 kg (33 Ib). Shipping, 18.0 kg (40 Ib).

483K 491C 4934 4954
Frequency
range (GHz) 12 24 48 7124
Gain variation with freq.
at rated output: =648 <6 dB <6dB <6dB
small signal
across any 10% of band =<5d8 <5dB <5d8 <508
for 300 MHz
across full band <10 dB <10dB <10d8 =<10d8

Ordering Information Price
489A | to 2 GHz TWT Amplifier $3850
491C 2 10 4 GHz TWT Amplifier $3850
493A 4 to 8 GHz TWT Amplifier $4200
495A 7 to 12.4 GHz TWT Amplifier $4200

Opt 908: Rack Flange Kit (for all models) add $10



Analog Voltmeter Considerations

Accuracy—Before we can discuss meter
accuracy, we must have a familiarity with
the various meter scales available. Many in-
struments have meter scales marked in both
volts and decibel (dB) units. It should be not-
ed that dB and voltage are complements of
each other. That is, if a voltage scale is made
linear, the dB scale on the same meter face
will be logarithmic or nonlinear. Likewise, if
the dB scale is made linear, the voltage scale
becomes nonlinear. The term “linear-log
scale™ is applied to an instrument that has a
linear dB scale and, therefore, a nonlinear
voltage scale. Several different types of me-
ter faces are illustrated in Figure 1.

Analog meters usually have nonlinearities
and /or offsets present in the attenuators and
amplifiers. The meter movement itself can
have nonlinearities/even with individually
calibrated meter scales. Nonlinearities cause
percent of reading errors, and offsets cause
percent of full scale errors.

Looking at instrument specification sheets,
accuracy specifications are usually expressed
in one of three ways: 1. percent of the full-
scale value, 2. percent of the reading, 3. (per-
cent of reading + percent of full-scale). The
first is probably the most commonly used ac-
curacy specification. The second (percent of
reading) is more commonly applied to meters
having a logarithmic scale. The last method
has been used more recently to obtain a
tighter accuracy specification on a linear-
scale instrument.

Analog Voltmeter Selection Chart

ANALOG VOLTMETERS

Hewlett-Packard uses the two-part accura-
cy specification to take advantage of the up-
per-scale accuracy and yet maintain a
reasonable specification for the lower portion
of the scale.

Selecting an Analog Voltmeter

1. For measurements involving dc applica-
tions, select the instrument with the broadest
capability meeting your requirements. 2. For
ac measurements involving sine waves with
only modest amounts of distortion (<<10%),
the average-responding voltmeter can per-
form over a bandwidth extending to several
megahertz. 3. For high-frequency measure-
ments (>10 MHz), the peak-responding
voltmeter with the diode-probe input is the
most economical choice. Peak-responding
circuits are acceptable if inaccuracies caused
by distortion in the input waveform can be
tolerated. 4. For measurements where it is
important to determine the effective power of
waveforms that depart from a true sinuisoi-
dal form, the true rms-responding voltmeter
is the appropriate choice.

For applications requiring monitoring sig-
nals with large excursions and in applications
requiring log values to be plotted on a graph-
ic recorder, the HP 7562A and HP 7563A
log voltmeters provide a large dynamic range
(110 dB) and displays the input on a single
meter range while providing an output volt-
age that is the log of the input.

General Information (4']
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Figure 1. Four different types of meter
scales available. (a) Linear 0-3 V and 0-
10 V scales plus a dB scale. (b) Linear dB
scale plus non-linear (logarithmic) voltage
scales. (c) dB scale placed on larger arc
for greater resolution. (d) Linear —20 to 0
dB scale useful for acoustical and commu-
nications applications.
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Model DC VOLTMETERS Voltage Range Frequency Range; Accuracy at F§* Page

4194 DC NULL VOLTMETER +3 N to =1 KV end scale de Lli]
0.1 gV resolution (18 ranges) +(2% + 0.1 4V)

Model AC VOLTMETERS Voltage Range Frequency Range; Typieal Accuracy Page

4038 RECHARGEABLE BATTERY AC VOLTMETER 1 mV to 300V (12 ranges) 5 Hz to 2MHz; £2% to £5% 44

‘g.'!;- FAST-RESPONSE AC VOLTMETER 100 kHz low-pass filter ac amplifier 100 wV to 300 V; ~90 dB to 452 dB 20 Hz to 4 MHz £ 1% to 4% 45

AD0GL HIGH ACCURACY dB VOLTMETER 20 dB log scale (0dB = 1 V) -100 dB to +60 dB (B ranges) 20Hz tod MHz=0.2 dB to 0.4 dB 45
400E HIGH ACCURACY AC VOLTMETER has dc output { +0.5%) for 1 mV 1o 300 V, 10 Hz to 10 MHz

400 EL driving recorder ~70dB 1o 452 dB +1% +5% 45
34004 RMS VOLTMETER provides rms readings of complex signals. ImVto300V 10 Hz to 10 MHz

Has dc output for driving DVM's or recorders (12 ranges) +1% to £5% 45

34064 SAMPLING RF VOLTMETER provides true rms measurements 1 mV to 3V (8 ranges) 10 kHz o >1.2 GHz 46
when used with 34004 Many accessones +3%to +13%

Model MULTI-FUNCTION METERS Voltage Range (Accuracy) Resistance Range (Accuracy) Page
427A BATTERY-OPERATED MULTI-FUNCTION METER has 10 DC: +£100 mV to1000 V (+2%) 9 ranges 1011 to 10 M2 mid-scale +5%; from 0.3 42
mil de input impedance and 10M2/20 pF ac input impedance AC: 10 mV 1o 300 ¥ 10 Hz to 1 MHz to 3 on the meter scale (7 ranges)

(+2%) 10 ranges
410C VERSATILE VOLTMETER has 100 M dc input impedance DC: +15mVto £1500V (£2%) 11 ranges 100 to 10/ M {center scale) 0 1o midscale: 43
and 10 M0,/1.5 pF ac impedance AC: 0.5V to 300 V 20 Hz to =700 MHz + 5% or 2% of midscale (whichever
(3% at 400 Hz) 7 ranges is greater) 7 ranges current: DC: £ 1.5 uh to
+150 mA (+£3%)
Model CURRENT METERS Current Range Frequency Range Page
4788 DC MILLIAMMETER with clip-on probe eliminates direct connection 1 mA to 10 A FS (9 ranges) de to 400 Hr 40
Model LOG VOLTMETER Voltage Range Accuracy; Frequency Response Page
75628 LOGARITHMIC VOLTMETER/CONVERTER true RMS responding 80 dB (2 ranges);1 mV to 10V or 0.5 Hz to 100 kHz 48
10mV 1o 100V +0.5d8 0o ~3, 41 dB
de= 202548
75634 LOGARITHMIC VOLTMETER/AMPLIFIER 110'dB (1 range):316 4V to 100 V dc dc= +0.25dBto +1.54d8 48

“For exact accuracy raler 10 page designated.
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DC null volt-ammeter
Model 419A

4184 DC MULL VOLTMETER

ZERD MULL
A MATY

i

\

Description

Eighteen voltage ranges with 0.1 xV resolution on the lowest range.
Accuracy of this rechargeable battery-operated instrument is +2%
of end scale =0.1 uV on all ranges. Noise is less than 0.3 4V p-p, and
drift is less than 0.5 pV/day.

An internal nulling voltage allows input voltages up to 300 mV to be
nulled giving an infinite input impedance. Input impedance above 300
mV range is 100 megohms.

Seven pushbuttons allow rapid function selection. This dc null volt-
meter operates from an ac line or from internal rechargeable batter-
ies. During operation from ac line, batteries are trickle-charged. A
fast-charge pushbutton is provided to increase the charging rate, re-
charging batteries in approximately 16 hours. Battery voltage may be
checked with the battery-test pushbutton. The zero pushbutton al-
lows compensation for any internal offsets before measurement.
When this pushbutton is depressed, the positive leg of the voltmeter is
disconnected from the positive input terminal.

When the voltmeter pushbutton is depressed, HP 419A functions as
a zero-center scale 3 uV to 1000 V dc voltmeter.

When the AM pushbutton is depressed, HP 419A functions as a
zero-center scale 30 pA to 30 nA ammeter.

Specifications

DC Null Voltmeter

Ranges: =3 uV to 1000 V dc in 18 zero-center ranges.
Accuracy: + (2% of range +0.1 uV).

Zero control range: > + 15 uV.

Zero drift: <0.5 ¢V /day after 30 min warm-up.

Zero temperature coefficient: <0.05 uV/"C.

Response time: 3 s to within 95% of final reading on 3 uV range; 1 s
to within 95% of final reading on 10 gV to 1000 V ranges.

Noise: <0.3 uV p-p, input shorted. Noise amplitude approximates
Gaussian distribution. RMS value (standard deviation) is <0.075
uV, p-p noise value is <0.3 uV 95% of the time.

Input Characteristics

At null: infinite resistance on 3 u V through 300 mV ranges in set null
mode. Negative input terminal can be floated to =500 V dc from
power line ground.

Off null
Voltage range Input resistance
V- Imy 1001
10m¥ - 30 m¥ i1
100 =V - 300 m¥ oM
L ¥-1000V 100 Mg

Negative input terminal can be floated up to =+ 500 V dc from power-
line ground,

AC normal mode rejection: ac voltages 50 Hz and above and 80 dB
greater than end scale affect reading <2%. Peak ac voltage not to
exceed maximum overload voltage.

DC Ammeter

Ranges: + 30 pA to £ 30 nA in 7 zero-center ranges.
Accuracy: +(3% of range + 1 pA).

Zero control range: > + 150 pA.

Zero drift: <5 pA/day after 30 min warm-up.

Zero temperature coefficient: <0.5 pA/°C.
Noise: <3 pA p-p, input shorted.

Input resistance: 100 kQ on all ranges.

Amplifier

Gain: 110 dB on 3 uV range, decreases 10 dB per range.

Output: 0to +1V at | mA maximum for end-scale reading. Output
level adjustable for convenience when used with recorders.

Output resistance: depends on setting of output level control. <358
when output control is set to maximum.

Noise: 0.01 Hz to 5 Hz: same as voltmeter (referred to input), >5
Hz: <10 mV rms (referred to output).

General
Overload protection: the following voltages can be applied without
damage Lo instrument.

1V to 1000 V range: 1200 V dc.

10 mV to 300 mV range: 500 V dc.

3 uV to 300 mV range: 50 V dc.
Operating temperature: instrument will operate within specifica-
tions from 0°C to 50°C.
Operating humidity: <70% R.H.
Storage temperature: —=20°C to +50°C.
Power: 115 V or 230 V +10%, 48 Hz 1o 440 Hz, 2 VA max. or 4
internal rechargeable batteries (furnished). 30-hr operation per re-
charge. Operation from ac line permissible during recharge.
Size: 156 mm H (without removable feet), 197 mm W, 203 mm D
(6% x T4* x 8°).
Weight: net, 3.7 kg (8.3 1b). Shipping, 5.4 kg (12 1b).

419A DC Null Volt-Ammeter $1175



e No circuit interruption
¢ No circuit loading

Description

Direct current from 1 milliampere to 10 amperes full scale can be
measured without interrupting your measured circuit or producing
loading errors. With the HP Model 428B Clip-on Milliammeter, cut-
ting wires for insertion of current meters and calculating current from
voltage and resistance readings are eliminated. All that is required for
fast, accurate readings is to clip around the wire and select the proper
current range.

The 428B measures current by utilizing a clip-on transducer that
converts the magnetic field around the conductor to an ac voltage
proportional to de current. This voltage is detected and displayed as
direct current on the 428B’s meter. Since there is no direct contact
with the circuit being measured, complete dc isolation is assured.

The meter responds to dc current only and is therefore not suscept-
ible to common mode currents. However, low frequency currents up
to 400 Hz can be measured by connecting an oscilloscope or voltmeter
to the convenient front panel output; or this output can be used to
drive a strip chart recorder for permanent long term records.

For even greater sensitivity, several loops of the measured conduc-
tor can be put through the probe, increasing sensitivity by the same
factor as the number of turns used.

Specifications

DC current range: | mA to 10 A full scale, nine ranges.
Accuracy: =+ 3% of full scale £0.15 mA, from 0°C to 55°C (when
instrument is calibrated to probe).

Probe inductance: <0.5 uH.

Probe inducted voltage: <15 mV p (worst case at 20 kHz and har-
monics),

Output: variable linear output level with switch position for calibrat-
ed 1 V into open circuit (corresponds to full scale deflection). 1.5 V

ANALOG VOLTMETERS

1 mA to 10 A clip-on dc milliammeter
Model 428B

max. into open circuit in uncalibrated position. 0.73 +.01 Vinto 1 k@
in calibrated position.

Noise: | mA range, <15 mV rms across | k€; 3 mA range, <5 mV
rms across | k2; 10 mA through 10 A ranges, <2 mV rms across |
k2.

Frequency range: dc to 400 Hz (3 dB point).

AC rejection: signals above 5 Hz with p value <full scale affect me-
ter accuracy <<2% (except at 40 kHz carrier frequency and its har-
monics). On the 10 A range, ac p value is limited to 4 A.

Power: 115 or 230 V £ 10%, 50 to 60 Hz, approx. 75 V A max.
Operating temperature range: —20°C to +55°C.

Storage temperature: —40°C 1o +65°C.

Probe insulation: 300 V maximum.

Probe tip size: approximately 2" by */," aperture diameter %,,".
Size: cabinet: 292 mm H x 191 mm W x 368 mm D (114" x 7%" x
141:2").

Weight: net, 8.6 kg (19 Ib). Shipping, 10.9 kg (24 Ib).

Accessories Available

3529A Magnetometer Probe: this probe measures magnetic field
strength and direction. The component of magnetic field sensed is
parallel to the cylindrical axis of the probe. Applications include the
testing of magnetic materials for air shipment.

Range: | mG to 10 G full scale, nine ranges. | mG = | mA conver-
sion factor,

Accuracy: +3% of full scale (0°C to +55°C) after calibration.
Frequency range: DC to 80 Hz (3 dB point).

Weight: net 0.45 kg (11b). Shipping 0.91 kg (2 Ib).

Ordering Information Price
3529 A Magnetometer Probe $119
428B Analog Milliammeter (cabinet) $1150

(@
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Low-cost multi-function meter
Model 427A

427A

Description

Hewlett-Packard’s Model 427A is a portable, versatile, low cost
multi-function meter which is valuable in any laboratory, production
line, service department, or in the field. It is capable of measuring dc
voltages from 100 mV to 1 kV full scale; ac voltage from 10 mV to
300 V full scale at frequencies up to 1 MHz (=500 MHz with the
11096B High Frequency Probe); and resistance from 102 to 10 MQ
center scale.

The 427A will operate continuously for more than 300 hours on its
internal 22.5 V dry cell battery. AC line and battery operation is
available with option 001.

Specifications

DC Voltmeter

Ranges: + 100 mV to £ 1000V in 9 ranges in 10 dB steps.
Accuracy: +2% of range.

Input resistance: 10 M(1.

AC normal mode rejection (ACNMR): ACNMR is the ratio of the
normal mode signal to the resultant error in readout. 50 Hz and
above: >80 dB.

Overload protection: 1200 V dc.

AC Voltmeter

Ranges: 10 mV to 300 V in 10 ranges in 10 dB steps.
Frequency range: 10 Hz to | MHz.

Response: responds to average value, calibrated in rms.
Accuracy:

Frequency Range
001 V1030V 100V 10 300V
10 Hz to 100 kHz 2% of range
f
100 kHiz to 1 MHz e

Input impedance: 10mV to 1 V range, 10 MQ shunted by <40 pF: 3
V 1o 300 V range, 10 MQ shunted by <20 pF.

Overload protection: 300 V rms momentarily, 1 V range and below;
425 V rms max above | V range.

Ohmmeter

Ranges: 109 to 10 M(2 center scale in 7 decade ranges.
Accuracy: = 5% of reading (from 0.3 to 3 on scale)
Source current (ohms terminal positive)

Open clreult Short circuit
Rangs Voltage Current
X10 0.1V 10 mA
%100 01V 1 mA
X1k v 1 mA
X10k v 100 uA
X100 K v 10 4
X1M 1V 1 h
X10M 1v 0.1 A
General

Input: may be floated up to + 500 V dc above chassis ground. Ohms
input open in any function except ohms. Volts input open when instru-
ment is off.

Operating temperature: 0°C to 50°C.

Power: =300 hr operation per battery.

HP 427A. 22.5 V dry cell battery, Eveready No. 763 or RCA VS102.
HP 427A Option 001: battery operation or ac line operation, selecta-
ble on rear panel. 115 V or 230 V £20%, 48 Hz to 440 Hz, 2 VA max.
Size: (standard ' module): 159 mm H (without removable feet), 130
mm W, 203 mm D (6%" x 54" x 8").

Weight: net, 2.4 kg (5.3 Ib). Shipping, 3.6 kg (8 Ib).

Accessories Available

HP 11096B High Frequency AC Probe extends range to =500 MHz.
With the 11096B, you can measure 0.25 to 30 V rms signals out to
500 MHz with better than + 1 dB accuracy. Usable relative measure-
ments can be made up to | GHz (3 dB point at 700 MHz), The
11096B is a peak-responding detector calibrated to produce a dc out-
put proportional to the rms value of a sine wave input. Input imped-
ance is 4 MQ shunted by 2 pF.

Options and Accessories Price
11075A High Impact Case. A rugged case for carry- $145
ing, storing and operating the 427A

11096B High Frequency AC probe $90
11001A 45" test lead, dual banana plug to male BNC $17
11002A 60" test lead, dual banana plug to alligator $15
clips

11003A 60" test lead, dual banana plug to pencil probe $12
and alligator clip.

10111A BNC female to dual banana adapter 317
11067A Test lead kit $5

Ordering Information
427A Multi-function Meter (includes batteries) $625
427A Option 001 AC power supply & battery add $30



410C with 11036A

Description

HP's Model 410C is a versatile general purpose instrument for use
anywhere electrical measurements are made. This instrument mea-
sures dc voltages from 15 mV to 1500.V, dc from 1.5 A to 150 mA
full scale, and resistance from 0.2(2 to 500 MQ. With a standard plug-
in probe, ac voltages at 20 Hz to 700 MHz from 50 mV to 300 V and
comparative indications to 3 GHz are attainable.

Specifications

DC Voltmeter

Voltage ranges: +15mV 1o = 1500 V full scale in 15, 50 sequence
(11 ranges).

Accuracy: + 2% of full scale on any range.

Input resistance: 100 M{! £ 1% on 500 mV range and above, 10 M{1
+3% on 150 mV range and below.

AC Voltmeter

Voltage ranges: 0.5 V to 300 V full scale in 0.5, 1.5, 5 sequence (7
ranges)

Frequency range: 20 Hz to 700 MHz.

Accuracy: £ 3% of full scale at 400 Hz for sinusoidal voltages from
0.5 V=300 V rms. The ac probe responds to the positive peak-above-
average value of the applied signal. The meter is calibrated in rms.
Frequency response: + 2% from 100 Hz to 50 MHz (400 Hz ref.);
0 to —4% from 50 MHz to 100 MHz; + 10% from 20 Hz to 100 Hz
and +1.5dB from 100 MHz to 700 MHz.

Input impedance: input capacitance 1.5 pF, input resistance > 10
MQ at low frequencies. At high frequencies, impedance drops off due
to dielectric loss.

Safety: the probe body is grounded to chassis at all times for safety.
All ac measurements are referenced to chassis ground.

DC Ammeter

Current ranges: = 1.5 uA to = 150 mA full scale in 1.5, 5 sequence
(11 ranges).

Accuracy: =+ 3% of full scale on any range.

Input resistance: decreasing from 9 kf2 on 1.5 uA range to approxi-
mately 0.3 on the 150 mA range.

Special current ranges: = 1.5, +5 and + 15 nA may be measured
on the 15, 50 and 150 mV ranges using the dc voltmeter probe, with
+ 5% accuracy and 10 MQ input resistance.

ANALOG VOLTMETERS

General purpose multi-function voltmeter

Model 410C
Ohmmeter
Resistance range: resistance from 10Q to 10 M center scale (7
ranges).

Accuracy: zero to midscale: + 5% of reading or +2% of midscale,
whichever is greater; =7% from midscale to scale value of 2; +8%
from scale value of 2 to 3; +9% from scale value of 3 to §; +10%
from scale value of 5 to 10,

Amplifier

Voltage gain: 100 mdximum,

AC rejection: 3 dB at 0.5 Hz; approximately 66 dB at 50 Hz and
higher frequencies for signals <1600 V p or 30 times full scale,
whichever is smaller.

Isolation: impedance between common and chassis is >10 MQ in
parallel with 0.1 uF. Common may be floated up to 400 V dc above
chassis for dc and resistance measurements.

Output: proportional to meter indications; 1.5 V dc at full scale,
maximum current, | mA.

Output impedance: <3 at DC.

Noise: <(0.5% of full scale/on any range (p-p).

DC drift: <0.5% of full scale/yr at constant temperature. <0.02% of
full scale/°C.

Overload recovery: recovers from 100:1 overload in <3 s,

General

Maximum input: (see overload recovery). DC: 100 V on 15, 50 and
150 mV ranges, 500 V on 0.5 to 15 V ranges, 1600 V on higher
ranges. AC: 100 times full scale or 450 V p whichever is less.
Power: |15V or230V £10%, 48 Hzto 440 Hz, 13 VA (20 VA with
11036A ac probe).

Size: 165 mm H (without removable feet), x 130.2 mm W x 280 mm
D (6%" x 5'4" x 11") behind panel.

Weight: net, 4 kg (8 |b). Shipping, 5.44 kg (12 Ib).

Accessories furnished: detachable power cord, 11036A AC probe.
Accessories avallable: see pages 33.14-33.17

Ordering Information Price
410C with HP 11036A Detachable AC probe $1175
410C Option 002 (less ac probe) less $44
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44
5 Hz to 2 MHz AC solid-state voltmeters
(ﬂ Model 403B
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Description

The Hewlett-Packard 403B AC Voltmeter is a versatile, general
purpose instrument for laboratory and production work, yet is ideal
for use in the field since it is solid-state, battery operated, and porta-
ble.

It measures from 100 microvolts to 300 volts, covering 5 Hz to 2
MHz. It operates from internal batteries and thus may be completely
isolated from the power line and external grounds, permitting accu-
rate measurements at power line frequency and its harmonics without
concern for beat effects. Isolation from external ground also permits
use where ground loops are troublesome. Turnover effect and wave-
form errors are minimized because the meter responds to the average
value of the input signal.

The 403B operates from an AC line as well as from the internal
battery pack, and batteries recharge during AC operation. Battery
charge may be easily checked with a [ront-panel switch to assure reli-
able measurements. Normally, about 60 hours of AC operation re-
charges the batteries; but an internal adjustment is provided which
nearly doubles the charging rate. The Model 403B can be used while
its batteries charge. A sturdy taut-band meter eliminates friction and
provides greater precision and repeatability.

For improved resolution in dB measurements, the 403B Option 001
is available. This version spreads out the dB scale by making it the top
scale of the meter.

Specifications
HP Model 4038 4038 Option 001
Range 0.001 to 300 V rms full scale, 12 ranges, in a 1, 3, 10 sequence. =60 dB to +50 dB in 12 ranges with 10 dB steps,
Meter Responds to average value of input waveform, calibrated in the rms value of a sine wave
Frequency
Range 5 Hz to 2 MHz 5 Hr to 2 MHz
Accuracy Within = 2% of full scale from 10 Hz to 1 MHz; Within +0.20 dB of full scale from 10 Hz to 1 MHz,
within +5% of full scale from 5 to 10 Hz and from 1 to 2 MHz, except +10% from within +0.4 dB of full scale from 5 to 10 Hz and from | to 2 MHz,
1 to 2 MHz on the 300 V range (0 to 50°C).* except + 0.8 dB from | to 2 MHz on the 300 V range (0 to 50°C).*
Input 2 M, shunted by <60 pF, 0.001 to 0.03 V ranges; same as 4038
Impedance <30 pF, 0.1 to 300 V ranges.
Maximum Fuse protected (signal ground can be +500 V DC from chassis). same as 4038
Input
Power 4 rechargeable batteries, 40 hr. operation per recharge. same as 4038
up to 500 recharging cycles; self-contained recharging
circuit functions during operation from AC line
Size 159 mm H (without removable feet) x 130 mm W x 203 mm D (6% x 5%" x 87) same as 4038
Weight net, 2.9 kg (6% Ib). Shipping, 3.6 kg (B Ib). same as 4038
Price $560 add $30

*Use 10001A 10:1 Divider and 10111A Adapter to retain + 5% (+0.4 dB) sccuracy while measuring up to 425 V rms from 1 to 2 MHz.
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AC voltmeter, 10 Hz to 10 MHz
Models 400E, EL, F, FL, GL
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Specifications
AD0E /EL* 400F /FL* 4006L
Voltage range 1 mV to 300 V F.S. 12 ranges 100 ¥ 1o 300 V F.5. 14 ranges ~B0dB to +60 dBF. 5. B ranges
Frequency range 10 Hz-10 MHz 20 Hz-aMHz 20 Hz-4 MHz
Input impedance 10 M on all ranges 10 MQ on all ranges 10 M0 on 3ll ranges
<25 pF to <12 pF depending <30 pF to <15 pF depending <30 pF to <15 pF depending
on ranges o ranges on ranges
Accuracy® +(% reading + % range) {% reading + % range}
3 mV-300 V ranges 300 4xV-300 V ranges +60 dB range
10 Hz-40 Hz; +(2.5 4 2.5) 20 Hz-40 Hz; (24 2) 20 Hz-40 kHz; £0.4 dB
40 Hz-2MHz; (1 +0) 40 Hz-100 Hz, =(1 +1) 40 kHz-100 kHz, 0.2 dB
2 MHz-4 MHz; £{1.5+ 1.5) I%iz—lzﬂHz: +(% + 1)
4 MHz-10 MHz 2-2 MHz; (14 1) 60 dB thry + 40 B ranges
3ImV range: +(25 +25) 2MHz-4 MHz; 2(2+2) 20 Hz-40 Hz: £0.4 dB
10 mV-3V range: +(3.0 + 2.0) for 4 MHz 1o 6 MHz 40 Hz-500 kHz: £0.2 dB
#(3.75 4 3.75) for 6 MHz to 10 MHz 500 kHz-2 MHZ, +0.4 dB
10V-30V: (3.5 +3.3) 2 MHz-4 MHz; +0.2,-08 dB
1 mV range 100 &V range -80 dB range
10 Hz-40 Hz; (2.5 + 2.5) 30Hz-60 Hz {2+ 2) 30 Hz-60 Hz: 0.4 dB
40 Hz-500 kHz; =(1 +0) 60 Hz2-100 kHz: =(1+ 1) 60 Hz-100 kHz: +0.2 dB
500 kHz-4 MHz: £(2.5 + 2.5) 100 kHz-500 kHz; =(1 +(+0,~7) 100 kHz-500 kHz; + 0.2, -0.8 dB
Recovery <2 for 80 dB overload
Overload #2500 V rms ac, 300 V dc *+1200 V rms max. input;
1000 V de max. input
Calibration Scale =10 1o 42 dB between ranges, 100 divisions on 0 to 1 scale. Linaar dB scale, 100 divisions
The dB scale reads —10 to +2 dB; 10 dB batween ranges. from =20 1o 0 dB. Long voltage
scale 0.dB = 1V.
Weight Net, 2.7 kg (6 Ib). Shipping, 4.1 kg (3 Ib)
Size 159 mm H (without removable feet) x 130 mm W x 279 mm O (6% x 5%" x 117)
Power AC: 115 0r 230 V +10%, 48 to 440 Hz, 6 VA max,
DC: External batteries: + and = voltages between 35 V and 55
Price: #00E, $575; 400 EL 3590 | 400F, $570; 400 FL, $575 I 400 GL, 3600

* NOTE: 400 EL same as 400E, and 400FL same as 400F, excepl for callbration. Linear dB scale
—10d8 1o +2 dB, 10 dB between rangea. Log voltage scales 0.310 1 and 0,810 3, 120 divisions
from =10 dB +2 dB. 400 FL accuracy |s % of reading in dB only.

** AC overioad voltage decreases with increasing frequency

A
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10 Hz to 10 MHz true RMS voltmeter
Model 3400A

e 10 MHz bandwidth
e High crest factor for accurate pulse measurements
e Stable, linear DC output
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Description

The Hewlett-Packard Model 3400A is a true root-mean-square
(rms) voltmeter, providing a meter indication proportional to the de
heating power of the input waveform.

Six-decade frequency coverage makes the 3400A extremely flexible
for all audio and most RF measurements and permits the measure-
ment of broadband noise and fast-rise pulses.

Pulses or other non-sinusoids with crest factors (ratio of peak to
rms) up to 10:1 can be measured full scale. Crest factor is inversely
proportional to meter deflection, permitting up to 100: 1 crest factor
at 10% of full scale,

Permanent plots of measured data and higher resolution measure-
ments can be obtained by connecting an X-Y plotter, strip chart re-
corder or digital voltmeter to the convenient rear-panel dc output.
The dc output provides a linear 0 to 1 volt drive proportional to meter
deflection.

e 1 mV full-scale sensitivity
e 10 MQ input impedance
e Taut-band individually calibrated meter

RMS Current

True rms current measurements can be made conveniently by using
the HP Model 456A Current Probe with the Mode 3400A, See page
33.17.

Specifications

Voltage range: | mV to 300 V full scale, 12 ranges.

DB range: —72 to +52 dBm (0 dBm = 1 mW into 6008).
Frequency range: 10 Hz to 10 MHz.

Response: responds to rms value (heating value) of the input signal
for all waveforms.

Meter accuracy: % of full scale (20°C to 30°C)*

10Hz 50Kz MMz Mz IMHz
[ =% | =% | =% | s | 8% |

AC-to-DC converter accuracy: % of full scale (20°C to 30°C)*
10Hz 50Hz 1MHz 2MHz IMHz 10MHz

[ +5% ] zom5% [ 2% [ 3% [ 25% |
* TC: £0.1% trom 0°C to 20°C and 30°C to §5°C.

Crest factor: (ratio of peak to rms amplitude of input signal): 10to 1
at full scale (except where limited by maximum input) inversely pro-
portional to meter deflection (e.g., 20 to 1 at half-scale, 100 to 1 at
tenth scale).

Maximum continuous input voltage: 500 V ac peak at | kHz on all
ranges; 600 V dc on all ranges.

Input impedance: from 0.001 V to 0.3 V range: 10 MQ shunted by
<50 pF. From 1.0 V to 300 V range: 10 MQ shunted by <20 pF.
AC coupled input.

Response time: for a step function, <5 s to final value.

AC overload: 30 dB above full scale or 800 V p, whichever is less, on
each range.

Output: negative 1 V dc into open circuit at full-scale deflection, pro-
portional to meter deflection from 10-100% of full scale. | mA maxi-
mum; nominal source impedance is 1000€. Output noise <<1 mV rms.
Power: 115 or 230 V +10%, 48 to 66 Hz, 15 VA max.

Size: 159 H (without removable feet) x 130 W x 279 mm D (6%" x
5%" x 117); % module.

Weight: net, 3.3 kg (7% Ib). Shipping, 4.5 kg (10 Ib).
Accessories furnished: 10110A Adapter, BNC to dual banana

jack.
Accessories Available Price
11001A Cable, 45 in. long, male BNC to dual banana $17
plug
11170A Cable, 12 in., male BNC connectors 517
111708 Cable, 24 in., male BNC connectors $17
11170C Cable, 48 in., male BNC connectors $20
11002A Test lead, dual banana plug to alligator clips $12
11003A Test Leads, dual banana plug to probe and $12
alligator clip
11076A Carrying Case §135
Ordering Information
3400A Opt 001 spreads out the dB scale by making it add $30
the top scale of the meter.

Rear terminals in parallel with front panel terminals
and linear log scale uppermost on the meter face are
available on special order.
3400A RMS Voitmeter $985



ANALOG VOLTMETERS

10 kHz to 1.2 GHz RF Voltmeter
Model 3406A

Description

High frequency voltages can be measured easily with HP’s 3406A
Sampling Voltmeter. Employing sampling techniques, the HP 3406A
has extremely wide bandwidth (10kHz to 1.2 GHz) with high input
impedance. Signals as small as 50 4V can be resolved. Full scale sensi-
tivity from 1 mV to 3 V is selected in eight 10 dB steps and may be
read directly from =62 dBm to +23 dBm. Accessory probe tips con-
vert the HP 3406A for voltage measurements in applications such as
receivers, amplifiers and coaxial transmission lines.

Measurement can be retained on the 3406A meter by depressing a
pushbutton located on the pen-type probe. This is useful when mea-
surements are made in awkward positions where the operator cannot
observe the meter indication and probe placement at the same time.

Specifications

Voltage range: | mV to 3 V full scale in 8 ranges; decibels from —50
to +20 dBm (0 dBm = | mW into 50Q); average-responding instru-
ment calibrated to rms value of sine wave.

Frequency range: 10 kHz to 1.2 GHz; useful sensitivity from 1 kHz
to beyond 2 GHz.

Full-scale accuracy (%) with appropriate accessory (after probe
is properly calibrated)

10 20 25 100 100 700 1 12

kHz kHz kHz kHz MHz MHz GHz GHz

[z =8 [ 25 [ 3 | 25 | 28 | =3 |

Input Impedance: input capacity and resistance will depend upon
accessory tip used. 100,000Q shunted by <<2.1 pF at 100 kHz with
bare probe; <10 pF with 11072A isolator tip supplied.

Sample Hold Output
Provides ac signal whose unclamped portion has statistics that are
narrowly distributed about the statistics of the input, inverted in sign

(operating into =200 k{2 load with <1000 pF). Output is 0.316 V at
f.s. on any range.

Noise: <175 uV rms referred to input.

Accuracy (after calibration): 0.01 V range and above: same as full
scale accuracy of instrument. 0.001 V t00.003 V range: value of input
signal can be computed by taking into account the residual noise of
the instrument. Jitter: meter indicates within + 2% pk of reading 95%
of time (as measured with HP 3400A True RMS Voltmeter).

RMS crest factor: 0.001 Vto 0.3 V,20dB; 1V, 13dB; 3V, 3dB.

Meter

Meter scales: linear voltage, 0 to 1 and 0 to 3; decibel, —12 to +3.
Individually calibrated taut-band meter.

Response time: Indicates within specified accuracy in <3 s,
Jitter: +1% peak (of reading).

General

DC recorder output: adjustable from 0 to 1.2 mA into 1000 ohms at
full scale, proportional to meter deflection,

Overload recovery time: meter indicates within specified accuracy
in <5° (30 V p-p max.).

Maximum input: +100 V dc, 30 V p-p.

RFI: conducted and radiated leakage limits are below those specified
in MIL-6181D and MIL-1-16910C except for pulses emitted from
probe. Spectral intensity of these pulses is nominally 50 nV/\/ Hz;
spectrum, extends beyond 2 GHz.

Temperature range: Instrument, 0°C to +55°C; probe, +10°C to
+40°C.

Power: 115 or 230 V +10%, 48 Hz to 66 Hz, 25 VA max.

Size: 159 mm H (without removable feet), x 197 mm W x 279 mm D
(6.25" x 7.75" x 11*); % module.

Waeight: nct, 5.4 kg (12 Ib). Shipping, 6.8 kg (15 1b).
Accessories: refer to data sheet.

3406A RF Voltmeter $1750

@



ANALOG VOLTMETERS

Single channel analog voltmeters
(ﬂ Models 7562A and 7563A

7563A

Description

The Model 7562A is a wide range (80 dB), single channel logarith-
mic voltmeter /converter designed to produce dc output voltages in a
logarithmic relationship to dc input voltages or the true RMS value of
an ac input voltage. It contains a true RMS detector which is not
dependent on pure sinusoidal signals to achieve measurement accura-
cy. A self-contained meter calibrated in volts and dB results in an
accurate voltmeter. A constant amplitude oscilloscope output makes
the converter compatible with a variety of oscilloscope readout and
phase meter applications.

The Model 7563A Logarithmic Voltmeter/ Amplifier is a low cost,
single channel, dc logarithmic amplifier with a very high dynamic
range (110 dB) designed to produce a logarithmic-related dec output
voltage for a very wide range of dc input voltages. A single input
range of 316 uV to 100 V is coupled with an input polarity switch for
ease and versatility of operation. A high input impedance (100 k)
and a low output impedance (less than 50) allows the 7563A to be
used in systems or on the bench. A front panel meter calibrated in dB
and mV provides instantaneous visual indication of operating levels.
Applications include log scaling of recorder axes, pulse height analyz-
ers, scope displays, and almost any circumstances where log compres-
sion of dc voltage ranges is required. Dual or single mounting
capability is afforded by a field installable rack mounting adapter,
utilizing minimum rack space.

7562A Specifications
Performance specifications
AC and DC Modes
Input
Dynamic range: 80 dB.
Voltage range: | mV to 10 V or 10 mV to 100 V selectable by front
panel switch. Accepts either ac or positive signals.
Output
Voltage: 0 to 800 mV dc corresponding to 10 mV /dB.
Output impedance: 100 ohms.

DC Mode

Accuracy: *=0.25dB at 25°C,

Input impedance: 100 k@, shunted by less than 100 pF: single ended.
Temperature coefficient: +0.02 dB/°C maximum.

Zero stability: +0.25 dB.

AC Mode
Input impedance: | M, shunted by less than 100 pF; single ended.
Accuracy and frequency response: (at 25°C).

50 kHz 100kHz

Range oy 2 5 20 % 200w (<10 (>10
Setting L | |1 " A
05Hz | z1d8 +05d8 s1d8 |
-3d8
5Ha i1 +05d8 <108 ¥
-3d8
50 Hz +1dB $0508| =148 11
-3d8

Temperature coefficient: +0.04 dB/°C maximum.
Slewing speed:

Range setting Minimum slewing speed

0.5 Hz 1 dB/s
5 Hz 10dB/s
50 Hz 60 dB/s

Oscilloscope output: approx. 0.5 V rms regardless of input.
Crest factor: 5:1 unless limited by max, input voltage.

Maximum peak input voltage: =25 V on | mV to 10 V range;
+250 Von 10 mV to 100 range.

General Specifications

Operating temperature: 10°C to 40°C.

Warm-up time: 20 minutes nominal.

Connectors: front and rear input and output BNC connectors,
Powar requirements: 115/230 Vac, 50 to 400 Hz, 40 VA,
Size: 88 mm H x 197 mm W x 292 mm D (3%," x 7%" x 11%").
Weight: net, 3.6 kg (8 1b). Shipping 5.4 (12 Ib).

7563A Specifications

Performance Specifications

Input

Dynamic range: 110 dB.

Voltage range: 316 ¢V to 100 V. Accepts either positive or negative
signals, selectable by front panel switch.

Output
Voltage: 0 to 1.1 V dc corresponding to 10 mV /dB. Rear terminals;
adjustable to 1 to 10 mV /dB.
Output impedance: less than 50 front panel, 300 rear.
Meter accuracy: reading accurate to + 1.5 dB, referred to output.
Input impedance: 100 k{2, shunted by less than 100 pF, single ended.
Accuracy: (at 25°C).

316 4V 1mV 10V 36V 100V

[ 0.5 d8 [  +025e8 | :10d8 | 1568 |

Temperature coefficient: +£0.02 dB/°C maximum and +3
uV/°C referred to input.
Zero stability: +0.25 dB at constant temperature.

Rise Time
Maximum Rise Time
Signal Level 1 mV-10 V Range
316 V-1 mV 2000 us
| my=10 mv 400 us
10 mV=-100 mV 40 s
100 mV-1 ¥ & s
1V-100V 25

General Specifications

Operating temperature: 10°C to 40°C.

Warm-up time: 20 minutes nominal.

Connectors: front and rear input and outpui BNC connectors.
Power requirements: 115/230 V ac, 50 to 400 Hz, 40 VA.

Size: 88.1 mm H x 197 mm W x 292 mm D (3%," x 7%" x 11%").
Weight: net, 3.6 kg (8 Ib). Shipping, 5.4 kg (12 Ib).

Ordering Information Price
7562A Logarithmic Voltmeter/Converter $1925
7563A Logarithmic Voltmeter/Amplifier $1500



DIGITAL VOLTMETERS

General Information

Digital voltmeters (DVM’'s) offer many
advantages over other types of voltmeters.
Among the advantages of DVM’s are greater
speed, increased accuracy and resolution, re-
duction of operator errors and the ability to
make automatic measurements.

Digital voltmeters display measurement
results as discrete numerals rather than as a
pointer deflection on a continuous scale. Hu-
man error and tedium are reduced by direct
numerical readout, and operator training is
minimized by automatic polarity and range-
changing features of some DVM's,

Digital voltmeters are available to measure
AC and DC voltages, current and resistance.
Appropriate transducers can be used to mea-
sure other parameters such as strain or tem-
perature. A popular use of DVM’'s is in
automatic measurement systems. A system
can be as simple as connecting the DVM
digital output to a digital printer or as power-
ful as a calculator or computer controlled
system that provides automatic data reduc-
tion and unattended operation.

A New Generation of DVM's

Now a greater range of capability than
ever before is available in a new generation of

digital voltmeters. The technology of inte-
grated circuits and microprocessors has re-
sulted in new solutions ranging from portable
units where the reading is conveniently near
the point of measurement to powerful new
systems voltmeters which can measure at
thousands of readings per second.

In order to meet today’s expanding mea-
surement needs, HP's new generation of
DVM's have incorporated new technologies,
A tantalum nitride on sapphire process has
enhanced the performance of the entire
DVM product line. Digital voltmeters re-
quire a precision attenuator to scale the input
voltage. Now a single chip replaces the atten-
uator which used up to 20 precision
wirewound resistors. The benefits are: lower
cost, improved reliability, excellent stability,
and better than 25 ppm/°C tracking.

To meet the expanding needs of our system
users, HP has developed three new volt-
meters: the 3437A, 3438A, and 3455A. The
heart of these voltmeters is & high-speed mi-
croprocessor tailored especially to system in-
strument requirements. An example of the
resulting capability is automatic calibration
that compensates for temperature changes
and aging. Other benefits are self-test, self-

diagnosis, and internal math capability
which allows direct display in engineering
units.

HP's newest concept in digital voltmeters,
the 3467A, provides a total measurement
station in one compact instrument. A large
number of different measurements can be
made either manually or unattended with
this new 3467A Logging Multimeter. It
uniquely combines a high performance 4%
digit DMM with a four-channel scanner,
printer with timer/pacer, built-in thermistor
linearization, and internal math functions.
You can now make direct measurement of
temperature changes about ambient, fre-
quency response of amplifiers in dB, attenua-
tor flatness, or turns ratios of transformers,
to mention but a few applications.

Temperature

In many cases, it is important to measure
the temperature rise of a device with respect
to ambient temperature. Typically, this in-
volves time dependent measurements at more
than one location. The 3467A Logging Mul-
timeter, with its temperature readout in °C
or °F and the built-in math functions, can
measure and display and print temperature
changes directly.
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General information (cont.)

Typically, this involves time dependent mea-
surements at more than one location. The
3467A Logging Multimeter with its tem-
perature readout in °C or °F and the built-in
math functions, can measure and display and
print temperature changes directly.

Diode Test

The diode test function is an extra capabili-
ty adding convenience to testing of compo-
nents. Using the | mA constant current
source within the 3466A or 3467A, the diode
forward voltage drop is displayed on the volt-
meter.

Sample-and-Hold

The DVM’'s mentioned so far are designed
to measure DC volts, AC volts, resistance,
etc., but not the instantaneous value of a
changing voltage. Sample-and-hold expands
a DMV's usefulness by freezing a changing
input voltage, then measuring it with little
degradation in resolution or accuracy. With
appropriate triggering, the HP 3437A could
make peak measurements, digitize a wave
shape, or check linearity of a ramp.

Abuse tastln?

DVM's are often subjected to accidental
abuse. To assure survival, our instruments
are designed to a new and tougher set of stan-
dards. For example, static discharge can
be fatal to some integrated circuits so HP
tests their designs by discharging > 10KV
to any exposed metal. Input circuits should
be accident proof. HP DVM designs are test-
ed by applying 240 V RMS to all input ter-
minals and all combinations of input con-
ditions. Some units are routinely exposed to
rough use in field service applications requir-
ing design and test to shock levels of 100 G's.

HP-IB

Hewlett-Packard offers three voltmeters
which have HP-IB data interface: the
3437A, 3438A, and the 3455A. This versa-
tile interconnect system allows communica-
tion with a growing number of instruments,
calculators, and computers. Historically the
high cost of interfacing related to the lack of
interface standardization. Interfacing meth-
ods proliferated as each engineer designed
custom links between instrumentation de-
vices—resulting in different codes, formats,
levels, and timing factors. Today there is a
new interface concept tailored to general
purpose instrumentation. It is commonly re-
ferred to as the IEEE 488 Bus, Hewlett-
Packard Interface Bus (HP-IB).

Serviceability

Hewlett-Packard’s historic design efforts
have been towards serviceability. So, it is not
surprising that the new generation of DVM’s
has some unique service features. A self-test
has been incorporated in the 3455A and
3467A to verify basic functional operation of
the DVM at your convenience. Also, since
microprocessor and digital circuits are more
difficult to troubleshoot, HP has designed
Signature Analysis in the 3437A, 3438A,
3455A, and 3467A. With the HP 5004A Sig-
nature Analyzer, the built-in diagnostic rou-
tines of these DVM'’s can help troubleshoot
digital circuits to component level.

Noise Rejection

Source and type of noise are important in
determining the type of noise rejection need-
ed. There are two types of noise which may
affect accuracy and sensitivity of a DVYM:
normal mode and common mode.

Normal mode noise enters the DYM with
the signal and is super-imposed on it. Filter-
ing is the simplest way to cut down on noise
but it slows measurement speed. Integration
“calculates™ noise out of the measurement by
looking at the input signal over a period of
time equal to the period of expected noise,
Filtering is advantageous for rejecting broad-
band noise, while integration is better for re-
jecting line related noise. Figure | shows
typical noise rejection for filtering and inte-
grating methods.
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Figure 1. Normal mode noise rejection for
two DVM.s, one using filtering and the oth-
er using integration.

NORMAL MODE REJECTION (dB)

Common mode noise appears between the
DVM's input terminals and ground. It is usli-
ally caused by grounding differences be-
tween the DVM and the device being
measured.

Errors caused by common mode noise may
be reduced by a passive technique called
“guarding.” Guarding shunts the noise-to-
ground away from input terminals. By prop-
er connection of the guard (Figure 2), a re:
markable improvement can be seen in a
DVM's ability to reject common mode noise.
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Figure 2. Best CMR connection—guard
connected to low at source. No common
mode current goes through Rp.

“Effective” common mode rejection is the
specification that usually appears in data
sheets. Effective refers to the final reading.
Effective CMR is the combined result of
“pure” CMR due to guarding plus normal
mode rejection by the instrument.

Specifications

The final selection process involves looking
at DVM data sheets from various manufac-
turers. Selection can be difficult due to the
lack of standardization of specifications in
the industry. Fortunately, most specifica-
tions are easy to understand.

You should first define what is to be mea-
sured. Once the immediate measurement
problem has been defined, possible future
uses for the instrument should be noted. Out
of this definition should come some general
idea of what levels of resolution and sensitiv-
ity are needed. It is also helpful to note what
functions are needed. The reason is that there
are too many DVM’s on the market to com-
pare all of them. DVM’s are generally classi-
fied according to multifunction capability
and the number of digits. For example, if a
multifunction 4%-digit DVM is needed, this
may narrow the choice considerably, thus re-
ducing the number of data sheets to be
examined.

Number of Digits and Overranging

There may be some confusion about the
most fundamental of all DVM characteris-
tics: the number of digits. The number of dig-
its a DVM has equals the number of *9's™ it
is able to display. This indicates the number
of full digits. Why the confusion? Most
DVM’s are able to overrange and this adds a
digit. The overrange digit, however, is not a
full digit.

Let’s take an example. A display of “1999™
really has only three full digits plus a “1"
used for overranging. This overrange digit al-
lows the user to read beyond the normal full
scale without loss of accuracy or sensitivity.
Overranging is an important specification
since it extends a DVM’s usefulness. For ex-
ample, suppose a signal changes from 9.99 V
to 10.01 V. A 3-digit DVM without over-
ranging can measure up to “9.99 V" and
would have to up-range to measure the
“10.0 V.” Note that the 0.01 V is lost in the
process. With overranging, the same 3%-dig-
it DVM could measure “10.01 V" without
loss of sensitivity nor need to up-range.

Overrange is expressed in percentage. A
reading of “1999" would equal a 3'%-digit
DVM with 100% overranging. A reading of
“1199” equals 20% overranging. A 5%-digit
DVM with 20% overranging has the same
resolution as a 4%-digit DVM with 100%
overranging under certain conditions. For ex-
ample, if both instruments are used to mea-
sure 1.5 V, both will read “1.5000." The 1 V
range of the 5%-digit DVM cannot be used
because it cannot read beyond “1.19999.” Of
course, the 5%-digit DVM has a decade more
resolution below its 20% overrange point,
The point is that not only does the number of
digits determine resolution but also over-
range percentage.

Sensitivity and Resolution

These are two voltmeter parameters that
are often confused. They are related but de-
fine different capabilities. Resolution is a
pure number (i.e., it is a ratio and has no
units). Resolution of a DVM is the



ratio of the maximum number of counts that
can be displayed to the least number of
counts. For example, a 5%-digit DVM with
20% overranging can display 120,000 counts.
Its resolution is then 120,000 to 1. Generally,
overranging is ignored and the full scale reso-
lution of a 5%-digit DVM is 100,000 to 1, or
0.001%.

Sensitivity is the ability of a DVM to re-
spond to small voltage changes. For example,
a 5Y%-digit DVM with a 100 mV full scale
range hasa | pV sensitivity. The least signifi-
cant digit is | gV.

If you like to think in more mathematical
terms, the sensitivity of a DVM is the lowest
full scale range multiplied by the full scale
resolution of the DVM. In the examples
given here, the resolution is 0.001% and the
lowest full scale range is 100 mV. Therefore,
the sensitivity is 0.001% x 100 mV = 1 uV.

Accuracy

Accuracy is the exactness to which a volt-
age can be determined relative to the Legal
Volt maintained by the U.S. National Bu-
reau of Standards. Note the word “relative.”
In order to specify accuracy, the DVM man-
ufacturer must maintain calibration stan-
dards traceable back to the Legal Volt. Any
errors involved in traceability are added to
the accuracy specification.

An equal burden is put on the user, Pur-
chasing a DVM without the equipment or
knowledge to calibrate it may not be wise un-
less the user plans to employ an outside cali-
bration lab. For DVM's with high accuracy,
the calibration equipment can be quite ex-
pensive and may enter into the purchase
decision.

To be meaningful, accuracy must be stated
along with the conditions under which it will
hold. These conditions should include time,
temperature, line variations and relative hu-
midity. These conditions should be realistic
relative to the DVM’s intended application.
For example, most manufacturers specify a
temperature range of 23°C +5°C which
covers the majority of environments. Other
DVM's are specified for +1°C which is fine
in a lab but hardly suitable for on-site testing
or production use.

Time indicates calibration cycle. DVM’s
are specified to hold their accuracy for 90
days, 6 months and | year. Many times, sev-
eral accuracy specifications are included for
various times.

Accuracy is expressed as a percent of read-
ing plus a percent of range (or full scale).
The percent of range may alternately be ex-
pressed as +X digits or =X counts. Two
identical accuracy specifications are shown
below:

42-DIGIT DVM
+ (0.01% of reading + 0.01% range)
or
+0.01% of reading + 1 count

Accuracy of a typical 4%-digit DVM with
50% overrange is shown in Figure 3.

The accuracy of a DVM may be consider-
ably less than the resolution. For example, a
4%-digit DVM has a resolution of +0.05%
to 0.08% is sufficient. If the DVM has good
linearity, short term stability, and low noise,

it is well suited to most applications. In short,
if the DVYM can make repeatable measure-
ments, its absolute accuracy need not match
its resolution.
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Figure 3.

Short Term Stability

Unlike accuracy, short term stability is not
relative to the Legal Volt although it is speci-
fied under similar conditions. Short term sta-
bility is usually specified for 24 hours and for
+ 1°C instead of + 5°C. Accuracy and short
term stability are contrasted in figure 4.
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Figure 4.

Short term stability tells the user how good
the DVM is for relative measurements. It
also indicates the effective sensitivity of the
DVM. This specification is used when a
known standard voltage is measured, then an
unknown is measured. Short term stability
indicates how accurately this comparison can
be made or how good the DVM is as a trans-
fer standard.

Temperature Coefficient

Temperature coefficient (TC) is the
amount of change in accuracy per degree
change in temperature outside the tempera-
ture band given in the accuracy specification.
Errors calculated using the temperature co-
efficient are additive to the basic accuracy
specification. In order to make this calcula-
tion, the user must know over what tempera-
ture range the instrument was designed to
operate.

If, for example, the DVM's accuracy is
specified for 23°C =+ 5°C and the user wishes
to know what the accuracy is at 40°C, then
the TC is multiplied by 12°C and added to
the accuracy as shown below:

+ (0.0004% of reading + 0.0003% of range/°C x
12°C =

+ (0.0048% of reading 4 0.0036% of range) TC at
40°C + (0.008% of reading + 0.002% of range)
ACCURACY = + (0.0128% of reading + 0.0056% of

range)
ACCURACY at 40°C

This example is illustrated graphically in fig-
ure 5 for all temperatures.
Accuracy: + (0.008% of Reading + 0.002%

of Range
Temp. coefficient: + (0.0004% of Reading
+ 0.0003% of Range)/°C
Operating temperature: 0°C 10 50°C
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Figure 5.
Speed

There are two things you should know
about the speed of a DVM: (1) how long it
takes to respond to a change in the input sig-
nal and, (2) how many readings per second
can be made both internally and externally.

The time for a DVM to respond is usually
specified for the worst case which is a full
scale step input. Included in response time is
the time required to digitize the signal. As
shown in the upper part of figure 6, response
time is composed of settling time of the input
amplifier or converter plus the digitizing
time or reading period,
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Figure 6.

Settling time may not be given on a data
sheet since the user really wants to know how
long it takes to get the final reading.

The reading period is a measure of how
long it takes the DVM to digitize the signal.
The reading period is defined as the time
elapsed from when the DVM is given a trig-
ger to the time a valid reading comes back.

Elements that increase the response time of
a DVM include filtering, a longer gate length
for integrating DVM and autoranging. An
increase in the gate length increases the read-
ing period since it is part of the digitization of
the input signal. Increases in filtering adds to
the settling time but does not affect digitiza-
tion. Autorange is specified as time per range
change and, as shown in the lower part of fig-
ure 6, can greatly increase overall response
time.
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General Information (cont.)

e

3476A/B

DVM SELECTION GUIDE

3465A/B

JesEEE 0ODCLOUD

3466A

3455A
BENCH DVM'S SYSTEM DVM’'S
DYM'S 34T6A /B 34354 34654 /B 34664 JBTA 34384 3437 34554
» 3% Digit » 3% Dight » 4% Dight » 41 Digit « 4% Digit » 3% Digit « 34 Digit » 5% /6% Digit
* Low Cost + Accuracy o1V « Autorange + Temperature » HP-1B + High Speed * High
Sensitivity * True RMS + Printer, Timer Performance
FEATURES + Autorange « 10 Milii 0 + Bench /Field o 1V » 4 Channels + Low Cost » HP-IB » Auto Cal
Sensitivity + Math
MAX INPUT 1000V 1200v 1000V 1200V 350V 1200V 20V 1000V
MAX RDGS /SEC 3 4.7 25 47 45 a7 5700 24
RANGES 100mV TO 1000V 100mY TO 1200V 10my TO 1000V 10mV TO 1200V 20mV TO 350V 200mV TO 1200V 100mV TO 10V 100mV TO 1000V
SENSITIVITY 100uV 100V 1wV 1wV i 100uV 100uV im
BASIC ACCURACY =0.3% RDG. +0.1% RDG. +0.02% RDG. +0.03% RODG. +0.03% RDG +0.1% RDG. +0.03% RDG. +.002% RDG.
=1 DIGIT +1 DIGIT +1 DIGIT +1 DIGIT +1 DIGIT =1 DIGIT +2 DIGITS =1 DIGIT
BANDWIDTH 10kHz 100kHz 20kHz 100kHz TRUE RMS | 100kHz TRUE RMS 100kHz 1 MHz TRUE RMS
RANGES 1k TO 10M2 100 TO 10M0 1000 TO 10MO 1001 TO 10ME 2000 TO 20M0 100 7O 10MQ 1002 TO 10Mi
SENSITIVITY n 10 milli 2 10 milli 2 1 milli © 10 milli 2 10 milh @ 1 milli @
OPEN CKT. VOLT <4V < <5V <5y <5V <5V <5V
YES
AC YES YES YES TRUE RMS YES
nC YES YES YES YES YES
RANGING AUTO,/HOLD AUTO /MANUAL MANUAL AUTO /MANUAL AUTO/HOLD AUTO /MANUAL MANUAL AUTO /MANUAL
OVERRANGE 10% 100% 100% 100% 100% 100% 100% 50%
OTHER BATTERY BATTERY BATTERY BATTERY TOTAL FIVE FUNCTION -
POWER-34768 POWER FOWER POWER MEASUREMENT s €z
STATION INTERMAL GUARDED
Ll L HP-18 g TIMER 4 TERMINAL 0
OFT 002 34658
DIODE TEST SAMPLE-HOLD MATH
PAGE 54 56 64 66 68 62 60 10
PRICE $225--5275 $335—5400 $450—8550 §575—5650 $2200 $875 $2300 $3300—53500




-

11067A Test lead kit

34110A Soft vinyl carrying case

10007B, 10008B Probe
The 10007B and 10008B are straight-thru BNC probes with a re-
tractable hook tip and 20 ¢cm (8 in.) ground lead with alligator tip.

Peak Shunt

Voltage Capacitance Length
100078 BO0 Y 40 pF 1L1m(354)
100088 600V 60 pF 1B8m(6f)

11067A Test Lead Kit
Includes two leads with many interchangeable tips to accommodate
various applications.

11068A
Soft carrying case for 3476A and B DMM. Has shoulder strap and
zippered opening for instrument and accessory pouch.

110968 High Frequency Probe
Converts de voltmeter with 10 Mf2 input to high-frequency ac volt-
meter. Works with any de voltmeter with 10 MQ input impedance.

11096B Specifications

Voltage range: 0.25 to 30 V rms.

Transfer accuracy (when used with 10 M2l = 10% dc volt-
meter)

100 kHz 100 MHz
+10°C to +30°C [ +0.54dB |
Down 3 dB at 10 kHz and 700 MHz
Response: peak responding. Calibrated to read rms value of sine
wave.
Input impedance: 4 M} shunted by 2 pF.
Maximum input: 30 V rms ac; 200 V dc.
Cable length: 4" long (1219 mm).

500 MHz
+12d8 |

34111A
Hi-voltage probe

DIGITAL VOLTMETERS

Voltmeter accessories
Probes, dividers, carrying cases

110968
High frequency probe

—

34112A
Touch-hold probe

Accessories furnished: High-Frequency Adapter; Straight tip;
Hook Tip; Ground Lead.

Accessories available: HP 10218A BNC Adapter; HP 10219A
Type 874 Adapter; HP 11063A 501 Tee.

34110A

Carrying case for % rack size instruments. Inside dimensions of
254 cm x 22.9cmx 10.2 cm or 10" deep x 9" wide x 4” thick. Zipper
flip top lid and zippered accessory pouch. Has shoulder carrying
strap,

34111A DC Hi-Voltage Probe

1000:1 divider will accept up to 40 kV. Input Z = 10"Q. Divider
accuracy meets specifications when connected to 10 M@ input resis-
tance instrument.
Division ratio accuracy:

A
30—40 kV Divider has interchangeable hook
20-30 kV <2% and pointed tip.

34112A Touch-Hold Probe

Allows user to hold DMM display by depressing button on probe
body. Both AC and DC voltage up to 1200 V max. DC or AC RMS
may be measured and held. Usable on the 3435A, 3438A, 3465A /B,
and 3466A.

Ordering Information Price
10007B Probe $40
10008B Probe $40
11067A Test Lead Kit §5
11068A Soft Carrying Case for 3476A and B DMM $20
11096B High Frequency Probe $90
34110A Carrying Case for ¥2 Rack Size Instruments $25
34111A DC Hi-Voltage Probe $75

34112A Touch-Hold Probe $40

(=]
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Low-cost autoranging 32 digit DMM
Model 3476A/B

Description

If you measure current, voltage or resistance, you can use the
3476A/B to make these measurements fastgr and with fewer reading
errors. This versatile instrument incorpordtes autorange to let you
concentrate on your measurement, not the range or range multiplier.
With autorange, readings always have the same multiplier: voltage
always in volts, current in amps, and resistance in kilohms. In addi-
tion to autorange the 3476A/B has auto-zero and auto-polarity.
Auto-zero eliminates the need to zero the instrument prior o a test,
and auto-polarity lets you measure both positive and negative vol-
tages without the inconvenience of reversing test leads.

The 3476A /B saves you time by combining the five most common
measurements in one instrument. It measures AC voltage, DC volt-
age, AC current, DC current and resistance. In addition to these five
basic measurements, the 3476A /B has additional features to save you
time and effort. For example, there are two units to choose from. The
lower cost 3476A operates on AC for your bench measurements. The
3476B will operate on either AC or nickel-cadmium batteries. Under
battery operation you can break ground loops resulting in quieter
readings or make measurements in remote locations. The 3476B will
give you eight hours of continuous service before a recharge is re-
quired. Keep it plugged in and it will charge overnight and be ready
for your next trip.

Convenience

An instrument designed to make your most common measurements
should be convenient to use. The 3476A /B was designed to be conve-
nient. An example is the replacement of the input protection fuses.
Replacement is casy—no disassembly or re-calibration is necessary—
simply slide back the input terminal cover plate to expose the defec-
tive fuse. Convenience means attention to design detail. A multiposi-
tion bail allows convenient positioning. There is even a vertical detent
for viewing from above. Another convenient detail is the shape of the
case. Small instruments with pushbuttons have trouble staying put
when the buttons are pressed. The 3476A /B solves this problem with
a finger grip ridge allowing one-handed operation.

3476A/B specifications
DC Voltmeter
Ranges: 0.1100V

Maximum display: +0.1098 V

1.100 V +1.098V
11,00V +10.98 V
1100V +1098 V
1100V +1000 V

Maximum input: 1000 V (DC + Peak AC).
Accuracy: (20°C to 30°C)*

Range Accuraty
01100V +(0.3% of reading + 2 digits)
1100V +(0.3% of reading + | digit)
11.00V
1100V +(0.4% of reading + 1 digit
1100V

*00 day cal. cycle. Add (0.2% of reading) lor ona year cal. cycle.

Common mode rejection: (1 k2 unbalance) >100dB @ 50 Hz, 60
Hz.

Input resistance: 10 M2 +5%.

Input protection: <1100 V peak.

Temperature coefficient: = (0.05% of reading +0.2 digit)/°C.

AC Voltmeter

Ranges: 0.1100V Maximum Display: 0.1098 V

1.100 V 1.098 V
11.00V 1098 V
ooV 109.8 V
1100V 700 V

Maximum input: 700 V rms.
Accuracy: converter is average responding calibrated in rms (20°C
to 30°C)*

Ranges** 45Hzt0 2 kHz 2 kHzto 5 kHz 5 kHz to 10 kHz
1,100V to +1{1 5% of reading +(3% of reading +(8% of reading
1100V + 4 digits) + 6 digits) + 10 digits)
0.1100V +(2% of reading +(5% of reading +(18% of reading

+ 6 digits) + 6 digits) + 10 digits)

*80 day cal. cycle. Add (0.2% of reading + 1 digit) for one year cal. cycle
**Ranges usable from 3% of range to full scale,



Common mode rejection: (1 k2 unbalance)> 80 dB @ 50 Hz, 60
Hz.

Input resistance: 10 M} +5%.

Input capacitance: <<30 pf.

Input protection: <1100 V peak.

Temperature coefficient. +(0.05% of reading +0.5 digit)/C°.

DC Ammeter
Ranges: 0.110 A
1.100 A

+0.109 A
+1.098 A

Max. display:

Accuracy: (20°C to 30°C) +(0.8% of reading +2 digits).*
Impeadance: 1-1.5 ohm constant.
Current protected: 1.5 A fuse.
Temperature coefficient: +(0.05% of reading +0.2 digit)/°C.
90 day cal. cycle. Add (0.2% of reading) for one year cal. cycle.
AC Ammeter
Ranges: 0.110 A Max. display: 0.109 A
1.100 A 1.098 A

Accuracy: (20°C 10 30°C)*
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Batteries: 4 rechargeable Nickel Cadmium Sub C size. Typical con-
tinuous operating time using fully charged batteries: 8 hours at 25°C.
Typical battery charging time: 14 hours at 25°C with instrument
turned off. Trickle charge with instrument on.

Weight: 3476A — net, 0.77 kg (1 1b 11 oz); shipping, 1.68 kg (31b 11
0z.) 3476B — net, 0.97 kg (2 Ib 2 oz); shipping, 1.88 kg (4 1b 2 0z).
Size: 3476A /B: 58 mm H x 168 mm W x 206 mm D (2.3" x 6.6" x
8.1%).

Ranges** 45 Hz 10 2 kHz 2kHz 105 kHz
1.100A +(2% of reading +(3.5% of reading
+4 digits) +6 digits)
0.1104 +(2.5% of reading +(5.5% of reading
+6 digits) +6 digits)

*80 day cal. cycle. Add (0.2% of reading + 1 digit) for ona year cal, cycle,
**Ranges usable from 3% of range to full range

Impedance: 1-1.5 ohm constant.
Current protected: 1.5 A fuse,
Temperature coefficient: +(0.05% of reading +0.5 digit)/°C.

Ohmmeter
Ranges: 1.100 k2 Max. display: 1.098 k2
11.00 k2 10.98 k@
110.0 kQ 109.8 kf2
1100 kQ 1098 k@
11000 k2 10980 k@2

Accuracy: (20°C to 30°C)*

Ranges Accuracy
110.0 ka2, 1100 ki +(0.3% of reading + 1 digit)
11000 k2, 1.100 ki +{0.5% of reading + 1 digit)
11k

*00 day cal. cycls. Add (0.2% of reading) for one yesr cal. cycle.

Open circuit voltage: <4 V.

Input voltage protection: <30 V rms continuous, fuse protected
from 30 V 1o 250 V rms.

Temperature coefficient: +(0.05% of reading + 0.2 digit)/°C.

General
Ranging: Automatic, Range Hold.
Common to ground. <500 V (peak).
Sample rate: =3/second.
Overload indication: horizontal bars.
Operating environmental conditions
Temperature range: 0°C 10 40°C,
Humidity: <95% RH.
Power: 3476A AC line, 3476B AC line and batteries, <6 VA
Standard, 104-127 V ac; 54-66 Hz
Option 001, 86-106 V ac; 5466 Hz
Option 002, 86-106 V ac; 48-54 Hz
Option 003, 190-230 V ac; 48-54 Hz
Option 004, 208-250 V ac; 48-54 Hz.
Note: No charge for options 001 through 004. Power options may
be changed in field by re-arranging jumpers. See manual for details.

11068 A

IR

11067 A
Accessories Price
11096B RF probe 10 kHz to 700 MHz (with adaptors) $90
11067A Test Lead Kit §5
11068A Soft Carrying Case $2
34111A High Voltage Probe 40Kvdc $75

Ordering Information

Opt 005 3476A /B, Test Lead Kit, and Soft Carrying add $25
Case

3476A Digital Voltmeter (includes pair of test leads) $225
3476B Digital Voltmeter (includes pair of test leads) $275
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32 Digit, high accuracy DMM
Model 3435A

Description

The 3435A is a 3% digit multimeter providing five functions of
ACV, DCV, ACI, DCI and Q. It is available with rechargeable bat-
teries or AC line power only. The 34112A Touch-Hold probe provides
“eyes-on” probing of AC and DC voltages by holding the 3435A dis-
play using a button on the probe. The 3435A case is rugged with a
detent position carrying handle which is used also as a tilt stand.

Specifications
DC Voltmeter

Ranges: 200 mV Maximum display: +199.9 mV

2V +1.999V
20V +19.99V
200V +1999V
1200 V +1199 V

Maximum Input: 1200 V (DC + Peak AC).
Ranging: automatic or manual.
Sensitivity: 100 uV on 200 mV range.
Polarity: automatically sensed and displayed.
Accuracy: | year, 15 to 30°C.

Range Specifications

200 mv +(0.1% of reading + 2 digits)
2Vto 1200V +(0.1% of reading + 1 digit).

Temperature coefficient: (0 to 15°C and 30 to 55°C) +(0.015%
of reading + 0.1 digit)/°C.

Input resistance: 10 MQ +1%.

Iinput type: floating, 500 V maximum com. to ground.

Normal mode rejection: >40 dB at 50 Hz/60 Hz +0.1 %.
Response time: <0.7 second to within 1 digit of final value on one
range. Add 1 second for each range change.

Effective common mode rejection: (1 k{2 unbalance) >120 dB at
50/60 Hz +0.1%.

DC Current

Ranges: 200 uA Maximum display: +199.9 uA
2 mA +1.999 mA
20 mA +19.99 mA
200 mA +199.9 mA
2000 mA +1999 mA

Maximum input: current: 2 amp (fuse protected). Voltage: 250 V.
Ranging: manual only.

Sensitivity: 100 nA on 200 pA range.

Polarity: automatically sensed and displayed.

Accuracy: 1 year, 15 to 30°C.

Range Specifications
200 A to 200 mA +(0.3% of reading + 2 digits)
2000 mA +(0.6% of reading + 2 digits)

Temperature coefficient: (0 to 15°C and 30 to 55°C) =(0.028%
of reading +0.1 digit)/°C.
Voltage burden

Maximum Burden
Range at Full Scale
200 pA to 20 mA <220 mV
200 mA <240 mV
2000 mA <400 mV

Response time: <(0.7 second on any range to within 1 digit of final
value.
AC Voltmeter

AC converter: avg. responding rms calibrated.
Ranges: 200 mV Maximum display: 199.9 mV

2V 1.999 V
20V 19.99 vV
200V 1999V
1200 V 1199 V



Maximum input: 1700 V (DC + Peak AC), 107 volt-Hz max.
Ranging: automatic or manual.

Sensitivity: 100 4V on 200 mV range.

Accuracy: (with display of =20 digits) 1 year, 15 to 30°C.

Range Specification

30 H2-50 Hz £(1.5% of reading +3 digits)
50 Hz-20 kHz +(0.3% of reading +3 digits)
20 kHz-100 kHz +(1.5% of reading +10 digits)

Temperature coefficient: (0 to 15°C and 30 to 55°C) +(0.04% of
reading +0.2 digit)/°C.

Input impedance: resistance: 5 M, Shunt capacitance: <50 pF.
Response time:< 1.6 seconds to within 3 digits of final value on one
range. Add 1.2 seconds for each range change.

Input type: floating, 500 V maximum com. to ground.

AC Current
Ranges: 200 pA Maximum display: 199.9 uA
2 mA 1.999 mA
20 mA 19.99 mA
200 mA 199.9 mA
2000 mA 1999 mA

Maximum input: current: 2 amp (fuse protected). Voltage: 250 V.
Ranging: manual only.

Sensitivity: 100 nA on 200 uA range.

Accuracy: (with display of =20 digits)—1 year, 15 to 30°C.

+(2% of reading +(1.2% of reading
Current 2000 mh +5 digits) +5 digis)
Range ”‘:'““ +(1.7% of reading +{0.9% of reading
- +5 digits) +5 digits)
200 4A
30 Hz 50 Hz 10 khz

Frequency of Input Signal
Temperature coefficient: (0 to 15°C and 30 10 55°C) + (0.05% of
reading +0.2 digit)/°C
Voltage burden

Maximum Burden
Range at Full Scale
200 uA to 20 mA <220 mV rms
200 mA range <240 mV rms
2000 mA range <400 mV rms

Response time: <1.6 seconds on any range to within 3 digits of
final value.
Input type: floating, 500 V maximum com, to ground.

Ohmmeter

Ranges: 20 Maximum display: 19.999
2000 199.90
2kQ 1.999 k2
20 kQ 19.99 kQ
200 k22 199.9 k@2
2000 k2 1999 kQ
20 MQ 19.99 MQ

Input protection: 250 V rms.
Ranging: automatic or manual.
Sensitivity: 10 milliohm on 20Q range.
Accuracy: | year, 15 to 30°C.

Range Specifications
200 +(0.5% of reading +12 digits)
2000-2000 ko +(0.2% of reading + 2 digits)
20 M +(0.8% of reading + 2 digits)

Temparature coefficient: (0 to 15°C and 30 to 55°C)

Range Specifications
200-2000 ki +(0.04% of reading +0.2 digi)/°C
20 Ml +(0.18% of reading +0.2 digit)/°C
Configuration: 2 wire.

Open circuit voltage: <5 V.,
Current through unknown

Range 200 2000 240 204 00k | 2000k |20 M
Current 5mA 5mA 50044 | 50uA 54k 500nA | 50nA

Response time: <(0.8 second to within 1 digit. Add 0.8 second for
each range change.

General

Calibration: data sheet specifications guaranteed for | year.
Display: 7 segment red 0.3 inch high LED’s. Function and range an-
nunciation.

Reading rate: 2.4 — 4.7 /s depending on input level.

A-D conversion: dual slope.

Integration time: 100 ms.

Ranging: automatic or manual on ACV, DCV and ohms. Manual
anly on AC & DC current.

Storage temperature: AC line power only, —40 to +75°C; with
batteries, —40 to +65°C.

Operating temperature: 0 to 55°C.

Humidity: 95% RH, +15 to +40°C.

Power: AC line: 48-440 Hz; 86-250 V (see Ordering Information).
Battery: rechargeable lead-acid 10 hours minimum continuous oper-
ation with full charge. Recharge time: 16 hours operating, 12 hours
nonoperating. Batteries and charger available separately; consult op-
erating manual. Total instrument power dissipated: AC only; 3 watts;
with charger; 8 watts,

Size:
34354 34354 Option 002
23.81 cm (9") wide 20.96 cm (BY,") wide
9.84 cm (317) high 8.57 cm (3%") high
27.62 cm (10%') long 26.67 cm (10%7) long

Weights: 3435A 2.41 kg (51b 5 oz)
3435A Opt. 001 1.84 kg (4 1b | 0z)
3435A Opt. 002 1.81 kg (4 1b)

Accessories Furnished: 2 test probes

Accessories Price
11000A Test leads, dual banana both ends. $17
11002A Test leads, dual banana to dual alligator. 315
11003A Test leads, dual banana to probe and alligator. §12
11096B RF Probe, 10 kHz to 700 MHz. $90
34110A Soft vinyl carrying/operating case. $25
34111A High-voltage probe 40 kV DC. $75
34112A Touch-Hold Probe. $40
11067A Test lead kit, 35
5061-0072 ', Module rack mount kit. (Available on $35
Opt 002 only).

Ordering Information

3435A streamlined portable case with handle, AC line $400
power. Batteries and charger included.

3435A Opt. 001, streamlined portable case, AC line less $65
power only.

3435A Opt. 002, Rack and Stack case, AC line power less $35

only. (Rack mount kit not included.)

All orders must include one of the power options: 86- N/C
106 V Opt, 100; 190-233 V Opt. 210; 104127 V Opt.

115; 208-250 V Opt. 230.

57

ra




58

2

DIGITAL VOLTMETERS

True RMS voltmeter
Model 3403C

e DC and 2 Hz to 100 MHz
e 31 digit

3403C TRUE RMS VOLTMETER
HEWLETT » PACKARD

K

Description

The Model 3403C is usable from dc to 100 MHz. True rms is espe-
cially valuable for measurements of noise, multiplexed signals, modu-
lated waves and signals with high harmonic content.

dB Display

The dB display option provides readings directly in dB, a major con-
venience to ac users. The dB reference to which the measurement is
made is conveniently adjustable from the front panel to provide refer-
enced dB measurements, or to provide a convenient means to offset
the reading by as much as 13 dB for unreferenced measurements.

Specifications

Ranges

Full range display: 10.00 mV (ac only): 100.0 mV; 1.000 V; 10.00
V; 100.0 V; 1000 V.

Overrange: > 90% on all ranges except as limited by max input volt-
age.

Ranging information: front panel annunciators indicate overrange
(approximately 190% of full range), or underrange (approximately
17% of full range) conditions.

Performance

AC frequency range
Slow response: 2 Hz to 100 MHz.
Fast response: 25 Hz to 100 MHz.

\“'—-"F‘
——

Response time
Fast response: | s.
Slow response: 10 s.
Instrument reads final reading £0.1% of input change in stated re-
sponse time.
Display rate
Fast response: 4 readings per s.
Slow response: 2 readings per s.

READING _ * %k
ACCURACY ™= £ OF RANGE + % OF READING)
__[% OF RANGE yousy % OF READING (VOLTS)
RANGE
1 1DC--&CI AT 1'.:»1,- M 00 KHr 1 MHz 10 MHz

1000V

100V

1ov

1w

c

10mv

amy

T

% CAUTION: frequencies and ranges in this area may result in
invalid readings without ranging indication.

* DC + AC function and slow response time only

*% 9% of reading specification is representative of typical flatness.



Functions
DC: responds to dc component of input signal,
AC: responds to true rms value of ac coupled input signal.

AC+ DC: responds to true rms value of dec and ac input signal; read-
ing is \r‘iacg; + (ac rms)”

Temperature coefficient: + (0.1 x reading accuracy®/°C) outside

the 25°C £ 5°C temperature range.
*Data from accuracy charis.

Accuracy: 90 days (25°C + 5°C, <95% RH, 17% of range to 190%
of range).

Input characteristics

Input impedance: (<10 MHz):

1V to 1000 V range: 10 MQ = 10% shunted by 24 pF =+ 10%.
10 mV and 100 mV range: 20 MQ + 10% shunted by 20 pF + 10%.

10 MHz to 100 MHz: the following table gives maximum loading due
to input shunt impedance across a terminated source.

System impedance Frequency

(source and load) 10 MHz 100 MHz
500 1% 10%
750 2% 20%

Crest factor

2Hzto 25 Hz 2:1 at full range input.

>25Hz 10:1 at full range input.

Maximum input voitage

High to low: 1000 V rms, 1500 peak or 10* V-Hz on any range. Maxi-
mum dc voltage in ac mode: 500 V dc.

Low to chassis: =500 V dc, when floated with special banana to
BNC adapter.

Options:
Autoranging (3403C option 001)
Automatic ranging: uprange at approximately 190% of full range;
downranges at approximately 17% of full range.
Autorange time: fast response: 1 s per range change. Slow re-
sponse: 10 s per range change.
Remote control + digital output + autoranging (3403C option
003): Provides remote control of all front panel functions, ranges,
digital output and autoranging.
dB display (3403C option 006)
Measurement range: 108 dB (—48 dBV to +60 dBV).
Calibrated dB reference: 0 dB= 1.000 V; reference level may be
set for 0 dBm (6009) by adjusting front panel dB calibration adjust-
ment,
Variable dB reference: reference level may be shifted downward
from calibrated position > 13 dB,

dB recorder output: output voltage: 200 mV for 20 dB. Output re-
sistance: 1 k@2 £500 .
Accuracy: 90 days (25°C 4+5°C, <95% RH).

NSEADING = 1 45 + + 401
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< CAUTION: frequencies and ranges in this area may result in
invalid readings without ranging indication.,

* DC + AC function and slow response time only

* ¥ specification is representative of typical flatness.

General
Operating conditions

Temperature range: 0°C to 50°C.

Humidity: <95% RH.
Recorder output

Output voltage: 1 V dc open circuit for full range input.

Output resistance: 1 kQ + 10%.
Power: 115 V or 230 V +£10%, 48 Hz to 440 Hz, 35 VA max. (in-
cluding all options).
Input terminals: BNC (ront panel connector standard for low to high
terminals: rear panel connector available by internally reversing posi-
tion of ac converter module.
Weight: including all options: net, 5 kg (11 Ib). Shipping, including
all options: Net, 7.2 kg (16 1b).
Size: 127 mm H x 2349 mm W x 196.8 mm D (5" x 914" x T%").
Accessories furnished: floating adapter-banana to BNC.

3403C True RMS Voltmeter $2975
Opt 001 autoranging add $170
TOpl 003 remote control + digital output + autorang- add $370
ing

“Opt 006 dB display add $330

*Options 003 and 006 are available only as factory installed options.
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High speed 32 digit system voltmeter
Model 3437A

3437A SYSTEM VOLTMETER

HE LET - PA ARD

VOLTS

23

STATUS —

. 989539999

DATA READY .SEC‘ DELAY

IGNOR TRIG » NUM READINGS

INVALID PGM ENAE RQS

LISTEN TALK REMOTE

Description

The Hewlett-Packard 3437A System Voltmeter has been designed
to be used in systems. It is a 3% digit high speed dc voltmeter with
sample and hold. The standard unit measures DC volts, provides trig-
ger delay, burst reading capability and Hewlett-Packard Interface
Bus (HP-1B).

There are three DC floating input ranges: 0.1V, 1.0V and 10.0V
full scale with a maximum display of *1999.” Sample and Hold al-
lows the 3437A to be an instantaneous reading voltmeter. The trigger
delay can be set from 0.1us to 1.0 second and the number of readings
can be set from O to 9999 readings.

Typical Operation

Example: set Delay to | ms and Number of Readings is set to 1000.
The 3437A will now take 1000 readings spaced | ms apart upon re-
ceiving one trigger.

Data Output

All front panel switches are programmable from the HP-IB, Two
data output formats are available: (1) ASCII output (Serial ASCII
characters) and (2) Packed output (two 8-bit bytes on the HP-1B to
send the complete reading).

BINARY

LAY
PRGM OF

TRIGGER

INPUT

FORMAT 30VMAX

High Speed

The Packed output mode allows more data to be stored in the calcu-
lator or computer as well as increasing the maximum reading rate
from 3000 readings/second to greater than 5000 readings/second.

Systems Capability

The user may select the mode for which the voltmeter requests ser-
vice from the controller. Request Service can be programmed man-
ually or automatically to request service for: (1) Data Ready, (2)
Trigger Ignore, or (3) Invalid Program. Any combination of these
three can be selected.

Applications

Waveform analysis—The 3437A can be used 1o analyze a wide
variety of waveforms. The delay and burst reading capability allows
frequency, positive or negative peak values, RMS value and harmonic
distortion to be measured. The accuracy of these measurements is
comparable to more traditional measurement techniques.

Transient signal analysis—The 3437A is capable of measuring
transient signals because of the wide bandwidth input (=1 MHz),
high measuring speed and sample-and-hold.

Fast AC measurements—Sinusoidal signals of known frequency
can be measured in less than one cycle of the signal. Very low fre-
quency measurements can be made more quickly than with conven-
tional techniques.



Figure 1 shows a signal to be measured by both an oscilloscope
and the 3437A. The oscilloscope delayed sweep is used to inten-
sify the point of interest. The delayed gate output is used to trig-
ger the 3437A at the same point in time as indicated on the
oscilloscope display. The voltage at the point of interest is now
known to the accuracy of the 3437A.

High speed scanning: multiple input measurement applications
can be satisfied with the 3437A and the HP 3495A Scanner. Reading
rates of up to 1000 channels/second can be attained.

Bench measurements: in addition to systems applications, the
3437A can be used to improve oscilloscope amplitude and measure-
mentl accuracy.

Data-Sheeted Systems

The 3437A is part of the 3052A Data Acquisition System. (Refer
to page 76). The 3052A includes the 3437A, 3455A 5':/6% digit
DWVM, 3495A Scanner and 9825A Controller. The combination of
the 3437A and 3455A voltmeters provides systems versatility such as
high speed, system timing and high sensitivity measurements. The de-
lay generator in the 3437A is used to provide timing triggers for the
3455A DVM. The 3455A provides 1 uV sensitivity and high speed
DC measurements with greater than 60 dB normal mode noise rejec-
tion.

Specifications
DC Volts
Ranges Max. Display Overload Reading
10V +19.98 +99.99
1V +1998 +9,999
0.1V +.1998 9999

Ranging: Manual or Remote.

Performance
Static accuracy (90 days, 23°C +5°C)
10 V range: =+ (0.05% of reading +1.6 counts.)
1V range: = (0.03% of reading +1.6 counts.)
0.1 V range: +(0.06% of reading +1.8 counts.)
Static accuracy (1 year, 23°C +5°C)
10 V range: +(0.05% of reading +2 counts.)
1V range: +(0.03% of reading +2 counts.)
0.1V range: +(0.06% of reading +2.2 counts.)
Static accuracy temperature coefficient (0°C=50°C): +(0.002%
reading +0.05 counts) /°C,
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Input Characteristics
.—

INPUT R 3
g —

10V range: R = 1| M0 +£20%; C<75 pF.

1V range: R > 10°Q, C <75 pF.

0.1 Vrange: R > 10%); C <75 pF.
Maximum input voltage high to low on all ranges: < £ 30 V peak.
Maximum voltage low to chassis: =42 V peak.
Number of Readings (N Readings): 0 to 9,999,

Readings are not internally stored.
For N = 0 tha 3437 operates in dalay moda only,

Maximum reading rate (Remote, N Rdgs. > 1, and a zero delay
listener®)

ASCII: 3600 Readings/s.

Packed: 5700 Readings/s.

Actual Reading Rate is given by
3600 (listen rate)

L

AsSCl —47m ™ ————
3600 + listen rate
Listen rate |s maximum spead (minimum dalay) thal listenar can accept 7 data bytes.
6700 (listen rate)
PACKED: ——————
5700 + liatan rate
Listen rate ja maximum speed (minimum delay) that listener can accepl 2 data bytes.

Delay
N Rdgs. =0 or 1
DELAY (setting): 0 to 0.999 999 9 sec. in 0.1 us steps.
N Rdgs. > 1 (Remote and a zero delay listener)
ASCII: 0.0002778 s = DELAY = 0.9999999 s.
PACKED: 0.0001754 s = DELAY = 0.9999999 5.
Minimum delay is a function of listener delay related by:
ASCII: 277.8 us + listener delay.
PACKED: 175.4 us + listener delay.
Accuracy (EXT. TRIG to DELAY OUT, 0°C to 50°C)
Delay offset: 100 ns +25 ns (with <150 pF cable capacitance)
Delay accuracy: +£0.008% DELAY Setting + Delay offset,
Delay repeatability (jitter) for N Rdgs = 0 or |
DELAY of Oor 0.1 us: 2 ns
DELAY of 0.2 us to 50 ms: 10 ns + 0.0002% DELAY setting.
DELAY of >50 ms: =110 ns.
Input bandwidth (3 dB)
10 V range: 1.0 MHz.
1V range: 1.1 MHz.
0.1 V range: 40 kHz.

Settling Time:

10 V range: 10 V Range with 10 V step input;

Reading settles to within 30 mV of final value in 7.5 us or to within
200 mV of final value in 700 ns.

1V range: | V Range with | V step input:

Reading settles 1o within 3 mV of final value in 1.5 us or to within 20
mV of final value in 700 ns.

0.1 V range: 0.1 V Range with .1 V step input

Reading settles to within 200 pV of final value in 25 us.

General

Operating temperature: 0 10 55°C.

Storage temperature: —40°C to 75°C.

Humidity range: <95% 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 with all options.

Size: 88.9 mm H x 212.7 mm W x 527.1 mm D (3%" x 8%" x 20%").
Weight: net, 5.6 kg (12 Ib 4 oz). Shipping, 7.6 kg (16 Ib 12 o0z).

3437A System Voltmeter $2300
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DIGITAL VOLTMETER

HP-IB 5 Function DMM
Model 3438A

INPUT

FUNCTION )

POWER =¥ =~V =mA ~mA kil

OUTPUT FORMAT *DDDOE * D ICI:.I‘

Description

The 3438A is an autoranging 3% digit Multimeter with 5 functions
of ACV,DCV, ACI, DCI, and €. It interfaces to the HP-IB providing
both addressable and talk-only modes.

The addressable mode allows triggering either from the Calculating
Controller (remote) or internally (local). Function and range are se-
lected manually on the front panel with autoranging of volis and
ohms.

Specifications
DC Voltmeter
Ranges: 200 mV Maximum display: +199.9 mV
2V +1.999V
20V +19.99V
200V +199.9V
1200 V +=1199V

Maximum input: 1200 V (DC + peak AC).
Ranging: Automatic or manual.

Sensitivity: 100V on 200 mV range.
Polarity: Automatically sensed and displayed.
Accuracy: (1 year, 15 to 30°C)

Range Specifications
200 mV + (0.1% of reading + 2 digits)
2Vio 1200V +(0.1% of reading + 1 digit)

Temperature coetficient: (0 to 15°C and 30 to 55°C) =%
reading + 0.1 digit)/°C.

Input resistance: 10 meg 1+ 1%.

Input Type: floating, 500 V maximum com. to ground.
Normal Mode Rejection: =40 dB at 50 Hz and 60 Hz + 0.1%
Response time: <0.7 seconds to within 1 digit of final value on one
range. Add | second for each range change.

(.015%

[ ﬂ m\f.piﬁﬂ _
200 . 20 200 2000 20 AUTO

ON . = E
lll UOELODEE

RANGE

12000 M2 va |

Effective common mode rejection: (] kf unbalance) > 120 dB at
50/60 Hz +0.1%.

DC Current
Ranges: 200 uA Maximum display: *+199.9 uA
2 mA +1.999 mA
20 mA +19.99 mA
200 mA +199.9 mA
2000 mA +1999 mA

Maximum input: current: 2 amp (fuse protected); voltage: 250 V
Ranging: manual only.

Sensitivity: 100 nA on 200 uA range.

Polarity: automatically sensed and displayed.

Accuracy: (1 year, 15 to 30°C)

Range Specifications
200 pA to 200 mA +(0.3% of reading + 2 digits)
2000 mA +(0.6% of reading + 2 digits)

Temperature coefficient: (0 to 15°C and 30 to 55°C) +(.028% of
reading + 0.1 digits)/°C.
Voltage burden:

Maximum Burden

Range at Full Scale
200 pA to 20 mA < 220 mV
200 mA < 240 mV
2000 mA <400 mV

Response time: <<0.7 seconds on any range to within | digit of final
value.

AC Voltmeter
AC Converter: (average responding RMS calibrated)

Ranges: 200 mV Maximum Display: 199.9 mV
2y 1.999 V
20V 19.99 V
200V 1999 Vv
1200 V 1199 V



Maximum input: 1700 V (DC + Peak AC), 10" Volt-Hz max.
Ranging: Automatic or manual.

Sensitivity: 100 gV on 200 mV range.

Accuracy (with display of =20 digits) | year, 15 to 30°C

Frequency Specifications
30 Hz-50 Hz +(1.5% of reading + 3 digits)
50 Hz-20 kHz +(0.3% of reading + 3 digits)

20 kHz-100 kHz +(1.5% of reading + 10 digits)

Temperature coefficient: (0 to 15°C and 30 to 55°C) +(0.04% of
reading +0.2 digit)/°C.

Input impedance: resistance: 5 meg @ +5%; shunt capacitance:
<100 pf.

Response time: <<1.6 seconds to within 3 digits of final value on one
range. Add 1.2 seconds for each range change.

Input type: floating, 500 V maximum com. to ground.

AC Current
Ranges: 200 pA Maximum display: 199.9 uA
2 mA 1.999 mA
20 mA 19.99 mA
200 mA 199.9 mA
2000 mA 1999 mA -

Maximum input: current: 2 amp (fuse protected) voltage: 250 V.
Ranging: Manual only.

Sensitivity: 100 nA on 200 uA range.

Accuracy (With display of =20 digits) | year, 15 to 30°C

2000 mA *(2% of +(1.2% of reading
reading +5 digits)
Current +5 digits)
Range 200 mA H(LT% of =(0.9% of reading
to reading +5 digits)
200 A +5 digits)
30 Hz 50 Hz 10 kHz

Frequency of Input Signal

Temperature coefficient: (0 to 15°C and 30 to 55°C) +(0.05% of
reading +0.2 digits) /°C.

Voltage burden
Maximum Burden
Range at Full Scale
200 A to 20 mA <220 mV RMS
200 mA range <240 mV RMS
2000 mA range <400 mV RMS
Response time: 1.6 seconds on any range to within 3 digits of final

value.

Input type: floating, 500 V maximum com. to ground.

Ohmmeter
Ranges: 20 Maximum display 19.99 Q
200 O 199.9
2kQ 1.999 k2
20 k& 19.99 kO
200 k2 199.9 kQ2
2000 kQ 1999 k2
20 MQ 19.99 MQ
Input protection: 250 V RMS.
Ranging: automatic or manual,
Sensitivity: 10 milliohm on 201 range.
Accuracy (1 year, 15 to 30°C)
Range Specifications
20Q +(0.5% of reading + 12 digits)
200 € to 2 MQ +(0.2% of reading + 2 digits)
20 M2 +(0.8% of reading + 2 digits)

Temperature coefficient (0 to 15°C and 30 to 55°C)

Range Specifications
20 -2 MQ +(0.04% of reading + 0.2 digits)/°C
20 M2 +(.18% of reading + 0.2 digits)/°C

Configuration: 2 wire.

Open circuit voltage: <5 V.

Current through unknown

Range 200 2000 2k 20 k2 20060 [2Mo 20 Mo
Current  [SmA 5 mh 50044 |50 uA 5 A 500nA  [50nA

Response time: <0.8 seconds to within 1 digit. Add 0.8 seconds for
each range change.

HP-IB
Data output format:
+ X. XXX E£X, Fn CR LF (13 byte, fixed)

DISPLAY EXPONENT FUNCTION

Function Code: DCV, 1; ACV, 2; DCI, 3; ACI, 4; 9,5
Overload Indication: = 1. XXX E + 9

Talk Modes (Selected by internal switch)
Addressed to talk
Local: continuously sampling input; outputs on Bus when ad-
dressed to talk.
Remote: samples input only on command from controller,
Talk only (used without controller)
Input: switch selectable, front or rear.
Reading rate: is function of input level and ranging (2.5 to 4.7 /sec.
if in proper range).
With Range change
ACV, ACI: add 1.2 seconds for each range change. After arrival on
proper range, the first six readings are always discarded. The sev-
enth reading is output on Bus. Allow 1.6 seconds additional for first
reading on Bus.
DCV, DCI, k{: Add 1 second for each range change. After arrival
on proper range, the first reading is always discarded. Allow 310 ms
additional for first reading on Bus.

General

Calibration: data sheet specifications guaranteed for | year.
Display: 7 segment red 0.3 inch high LED’s. Function, range, HP-1B
status and annunciation.

Reading rate: 2.4-4.7 /sec. depending on input level.

A-D Conversion: dual slope.

Integration time: 100 msec.

Ranging: automatic or manual on ACV, DCV, and ohms. Manual
only on AC & DC current.

Storage temperature: —40 to +75°C.

Operating temperature: (0 to 55)°C.

Humidity: 95% RH at +40°C.

Power: 48-440 Hz, 12 watts; 86-106 V Opt 100; 104-127 V Opt 115;
190-233 V Opt 210; 208-250 V Opt 230.

Size: 85.7 mm H x 209.6 mm W x 282.2 mm D (3%" x 8%" x 11%").
Weight: 2.8 kg (6 b 5 oz).

Ordering Information Price
11000A Test leads, dual banana both ends 517
11002A Test leads, dual banana to dual alligator $15
11003A Test leads, dual banana to probe and alligator $12
11096B RF Probe 10 kHz to 700 MHz $90
34110A Soft vinyl carrying/operating case $25
34111A High-voltage Probe 40 kV DC £75
34112A Touch-Hold Probe $40
11067A Test lead kit 85
5061-0072 4 module rackmount kit $35
10631A HP-IB Cable | m (39.4") £60
10631B HP-IB Cable 2 m (78.7") $65
10631C HP-IB Cable 4 m (157.5") £75
10631D HP-1B Cable ' m (19.77) $60
3438A Digital Multimeter $875

Opt 100, 115, 210, or 230 (specify one) N/C
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DIGITAL VOLTMETERS

1 1V Sensitivity, 4'2-digit, 5-function multimeter

Models 3465A /B Digital Multimeters

- Fiow i St ms-»'n-

-

000008 0000000

3465A

Description

The 3465A and B are 4% digit multimeters providing five functions
of ACV, DCV, ACI, DCI and . They feature both portability and
bench applications by offering a choice of line and battery power op-
tions. The 3465A is offered in the half-module rack and stack case.
The 3465B is offered in the rugged streamlined synthetic case with a
carrying handle. Both units accept the 34112A touch-hold probe for
“eyes-on” measurements of AC and DC voltage.

Specifications

DC Voltmeter
Ranges: 20.000 mV Maximum display: +19.999

200.00 mV +199.99
2.0000 V +1.9999
20.000 V +19.999
200.00 V +199.99
1000.0 V + 1000.0

Maximum input: 1000 VDC and peak AC,
Sensitivity: 1 microvolt on lowest range.
Polarity: automatically sensed and displayed.
Accuracy: (1 year, 23°C £5°C)

Range Specifications

20mvV +(0.03 of reading + 2 digits)
200 mV thru 200 V +(0.02% of reading + 1 digit)

1000 V =(0.025% of reading + 1 digit)

Temperature coefficient: (0°C to 50°C) +0.003% of reading/°C.
Input resistance:

Range Specifications
20mV thru 2V =107
20V thru 1000 ¥ 10M2 = 1%

Normal mode rejection: =60 dB at 50/60 Hz £0.1%.
Effective common mode rejection: (1 k unbalanced) AC: >120
dB at 50/60 Hz £0.1%.

DC Current

Ranges: 200.00 uA Maximum display: = 199.99
2.0000 mA +1.9999
20.000 mA +19.999
200.00 mA +19.999
200.00 mA +199.99

2000.0 mA +1999.9

34658

Maximum input: 2A from <250 V source (fuse protected).
Sensitivity: 10 nA on lowest range.

Polarity: automatically sensed and displayed.

Accuracy: (1 year, 23°C £5°C)

Range Specifications
200 A, 2 mA +(0.07% of reading + 1 digit)
20 mA +(0.11% of reading + 1 digit)
200 mA, 2000 mA +(0.6% of reading + 1 digit)

Temperature coefficient: (0°C to 50°C)

Range Specifications
200 uA +0.006% of reading/°C
2mA, 20 mA +0.004% of reading/°C
200 mA £0.01% of reading/°C
2000 mA

Voltage burden
2000mA range: <700 mV at full scale.
All other ranges: <250 mV at full scale.

Ohmmeter

Ranges: 200.00 {1 Maximum Display: 19.999
2.0000 kQ 1.9999
20.000 kQ 19.999
200.00 kQ 199.99
2000.0 kQ 1999.9
20.000 M 19.999

Protection: 350 V (DC + peak AC); 250 V rms.
Sensitivity: 10 milliohm on lowest range.
Accuracy: (1 year, 23°C + 5°C)

Range Specifications

2000 =(0.02 of reading + 2 digits)
2 kil thru 2 M2 +(0.02% of reading + 1 digit)

20 M0 +(0.1% of reading + 1 digit)

Temperature coefficient: (0°C to 50°C)

Range Specifications
2000 thru 2 MQ +0,0015% of reading/ °C
20 MG +0.004% of reading/°C

Configuration: 2 wire.



Open circuit voltage: <5 V max.
Current through unknown
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AC Voltmeter

Ranges: 200,00 mV  Maximum Display: 199.99
2.0000 V 1.9999
20.000 V 19.999
200.00 V 199.99
500 V 500.00

Maximum input: full scale to 10 kHz decreasing linearly to 50% of
full scale at 20 kHz; except on 500 V range, 2 kHz.
Overioad protection: 600 V DC max.

500 V AC rms

800 V peak.
Sensitivity: 10 xV on lowest range.
Accuracy: converter is average responding calibrated to rms (1 year,
+ 23°C +5°C)

20kHz
+(0.5% reading +15 digits)
10kHz
“ +(0.15% reading +5 digits)
oltage 2kHz
Input +(0.5% reading
Frequency +5 digits)
1kHz
W —o0omy T v T 2v ' 200 T so0v
Voltage range

Temperature coefficient: (0°C to 50°C) + (0.005% of reading +
0.2 digit)°C.
Input impedance: resistance: | Mf, <100 pF shunt.

AC Current

Ranges: 200.00 uA Maximum Display: 199.99
2.0000 mA 1.9999
20.000 mA 19.999
200.00 mA 199.99
2000.0 mA 1999.9

Maximum input: 2 A from < 250 V source (fuse protected). Full
scale to 10 kHz decreasing linearly to 50% of full scale at 20 kHz on
lowest 4 ranges; 1 kHz max on 2000 mA range.

Sensitivity: 10 nA on lowest range.

Accuracy: (1 year, + 23°C % 5°C)

20kHz
Current +(0.6% reading +15 digits)
Input 10kHz
Frequency
i - 1+ (0.65% read
+{0.25% reading +5 digits) g +4 dight)
1kHz
+(0.4% reading +5 digits) +(0.8% reading +5 digits)
M 00 T amA T 2mA ' 200mA T 2000mA
Current range

Temperature coefficient: (0°C to 50°C): +0.01% of reading /°C.
Voltage burden:

200 mA range: <700 mV FS.

All other ranges: <250 mV FS.

General

Integration time: 100 ms.

Reading rate: 2'{ readings per second.
Display: light-emitting diodes.

Overload indication: display blanks, except for overrange “1” and
decimal point.
Humidity range: 95% RH at 40°C.
Operating temperature: 0°C to +55°C. (Nickel Cadmium Batter-
ies 0°C to +40°C),
Storage temperature: —40°C to +75°C. (Nickel Cadmium Batter-
ies —40°C to +40°C).
Size:
3465A 85.7 mm H X 209.6 mm W X 266.7 mm D (3%" X 8'" X
10%")
3465B 98.4 mm H X 238.1 mm W X 276.2 mm D (37" X 9%" X
10%")
Waeights: net, 2 kg (4.5 Ibs). Shipping, 4.5 kg (10 Ibs).

Accessories: Price
34112A Touch-hold Probe $40.00
34111A High Voltage Probe $75.00
The 34111A, 100 to | DC High Voltage Divider
Probe, lets you measure up to 40,000 volts.
11096B RF Probe $90.00
The 11096B RF Probe detects AC voltage up to 700
MHz.
11067A Test Lead Kit §5.00
11000A Test Leads, dual banana both ends $17.00
11002A Test Leads, dual banana to dual alligator $15.00
11003A Test Leads, dual banana to probe and $12.00
alligator
34110A Soft Vinyl Carrying/operating case $25.00
For 3465A only:
5061-0072 Rack Mount Kit $35.00

82001A Nickel Cadmium battery pack (2 required) ea. $10.00

B2002A Battery Eliminator (hand-held calculator $20.00
charger)

1420-0024 Type “D” Alkaline cell in U.S.A. equal ea. $2.70
to U-2 in Europe (4 required)
For 34658 only

B2033A: Nickel Cadmium battery pack (1 required) $18.00
Options:
Standard 3465A DVM $550.00
Includes test leads, AC line power, batteries, and bat-
tery charger.

AC line: 87-127 V; 48-440 Hz or 176-250 V; 48-440
Hz (switch selectable)

Batteries: 2 rechargeable Nickel Cadmium packs
(model 82001 A) 6 hours continuous operation.

Opt 001: AC line power only. Batteries not included; less $20.00

battery charger is provided. AC line: 87-127 V; 48-440
Hz or 176-250 V; 48-440 Hz (switch selectable)

Opt 002: 4 type D Alkaline dry cells (U-2 cells in less $100.00
Europe). These non-rechargeable batteries provide 60
hours continuous use at 23°C. Includes receptacle to
use 82002A battery eliminator which provides power
from AC line (82002A not included).

Standard 34658 DMM §525.00
Includes test leads, AC line power, batteries, and bat-
tery charger.

AC line: One of the following no-charge power op-
tions must be specified for the 3465A:

Opt 100: 86-106 V AC; 48-440 Hz N/C

Opt 115: 104-127 V AC; 48-440 Hz N/C
Opt 210: 190-230 V AC; 48-440 Hz N/C
Opt 230: 208-250 V AC; 48-440 Hz N/C
Batteries: One rechargeable Nickel Cadmium bat-

tery pack (model 82033A) provides 6 hours continuous

operation. Recharge time is 8 hours with instrument

off. Trickle charge with instrument on.

Ordering Information (including test leads)

3465A DMM with 2 82001As, AC line, batteries & $550.00

charger

3465B DMM with battery, AC line, and charger $525.00

)]



66

O

DIGITAL VOLTMETERS

4% digit autoranging DMM
Model 3466A

® 1 uV dc sensitivity
® 1 milliohm sensitivity

® True-Rms (DC + AC)
® Diode Test

r——— FUNCTION
HME

POWER =V ~ V¥ =mA ~mA

BMg in\."ﬁ mW a0
200 d 20

RANGE rap Tt
1200V MO V0

200 2000 20 AUTO
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Description

The 3466A is a 4" digit Multimeter with autoranging volts and
ohms. Functional capability includes ACV, DCV, (AC + DC) V,
ACI, DCI, (AC + DC) 1, ©, and diode test. AC measurements are
true-rms with selectable AC or DC coupling. Available with rechar-
geable batteries or AC power only, it has 1 gV DC and 1 m{l sensitiv-
ity with zero adjustment on lowest ranges to compensate for external
offsets.

Specifications

DC Voltmeter

Voltage Range Maximum Display

20 mV + 19.999 mV
200 mV + 199.99 mV
2V + 1.9999 ¥V
20V + 19.999 V
200 V + 19999V
1200 V + 11999V

Maximum input: = 1200 V maximum DC and peak AC.
Ranging: automatic or manual.
Sensitivity: 1 4V on 20 mV range.
Accuracy: (1 yr., 18 to 28°C assuming rear panel zero adjust-
ment on lowest two ranges)

Specification

Range + (% of reading + # digits)
20 mV (.05 + 3)
200 mV (.04 + 2)
2V 200V (03 +1)
1200V (035 +1)

Input resistance: 10 meg @ + 0.5% all ranges.

Normal mode rejection: = 60 dB @ 50/60 Hz + 0.1%.
Effective common mode rejection (1 K{! unbalance): =
@ 50/60 Hz = 0.1%; = 140dB @ DC

Input type: floating, 500 V maximum common to ground.

120 dB

DC Current

Current Range Maximum Display
200 pA + 199.99 pA
2 mA + 1.9999 mA
20 mA + 19.999 mA
200 mA + 199.99 mA
2000 mA + 1999.9 mA

Maximum input: 2 amp from < 250 V source (fuse protected).
Ranging: manual only.

Sensitivity: 10 nA on 200 uA range.

Accuracy (1 yr., 18 to 28°C):

Specification
Range + (% reading + # digits)
200 pA through 20 mA (.07 + 2)
200 mA (0.15 + 2)
2000 mA (0.5+ 2)

Input type: floating 500 V maximum Common to ground.



AC Voitmeter
AC Converter: True-rms Responding True-rms Calibrated

Range Maximum Display
200mV 199.99 mV

2V 1.9999 V

20V 19.999 V

200 V 199.99 V

1200 V 11999 V

Maximum input: (AC + DC): + 1200 V DC; £1700 V (DC + Peak
AC), 10"V » Hz, AC: £600 V DC; 1700 V (Peak AC + DC), 107
¥ * Hz.

Ranging: automatic or manual.

Sensitivity: 10 4V on 200 mV range.

Crest tactor: 4:1 at Full Scale.

Accuracy (with display of =10% of range): 1 yr., 18 to 28°C sinus-
oid waveform.

AC TRMS: (20 Hz to 100 kHz)

Specification
Frequency Range +(% of reading + # digits)
20 Hz to 30 Hz (2 + 50)
30 Hz to 50 Hz {1+ 30)
50 Hz to 10 kHz (0.3 + 20)
10 kHz to 20 kHz (1 + 40)
20 kHz to 100 kHz (2 + 150)

DC + AC TRMS: DC + (20 Hz to 100 kHz).
(Accuracy applies after 10 minute warmup)

Specification
DC + Frequency Range + (% of reading + # digits)
DC, 20 Hz to 50 kHz (1 + 80)
50 kHz to 100 kHz (2 + 200)

Input impedance: resistance 2 MQ, +1.5%.
Shunt capacitance <75 pF.
Input type: Floating, 500 V Maximum common to ground.

AC Current

Current Range Maximum Display
200 pA 199.99 pA
2 mA 1.9999 mA
20 mA 19.999 mA
200 mA 199.99 mA
2000 mA 1999.9 mA

Detector: true RMS.

Crest factor: 4:1 at Full Scale

Maximum input: 2 Amp RMS from <250 V source (f{use protected).
Ranging: manual only.

Sensitivity: 10 nA on 200 A range.

Accuracy: (with display = 10% of range) 1 yr., 18°C to 28°C, sinus-
oid waveform.

AC TRMS: 20 Hz to 10 kHz.

Specification
Range Frequency =£(% of reading + # digits)
200 pA-200 mA 20 Hz-30 Hz 24 50
30 Hz-10 kHz 0.9 + 35
2000 mA 20 Hz-30 Hz 2450
30 Hz-10 kHz 1.2 + 20

(DC + AC) TRMS: DC + (20 Hz to 10 kHz).
{Accuracy applies after 10 minute warmup)

All ranges: 20 Hz to 10 kHz, = (1.5% of reading + 80 digits).
Input type: floating, 500 V maximum common to ground.

Ohms
Range Maximum Display
200 19.999
200 @ 199.99 02
2kQ 1.9999 kQ
20 kG 19.999 k@
200 k02 199.99 kQ
2000 kQ 1999.9 k2
20 M@ 19.999 MQ

Accuracy: 1 yr., 18 1o 28°C (assuming use of front panel zero on
lowest two ranges).

Specification
Range +(% of reading + # digits)
20 2-200 Q 08 + 2
2 kf1-200 k9 03 +1
2000 k2 04+ 1
20 M2 A541

Input protection: 250 V RMS or 350 V (DC + peak AC).
Ranging: automatic or manual,

Sensitivity: | milliohm on 20 ohm range.

Configuration: 2 wire.

Zero adjustment: range of 700 mQ. Use on 200, and 200 ranges.
Open circuit voltage: <5 V maximum.

Current through unknown:

67

Range: 200, 2000, 24, 20 1, 2004, 20002, 20MQ

Current: | 5mA, 5mh, 1'mA, 100 gA 10 sA Lk 100 nA

Diode Test

Function: & (k).

Range: € (2kQ).

Current source: | mA +1.5%.

Diode voltage drop displayed in volts: 1.9999 volts maximum.
Open circuit voltage: <S5 volts maximum.

Overload protection: 350 V (DC + peak AC).

General
Display: 7 segments red 0.3 in high LED. Function and range annun-
ciated.
Reading rate: 2.4 to 4.7 /sec. depending on input level.
Remote trigger: shorting COM to A stops sampling in Volts func-
tions.
Storage temperature: AC only, —55°C to +75°C; with batteries,
—55°C to +65°C.
Operating temperature: (0 to 55)°C,
Humidity: 95% RH at +40°C.
Power: AC line; 48-440 Hz; 86-250 V.
Battery: rechargeable lead-acid 8 hours maximum continuous oper-
ation with full charge. Recharge time: 16 hours operating, 12 hours
non-operating. Batteries and charger available separately, consult op-
erating manual. Total power dissipated: AC only, 4 watts; with charg-
er, 9 watls.
Size: 3466A: 98.4 mm H x 238.1 mm W x 276.2 mm D (3%" x 9%" x
10%"). 3466A Opt. 002: 81 mm H x 215 mm W x 279 mm D (3%" x
89" x 10%")
Weight: 3466A: 2.9 kg (6 Ib 5 0z).

3466A Opt 001: 2 kg (4 1b 7 oz).

3466A Opt. 002: 2.6 kg (5 Ib. 11 oz).

Ordering Information

Configuration: 3466A streamlined portable case with handle, AC
line power, batteries and charger included; 3466A Opt 001, eliminate
battery and charger, AC line power only. Opt 002 Rack and Stack
case, AC line power only (rack mount kit not included). All orders
must include one of these line power options: Opt 100, 86-106 V; Opt
115, 104-127 V; Opt 210, 190-233 V; Opt 230, 208-250 V.

Options

Opt 001 less §75
Opt 002 less 35
Opt 100, 115, 210, 230 N/C

3466A Digital Multimeter $650
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DIGITAL VOLTMETERS

4% digit logging multimeter
Model 3467A

® DC voltmeter, true-rms voltmeter, chmmeter
® Digital thermometer

® Four channel scanner

® Math functions

® Printer & timer
® Diode test

3487A

Description

Hewlett-Packard’s 3467A Logging DMM is a total measurement
station, doing jobs that used to require several instruments. The HP
3467A combines a high performance 4% digit DMM, four channel
scanner, digital thermometer, math functions, and printer with timer
in a single instrument. It simplifies setups and measurements and
gives you a record of data in the units you need (°C,dB, etc.). . .unat-
tended or manually.

The 3467A can be used to measure DC volts, resistance, true-rms
AC volts, or temperature. Temperature can be measured simulta-
neously with voltage or resistance to allow convenient analysis of tem-
perature dependent parameters. Using thermistors, the temperature
measurements can be made directly in °C or °F. Other built-in math
functions can be performed on the first three channels with respect to
a measured input on the fourth channel or a manually entered con-
stant.

Specifications

DC Voltmeter
Range Maximum Reading
20mV +19.999mV
200mV +199.99mV
2V +1.9999V
20V +19.999V
200V +199.99V
350V +349.9V

Maximum input: =350V from any terminal to ground and between
any two terminals

Ranging: Automatic or Hold /Step

Sensitivity: 1 4V on 20 mV range

Polarity: Automatically sensed and displayed

Zero adjustment: Front panel pushbutton compensated for up to
+2 mV offset for each channel

Accuracy: 6 months, 18°C to 28°C (Assuming 30 minute warmup
and use of zero adjustment):

Range + (% of Reading + Number of Counts)
20mV 005+ 10
200mV 0.04 + 2

2V — 200V, 350V 0.03 + 1

Temperature coefficient: (0° to 18°C, 28° to 50°C); = (.003% of
reading + 0.15 counts)/*C

Input resistance: 10 MQ + 5% on all ranges
Normal mode rejection: > 60 dB at 50/60 Hz £0.1%

Effective common mode rejection (1 K unbalance): =120 dB
at 50/60 Hz =0.1%

Single channel response time (no print): < 0.7 seconds to within
1 count of final value on one range. Add 0.8 seconds for each range
change.



Ohmmeter

Range Maximum Reading Current Through
Unknown

2000 199.990 5 mA

2KQ 1.99990 1 mA

20KQ 19.999KQ 100 pA

200K 199.99K1 10 A

2MQ 1.9999M9 1 uA

20MQ 19.999MQ 100 nA

Input Protection: 250 V RMS or 350 V (DC + peak AC)
Ranging: Automatic or Hold/Step

Sensitivity: 10 mf2 on 2001 range

Configuration: 2 wire with front panel pushbutton zero adjustment.
Lead resistance of up to 2012 can be nulled out for each channel
Accuracy: 6 months, 18°C to 28°C (Assuming use of zero adjust-
ment on 200Q range):

Range + (% of Reading + Number of Counts)
2009 0.08 + 10
2K 0.03+3
20K0Q-200KQ 0.03+1
IMQ 004 +1
20MQ 0.15+1
Temperature coefficient: (0°C to 18°C, 28°C to 50°C)
Range
2000 +(0.002% of reading + 1 count)/°C
2KQ-2MQ +(0.002% of reading + 0.1 count)/°C
20MQ +(0.01% of reading + 0.1 count)/°C

Open circuit voltage: <5V

Single channel response time (no print): <<1.1 seconds to within |
count of final value on one range. Add 0.8 seconds for each range
change.

Diode test

Function: (kQ2) 44~

Range: 2KQ

Current source: ImA +4%

Diode voltage drop displayed in volits: 1.9999 volts maximum
measurable voltage

AC Voltmeter
AC converter: True RMS Responding and calibrated in true RMS;
AC coupled

Range Maximum Reading
200mV 199.99mV
2V 1.9999V
20V 19.999V
200V 199.99V
250V 249.9v

Maximum input: 350V (DC + peak AC), 10" V= Hz from any ter-
minal to ground and between any two terminals

Ranging: Automatic or Hold/Step

Sensitivity: 10 £V on 200 mV range

Crest factor: 4:1 at full scale

Accuracy: Accuracy applies with readings of =9% of full scale
(=1800 counts on 250 V range): 6 months, 18°C to 28°C; sinusoid
waveform

Frequency +(% of Reading + Number of Counts)
45 Hz-100 Hz 1+ 40
100 Hz -10 kHz 0.2+ 40
10 kHz-20 kHz 1+ 40
20 kHz-100 kHz 2 4+ 200

Temperature coefficient: (0°C to 18°C, 28°C to 50°C)

Frequency
45 Hz-100 Hz +(0.05% of reading + 2 counts)/°C
100 Hz-10 kHz +(0.03% of reading + 2 counts)/*C

10 kHz-20 kHz +(0,05% of reading + 2 counts)/°C

20 kHz-100 kHz +(0.05% of reading + 15 counts)/°C
Input impedance: 2MQ + 5% in parallel with <100 pF
Single channel response time (no print): <2 seconds to within 4
counts of final value on one range. Add 1.2 seconds for each range
change.

Temperature Measurement
Technique: Temperature measurements using thermistors can be
made directly in °C or °F, selectable by an internal switch.
Thermistor linearization is included for the following thermis-
tors: YSI 44007, OMEGA UUA 35J3, FENWAL UUA 35J1 or
equivalent. (One thermistor is furnished with each 3467A).
Accuracy: The accuracy specification includes ohmmeter accuracy,
thermistor curve fit accuracy, and thermistor self-heating:

—80°C to + 80°C: £0.3°C

+80°C to +110°C: £0.5°C

+110°C 1o +150°C; £1.3°C

Four-Channel Scanner

Type: One 2-pole low thermal dry reed relay per channel.

Inputs: Floating inputs. Any combination of four channels may be
selected to measure one of these functions: DC volts, true-rms AC
volts, resistance or temperature. Measurements of temperature on
channels | and 2, and either DC volts, AC volts, or resistance on
channels 3 and 4 can also be made,

Channel-to-Channel Isolation:

Source Impedance Up to 1 kHz Up to 100 kHz
600 =100 dB =>60 dB
10 K92 > 80dB =40 dB

Printer and Timer

Type: Thermal Printer

Print modes: Manual: Initiates a printout of selected input channels;
Automatic: Scans, measures and prints selected input channels at
preset time intervals

Time Interval’: 1, 3, 6, 10, 18, 30, 60, or 180 seconds/minutes inter-
val selectable via front panel pushbuttons

Timer: Internal 24-hour crystal controlled interval timer. Timer
starts at 00:00:00 (HH:MM:SS). A time offset can be manually en-
tered to synchronize the timer with the time of day.

Timer accuracy: Within | minute in 24 hours

Power failure protection: Should a momentary power failure occur
(up to 5 seconds), the 3467A will retain the math constant, elapsed

time, zero offsets, and ranges.
*Time Intervals <10 seconds may be shorter than the actual lime required o complately measure
and print the selacted channels.

General
Reading rate: Depends on input signal level. 2 to 4% readings/
second.
Operating temperature: 0°C to +50°C
Storage temperature: —40°C to +55°C without thermal paper
Thermal paper storage temperature: —40°C to +30°C
Humidity: 95% R.H., +15°C to +40°C without thermal paper
60% R.H., +15°C to +30°C with thermal paper

Power: 100/120/220/240 +5%, —10%

48 to 440 Hz line operation, <25 VA
Size: 190.5mm H X 212.9mm W X 304.8mm D (7%" X 8 %" X 12")
Weight: Net: 4.77 kg (10.5 1bs.); Shipping: 5.44 kg (12 Ibs.)

Accessories Price
5061-2003 Carrying Handle Kit (44416A is also re- $25
quired with this accessory)

44416A Rear Panel Support and Cord Wrap Kit §25
44414A Four Thermistor Pack $20
82045A Six Rolls of Thermal Paper $6
3467A Logging Multimeter (includes 1 roll of $2200

thermal paper and a thermistor)
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DIGITAL VOLTMETERS

5% /6%-digit DVM with Auto Cal
Model 3455A

e AutoCal
- o Self test
e Bench/system

149 ¢

Clez’

e AC/DC/OHMS
® High speed
® Removable reference

Description

Hewlett-Packard’s 3455A Digital Voltmeter is a microprocessor
controlled 5'%- or 6Y2-digit integrating voltmeter for bench or systems
applications. The standard instrument measures DC volts, AC volts,
and resistance. HP-IB 1/0O for systems applications is also standard.

Measuring Speed

The 3455A is fully guarded and has greater than 60 dB normal
mode noise rejection at reading rates of up to 24 readings per second
on all DC ranges. Ohms reading rates are up to 12 readings/second
and an AC fast mode gives reading rates of up to 13 readings/second
at frequencies above 300 Hz, (Readings/seconds given for 60 Hz op-
eration and high resolution off.)

Performance

DC measurements can be made with up to 1xV sensitivity, Ohms
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. AC voltage measure-
ments can be made from 30 Hz to 250 kHz with the optional average
responding converter.

True rms

The standard true rms converter gives AC measurements from 30
Hz to | MHz. Complex signals with crest factors of up to 7:1 at full
scale can be measured.

Math

The math functions prtw:dc the user with unique computational ca-
pability. The Scale mode (%:¥) allows the user to offset,take ratios,
or sca]e readings to give re.adou!s in physical units. The % Error mode
(%Y x 100%) converts readings into percentage change from Y
whlch is entered as a reference. For the math functions X is the pre-
sent reading. Y and Z are previously entered readings or numbers
entered from the front panel or by remote program.

Auto Cal

The auto cal feature gives the user accurate DC volts and ohms
measurements and simplifies calibration of these functions, The DC
and ohms operating circuits are checked against internal references

and any errors are corrected digitally. All dec and ohms adjustments
are in a removable reference assembly.

Serviceability

The self-test feature is used to aid in troubleshooting as well as veri-
fying operation of the 3455A. Test verifies proper operation of the
DC measuring circuits by comparing their parameters against prede-
termined limits. If a problem is found, the display is used to assist in
finding the problem area by indicating which parameter is in error.
Detailed troubleshooting can then be used to quickly isolate the
problem,

Routine maintenance and calibration has been simplified with the
removable reference assembly. Calibration of DC and ohms functions
can be done by replacing the reference assembly with a recently cali-
brated one. Extra reference assemblies are available as HP accessory
number 11177A. A spare assembly is ideal for one or more 3455A’s.
Calibrate DC and ohms in a 3455A without removing it from the
bench or system. Just return the extra reference assembly to the cal
lab or HP for calibration and have it back in time to calibrate the
3455A next time.

HP Technology

HP has developed an instrument oriented microprocessor to provide
the high performance of the 3455A. The microprocessor has a paral-
lel architecture to give the high speed necessary to control the mea-
surement processes of a bench/systems voltmeter. Two micro-
processors are used: one for control of the measurement and the sec-
ond for interface to the HP-IB and computation of the math func-
tions.

The HP-developed fincline tantalum nitride resistor technology
used in several HP digital voltmeters is also used in the 3455A. This
technology provides accurate temperature tracking resistors that re-
sult in excellent long term DC accuracy.

Data-sheet Systems

The 3455A is included as part of the 3052A standard system. The
3052A is fully integrated, tested, verified and specified as a system
and comes with complete systems software and documentation. This
system provides complete solutions to many of your measurement
problems.



Specifications
DC Volitage
Ranges Maximum Display
01 - =0,149599 V —
1 1 +1.49999 V +1.499999
10 10 +149999V +1499999 ¥
100 100 +149.999V +149.9999V
1000 1000 +1000.00 V +1000.000 V
Performance
(High Resolution Off)
Accuracy + (% of reading + counts)
24hn:23°C £ 1°C
Range High Resolution Off High Resolution On
01V 0.004 +4 -
v 0003+1 0003 +4
10V 0.002+1 0002+3
100 & 1000V 0.004 +1 0.004 +3
90 days: 23°C + 5°C
Range High Resolution Off High Resolution On
o1y 0007 +4 -
1V 0.006+1 0.006 + 4
1oV 0.005+ 1 0005+3
100 & 1000 V 0.007 +1 0.007 +3
6 months: 23°C + 5°C !
Range High Resolution Off High Resolution On
01V 0010+5 —
1y 0.009 +1 0.009 +5
v 0.008 + 1 0.008 +3
100 & 1000V 001041 001043
Lyean: 23°C + 53°C
Range High Resolution Off High Resolution On
AR 001546 —
v 001441 0.01446
10V 0013+ 1 001343
100 & 1000V 0.015+1 0.015+3

Input characteristics
Input resistance: 0.1 V through 10 V range: > 10" ohms. 100 V and
1000 V range: 10 megohm +0.1% with Auto Cal. “off."
Maximum input voltage

High to low input terminals: + 1000 V peak.

Guard to chassis: =500 V peak.

Guard to low terminal: =+ 200 V peak.
Normal mode rejection (NMR): NMR is the ratio of the peak nor-
mal-mode voltage to the peak error voltage in the reading.
NMR at 50 or 60 Hz +0.1%: >60 dB.
Effective common mode rejection (ECMR): ECMR is the ratio of
the peak common-mode voltage to the resultant peak error voltage in
the reading.
ECMR with 1 kQ unbalance in low lead at

DC: > 140 dB.

50 Hz or 60 Hz +0.1%: > 160 db.
Maximum reading rate

60 Hz Gate Length 50 Hz Gate Length
High High High High
Resolution Resolution Resolution Resolution
off On Off On
Local 5rdg/s 3rdg/s 35rdg/s 25rdg/s
Remote 24 rdg/s Brdg/s 22 rdg/s Srdg/s

AC Voltage (rms converter)
(High Resolution On or Off)

Ranges: 1.00000 V Maximum Display: 1.49999 V
10.0000 V 14,9999 V
100.000 V 149.999 V
1000.00 V 1000.00 V

Range selection: Manual, Automatic or Remote.
Function selection: ACV or Fast ACV,

Input characteristics
Input impedance
Front terminals: 2 MQ + 1% shunted by less than 100 pf.
Rear terminals: 2 MQ + 1% shunted by less than 75 pf.
Maximum input voitage
High to low terminals: + 1414 volts peak.
Subject to a 10" volts—Hz limitation.
Guard to chassis: =500 V peak.
Guard to low terminal: +200 V peak.
Maximum reading rate

60 Hz Gate Length 50 Hz Gate Length
ACY FAST ACV ACY FAST ACV

Local 1.3 rdg/s 450dg/s 1.1 rdg/s 35rdg/s

Remote Lardg/s 131dg/s 1.1 rdg/s 121dg/s

Response time

ACV and FAST ACV

First reading to <0.1% of step size when triggered coincident with
step change when on correct range (for AC signals with no DC com-
ponent).

Performance (rms converter)
Accuracy: * [% of reading + counts]' (AC Coupled)*

24 hours 90 days £ months 1 year
Frequency 23°C+1°C | 23°C+5°C | 23°C+5°C | 23°C+5°C

Fast AVC AVC

300 Hz to 30 Heto 0.04 440 0.05 4 50 0.06 + 60 0.07+70
20 kHz 20 kHz

20 kHz to 20 kHz lo 0.40 + 80 050+100 |060+130 | 070+ 160
100 kHz 100 kHz

100 kHz to 100 kHz to 1804200 | 2004250 | 2104300 |220+35
250 kHz 250 kHz

250 Hz to 250 Hz to 4.0 + 400 5.0 4 500 5.1 4 600 5.3+ 700
500 Hz 500 Hz

500 kHz to 500 kHz to 50+2600 |6.0+3100 |63+3500 |66+3900
1 MHz 1 MHz

‘\Guard must be connected 1o low. Specifications are only for input lavels above 1% of range.

For AC coupled inputs < 1% of full scale: add 20 counts to above accuracy table, excep! for AC
coupled inputs above 50 kHz and <5% of lull scale: add 170 counts to above accuracy table. See
footnote 2 for AC/DC coupled inputs.

For any AC/DC coupled input: add (0.05% of reading + 20 counts) to above accuracy table, except
for an AC/DC coupled input above 50 kHz and <5% of full scale: add 170 counts to above accuracy
table.

Frequencies of greater than 100 kHz are specified for the 1 V and 10 V ranges only.

*Accuracy is not specified if the volt-hz product exceeds 107, For inputs = 500 V, multiply the above

1500 + Wi
labled accuracy by —l-mr-'!

AC voltage (average converter) Opt 001
(High Resolution On or Off)

Ranges: |V Maximum Display: 1.49999 V
10V 14,9999 V
100 V 149.999 V
1000 V 1000.00 V

Range selection: Manual, Automatic or Remote.
Function selection: ACV or Fast ACV.

Input characteristics
Front Terminals: 2 MQ + 1% shunted by less than 100 pf.
Rear Terminals: 2 MQ + 1% shunted by less than 75 pf.
Maximum input voltage
High to low terminals: =+ 1414 volts peak.
Subjeet to a 107 volts—Hz limitation.
Guard to chassis: + 500 V peak.
Guard to low terminal: 200 V peak.
Maximum reading rate

60 Hz Gate Length 50 Hz Gate Length
ACV FAST ACV ACY FAST ACV
Local 1.3 rdg/s 451dg/s 1.1rdg/s 35rdg/s
Remote 1ardg/s 13rdg/s 1.1 dg/s 12rdg/s
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DIGITAL VOLTMETERS

5% /6% -digit DVM with AutoCal
Model 3455A (cont.)

Performance (average converter)
Accuracy: + [% of reading + counts]’

24 hours 90 days 6 months 1 year
Frequency 23°Ct1%C 23°C+5°C | 23°C+5°C | 23*C+8eC
Fast ACY ACV
300 Hz to 0 Hzt0 047+ 70 050+ 70 0.50 4+ 70 050+70
500 Hz 50 Hz
500 Hz o S0H1t0 032450 0.35+50 0.40 + 60 0.40 +70
I kHz 100 Hz
1 kHz to 100 Hz to 009+ 25 0.10+25 0.1+30 012435
100 kHz 100 kHz
100 kHz to 100kHzte | 0.70 + 60 0.75 + 60 075+ 70 0,75+ B0
250 kHz 250 kHz
'Guard must be connected to Low.
“Frequencies greater than 100 kHz specified on 1 and 10 V ranges only.
*Accuracy is not specified If the volt-Hz product exceeds 107
Ohms
Ranges Maximum Display
High High High High
Resolution Resolution Resolution Resolution
off On ot On
0.100000 kil - 0.149999 k0 —
1.00000 ki? 1.000000 k2 1.49999 ki) 1.499999 k0
10.0000 ki 10.00000 k2 14,9999 k1 14.99999 kit
100.000 kil 100.0000 ko2 149.999 ki) 1499999 i
1000.00 ki1 1000.000 kit 149999 kit 1499.999 ikt
10000.0 k! 10000.00 kit 14999 9 ki1 1499999 k0
Range selection: Manual, Automatic, or Remote.
Performance
Function selection: 2-wire k{ or 4-wire k(.
Accuracy + (% of reading 4 counts) 4-wire k{
24 hours: 23°C = 1°C
Range 'High Resolution Off High Resolution On
0.1 ka2 0.003+4 —
1 K} 0.003+1 0.0025 + 4
10ka 0,005+ 2 0.0045 + 4
100 kgt 0.002+2 0.0020+5
1000 ka 001245 00120+ 4
10,000 kit 010 +5 0.1000 + 4
90 days: 23°C = 5°C
Range High Resolution Off High Resolution On
0.1k 0.005+5 -
1 kit 0.005+1 0.0035 + 5
10k 0,007 +2 0.0060 + 5
100 k2t 0.004 +2 00035+ 6
1000 kit 0.014+5 0013545
10,000 kit 010045 0.1000 + 5
6 menths: 23 °C * 5°C
Range High Resolution Off High Resolution On
0.1k 0,005+ 6 —
1 kg2 0.005+1 0.0040 + 6
10k 0.007 +2 0.0065 + 6
100 ka 0.004 +3 0.0040 +7
1000 i 001445 0.0140 + 6
10,000 kil 010045 0.1000 + &
1yean 23°C + 5°C
Range High Resolution Off High Resolution On
0.1 ki 0.006 +7 —
14 0.006 + 2 0.0045 + 7
10 k@ 0.008+3 00070 +7
100 k&t 0.005+4 0.0045+ 8
1000 kit 0015+6 00145 + 7
10,000 i1 0.100 + 6 0.1000 + 7

'High Resoclution OMf: 1 count = 0.001% ol Range

“High Resolution On: 1 count = 0.001% of Range

2-wire kil: all accuracy specifications are the same as 4-wire kil except add 0.0004 kil to all
raadings.

Input Characteristics

Maximum voltage generated across unknown: <5 volts for open
circuit; <<4.7 volts for valid reading.

Signal source driving unknown (nominal): 0.1 k2, 1 kQ & 10 kQ
ranges.

Overload Protection
Non-destruction: +350 V peak.

Equivalent Ohmmeter Circuits:

Hi

Runknown 8.7mA

0.1k, 1k & 10k ranges

< B volts
Hi Lo
1K
100k}  Funknown
Lo b Hi
10001(9 & IO.UOOI{Q I‘anges Runknown %;“n:;ltl

Lo

Maximum reading rate

60 Hz Gate Length 50 HZ Gate Length
High High High High
Resolution Resolution Resolution Resolution
Off On off On
Local 45rdg/s 2rdg/s drdg/fs 1 8rdg/s
Remote l2rdg/s Irdg/s 11rdg/s 251dg/s
Math

Scale ( %3 ): X is present reading. Y and Z are previously entered
readings, or numbers entered from the front panel or by external pro-
gram.
Maximum number (entered or displayed): + 1999999,
Accuracy: + (Accuracy of X reading + 1 digit of displayed answer).
‘This assumes no “Y™ or “Z" error.
%Error (!;3 x 100% ): X is present reading. Y is a previously en-
tered reading, or number entered from the front panel or by external
program.
Maximum number (entered or displayed): +199,999.9,
Accuracy: * (Accuracy of X reading + | digit of displayed answer).
This assumes no “Y™ error.
How to enter numbers in “Y" or “Z"
From a current displayed reading: press STORE “Y" or “Z".
From front panel: Press ENTER “Y” or “Z", The front panel is
now set for numerical entry. These numbers are in blue next to the
keys. Enter number and press STORE “Y" or *Z".
By remote program: send program codes for equivalent front pan-
el operations.

General

Power: 100V, 120V, 240V +5% —10%, 48 Hz to 400 Hz line oper-
ation; <60 VA with all options.

Size: 88.9 H x 425.5 W x 527.1 mm D (3%4" x 16%" x 20%").
Weight: net, 9.38 kg (20 Ib 11 oz). Shipping, 11.79 kg (26 Ib).

Options Price
001: Average converter less $200
3455A Digital Voltmeter $3500
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Description

Hewlett-Packard's Model 3490A Multimeter is a five-digit inte-
grating digital voltmeter, The basic instrument measures dc voltages,
ac voltages, and resistances. Additional measurement capability is
achieved by the addition of low cost options.

HP’s 3490A uses a dual slope integrating technique and is fully
guarded, providing excellent noise immunity at five readings per sec-
ond on all de ranges. Ranging is automatic over all ranges on all func-
tions. DC measurements can be made with 1xV resolution on the 100
mV range. AC voltage measurements can be made from 20 Hz to 250
kHz in four ranges. The 1 V range provides 10uV of ac voltage resolu-
tion. Resistance measurements are made with the 4-wire conversion
technique, eliminating errors caused by test lead resistances. Six
ranges, including the 100Q range, are provided in the ohms functions,

Self-Test

At the flip of a switch, Hewlett-Packard’s 3490A Digital Multi-
meter sequences itself through 10 tests that check timing signals and
autoranging circuits, validate the performance of most logic-circuit
IC's and check the six-digit LED display. These tests, and six others
provided by six additional front-panel switches, cut calibration costs
and ensure the DMM is ready to make accurate measurements.

DC Functions

The standard 3490A includes five ranges of dc measurement capa-
bility from 100 mV to 1000 V. Measurements are made from the
front panel at precise five readings/s, and at slower rates, using digi-
tally controlled sampled rate selector. High input resistance, >10""Q
on 100 mV, 1 V, and 10 V range, assures accurate measurement of
high impedance sources.

AC Functions

Four ranges of ac measurements are provided. The average ac value
is accurately detected, and the rms value is displayed with five digits
of resolution. Full autoranging, wide frequency response, and 20%
overranging are designed-in features to permit easy operation.

Ohms

Six ohms ranges are standard, and all ranges provide true four-wire
ohms measurement capability. Maximum current through the un-
known is approximately 1 mA, Over-voltage protection for chms
sensing terminals insures maximum protection against inadvertent
application of a high voltage to ohms terminals. Over-voltage protec-
tion is provided to 250 V and fuse protection to 1000 V.

Serviceabllity
HP's 3490A has been “designed for serviceability.” Inside, the
3490's low parts density provides easy access for servicing. Test points

DIGITAL VOLTMETERS

Five-digit digital multimeter with self test
Model 3490A
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and jumpers are keyed to detailed diagnostics.
Additional diagnositic and service aids are:

Service Video Tape 11128A

IC Reference Boards for use with 11126A
the HP 10529A Logic Comparator

Spare Parts Set 11127A

Specifications

DC Voltage Ranges

Full range display: +.100000 V, +1.00000 V, +10.0000 V,
=+ 100.000 V, +1000.00 V.

Overrange: 20% on all ranges except 1000 V range.

Range selection: manual, automatic, or remote (optional).

DC Voltage Performance
Accuracy + (% of reading 4+ % of range)

0.1 ¥ Range 1V 1o 1000 V Range
%irdg. g Yordg.  %rng.
24 hrs (23°C £ 1°C) +(0.005 + 0.001) (0,004 +0.001)
30 days (23°C + 5°C) +(0.01 + 0.005) =(0.008 + 0.002)
90 days (23°C = 5°C) +(0.01 +0.005) £(0.01 + 0.002)
6 months (23°C £ 5°C) +(0.013 + 0.005) +(0.013 +0.002)
1 year (23°C = 5°C) +(0.015 + 0.005) =(0.015 + 0.002)
Notes:

1. On the 1000 V range, add 0.04 ppm/volt to the % of reading speci-
fication.

2. Thermal EMF's generated external to the DVM may be compen-
sated to achieve the % of range accuracy specified by utilizing the
rear panel zero adjust provided in the 3490A.

DC voltage input characteristics: fully guarded with 140 dB
ECMR at dc and 60 Hz +0.1% with | kil imbalance between guard
and low.
Maximum input voltage

0.1V to 1000 V ranges: + 1500 V peak.

Guard to chassis: + 500 V peak.

Guard to low: =200 V peak.
Input resistance

0.1V to 10 V ranges: =2 x 10"Q. (<70% R.H.).

100 V and 1000 V ranges: 10 MQ +£0.15%.
Maximum reading rate: 5 readings/s.
Normal mode rejection ratio: 50 Hz +£0.1%; 60 Hz £0.1%; =50
dB.
AC Voltage Ranges
Full range display: 1.00000 V, 10.0000 V, 100,000 V, 1000.00 V.
Overrange: 20% on all ranges except 1000 V range.
Range selection: manual, automatic, or remote (optional).
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Five-digit digital multimeter with self-test
Model 3490A (cont).

AC Voltage Performance
Accuracy = (% of reading + % of range)

20 Hz-50 Hz 50 Hz-100 kHz 100 kHz-250 kHz
24 hrs (23°C t1°C) +(0.32 + 0.05) +(0.09 + 0.025) +(0.7 +008)
30 days (23*C +5°C) +(0.35 4 0,05) (0.1 +0,025) +(0.75 + 0.08)
90 days (23°C +5°C) £(0.35 4+ 0.05) (0.1 +0.025) +(0.75 + 0.06)
6 months (23°C £5°C) +(0.40 + 0.06) £(0.1 +003) +(0.75+40.07)
1 year (23°C +5°C) +(0.45 4+ 0.07) +(0.12 4+ 0.035) +(0.75 + 0.08)
Notes:

1. Guard must be connected to low,

2. On the 1000 V range, add 0.01 ppm/(volt-kHz).

3. Frequencies > 100 kHz specified on | V and 10 V ranges only.
4. Specifications are for input levels above 1/100th of full scale.

AC Voltage Input Impedance

Without rear terminals: 2 MQ =+ 1% shunted by < 65 pF.

With rear terminals: 2 MQ + [% shunted by <90% pF.

AC voltage maximum reading rate: | reading/s.

AC voltage response time: <1 s to within rated accuracy for a step
input applied coincident with encoder trigger.

AC maximum input voitage: 1000 V rms; + 1500 V peak.

Ohms Ranges

Full range display: .100000 k&, 1.00000 k2, 10.0000 k£, 100.000
k2, 1000.00 kQ, 10000.0 k.

Overrange: 20% on all ranges.

Range selection: manual, automatic, or remote (optional).

Ohms Performance
Accuracy: = (% of reading + % of range)

Remote Control, Option 022
The remote control option uses a low true logic (BCD type) code.
Required voltage levels for input signal and output signal levels are

listed below.
BCD and Remote Terminals
High Level Low Level
DVM Inputs +39V 215V, +03+03V,
100uA max 2 mA max
DVM Dutputs +38V £15V, +0.3V £03V,
400 uA max 15 mA max

Operating temperature: 0°C to 50°C.
Warm-up time: one hour warm-up required to meet all specifications
on the 0.1 V range and the 0.1 kQ range. Thirty minutes warm-up
required to meet all other specifications.

Humidity range: <95% R.H., 0°C to 40°C.

Note: Thermal EMF’s generated external to the DVM may be compensated to achieve the % of range accuracy specified by utilizing the rear panel

zero adjust provided in HP’s 3490A.

0.1kf) 1 k(=100 k2 1000 ki 10,000 k0
% rdg. % mg. % rdg. % g, % rdg. % rng. % rdg. % rng.
24 hrs {23°C£1°¢C) +{0.006 + 0.001) +(0.005 + 0.001) +(0.007 + 0.001) +(0.025 + 0.001)
30 days (23°C£5°C) £(0.012 4 0.005) =(0.010 + 0.002) +(0.012 + 0.002) +{0.035 + 0.002)
90 days (23°C£5°C) +(0.012 +0.005) +(0.012 +0.002) +(0.015 + 0.002) +(0.035 + 0.002)
6 months (23°C+5°C) +(0.015 + 0.005) +(0.015 + 0.002) £(0.020 + 0.002) =(0.040 + 0.002)
1 year (23°C+5°C) +(0.018 +0.005) +(0.018 + 0.002) £(0.025 + 0.002) +(0.050 + 0.002)

Ohms Terminal Characteristics
Maximum voltage generated across unknown: 20 V for overload;
13 V for valid reading.
Ohms current thru unknown
0.1 kI to 10 kI range: | mA.
100 k! to 1000 k(! range: 10uA.
10,000 k{2 range: | pA.
Ohms overload protection
Nondestructive: 250 V rms.
Fuse destructive: + 1000 V peak.
Ohms maximum reading rate
0.1 k{ to 100 k! range: 5 reading/s.
1000 k(! range: 4 reading/s.
10,000 k! range: 2 reading/s.

General
Data Output (BCD), Option 021

Data output is 1-2-4-8 TTL output which is compatible with HP
5050B, and 5055A Digital Recorders. Either high true or low true
logic code can be selected with an internal switch.
Storage temperature: —40°C to +75°C.

Power: 100V, 120 V, 220 V, 240 V +5%, —10%, 48 Hz to 400 Hz
line operation <60 VA with all options.
Size: 85.7 mm H x425.4 mm W x 466.7 mm D (3%" x 16%" x 1834").
Weight: net, 9.38 kg (20.7 Ib). Shipping, 11.79 kg (26 1b).

Options

020: BCD/remote expand, includes rear terminals in

parallel

021: BCD*—full parallel, 1-2-4-8 code

022: Remote*—full parallel, 1-2-4-8 code
030: HP-1B remote control and data output. For cables

see page 26.

040: Sample-and-hold*

045: Sample-and-hold (without Opt 020 or 030)

050 or 080: 50 Hz or 60 Hz operation
080: Three-wire ratio
908: Rack mounting kit

3490A Digital Multimeter (includes ac, dc, &

ohms)

Opt 050: Noise Rejection for 50 Hz
Opt 060: Noise Rejection for 60 Hz
*These oplions require BCD/Remole Expand Option 020 or HP-18 Opt 030.
Note: Rack mounting requires support in rear of instrument,

Price
$325

$315
$275
$1100

$570
$700
N/C
$245

14

$2700

N/C
N/C



Introduction

Hewlett-Packard offers many opportuni-
ties to incorporate automatic data acquisi-
tion and control. With a growing number of
products incorporating microprocessors and
the Hewlett-Packard Interface Bus (HP-1B),
instruments areé more capable and easier to
implement in a system. The controller capa-
bilities of automatic systems continue to in-
crease with new minicomputers and desktop
computers.

Many measurements that were made man-
ually are now being automated. For example,
performance testing of devices is a procedure
that can easily be automated. Besides mak-
ing measurements, most automatic data ac-
quisition involves some control. More

“products are becoming available that can
control a variety of processes. With a large
selection of measurement, control, and com-
puter capabilities, how could you decide?

One approach to making data acquisition
and control choices is to first categorize the
applications. Then, select instruments and
computers to best satisfy the needs.

Data acquisition and control needs can be
organized into three major types of automat-
ed measurements. These are: Test, Measure-
ment, and Control.

Test

The approach to automation described as
TEST represents a situation where a product
or device is being checked for completeness
and compared to its design standards. The
variables to be measured and the require-
ments for accuracy and precision are well
known. As an example of the TEST philos-
ophy, consider battery testing. A definite set
of variables are measured (output voltage,
voltage under load, output current, charge
capacity, etc.). Specified values and allowa-
ble tolerances for all these parameters are
very well known. Since the test model is
known, a 3% digit (instead of a 5% digit)
measurement of voltage, could be sufficient.
A 5% digit measurement does not necessarily
make a better test. Another consideration is
test time. The more batteries that can be test-
ed to specifications in a given amount of time
the more productive the system is. The resul-
tant system for a test approach is often a per-
manent installation with software that is
configured to be insensitive to changes in op-
erators,

Measurement

A Measurement approach to automation
includes applications that evaluate or re-

DATA ACQUISITION SYSTEMS

General Information (4']

search something. Unlike the TEST ap-
proach, the model is not necessarily known.
In fact, the quantities to be measured may
not be understood. In a research application,
the data acquisition system developed should
be as accurate, flexible, and general purpose
as possible. For example, scientists who
would research optimum watering methods
for food crops might consider the MEA-
SUREMENT philosophy. A number of re-
searchers believe that a plant's leaf
temperature rises slightly as the plant devel-
ops a critical need for water. By using this
temperature rise as an indicator, farmers
could automatically water crops as plants
need water. Besides characterizing the rela-
tionships of leaf temperatures vs. water need,
researchers need to evaluate the effectiveness
of various water schemes.

Since a Measurement application involves
considerable learning — precision, stability,
and accuracy are very important consider-
ations. For example, precise temperature
measurements over long distances might be
required. If the temperature changes are very
small, the system must have very little drift
and uncertainty. HP's 3455A Digital Volt-
meter in the 3052A system can provide these
precise and stable measurements. If different
cause and effect relationships are 1o be stud-
ied, the data acquisition system should be
easy to reconfigure. The computer should be
available and easy to program in a high level
language, like HPL or BASIC. The system
should also have the ability to control exter-
nal devices with a scanner/multiplexer.

Control

A Control type of application is similar toa
TEST application in that the model or pro-
cess is well understood. A system would
make a series of events take place and make
measurements that are necessary to guaran-
tee the desired sequence of events, For exam-
ple, consider the sequence of events in a
bottling operation. First, the control system
fills each bottle with the same amount of lig-
uid, while making sure that the bottle is in
place before the liquid is turned on. The
amount of liquid needs to be as exact as pos-
sible without sacrificing the throughput
speed. It may be more important to ship more
full bottles to consumers than to spend the
time measuring each bottle precisely. Next,
the system could count bottles, package ev-
ery six bottles, count these 6-packs, and
package 6-packs in cases. If a problem

should develop in the sequence of events,
such as a bottle sticking on a conveyor, the
system must sound an alarm and stop the
process, Also, the system could be capable of
keeping data on the process and periodically
reporting to a central data base.

Once a control-oriented system is installed
and operating, the user has little need to in-
teract. The computer is rarely programmed
by the operator so it doesn't necessarily have
to be easy to use as in the MEASURE-
MENT application. But, this computer
should be fast and capable of simultaneous
operations.

Summary

Although systems in all three application
groups each contain measuring instruments,
computational devices and devices to control
process or measurements, the approach tak-
en in each case is different. Also, the equip-
ment used in each application has different
characteristics. The researcher making leaf
temperature measurements would use a high
resolution digital voltmeter, like the 3455A,
and would consider 9 readings per second
very fast. The battery manufacturer could
use a 12-bit A to D converter and he would be
concerned about achieving a 30 microsecond
digitizing time. To determine the amount of
liquid in each bottle, the bottler may use a
simple balance mechanism that could trigger
a switch when the bottle is full.

Since measurement conditions change, the
researcher needs a computer that is easy to
use and a system that is easy to reconfigure.
In contrast, the battery manufacturer and
the bottler need a computer that completes
the test or the bottling operation as fast as
possible and they may want the computer
hidden from the operators.

Hewlett-Packard offers a wide selection of
measurement and computational products.
The products mentioned below can be used
for all three applications—Test, Measure-
ment, or Control. Consult with your HP field
engineer for the best solution for your data
acquisition application.

75

HP Model | Primary Application |  Refer to Page
30524 Measurement 76-79
69404 Test 658-665
6942A
22408 Control 626




76

Q)

DATA ACQUISITION SYSTEMS

Automatic data acquisition system
Model 3052A

® Improve productivity in research and manufacturing

® Increase throughput and lower the cost in Q.A. testing

® Conserve plant energy through electric load monitoring/
control

3052A with 9845T

Description

The 3052A Automatic Data Acquisition System combines speed,
precision and repeatability in low level measurements with full com-
putation and analysis capabilities. This system provides a highly ca-
pable, yet economical solution to process control development, trans-
ducer measurements, production testing, and signal analysis applica-
tions. Powerful system software for instrument driver routines, data
analysis and presentation programs, instrument verification routines
and application programs are provided with the standard system.

System Configuration
The 3052A consists of the following:
3455A High Accuracy/High Resolution DVM
3437A High Speed Sampling DVM
3495A Scanner (See 3495A Multiplexer/Scanner for details)
98034A HP-IB Card
98035A Real Time Clock
29402B 56" Equipment Rack
System Documentation and Software
One of 4 system controllers must be ordered as Option 400, 500, 600
or 800.

® Monitor pilot and production processes
® Perform on-line data analysis and processing
® Measure DC, AC, and Ohms

Measurement and Control

DC measurement rates up to 19 channels/second are possible with
1 wV resolution on the 100 mV range. This sensitivity and dynamic
range are required, for example, in thermocouple measurements with
a 0.5°C or better resolution,

Excellent noise rejection and very low thermal uncertainty make
the 3052A particularly suited for accurate, repeatable, low-level mea-
surements even in the presence of noise. The > 120 dB effective com-
mon-mode rejection of the 3455A/3495A effectively cancels out
unwanted offsets or superimposed noise signals.

AC measurements can be made up to 1 MHz with the standard AC
True RMS converter or up to 250 kHz with the optional average con-
verter. A programmable Fast AC mode provides an AC measurement
rate of up to 10 channels/second for inputs above 300 Hz.

Repetitive waveforms up to 1 MHz or low frequency transients (be-
low 1 kHz) can be digitized by the 3437A High Speed Sampling
DVM. With this DVM and 9845T Desktop Computer, more than
4500 readings/second on a single high speed channel can be stored for
further analysis.

By multiplexing the 3437A input with the scanner, up to 1000
channels/second can be measured with 100 «V resolution and 3 14
digits. Use of the 20 Channel Low Thermal Relay Assemblies or the
19 Channel Reference Assemblies with Thermocouple Compensation
are required to attain this speed. The sample-and-hold measuring
technique of the 3437A makes it more suited for high quality inputs
with minimum noise and common mode signals.

Resistance measurements can be made with either an easy-to-con-
nect 2-wire technique or the more accurate 4-wire method. Multi-
plexed high resistance measurements up to 15 megohms can be made
with the full accuracy of the 3455A.

The system can assume an active role in application processes by
performing control, alarm, and multiple switching functions with the
relay actuator cards in the 3495A. Each of these cards provides ten
double-pole single-throw contact closures for connection to external
devices.

The 98035A Real Time Clock standard with the 3052A has an ac-
curacy of 30 ppm (.003%) and provides the following capability:

® Real time information - calendar and time of day

e Interrupts at a specified time, after a time delay and at periodic

intervals

e Counters incremented every millisecond to time events

e Anintegral NI CAD battery that allows the clock to maintain the

real time for up to two months when it is not in use

® An optional external trigger cable which can be used to output

pulses to external devices

Power and Performance in Desktop Computers

Offering four system controllers provide you with choices of lan-
guages, displays, memory options and printouts (see the chart below).
These choices provide the flexibility, simplicity and ease for resolving
simple or complex applications. All four system controllers offer easy
interaction to greatly simplify your tasks of writing and editing pro-
grams. And during system programming or operation, interaction
with the operator is greatly enhanced with the immediate feedback
from the controllers. When the system is on line, you will notice the
efficiency and effectiveness which each calculator provides in control-
ling instruments, performing data manipulation, controlling input/
output operations and storing data. This is possible because of the
Hewlett-Packard Interface Bus (HP-1B).

The HP-1B (Hewlett-Packard's implementation of IEEE Std. 488-
1975 and ANSI Standard MC1.1) not only allows simple interfacing
with the system voltmeters and scanner, but other HP-1B compatible
instrumentation may easily be added to the system for stimulus-re-
sponse testing applications. Plus a large variety of system controller
peripherals are readily available as your requirements change. Pro-
ducing finished test reports, completely documenting problem solu-
tions or other desired system outputs are handled by such devices as
HP's plotters, printers, or floppy disks.



System Software

Usually application software is expensive and time consuming to
develop. Programming the 3052A, however, is greatly simplified.
When using the supplied software, you can have the system fully
operational in a short time. The easy-to-use programming languages
of the controllers, the supplied and well-documented instrument con-
trol routines, and the data analysis programs allow you to convenient-
ly and rapidly develop your own software. Examples of the data
analysis routines would be transient analysis, harmonic distortion and
thermocouple linearization.

The various subroutine packages are arranged in order by the user

898258

to suit his particular application. An “auto-loader” routine configures
the subroutines automatically into a single program and stores the
program on tape for use at any time. Thus, the major emphasis of the
software is 1o enable fast system start-up and easy operation.

The 3052A System is fully integrated, tested, verified and specified
as a system with complete software and documentation supplied.
Onee you receive this system, you will note that installation and ver-
ification, as well as detailed operating instructions and application
programs, are explained in step-by-step instructions.

For more information, contact your local HP Field Engineer or
nearest HP Sales Office.

08358

Option 400 9835A Option 600 -
Option 500 9845T
Option 80O
Standard System Controller Options
(Standard Features With Each Controller)
FEATURE 98258 9835A 9835B 9845T
Language HPL BASIC BASIC BASIC
Display 32 Character CRT w/Printing 32 Character CRT w/Printing
Alpha-Numeric and Alpha-Numeric and
Character Plotting Full Graphics
Printout 16 Character Thermal 16 Character Thermal 16 Character Thermal 80 Character
Strip Printer Strip Printer Strip Printer Thermal Line Printer
Memory (Std.)* 23K 49K 56K 62K, 187K
Additional Contact local HP 115K 122K Contact local HP
Memory Field Engineer 180K 187K Field Engineer
Options 246K 253K 318K, 449K
Standard ROMS 98210A String-Advanced 98332A 1/0 98332A 1/0 98411A Graphies
Programming 98412A 1/0
98216A 9872A Plotter-General
1/O - Extended 1/O )
Tape Cartridge 250K bytes 217K bytes 217K bytes 217K bytes**
Storage
*Memory given as user read write memory in 8-bit bytes. **9845T has dual tape idge drives, total ge on lape Is 434K bytes.
Scanner and Mainframe Price 600 : 9835B System Controller with 65K total bytes $9,950
102: Ten Channel Low Thermal Assembly $625 RWM (56K bytes user RWM); 98332A 1/0 ROM, 16
104: Twenty Channel Low Thermal Assembly $700 Character ASCII Thermal Printer; 32 Character LED $9.950
106: Nine Channel Reference Assembly with Thermo- $700 Display
couple Compensation 800: 9845T System Controller with 187K total RWM; $23,250
108: Nineteen Channel Reference Assembly with $800 CRT; Graphics Package, 2nd Tape Cartridge Drive,
Thermocouple Compensation 98412A 1/O ROM
110: Ten Channel Relay Actuator Assembly $400 910: Extra set of Standard System Documentation $350
120: Additional 3495A Scanner with High Speed Con- 51,710 (Daoes not include special option documentation)
trol Board and 10631A HP-IB Cable Ordaﬂng Information
System Controllers (Select one system controller from option blocks 400,
400: 9825S System Controller with 24K bytes total $7.700 500, 600, or 800. Select scanner relay assemblies and
RWM (23K bytes user RWM) 98210A String-Ad- additional 3495A Scanner Mainframes from options
vanced Programming ROM; 98216A 9872A Plotter- 102 through 120; each scanner mainframe requires at
General 1/O-Extended 1/0 ROM least one relay assembly and will hold up to four assem-
500: 9835A System Controller with 65K total bytes ~ §11,150  blies.) Contact local H-P ficld engineer. e
rom

RWM (49K bytes user RWM); CRT, 98332A 1/O
ROM,16 Character ASCII Thermal Printer

3052A Automatic Data Acquisition System
$10,700

7
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Multiplexer Scanner
Model 3495A

® Low level switching
® Multichannel closure

® Switched guard
® Relay actuation

3495A

Description
General

The 3495A Scanner switches analog input signals to an appropriate
measuring device (voltmeter). It can also control external devices
with relay actuator closures. Ideal for many data logging and data
acquisition applications, the scanner can be used for sequential or
random scanning. Any Hewlett-Packard Interface Bus (HP-1B) com-
patible controller can be used to operate the Scanner. Any combina-
tion of four relay assemblies (discussed below) can be used per
scanner mainframe. More than four assemblies requires additional
scanner mainframes.

Five optional relay assemblies are available with the scanner, four
low thermal assemblies and one actuator assembly.

OPTION 001

Low thermal relay assemblies

Applications: low level dc measurements; de volts and resistance
scanning.

Transducer sensing: thermocouples, thermistors, strain gauges, pH
meters.
1. Ten Channel Low Thermal Relay Assembly (Opt. 001): This
assembly provides ten 3-wire input channels for switching voltages up

4=z

to 230V peak. A separate guard relay for each channel minimizes the
effects of common mode voltage on low level measurements. A break-
before-make feature ensures that only one channel at a time is closed,
which prevents connecting two inputs simultaneously.
Maximum contact ratings: Voltage: 200V peak; Current: 200 mA
(non-inductive); Maximum input voltage: 230V peak: Thermal Off-
set: <<2uV differential EMF; Isolation: > 10'""; Switching Time:
10 ms max.

OPTION 004

2. Twenty Channel Low Thermal Relay Assembly (Opt. 004):
Designed for switching voltages below 42V peak, this assembly con-
tains twenty 3-pole input channels. Very low thermal offset voltages
are maintained in the assembly for low level switching. When used in
conjunction with the High Speed Controller Board (Opt. 100) and
the 3437A System Voltmeter, switching speeds of up to 1000 chan-
nels/s with 100xV resolution can be obtained.
Maximum contact ratings: Voltage: 42V peak; Current: 40mA
(non-inductive); Maximum input voltage: 42V peak; Thermal Off-
set: <1 pV differential EMF; Isolation: > 107; Switching Time: |
ms max.



Option 003

3. Nine Channel Reference Assembly with Thermocouple Com-
pensation (Opt. 003): an isothermal block, which replaces the stan-
dard terminal connector, acts as a reference junction for up to nine
thermocouples. The remaining channel measures the temperature of
the reference junction with a built-in thermistor. This temperature
information is used for automatic reference junction compensation.
When used in conjunction with Option 100 and the 3437A SVM,
switching speeds of up to 1000 channels/s with 100 xV resolution can
be achieved.
Maximum contact ratings: Voltage: 42V peak; Current: 200mA
(non-inductive); Maximum input voltage: 42V peak; Thermal off-
set: <2uV differential EMF; Isolation: > 10°Q; Switching Time: 10
ms max,

Option 005

4. Ninetesn Channel Referance Assembly with Thermocouple

Compensation (Opt. 005); similar in operation to Option 003 ex-

cept there are nineteen low thermal channels instead of nine channels.
Maximum contact ratings: Voltage: 42V peak; Current: 40 mA
(non-inductive): Maximum input voltage: 42V peak; Thermal offset
<IuV differential EMF; Isolation: > 10'Q; Switching time: 10 ms
max.

Option 002

Relay Actuator Assembly
Applications: process control, actuate visual or audio indicators,
control high current relays, up to 8 X 10 Matrix switching.

Ten Channel Relay Actuator Assembly: This relay actuator assem-
bly provides ten independently programmable 2-wire closures for
controlling high current relays, distributing low current dc or ac vol-
tages, or external control function. Each two-pole relay can switch
currents up to 2 A rms. Any combination of channels on this assembly
may be closed or opened simultaneously.

Maximum contact ratings: voltage: 100V rms; Current: 2 A rms;
Maximum input voltage: 230V peak; Thermal offset: < 30 uV differ-
ential EMF; Switching time: 40 ms max. (Caution: For use in cir-

Option 100

cuits fused at 2 amperes or less and less than 200 VA).

High Speed Control Board (Opt. 100): Replacing the standard
control board with the High Speed Control Board adds high speed
capability to the 3495A Scanner, When Opt. 004 or Opt. 005 low
thermal assemblies are used in conjunction with an external trigger-
ing device, such as a 3437A System Voltmeter, speeds of up to 1000
channels/s with 100 'V resolution can be obtained. The High Speed
Control Board is compatible with other relay assemblies, but no speed
improvements are achieved.

General
Operating temperature: 0°C to +55°C
Humidity range: 95% R.H., 0°C to +40°C
Power: 100/120/220/240 +5%, —=10%

48 to 66 Hz line operation, <100VA
Size: 190.5 mm H x 428.6 mm W x 520.7 mm D (72" x 16%" x
20%").
Weight: Depends on options. Net: 18 kg (39.6 Ibs.) maximum with
four relay assemblies. Shipping: 22 kg (48.4 1bs,) maximum.
Options, accessories and field installation kits
Order one or more optional relay assemblies to obtain desired number
of channels. Up to a tolal of four assemblies may be used in any com-
bination in each scanner mainframe.

Option Price

001: Ten Channel Low Thermal Relay Assembly +85625

002: Ten Channel Relay Actuator Assembly +8425

003: Nine Channel Reference Assembly With Ther- +5700

mocouple Compensation

004: Twenty Channel Low Thermal Relay Assembly +5700

005: Nineteen Channel Reference Assembly With +3$800

Thermocouple Compensation

100: High Speed Control Board +5250

Field installation kits

44401A Ten Channel Low Thermal Relay Assembly +5625

44402A Ten Channel Relay Actuator Assembly +5425

44403A Nine Channel Reference Assembly With +5700

Thermacouple Compensation

44404A Twenty Channel Low Thermal Relay Assem- +$700

bly

44405A Nineteen Channel Reference Assembly With +8800

Thermocouple Compensation

44413A High Speed Control Board +5350

In addition, options 001 or 004 can be field modified to

include thermocouple compensation by ordering the ap-

propriate terminal connectors.

Additional terminal connectors for:

gcnOChanncl Low Thermal Relay Assembly 03495- +§ 65
4101

Ten Channel Relay Actuator Assembly 03495-64104 +§ 95

Nine Channel Thermocouple Reference Assembly +$165

03495-64103

Twenty Channel Low Thermal Relay Assembly +% 95

03495A-64114

Nineteen Channel Thermocouple Reference Assembly +5195

03495-64115

3495A Scanner $1400
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COMPONENT MEASUREMENT

General information
C,RL,D, Q2 0andIC's

Instrument

1
kHz MHz GHz 10° 100 100 j0-? 100 10-®

102

Cin farads, L in henries or R in ohms

10° 10

Basic Accuracy
01% 1% 10%

Page

Universal Bridge
42604

C

1
L

1w

85

Digital LCR Meter
4261A

2

107

Digital LCR Meter
42624

(e

Universal Bri
42658 -

(%]

sl B

10¢

85

1 MHz LCR Meter
42718

)

1 MHz Preset C Meter
42728

91

1 kHz Preset C Meter
4273A

Multi-frequency
LCR Meter
42740

107

[

& e s §

92

Multi-frequency
LCR Meter
42754

10

107
TR

N O N

Digtal Figh
Capacitance Meter
42824

Milliohm Meter
43287

High Resistance
Meter
43204

10%

LCR Meter
43324

(%)

10°

82

Q Meter
43424

O

97

RF impedance Analyzer
41814

102

)

10°

pA Meter /DC Voltage
Source
A140A%

(=)
L]

of

Vector /7 /Meter
4800A

102

RF Vector /7 /Meter
48158

102

Digital IC Tester
50454

Functional and DC Parameter measurements on TTL, CMOS, ECL, HTL, and DTL logic families.

100-103

*lim amperes, V in volts; (V is test voltage).




Impedance |Z|,®, C,R,L,D&Q

Hewlett Packard’s family of component
measurement instruments covers the imped-
ance range from less than one milliohm to
greater than 10" ohms. Instruments range
from the traditional manual null measure-
ment technique to the completely automatic,
microprocessor controlled, systems oriented
Lype.

The basic characteristics of each instru-
ment are summarized in the selection guide
on the preceding page. This guide is conve-
nient for selecting the most suitable instru-
ment for a particular application or for
considering trade-offs of key characteristics.

Impedance Considerations

Impedance measuring instruments can be
categorized, according to the technique used,
into the bridge, voltage/current and Q meth-
ods. In the bridge technique, circuit condi-
tioning required to achieve a balance or null
condition is detected and processed to indi-
cate the measured value. The voltage/cur-
rent method essentially uses Ohm's Law in
that a constant voltage or current is applied
to the unknown and the converse current or
voltage is indicative of the unknown value.
The Q method utilizes unique characteristics
of the series resonant circuit to determine Q,
and indirectly L, C and R.

Traditionally, the bridge has been the most
accurate measurement technique. It required
operator skill to manually null the bridge and
determine the value of the unknown. Today’s
technology yiclds automatic, digital readout
bridges with accuracy exceeding the less so-
phisticated manual bridges.

The manual HP 4265B Universal Bridge is
a traditional laboratory oriented bridge with
excellent accuracy at low cost.

The semi-automatic HP 4260A Universal
Bridge required only one adjustment without
a tedious balancing operation, yielding speed
and convenience at nominal cost.

Several fully automatic digital bridges are
available from Hewlett-Packard, each with
special features. The HP 4271B | MHz LCR
Meter uses a state-of-the-art four terminal
pair arrangement to eliminate the mutual in-
ductance of the test leads—a principle con-
sideration at | MHz. The HP 4272A | MHz
Preset C Meter has an internal comparator
for automatic sorting. The HP 4282A Digital
High Capacitance Meter uses the automatic
bridge technique to measure C values in ex-
cess of 1 Farad.

In the past, the voltage/current technique
utilized analog meter readouts for speed and
convenience, but offered less accuracy than
the bridge method. With recent advances in
technology, this is no longer the case. The
new fully automatic digital instruments us-
ing the voltage/current method offer accura-
cy exceeding all but the most sophisticated
manual bridges.

The first of these instruments introduced
by Hewlett-Packard was the 426 1A. It offers
fully automatic L, C, R and D measurements
at two test frequencies with excellent ac-
curacy. The HP 4262A is the first of a new
generation of microprocessor-based instru-
ments, featuring three test frequencies and
automatic self-test capability.

New Generation Component
Measurements

Many of these measurements have been ei-
ther not practical, very difficult, or very cost-
ly to make with earlier instruments that were
designed to make measurements only under
relatively limited test conditions. However,
Hewlett-Packard now offers a new genera-
tion of instruments to change the measuring
concept of evaluating electronic components,
devices and circuits—that is, “testing and
evaluating under actual working conditions.”

The addition of the HP 4274A and 4275A
will allow the user to test components under
actual operating conditions, Both instru-
ments feature variable test signal levels, ten
spot frequencies, self test capability, digital
offset to compensate for test leads and fix-
tures, and vector/phase angle measurements.

One of the newest additions is the HP
4191A Impedance Analyzer covering the
UHF/VHF and video band frequency range.
The 4191A is the first instrument that per-
mits reliable measurements for all imped-
ance parameters (| Z|,| Y|, 8, R, X, G, B, L
C, D, and Q), reflection cocfﬁ(:lem{]l‘]
I'x, and T'y) and their deviations (A or A%]
This is accomplished over a wide frequency
range (from | MHz through 1,000 MHz)
with high frequency resolution (100 Hz op-
tional) and with frequency and dc bias
sweep.

Semiconductor Measurements

The 4140A pA Meter/DC Voltage Source
is the latest addition to the new generation of
component measuring instruments for doing
basic DC characteristics measurements such
as leakage current, current-voltage charac-
teristics, quasi-static C-V measurements and
those others especially required by the semi-
conductor industry for new device develop-
ment and for improvement of production
yields.

The 4140A is also usable for making mea-
surements on electric components and equip-
ment such as for measuring leakage current
or insulation resistance to improve product
reliability.

Generally, in low current measurements,
there have been many problems—noise,
drift, measuring speed and accuracy which
have been preventing reliable results.

The 4140A consists of a very stable pi-
coampere meter with a synchronized, dual

programmable DC voltage supply—V, and
Vg (V, includes staircase capability and
ramp voltage generation). The instrument is
designed to solve the measurement problems
described above and specifically to facilitate
making them more easily.

Integration into HP-IB System

Adding the HP-1B option to a component
measuring instrument enables the instru-
ment to be incorporated into an HP-IB sys-
tem. This permits high speed measurement
of many components along with arithmetic
processing of the data and allows a remark-
able efficiency increase to be realized in the
production line testing of discrete compo-
nents, in quality assurance tests, or in labora-
tory evaluations.

Figure 1 is the block diagram of a semicon-
ductor device characteristic measurement
system using the 4275A Opt. 101. This cal-
culator controlled system graphically shows
the relationships between either bias voltage
(measured with digital multimeter) and ca-
pacitance (measured with the 4275A), or be-
tween impurity concentration and depletion
layer width, on a graphic plotter. Bias is
automatically applied to the device and its
capacitance is measured as directed by the
calculator.

Summary

To assist in the selection of an impedance
meter suitable for your needs, the following
guidelines may be used:

(1) Choose an instrument which measures
the device under test (DUT) under the
identical conditions (frequency, signal
level, bias, . ..) as its intended use.

(2) Consider the environmental parameters
(lead resistance and inductance, stray
capacitance, temperature variations,

..) that will affect your measurement
and choose a measurement technique
that will tend to counteract them.

(3) Then select the instrument with the
broadest measurement capability
within accuracy and cosl constraints.

Hewlett-Packard’s impedance measuring
instruments have been used in numerous di-
verse applications. If you have an unusual ap-
plication or need assistance, contact your
nearest Hewlett-Packard sales office for
information.

{ HP-IB
HP 98725 | sso3sa | — HP 34554 HP 59301A
GRAPHIC 9825A OFT. 101 DIGITAL PARALLEL
PLOTTER CALCULATOR i MULTIMETER CONVERTER
A
y
BicITAL
UNKNOWN
(PROBER) [ NOLHEE:
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COMPONENT MEASUREMENT
LCR Meter
Model 4332A

Touch and read operation
Wide range

Low test voltage
Guarded measurement

Il HewierT - packarn () 43328 Lo wETER
FUNCTION : RANGE

o : iy
L& TERG ..E m:_\

UNKNOWN
GUARD 5 MIGH LoOwW

&8s e
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4332A

-

16019A

Description

Hewlett-Packard’s Model 4332A LCR Meter measures induc-
tance, capacitance, and resistance with speed and accuracy. The in-
strument provides direct-readings of L, C, and R with linear meter
scales. The 4332A is extremely useful for measurements of both lin-
ear and non-linear components such as semiconductor capacitor val-
ues and inductance of coils with ferrite core.

Specifications

Inductance Measurement
Measurement equivalent circuit: series.
Range: 3 uH to | H full scale, 12 ranges.
Measuring frequency:
3 uH to 1000 uH ranges: 100 kHz +5%.
3 mH to 1000 mH ranges: | kHz +5%.
Voltage across sample: <1.5 mV rms.
Accuracy (at 25°C): +[1% reading +(1.5 +3/Q)% of full scale +
0.03 uH].

Capacitance Measurement
Measurement equivalent circuit: parallel,
Range: 3 pF to | uF full scale, 12 ranges.
Measuring frequency:
3 pF to 1000 pF ranges: 100 kHz +5%.
3 nF to 1000 nF ranges: | kHz +5%.
Voltage across sample: approximately 70 mV rms.
Accuracy (at 25°C): + [1% reading + (1.5 + 3/Q)% of full scale +
0.03 pF].

Resistance Measurement
Range: 30 to 1 MQ full scale, 12 ranges.
Measuring frequency: 1 kHz +5%.
Voltage across sample: <l m V rms.
Accuracy (at 25°C)
31 to 30 k ranges: +(0.5% reading +2% full scale +0.03).
100 kfl to 1000 kl ranges: =+ (1% reading + 2% full scale).
Analog outputs: 1.0 V dc full scale, independent of range in use.
Also 1.0 V or 0.3 V dc full scale, corresponding to the range in use.
Output impedance: approximately 5009.
Accuracy: better than meter reading accuracy by 0.5% full scale.
Overrange: 110% of full scale.

General

Response time: typically 0.25 s for analog outputs. Typically 1.0 s
for meter.

Operating temperature: 0°C to 50°C.

Temperature coefficient: +0.05% of full scale/°C (0°C to 50°C).
DC bias: 100 V dc maximum can be applied from external source.
Power: 115 V/230 V +10%, 48 Hz to 66 Hz, 8VA.

Size: 130 mm Hx 155 mm W x 279 mm D (5" x 6 %," x 11”).
Weight: net, 3.5 kg (71b 11 oz).

Accessories furnished: 16138A Test Leads, Power Cord 8120-

1348.

Accessories available: 16019A Test Fixture

4332A LCR Meter $1595
Opt 910: exira manual $9.00



e 20 ufl resolution on 1 mfl range
® Four terminal measurement
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4328 (with 16005A Probes included)

16006A Probe (2 each included)

16007A/B Test leads (1 each included)

COMPONENT MEASUREMENT

Milliohmmeter
Model 4328A

Description

HP's 4328A Milliohmmeter is a portable instrument for measure-
ment of low resistances. It uses a Kelvin Bridge method to obtain its
high sensitivity but has incorporated both the current and voltage
drives into one probe, so that only two probes are needed in actual
measurement.

The range of the 4328A extends from one milliohm to 100 ohms full
scale. Maximum sensitivity is 20 micro-ohms, making it ideal for
measuring contact resistance of switches, relays, and connectors.

A unique phase discriminator in the meter circuit permits accurate
resistive measurements on samples with a series reactance up to twice
full scale resistance.

The milliohmmeter is internally driven by a one kilohertz signal.
With an ac drive signal, dc bias up to 150 volts can be superimposed
without affecting accuracy of measurement. Hence, HP’s 4328A can
make dynamic resistance measurements on forward-biased diodes.

Maximum voltage across any sample with proper range selection is
less than 200 microvolts peak. In case of incorrect range setting, a
maximum voltage of 20 millivolts peak will never be exceeded, so that
explosive devices such as fuses and squibs can be safely checked.

The basic 4328A is line operated. With Opt 001, it can be operated
from four rechargeable batteries for 15 continuous hours. A recorder
output provides an output proportional to meter deflection.

Specifications

Range: 0.001 to 100 ohms full scale in & 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 xV peak at full scale.

Maximum voltage across sample: 20 mV peak in any case.
Superimposed dc: 150 V de maximum may be superimposed on
samples from an external source.

Recorder output: 0.1 V dc output at full scale meter deflection, out-
put resistance approx. 1kl

Maximum Dissipation
Range Applied Current In Samples
(ohms) (mA) (W)
0,001 150 23
0.003 50 8
0.01 15 23
0.03 5 08
. 0.1 15 0.23
03 0.5 0.08
1 0.15 0.023
3 0.05 0.008
10 0015 0.0023
30 0.005 0.0008
100 0.0015 0.00023

General

Power requirements: 115/230 V switch selectable + 10%, 50 to 60
Hz, 1.5 VA.

Weight: 3.2 kg (7 Ib).

Size: 155 mmH x 130 mm W x 279 mm D (6%," x 54" x 11").
Accessories furnished: Model 16005A Probe, 16006A Probe and
16007A /B Test Leads. 16143A Probe Cable. Detachable Power
Cord.

Ordering Information Price
4328A Millichmmeter $1405
Opt 001:Rechargeable battery operation $90

Opt 910: extra manual $12.50
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COMPONENT MEASUREMENT

High Resistance Meter
Model 4329A

* Wide range: 500 kil to 2 x 10"}

mnmm-mn"_e 3194 wios RERISTANCE METEN
8 e
B a8

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 like capacitors, transformers, switches and cables. Seven ful-
ly regulated dc test voltages (between 10 and 1000 V) are provided as
test sources.

Selected scales are identified by illuminated indicators on the meter
face. Selected resistance or current multiplying factors are also illu-
minated for rapid, error-free measurement. Three resistance scales
and one current scale are provided, The HP 4329A is instantly con-
vertible from ungrounded-to-grounded-sample operation via a simple
relocation of the front panel ground strap from “guard” to *+" posi-
tion. The instrument cabinet itself is always at ground potential. Test
voltage shorts or sample breakdown currents will not damage instru-
ment circuitry.

The HP 4329A also has a current measurement capability. Minute
currents as low as 0.05 pA can be readily measured. The standard
instrument package includes HP 16117A Low Noise Test Leads:
these are used in most types of measurement.

4329A Specifications

Resistance Measurement

Range: 500 k2 to 2 x 10"Q.

Accuracy: total accuracy is determined by test voltage and range
used. At low resistance end of each scale, accuracy is +3%, near cen-
ter scale = 5%, and near the specified upper limit on the meter scale
(see table below), accuracy is £ 10%. Accuracy is not specified above

® Selectable test voltages: 10 V to 1000 V

Current Measurement

Range: 5x 10~ to 2 x 10~* A in B ranges.

Meter scale: 0 to 20 in 40 linear divisions.

Input resistance: 10* to 10"Q + 1%, depending on range.
Accuracy: + 5% 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;
1kQ output resistance.

Power: 115/230 V +10%, 50-60 Hz, approximately 3 VA.

Size: 166 mm H, 198 mm W, 224 mm D (6'," x 7%/4," x 8%,").
Weight: 3.5 kg (7.7 Ib).

Accessory furnished: HP 16117A Low Noise Test Leads.
Accessory avallable: Model 16008A Resistivity Cell,

16008A Description

The HP 16008A . can safely, rapidly and conveniently measure the
volume and surface resistivity of sheet insulation materials. Conver-
sion from volume to surface resistivity measurement requires oper-
ation of one switch only; no lead interchange or disconnection is
necessary. Designed for use with the HP 4329A Resistance Meter
(other voltage supplies and picoammeters may be used), the complete
system allows direct measurement of volume resistivity up to approxi-
mately 4 x 10" ¢-m (on samples 0.1 em thick)—and surface resistiv-
ity up to approximately 4 x 10”1, Test voltages up to 1000 V may be
used.

16008A Specifications

Inner electrode: 50 mm diam.

Guard electrode: 70 mm diam.

Auxiliary electrode: 100 mm x 120 mm.

Maximum sample size: 125 mm x 125 mm x 7 mm.
Maximum test voltage: 1000 V dc.

Size: 499 mm H, 198 mm W, 152 mm D (2" x 7'%," x 6'4").
Weight: 1.8 kg (4 1b).

Ordering Information Price
16008A Resistivity cell $660

these limits. On all voltage ranges, if multiplier is set to Rmax., an 4329A High resistance meter $1910

additional = 3% is included. Opt 910: extra manual add $12.50
Test voltage 10V 23V 50V 100V 250V 500V 1000 V
Available resistance 5x 100 1.25%10°Q 25x10¢0 5x 100 1.25x 1070 25x1070 5x100Q
readings fo2x 1040 to5x 100 to1x10%1 to2x 1040 to Hx105Q tolx10%Q to 2x 10%Q
Meter scale Sto 20 J125t05 2510 10 51020 125105 25t0 10 S5t 20
Upper limit 5 1.25 2.5 5 1.25 2.5 5

*Accuracy of lest voltage is < +3%



42680A
4260A Description

Measurements of C, R, L, D and Q are easily made with Hewlett-
Packard's Model 4260A Universal Semi-Automatic Impedance
Bridge.

Nulling is easily accomplished with a unique auto-balance circuit.
Illuminated pointers (<<CRL>) automatically indicate whether a
null is up- or down-scale. Both range and CRL controls can be set
watching these pointers.

Components may be biased by connecting a battery to rear termi-
nals. An external oscillator and detector can be used for measure-
ments in the 20 Hz-20 kHz range.

COMPONENT MEASUREMENT

Universal Bridge
Models 4260A, 42658

[ Bl

42658

4265B Description

Hewlett-Packard’s Model 4265B Universal Bridge provides an eco-
nomical way to make precision measurements of L, C, or R and D or
Q. Components can be measured in ranges of 0.1 uH to 1111 H in
inductance, 0.1 pFto 1111 uF in capacitanceand 0.1 mfito 1.111 MQ
in resistance with a basic measurement accuracy of 0.2% of reading
for L, C, and R.

Measurement frequency range is 50 Hz to 10 kHz with an external
oscillator, and 1 kHz with internal oscillator.

Specifications
Model 4260A 42658
C | 1000 pF to 1000 uF, 7 ranges 1000.0 pF to 1000.0 uF, 7 ranges
F:'fr;:" L | 1000 uH to 1000 H, 7 ranges 1000.0 4# to 10000 H, 7 ranges
R | 100to 10 MQ, 7 ranges 1000.0 m to 1.0000 MQ, 7 ranges
Range c 1 pFtalnF 1 nF to 100 uF 100 uf to 1000 uF all ranges except — 1000.0 uF range only
L 1 uH to 1 mH 1 mH to 100 H 100 H to 1000 H all ranges except — 1000.0 4H range only
R 10mto 100 100to 1 M2 1 M to 10 MO all ranges except — 1000.0 mf2 range only
:%l:::em : +(2% + 1 digh) +(1% + 1 dgh) +(2% + 1 digh) *:%i?g;f:ﬁ:g 1:%;'?,:2‘;":‘;33
Nois LOW D (series C) HIGH D (parallel C) series C paralle! C
0 0.001 to 0.12 0.05t0 20 0.001 to 1 0.1 to 1000
Aosseacy 2 2 % +(10 D of reading + 4)% 1[5?&, of reading + +(5% ql rdg + 2 mingr
/D of reading ~{10y/D of reading + 2)% 2 minor divisions) divisions) for 1 /D
R LOW Q (series L) HIGH @ (parallel L) series L parallel L
0.0510 20 8 to 1000 0.001 to 10 1 to 1000
¢ Kokt +(10,’Qﬂfﬂl+ 4)% +2\ /G ol veading % +(5% of reading + (5% of rdg + 2 minor
-(10/y/Q of reading + 2)% 2 minor divisions) divisions) for 1 /Q
Oscillator internal: 1 kHz =2%, 100 mV rms + 20% internal: 1 kHz =15 Hz, <0.4 V rms
external: 20 Hz to 20 kHz, <2V rms. extarnal: 50 Hz to 10 kHz or de for R-measurement; <4 V rms
DC bias Voltage <6 V, current <10 mA Voltage <250 V, current =10 mA

General (4260A)

Power: 115 or 230 volts =+ 10%, 50-60 Hz, approx. 7 VA,

Size: 166 mm H x 198 mm W x 279 mm D (6'%," x 7%," x 11”).
Weight: Net, 5 kg (11 Ib). Shipping, 6.8 kg (15 Ib).

Options Price
Opt 910: Extra Manual add $9
4260A Universal Bridge $1560

General (4265B)

Power: 100/120/200/240 V +10%:; 48 to 440 Hz, 5 VA.

Size: 376 mm H x 393 mm W x 115 mm D (14'%," x 15"," x 4'%.").
Weight: Net, 5.5 kg (12.1 [b). Shipping, 7.1 kg (15.7 Ib).

Ordering Information Price
16029A Test Fixture 5140
Opt 910: Extra Manual add §9
4265B Universal Bridge $1505
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COMPONENT MEASUREMENT

Digital LCR Meter
Model 426 1A

Fully automatic—autoranging

Wide rangeC = 0.1 pFto 19 mF, L = 0.1 zH to 1900 H,
R = 1milto 19 MQ}

Low cost with high performance

Versatile accessories/options

High reliability

. -
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Description

The Model 4261A Digital LCR Meter is a new, fully automatic
instrument that satisfies many of today's user requirements in the
LCR measurement field.

The 4261A features high speed, accurate measurements. The de-
vices under test need only be connected and the function L, C, or R
selected. The instrument automatically displays the desired param-
eter. Tedious balancing operations typically used in conventional
manual bridges are completely eliminated. Measurement circuit
mode (series or parallel) is also automatically selected.

Complementing its wide LCR measurement range, HP's 4261A
has other features such as high accuracy (basically 0.2% of reading),
high speed measurement (typically 4 per second), 120 Hz or 1 kHz
measurement frequencies, | V or 50 mV test signal levels, internal
bias sources and parallel or series equivalent circuit modes.

Measurements are taken using the five-terminal method, which
easily converts to four, three or two terminals to meet most LCR mea-
surement applications. For example, the four-terminal input could be

used to measure the capacitance of an electrolytic capacitor, the in-
ductance of transformer or the internal resistance of a dry cell. The
three-terminal input is appropriate for semiconductor junction ca-
pacitance or cable capacitance measurements. To fit these needs,
three kinds of optional test leads and fixtures are available. The
4261A can easily measure parameters of pulse transformers, filter
coils and electrolytes in addition to ordinary LCR components.

Expanded use features of this highly reliable instrument include op-
tionally available digital output and remote control which enable a
wide range of applications from the research laboratory to the pro-
duction line.

Specifications

Parameter measured: C-D (Capacitance & Dissipation Factor),
L-D (Inductance & Dissipation Factor), and R (Resistance).
Display: 3! digits, max. display 1900.

Circuit mode: Auto, Parallel and Series.

Measuring circuit: 5-terminal method.

Range mode: Auto or Range Hold.

Measurement frequencies: 120 Hz +3% and 1 kHz +3%.
Trigger: Internal, Manual or External.

Measurement ranges, measurement accuracies & test signal
levels: see tables on next page for C-D, L-D, and R measurements.
Accuracy applies over a temperature range of 23°C +£5°C (at0°Cto
55°C, error doubles).

DC Bias

Internal source: 1.5V, 2.2 V, 6 V (selectable on front panel).
Accuracy: =+ 5%.

External source: provision for external DC bias voltage of +30 V
maximum at binding posts on rear panel.

General
Measuring time: typical for approx. 1000 counts on fixed range for
low loss measurements. Specific data follows:

1 kHz: C/L 220-260 ms, R 120-160 ms.

120 Hz: C/L 900 ms, R 700 ms.
When auto range is selected, a range selection time of 180 ms at |
kHz and a range step time 670 ms at 120 Hz is added to the above
typical times.
Reading rate: internal trigger—approx. 30 ms between end of mea-
surement and start of next cycle; External trigger—measurement cy-
cle is initiated by remote trigger input.
Data format: + 1-2-4-8 BCD, TTL logic level, “1” (high level).
Operating temperature: 0°C to 55°C.
Humidity: to 95% RH at 40°C.
Voltage requirements: 100/120/220/240 V £10%, 48 to 66 Hz.
Power consumption: =25 VA with any option.
Altitude: 15,240 m (50,000 ft.).
Size: 1326 Hx 213 W x 422 mm D (5%" x B%" x 16%").
Weight: approx. 7.5 kg (16.5 Ib).

R Measurement

RANGE 121u :::zor 1000 mi 10000 100,00 10002 10001 100.0 ki 1000 kd 10.00 M2

et I 1V |
Signal [ 70ma 10mA 1 mA 100 A 0w |

m 1 AUTO I Sameas /D00 v Mode ] r Sameas -k Mode ‘
R =t 0.3% + 2 counts |
Accuracy oo | | 0.2% + 2 counts ]

.y AT [ Same a3 o TTT - Mode 1 Sameas i Mode ]

1. Typical data, variea with number of counts.

2. +(% of reading + counts),




C-D Measurement

120 Hz 1000 pF 10.00 nf 100.0 nF 1000 nf 10.00 4F 100.0 4F 1000 uF 10.00 mF
RANGE ¢ 1kHz 100.0 pF 1000 pF 10.00 nF 100.0 nF 1000 nF 10.00 .F 100.0 »F 1000 xF
] 0.001 to 1.900, common to all C ranges.
o e |l TVor 50mV ]
T::':"“"" STy | 10 4 100 A 1 mA 10 mA 0mA |
AUTO [ Same as " Mode || Sameas oW  Mode |
[ 0.2% + 1 count + 0.2 pF | (Testsignal level; 1 V)
¢ o | 0ot ] l l
Acturacy 3 counts 0.3% + 2 counts (Test signal level; 50 mV)
Note 2
| ‘ 05% + ! | 14
o =W I 0.3% + 2 counts 2 counts 2 counts
AUTO [ Same as T Mode ][ Sameas o —w<  Mode |
oo [ 0.2% + (2 + 200/Cx) counts | (Test signal level; 1 V)
" . 0.3% + (2 + 1000/CX) counts ] (Test signal level: 50 m¥) o
+(2+
0.3% 4 (2 + Cx/500) counts Cx/500)
Note 2 0 I ] counts
AUTO [ Sameas -l Mode | | Sameas o l—w—o  Mode ]
1. Typical data, varies with value of D and number of counts.
2. +(% ol reading + counts + a). Cx is capacitance readout in counts.
$ (5% + 2 counts) at 1 kHz.
L-D Measurement
120 Hz 1000 uH 10,00 mH 100.0 mH 1000 mH 10.00 H 100.0H 1000 H
RANGE L 1kHz 100.0 aH 1000 4H 10.00 mH 100.0 mH 1000 mH 10.00H 100.0 H
D 0.001 to 1.900, commeon to all L ranges.
e o I v ]
ms?u o TR0 [ 7oma 10 mh TmA 100 A 10 4A |
AUTO | Sameas oo Mode | | Sameas - Mode |
} LM [ 0.3% + 2 counts | 1% + 2 counts |
Note 2 o T AA~o l— 0.2% + 2 counts + 0.2 yH |
AUTO [ Sameas o PRi o Mode | | Same as - Mode |
5 S|l [ 0% +@+L/500comts | [ 1%+@+Le/500) counts |
Note 2 o FIT Ao | 0.2% + (3 + 200/Lx) counts |
AUTO [ Sameas o GO0-vvo  Mode ] Sameas = Wode |
1. Typical data, varies with value of D and number of counts.
2. +{% ol randing + counts + a). Lx |s inductance readoul in counts.
Accessories Available Opt 003: BCD Remote Control (except for DC bias
16061A: Test Fixture (direct coupled type), 5-terminal function)
(li!::-‘lﬁtz iTe;:d Leads with :]:igau:r)clips. 4-terminal Ordering Information Price
m ance measurcments 1
160683A: Test Leads with alligator clips, 3-terminal }gg;: ?:: E::clllsm S;;g
gor high impedance measurements) 16063A Test Leads $70
p“m“_ g;allgble . Opt 001: BCD Output (Simultaneous) add 5185
‘I-'l’P' °)°1- D Output of C/L/R and D (simulta- Opt 002: BCD Output (Alternately) add §160
cots Opt 003: BCD Remot dd $8
Opt 002: BCD Output of C/D, L/D and R (alter- pt 003: BCD Remote Control add $80
nately) 4261A Digital LCR Meter $2330
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COMPONENT MEASUREMENT

Digital LCR Meter
Model 4262A

® Automatic balancing, ranging & circuit mode selection
® Test frequencies of 120 (100) Hz, 1 kHz and 10 kHz

) M .

® HP-IB, BCD and Comparator options available
® Microprocessor control features self test and deviation
measurement capabilities

The HP 4262A is a 3' digit microprocessor based Digital LCR
Meter that meets today's requirements for component measurements
in the lab, on the production line, and in the QA inspection area. The
4262A features fully automatic operation over a wide range of mea-
surements. Simply select the function and loss parameters, one of
three test frequencies, and insert the device to be measured. The in-
strument does the rest—automatically selecting the proper measure-
ment range and equivalent circuit mode.

In addition to automatic measurements and wide range, the 4262A
features high accuracy (typically 0.2% of reading), 120 (100) Hz, 1
kHz, and 10 kHz measurement frequencies, | V test signal level (1 V
or 50 mV in Cp mode), three internal DC bias levels (plus external)
and series and parallel equivalent circuit modes. The microprocessor
control allows other features such as an automatic self test capability
and deviation measurements. These features make the 4262A capa-
ble of meeting the measurement needs of the diversified electronics

Specifications

industry by measuring such things as the parameters of semiconduc-
tors, pulse transformers, filter coils, electrolytic and film capacitors,
or determining the internal resistance of a dry cell.

The arrangement of the front panel keyboard switches insure maxi-
mum operating convenience and error-free operation. When the in-
strument is turned on, the microprocessor automatically selects
capacilance, dissipation factor, | kHz test signal, autorange, auto cir-
cuit mode selection, internal trigger and normal test voltage mode of
operation. Individually LED lighted keys allow the user to easily de-
termine the selected functions at a glance.

Several options are available for the user that needs systems capa-
bility. A BCD output of LCR and DQ data is available for use with a
printer or calculator. If both data output and remote control are re-
quired, HP-1B compatibility is available. A comparator option (for
both LCR and DQ data) is also available.

Accuracy: All accuracies apply over a temperature range of 23°C £5°C (at 0°C to 55°C, error doubles)

C-D and C-Q Measurement

120 (100) Hz 1000 10.00 nF 100.0 nF 1000 nF 10.00 xF 100.0 uF 1000 uF 10.00 mF
c 1 kHz 100.0 pf 1000 pf 10.00 nF 100.0 nF 1000 nF 10,00 uF 100.0 oF 1000 uF
Range 10 kHz 10.00 pF 100.0 pF 1000 pF 10.00 nF 100.0 nF 1000 nF 10.00 F 100.0 4F
1] D01-19.9 (2 Ranges)
Q *1 1050~1000 (& Ranges)
Jou g B 1V or 50 mV
- v [ i0m T00 3 Tmh | 10mA | &mh
2 AUTO Samess | ' | Mode Same as ~s—~— Mode
0.2% + 1 count (Test signal lavel: 1 V)
s B, 0.5% S
c + 3 Counts 0.3% + 2 counts (Test signal lavel: 50 mV)
Nocysees A 120 (100) Hz. 1 kHz 05% + T%+72
i 0.3% + 2 counts 2 counts counts *4
At 10 kHz 1%+ 5% +
2 pounts 2 counts
AUTO Sameas -{ " |- Mode Same as —+— Mode
0.2% + (2+ 200/Cx) counts AL 120(100) Hz, 1 kHz
(Test signal level: 1V)
1 0.5% + (2 + 200/Cx) counts At 10 kHz
Lo 0.3% + (2 + 1000/ Cx) counts AL 120 (100) Hz, 1 KHz
(Test signal level: 50 mV)
DiL/Q) L.0% + (2 + 1000/Cx) counts At 10 kHz
A 1% + (5+
At 120 (100) Hz, 1 kHz 0.3% + (2 + Cx/500) counts Cx/500)
counts
1% + (5+ 5% + (54
At 10 kHz 0.5% + (2 + Cx/500) counts Cx,/500) Cx/500)
counts counts
AUTO Sameas [ |- Mode | Same as —+—~— Mode
*1. Calculated from D value as & reciprocal number. *3. =+ (% of reading + counts) Cx is cap dout in counts, A in this table apply

2. Typical data, varies with value of D and numbar of counts.

when D <

1.999.

*4. 5% + 2 counts at 1 kHz.



L-D and L-Q Measurement

120 (100) Hz 1000 1H 10.00 mH 100.0 mH 1000 mH 1000 H 1000 H 1000 H
[ 1 kHz 100.0 uH 1000 yH 10.00 mH 100.0 mH 1000 mH 10.00 H 100,0 H
Range 10 kHz 10.00 :H 100.0 uH 1000 uH 10.00 mH 100.0 mH 1000 mH 10.00 H
D .001-19.9 (2 Ranges)
Q | .050-1000 (4 Ranges)
Test Lot v
Signal e 0mA [ 10mA [ im 100 uh 104 |
Level 2 AUTO Sameas =~ Mode Sameas ~{. 1= Mode
At 120 (100) Hz, 1 kHz e 1% + 2 counts
. AL IO KHz % 52 couly T% + Tt
2 counts 2 counts
L Accuracy 0.2% + 2 counts At 120 (100) Hz. 1 kHz
3 St 0.3% + 0.2% + 2 counts M 10 k2
2 counts
AUTO Same a5~ Mode [ Sameas {1~ Mode
At 120 (100) Hz, | kHz 03%+(3+ 1%+(3+
Lx/500) counts Lx/500) counts
b 05% +(3+ 1%+(3+ 5% + (5+
D(1/Q) At 10 kHz Lx/500) counts Lx/500) Lx,/500)
Accuracy counts counts
3 0.2% + (3 +200/Lx) counts At 120 (100) Hz. 1 kHz
0.5% + (3 + 200/Lx) counts AL10 kHz
AUTO Sameas - Mode Sameas ~{.. 1= Mode
*1 Calculated from D value a8 & reciprocal number *3% (% of reading + counta) Lx ia indh In counts. A les in this table apply when D <1.989,
*2 Typical data varios with value of D and number of counts
R/ESR' Measurement
120 (100) Hz
Range 1kHz 1000 ma! 10000 100.00 10000 100.0 kit 1000 kit 10.00 Mo
10 kHz
Test At v
tod R WmA | lomk | Im 100k [
O AUTO Sameas o~ Mode Sameas - - Mode
Accuracy o ] 0.3% + 2 counts *3
e 0.2% + 1 counts |
2 AUTO Sameas oo, Mode | Sameas (. - Mode

*1 Typical data, varies with number of counta
*2 + (% of reading + counta)
*3 x (5% + 2 counts) on 10.00 M range at 10 kHz test frequency.

Parameters measured: C-D or C-Q (1/D), L-D or L-Q (1/D), R
(ESR).

Display: dual 3% digit, maximum display of 1999. For D value great-
er than 10, maximum D display is 199.

Measurement terminals: 5-terminal configuration.
Measurement circuit modes: auto, parallel and series.

Test frequencies: 120 (100) Hz, 1 kHz and 10 kHz + 3 %,
Range mode: LCR—Auto and manual (up-down), D/Q Auto and
manual (step).

Trigger: internal, external or manual.

Deviation measurement: when the ALCR switch is depressed, the
measurement value is stored in memory as a reference value. At the
same time, the range is set to “Manual” and the display is offset to
zero. Deviation is displayed as the difference between a stored value
and subsequent measurement data. Deviation is in counts from —999
to 1999.

Offset adjustments: front panel adjustments to compensate for
stray capacitance and residual inductance of the test fixtures.
C:0to 10 pF. L:0to | uH.

Self test indicators: when the SELF TEST function is selected, the
results of the test are displayed in the LCR and DQ window. Results
are indicated by PASS, FAIL 1, FAIL 2 or FAIL 3.

DC bias: internal: 1.5 V, 2.2 V and 6 V (selectable on front panel).
Accuracy +5%; external: Provision for external DC bias (0 to
+40V).

General

Measurement time (typical) for a 1000 count measurement 6n a
low loss component on a fixed range;

1 kHz, 10 kHz: C/L 220-260 ms, R 120-160 ms

** The measurement range for ESR is from 1 mil to 18 ki (typical). These values vary depanding
aon the series capacitance or inductance value of the device under teat,

120 (100) Hz: 150 ms/670 ms per range step
When the uncal lamp is lit, the faster ranging time is selected.

Reading rate: INT (Internal Trigger) approximately 30 ms between
the end of a measurement cycle and the start of the next cycle. EXT
(External Trigger) measurement cycle is initiated by a remote trigger

input.

Operating temperature and humidity: 0°C to 55°C; to 40°C at

95% RH.

Power requirements: 100/120/220 VAC +10%, 240 Vac +5% —

10%; 48-66 Hz.

Power consumption: <55 VA with any option.
Size: 147 mm H x 426 mm W x 345 mm D (5%" x 163" x 13%").
Weight: Approximately 8 kg (17.5 Ibs),
Accessories available: 16061A: test fixture, direct coupled, 5-ter-
minal; 16062A: test leads with alligator clips, 4-terminal (for low im-
pedance measurements); 16063A: test leads with alligator clips, 3-
terminal (for high impedance measurements).
Options available: Opt 001: BCD data output of LCR and DQ data.
Opt 004: Digital comparator for LCR and DQ data. Comparison out-
put (HIGH, IN, LOW): visual, relay contact closure and TTL level.
Not compatible with Opt 101. Opt 101; HP-1B Data Output and Re-
mote Control. Not compatible with Opt 001 and 004.

Options and Accessories

001: BCD Output

004: Digital Comparator
010: 100 Hz Test Frequency
101: HP-IB Interface
908: Rack Flange Kit
910: Extra Manual

Price
$340
$810

ne
$545
$10

120 (100) Hz: C/L 900 ms, R 700 ms ool g
When autorange is selected, the following times per range step must 16063A Test Cables

be added to the above time:
1 kHz, 10 kHz: 45 ms/180 ms per range step

4262A Digital LCR Meter

515
§140
§70
£70

$3035

a9

a3
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COMPONENT MEASUREMENT

1 MHz Digital LCR Meter
Model 42718
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Description

The HP 4271B 1 MHz LCR Meter meets the requirements of the
lab, manufacturing and where automatic high speed and accuracy
measurements are essential. The four-pair measurement technique

Specifications

has the advantage of reducing errors due to residual inductance, stray
capacitance, and electromagnetic coupling of leads. Offset adjust-
ments are provided to cancel the residuals of the test fixtures.
Typical applications include microcircuit measurements, C-V char-
acteristics of semiconductor devices and passive component tests.

Full scale ranges and Accuracy: (When conductance reading is less than 100 counts and resistance reading is less than 1000 counts.)
Accuracy listed in the following table applies over a temperature range of 23°C +5°C.

Capacitance and conductance/dissipation factor: using paralle! equivalent circuit.

Biogs Test Capacitance: (Overrange 90%) Conductance: (Overrange 90%) Disslpstion Factor®: (Overrange 60%)
- I R— Farscon i Fa S pro
HIGH 0147 02+(7+ Nc/1000) 1.0 + (10 + 20000/Nc)
! LOW 10,000 pF 02+8 100.00 15 0.3+ (7 + 2 Nc/1000) 1.0000 1.0+ (15 + 30000/Nc)
HIGH 01+3 0.2+ (3 + 2 Nc/1000) 1.0 + (10 + 10000/Nc)
z LOW 100.00 pF 0.2+4 10000 45 03+ (3 + 2 Nc/1000) 1.0000 1.0+ (15 + 20000/Nc)
HIGH 01+3 1.2+ (2 + 2 Nc/1000) 10+ (10 + 10000/Nc)
3 LOW 1000.0 pf 02+3 10.000 mS 12 4 (2 + 2 Nc/1000) 1.0000 1.0+ (15 + 20000/Nc)
anee Low 10.000 nF 04+3 100.00 mS 1.2+ (2 + 2 Nc/1000) 10000 1.0 + (15 + 30000/Nc)
Inductance and resistance/dissipation factor: using series equivalent circuit.
- Test inductance: (Overrange 90%) Resistance: (Overrangs 90%) Dissipation Factor®: (Overrange 90%)
Sig
el | gy | Moy ey Nesurcy** iy Necurcy*
1o Low 1000.0 nH 10+15 10.0000 1.2 + (B+2 Ny /1000) 1.0000 1.0+ (20 + 30000/Ny)
HIGH 06+4 1.24 (2 + 2 Ny /1000) 1.0+ (15 + 10000,/Ny)
? LOW 10.000 uH 06+6 10000€ 1.2+ (2 +2 N_/1000) 1.0000 1.0+ (20 + 20000/Ny)
HIGH 02+4 0.3+ (2 + 2N, /1000) 1.0+ (15 + 10000/N,)
3 LOW 100.00 4 03+6 100900 05 + (2 + 2N /1000) 10000 1.0+ (20 + 20000/Ny)
HIGH 02+4 03+(2+2N,/1000) 1.0+ (15 + 20000/Ny)
4 LOW 1000.0H 03+6 10.000 k0 0.5+ (2 + 2N /1000) 10000 1.0+ (20 + 30000/N,)

*Whan reading of L or G ias more than 1500 counts.
** +{% of reading + counis), Nc and N are capacitance and inductance readouts in count.,

Test frequency: 1 MHz + 0.01%
Test signal level:

***Test Level is low on range 4 for C and range 1 for L measuraments.

Power: 100/120/220 V +10%, 240 V + 5% — 10%, 48-66 Hz, 80
VA max.

Size: 88 mm H x 425 mm W x 496 mm D (3'%," x 16%" x 19%,").

T masunmet Ui aitamitt Weight: 10 kg (22 Ib). ) . !
RANGE HiGH oW HiGH oW Ac y furnished: 16038 A Test Fixture for radial and axial lead
I 2mArms <20% | 2mArms 220% g:;p::,;":'m formation: s
+ + !
2 | 0SYrmEL10% | 20mYrms £10%: | SmArms 210% | 20,4 1ms £10% 16021A Calibration Test Fixture (GR900 connector) $690
3 Moahiwe o 0% 120 st % 11 16022A General Purpose Test Fixture $575
4 | 20mVrms £20% | 20mVems +20% | 50uArms £10% | 2uArms £10% 16023A DC Bias Voltage Controller (used with Opt $600
o . 001)

Display: dual 4! digit LED displays. ) 16032A Test Leads (BNC) $245
Ranging: automatic and manual. Remote cpmrn] with Opt 101. 16033A Test Leads with miniature coaxial connectors $275
Measurement terminals: four-terminal pair construction. 16034A Test Fixture for chip capacitor measurement $500
Offset adjustment ranges: capacitance =1 pF, conductance 16039A Test Fixture with “D” offset. $360
=1 uS, inductance =100 nH, resistance < 100 mf. Opt 001: DC Bias supply; 0.0 V to 39.9 V. add $330
DC bias (optional) Opt 002: C/L BCD output; may be used with Opt 003 add $165

Internal source: available; Opt 001, 00.0 V to 39.9 V, 0.1 V steps. for simultaneous outputs +8421 Code
External source: + 200 V max to BNC connector. 3&‘)003: G/R/D BCD output. +8421 Code (secOpt  add $165
General Opt 004: Parameter Serial BCD output add $300
Measuring Speed Opt 010: 4271B Less Test Fixture 16038A less $155
Fixed range: 100 ms to 250 ms for C-G and L-R measurement. Opt 101: HP-IB Data Output and Remote Control add $945
160 ms to 400 ms for C-D and L-D measurements. 4271B 1 MHz Dlgltal LCR Meter 36435

Autorange: 100 ms/range step added to above values.

*HP-IB cable not supplied. See page 28,



® Simultaneous go/no go check on production line

4272A

1 MHz
PRESET
C METER

4273A

1 kHz
PRESET
C METER

Description

Hewlett-Packard’s 4272A and 4273A are Preset C Meters which
measure capacitance at | MHz and at | kHz, respectively, and which,
combined with a 5 digit “in-house” comparator, provide GO/NO GO
information for high speed measurements up to 8 per second (4272A)
or 6 per second (4273A) with high reliability and accuracy. A basic
accuracy of 0.1% is achieved by the four-terminal-pair method and an
offset adjustment to reduce measurement error due to test fixture
configuration. This provides high efficiency for production line test-

ing or incoming inspection.

The 4272A measures capacitance from 10 pF full scale (0.001 pF

Specifications

COMPONENT MEASUREMENT

Preset C Meter

Model 4272A (1 MHz), Model 4273A (1 kHz)

¢ High speed measurements

arwumn
e ke
o

resolution) to 1000 pF full scale (maximum display 1900 pF), and the
4273A measures capacitance from 100.0 pF full scale (0.01 pF reso-
lution) to 10 uF full scale.

With their comparator capabilities, the instruments can be set to
high and low limits with the built-in thumbwheel switches. Limit indi-
cations include panel lamp display, relay contact and TTL outputs for
HI, IN and LO comparisons. TTL outputs are provided on the rear
panel connector for use with an automatic sorter and BCD output of

measurement data is also provided. For higher sorting speeds, a high

speed version Opt HOI is available.

Model

42724

42734

Parameter measured

Capacitance—equivalent parallel circuit by four terminal pair method

Test signal frequency & level

I MHz: 1 Vrms

1 kHz, 1 Vrms and 300 mVrms

Range 10.000 pF | 100.00 pF [ 1000.0 pF 100.00 pF - 10.000 xF
Ra Digit & overrange 4 digit, overrange 90% 4 digit, overrange 20%
nge &
accuracy Accuracy® 0147 | 0143 [ 0.1+2 0143
Conditions 23°C £ 5°Cat D < 0.1, *=(% of reading 4 counts)
Contoarsior i Compares measured value with HI and LO LIMIT settings and

provides Hi, IN and LO comparison outputs,

Hl and LOW LIMIT setting ranges

00000 - 19999 at each limit switch

00000 - 11999 at each fimit switch

Comparison output

Lamp, relay contacts and TTL outputs

Digital output

BCD 1-2-4-8 data parallel (option)

=

BCD 1-2:4-8 data parallel (furnished)

Remate programming

TTL and contact closure

Measuring time

<120 ms, (high speed option; <50 ms
4 digit display, 0.2% accuracy)

<150 ms, (high speed opion; <75ms
3 digit display, 0.2% accuracy)

Power 100/120/220/240 V = 10% 48-66Hz < 60 VA 100/120/220/240 V = 10% 48-66 Hz < 25 VA
General Size BB mm H X 426 mm W X 467 mm D (3%," X 167" X 194,) 147 mm H X 426 mm W % 349 mm D (51 X 164" X 131)
Weight Approximately 10 kg (22 [bs) Approximately 8 kg (17.5 Ibs)

Options Available
002: BCD and Decision Outputs
006: BCD Remote Control

HO3: High Speed Version (4 Digit Display, < 50 ms)

4272A 1 MHz Preset C Meter

add $105 Options Available (4273A)"
add $155 Opt 006: BCD Remote Control $70
Opt HO1: Hi Speed Version (3 digit display, < 75 ms) add £195
$5635 4273A 1 kHz Preset C Meter $3420

A
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COMPONENT MEASUREMENT

Multi-Frequency LCR Meters
Models 4274A & 4275A

® Test frequencies - 100 Hz to 100 kHz
® Test signal level - 1 mV to 5 Vrms
e High Resolution - 5% digit: D=0.00001

® Measure L/C - D/Q/ESR/G; |Z] - 0,
R-X/B/L/C; ALCRZ, A%
® 0.19% basic accuracy

Description

The 4247A and 4275A Multi-frequency LCR Meters are the most
recent additions to Hewlett-Packard’s new generation of micro-
processor-based impedance measuring instrumentation. Both instru-
ments offer a new measuring concept for the evaluation of LCR
components, complex components, electronic circuits “tested under
actual working conditions”, and semiconductor materials. A mea-
surement under conditions similar to the intended use contributes to
the improvements in quality and reliability of electronic components,
devices and circuits.

Multi-Frequency Capability

To insure the high reliability in circuits and devices, it is most im-
portant that they be tested and evaluated at test signals similar to
those of actual operating conditions.

The 4274A covers the wide frequency range of 100 Hz to 100 kHz
in 11 spot frequencies and the 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 produces the frequency characteristics of components or de-
vices. In addition, two optional special frequencies (for example: 455
kHz and 10.7 MHz) are available within the frequency range of each
instrument. This wide frequency range selection offers evaluation of
circuit design with a continuously variable test signal over the range
of 1 mV to 5 Vrms (to 1 Vrm for the 4275A), and with internal dc
bias optionally available with 1 mV maximum resolution. The test
voltage or current values can be monitored on the 3-digit display for
accurately setting the actual conditions under which the device-un-
der-test will operate.

Multi-Parameter Measurements

The 4274A and 4275A measure equivalent series resistance (ESR),
impedance (|Z|), phase angle (), reactance (X), susceptance (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 option for systems integration.

This wide selection of |1 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 | Z|-8 measurement of tantalum capacitors.

In addition, a deviation measurement capability (A,A%) for the
L.C.R. and |Z|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.

Reliable Measurements With 5'% Digit Resolution

The 4274A and 4275A measure only the value of the component
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 ca-
pability to compensate for these errors.



® Test frequencies - 10 kHz to 10 MHz
® Test signal level = 1 mV to 1 Vrms
® (.1% basic accuracy

COMPONENT MEASUREMENT

Multi-Frequency LCR Meters
Models 4274A & 4275A

® High Resolution - 5% digit; D=0.00001
® Measure L/C - D/Q/ESR/G; IZI - ©,
R-X/B/L/C; ALCRZ, A%
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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 4274A and the 4275A
are ideal for D-measurements of film capacitors or insulation materi-
al (with the high resolution of 0.00001), the C-G measurements of
semiconductors (with maximum resolutions of 0.001 pF, 0.1 nS, re-
spectively), and for the low impedance measurement of aluminum
clectrolytic capacitors (with a maximum resolution of 0.001 m).

Automatic Semiconductor and Component Measure-
ments With HP-IB

Integrating the 4274 A and the 4275A into a system with the HP-IB
option is an excellent method for improving efficiency and cost sav-
ings both in the laboratory and on the production line. These auto-
matic measurement systems are assembled by connecting the HP-1B
cables between the instruments to be utilized for a specific task.

A system built around the 4274A and/or 4275A allows the user to
obtain useful data for many diverse applications. For example, the
evaluation of semiconductors based on the frequency dependence of
its C-V characteristics that requires a wide range and fast measure-
ment speeds is easily accomplished with these instruments. The four-
terminal pair input configuration and the automatic zero offset capa-
bility insures that the measured data is accurate, even in a systems
environment.

Sample Applications
Semiconductor measurements

The evaluation of a semiconductor can be done with a C-V or G-V
measurement with the multi-spot frequencies featured in the 4274A

and 4275A, (with C resolution of 0.001 pF and G resolution of 0.1
nS), their two programmable bias sources (maximum resolution 1
mV) and their continuously variable test signal levels (from 1
mVrms).

Of significant use is the evaluation of the doping process and the
measurement of the characteristics of MOS or bipolar semiconductor
materials which employ a C or G measurement with varying dc bias
voltage.

A sample plot of a semiconductor measurement is shown in the fig-
ure below. Such measurements at high speed can offer high reliability
and high throughput efficiency in the semiconductor manufacturing
processes,
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COMPONENT MEASUREMENT

Multi-Frequency LCR Meters

Models 4274A & 4275A (cont.)

Common specifications (4274A & 4275A)

Parameters measured:

Displays: Dual 5'%-digit and single 3-digit; maximum display
199999 (full scale and overrange in high resolution mode), and 4%-

L: inductance

R: resistance
Z: impedance

C: capacitance

Q:=1/D

resistance
G: conductance
X: reactance

D: dissipation factor B: susceptance

ESR: equivalent series

digit: maximum display 19999 in normal mode. (Number of digits

6: phase angle depends on measurement frequency, test level, and range).

A: deviation for L, C, Circuit modes: -~ e Series equivalent circuit and
R.Z, parallel equivalent circuit. Automatic selection avail-

A%: % of deviation able in AUTO mode.

Test frequency Deviation measurement: Difference between recallable stored ref-

Test signal level erence and displayed is deviation value (count or percent).

(voltage or current) Display range: —199999 to +199999 counts in AUTO range.

Parameter combinations:

—19999 to 4199999 counts in MANUAL range (the sample should
be measurable at the selected range). % Display range: —199.99%
to +199.99%

Display A

Display B Ranging: AUTO or MANUAL (UP/DOWN)

[ -

oLato Trigger: Internal, External or Manual.

L

D/Q/ESR

Measurement terminals: Four-terminal pair with guard.
D/Q/G Auto zero adjustment: Automatic normalization of the readout off-
set due to residuals of the test fixture by pushbutton operation.

X/L

Normalization range: C < 20 pF, L < 2000 nH, R < 0.59,
Bile G < 5uS.

12|

(] Self test: Automatic operational verification check indicates pass or

range:

Measurement frequencies, test signal levels, and full scale fail condition.

MODEL

A274A 4275A

Measurement frequencies

100Hz-100kHz, 11 spots (LOOHz, 120Hz, 200Hz, 10kHz-10MHz, 10 spots (10kHz, 20kHz, 40kHz, 100kHz,
400Hz, 1kHz, 2kHz, 4kHz, 10kHz, 20kHz, 200kHz, 400kHz, IMHz, 2MHz, 4MHz, 10MHz; +0.01%)
40kHz, 100kHz; £0.01%)

Test signal levels

4-ranges (1 mVrms-5 Vrms) 3-ranges (1 mVrms-1 Vrms)
continuously variable continuously variable

Full scale range L

R.|Z|, ESR, & X

D
Q(1/D)
G&4B
L]

100.00nH ~ 1000.0H 100.00nH - 10.00H
1.0000pF - 1.00F 1.0000pF - 100.004F
100.00m@ - 10.000M 1.0000¢ - 10.000M2
0.00001 - 9.9999 0.00001 - 9.9999
0.01 - 9900 0.01 - 9900
1.0000x5 - 100.008 1.0000,S - 10.008
0 - +180° 0 - £180°

Accuracy (4274A only): Typical C-D, L-D, R-X and | Z |- measurement accuracy values are given below.
Range: full scale range, accuracy: % of reading + counts (D: accuracy: % of reading + absolute D value + count)

c-D/Q -D/Q R-X |z]-#
FREQUENCY | D-range: 0.00001-9.9999 D-range: 0.00001-9.9999 (R accuracies apply only B-range: —180° - +180.00°

RANGE Q-range: 0.01-9900 (=1/D) Q-range: 0.01-9900 (=1/D) when R: full scale) (]2]& @ accuracies apply
(C & D accuracies apply only (L & D accuracies apply only (X accuracies apply only only when |Z|: full scale)
when C: full scale and D: < 0.1) when L: full scale and D: < 0.1} when R: 1/10 of full scale

and X; full scale)

100Hz C: 1000pF-1000mF, 0.1% + 3 L: 100uH-10kH, 0.1% + 3 R: 100mf-10M2, 0.1% + 3 |Z1: 100mQ-10MQ, 0.1% + 3

120Hz D: 0.33% + 0.0008 + 1 D:033% +00013+1 X: 100m-10M2, 0.1% + 13 8 +0.1°

200Hz C: 1000pF-1000mF, 0.1% + 2 L: 100xH-10kH, 0.1% + 3 R: 100m{-10M@, 0.1% + 3 1Z|: 100ma-10Mg, 0.1% + 3
D: 0.32% +0.0007 + 1 D: 0.32% +10.0012 + 1 *: 100m{-10M2, 0.1%+ 13 & £0.1°

400Hz C: 100pF-100mF, 0.14% + 1 L: 100uH-10kH, 0.1% + 3 R: 100m2-10M2, 0.1% + 3 |Z|'. 100ma-10M2, 0.1% + 3
D: 0.34% +0.0013+ 1 D: 0.31% +0.0011 + 1 X: 100m2-10M2, 0.1% + 13 & +0.1°

1kHz C: 100pF-100mF, 0.1% +3 L 10uH-1000H, 0.1% + 3 R: 100m2-10M2,0.1% + 3 |2]: 100m0-10M2, 0.1% + 3
D; 0.33% + 0.0008 + 1 D: 0.33% + 00013 +1 X: 100m0-10MQ, 0.1% + 13 e: £0.1°

2kHz C: 100pF-100mF, 0.1% + 2 L: 10uH-1000H, 0.1% + 3 R: 100m0-10MQ, 0.1% + 3 |Z|: 100ma-10MQ, 0.1% + 3
D: 0.32% + 0.0007 + 1 D: 0.32% + 0.0012 + 1 X: 100m@a-10Mg, 0.1% + 13 8 +0.1°

dkHz C: 10pF-10mF, 0.14% + 1 L: 10uH-1000H, 0.1% + 3 R: 100mQ-10M%, 0.1% + 3 |Zl: 100m-10M2, 0.1% + 3
D: 0.34% + 00013 +1 D: 0.31% +0.0011 +1 X: 100mf-10M2, 0.1% + 13 @& £01°

10kHz C: 10pF-10mF, 0.1% + 3 L: 1uH-100H, 0.1% + 3 R: 100mQ-10M%, 0.1% + 3 |z]: 100ma-10M0. 0.1% + 3
D: 0.33% +0.0008 + 1 D: 0.33% + 0.0013 +1 X: 100mR-10MQ, 0.1% + 13 & +0.1°

20kHz | C: 10pF-10mF, 0.1% +2 L: 14H-100H, 0.1% + 3 R: 100mQ-10M2, 0.1% + 3 [2]: 100ma-10Mg, 0.1% + 3
D: 0.32% + 0.0007 + 1 D: 0.32% + 0.0012 + 1 X: 100m0-10MR, 0.1% + 13 a8 +0.1°

40kHz | C: 1pF-10004F, 0.14% + 1 L: 1xH-100H, 0.1% + 3 R: 100mQ~10MD, 0.1% + 3 |2]: 100m0-10MD, 0.1% + 3
D: 0.34% + 00013+ 1 D: 0.31% + 0.0011 +1 X 100mQ-10M, 0.1% + 13 8 +0.1°

100kHz | C: 1pF-10004F, 0.1% + 3 L: 100nH-10H, 0.1% + 3 R: 100mQ-10M2, 0.1% + 3 [z]: 100mp-10M, 0.1% + 3
D: 0.33% +0.0008 + 1 D: 0.33% +0.0013 +1 X 100m0-10M0, 0.1% + 13 8 +0.1°

(Conditions: Warm-up fime = 30 mi

e 23°C + §°C) Reler o technical data sheet lor accuracy details.



Accuracy (4725A only): Typical C-D, L-D, R-X and |Z|-8 mea-
surement accuracy values are given below.

Range: full scale range, accuracy: % of reading + counts (D accura-
cy: % of reading + absolute D value + count)

a5

c-D/Q L-D/Q R-X lz]-#
Frequency D-range: 000001 - 9.9999 D-range: 0.00001 - 9.9999 (R accuracies apply only B-range: ~180.00° - +180.00°
Ranga Q-range: 0.01.9900 (= 1/D) Q-range: 0.0 = 9900 (= 1/D) when R: full scale)
(C & D accuracies apply only (L & D accuracies apply only (X accuracies apply only (Z & 8 accuracies apply
when C: full scale and D: <0.1) when L: full scale and D; <0.1) when R: 1/10 of full scale only when Z: full scale)
and X: full scale)
C: 10 pF - 100 4F. 0.1% + 3 L: 10 4H - 100H, 0.1% + 3 R: 1000 mi2- 10 M2, 0.1% + 3 [z]: 1000 M2 - 10m0, 0.1% + 3
10kHz D: 0.33% + 0,008 + 1 D: 0.33% + 00013+ 1 X: 1000 mit— 10 M, 0.1% + 13 8 +01°
C: 10 pF - 100 4F, 0.1% + 2 L 10gH-100H,0.1% + 3 R: 1000 mi2— 10 M2, 0.1% + 3 1z]: 1000 M2 - 10 mi2. 0.1% + 3
20 kHz D: 0.32% + 0.0007 4 1 D: 0.32% +0.0012 + 1 X: 1000 mi2 - 10 M2, 0.1% + 13 & 0.1
C: 1pF-104F, 0.14% + 1 L: 10 4H-100H, 0.1% +3 R: 1000 m2 - 10 M@, 0.1% + 3 [z]: 1000 Mo - 10m@, 0.1% 4 3
40 kHz D: 0.34% + 0.0009 + | D: 0.31% +0.0011 + 1 X: 1000 mi} - 10 MO, 0.1% + 13 & +01°
C: IpF-104F,0.1%+3 L 1xH-10H,0.1% +3 R: 1000 mQ - 10 MO, 0.1% + 3 |2]: 1000 M0 - 10ma, 0.1% + 3
100kHz | p; 0,33% +0.0008 + 1 D: 0.33% +0.0013+1 X: 1000 m@ - 10 M0, 0.1% 4 13 &0l
C: 10 pF = 10 4F, 0.1% + 2 L: 1 gH- 1000 mH, 0.2% + 3 R: 1000 mQ - 1 M0, 0.2% + 3 [2]: 1000 MO -1 mD, 0.2% + 3
200 kHz D: 0,32% + 0,0007 + | D: 0,53% +0.0023 4 1 X: 1000 mQ - | M, 0.2% + 13 8 +0.1°
C: 1 pF~1000 nF, 0.14% + 1 L: 1 wH~ 1000 mH, 0.2% + 3 R 1000 mR- | MO, 0.2% 4 3 {21 1000 MO - 1 mD, 0.2% + 3
400 kHz D: 0.34% + 0.0009 + | D: 0.51% +0.0021 + 1 X: 1000 m0 - 1 MO, 0.2% + 13 8 £01°
C: 1pF-10000F,0,1% +3 L; 100nH - 100 mH, 0.2% + 3 R: 1000 mil- 1 M0, 0.2% + 3 [z]: 1000 M2 -1 mo, 0.2% + 3
1 MHz D: 0.33% +0.0008 + 1 D: 0.55% 4 0.0025 + 1 X: 1000 mél - | M2, 0.2% + 13 & +01°
o C: 10 pF - 1000F, 0.3% + 3 L: 14H=10mH, 0.5% + 5 R 100 - 100 k0, 0.5% + 5 lz]: 100-10010,05% + 5
MHz D: 0.55% +0.0025 + 1 D: 1.0% + 0.0033 + 1 X: 100~ 100 kit, 0.5% + 15 8 020
C: 1pF-10nF, 1% + 20 + 0.002 pF L 1pH=10mH, 1% +5 R 100- 100k, 2% +7 l2]: 10n-100k0, 2%+ 7
4 MHz D: 3.3%+ 001 +1 D: 2.0% +0.0063 + | X: 100 - 100 kg, 2% + 105 8 + 08
C: 1pf=10nF, 2% + 20 + 0.002 pF L 100nH - I mH, 2% + 7 R: 100~ 100 k0, 2% +7 [z]: 10n-100k0, 2% +7
10MRz D: 4% + 0.011 +1 D: 31% +0.002+1 X: 100~ 100 kal, 2% + 105 8 £ 08°

(Conditions: Warm-up time = 30 minutes, environment temperature: 23°C + 5°C) Refer to technical data shee! for accuracy detalls.

General
DC bias: Bias mode is selected by switch on rear panel.
Internal bias:

Opt 001: 0 — +£35 V internal dc bias

Range Stops Accuracy
+ (,000 - 999) vV 1mv £ (0.5% of reading + | mV)
+ (1.00-9.99) 10my + (0.5% of reading + 2 mV)
£ (10.0- 35.0) 01V + (0.5% of reading + 20 mV)

Control: 16023B DC Bias Controller or remote control with HP-
IB (opt 101)
Opt 002: 0 — +£99.9 V internal dc bias ( for C = 0.1uF)
Range: + (00.0 - 99.9) V, 0.1 V steps
Accuracy: = (2% of reading + 40 mV)
Control: Same as Opt 001
External dc bias: + 200 V maximum.
Bias monitor: Rear panel BNC connector monitors internal or exter-
nal input bias.
Test signal level monitor:

Model . Accuracy
Voltage Current
4274A 0.001 V 0.001 mA + (3% of reading + 1 count)
= 5.00 Virms = 100 mArms
4275A 0,001V 0.001 mA + (3% of reading + 1 count)
= 1.00 Vrms - 10.0 mArms < 1 MHz
+ (10% of reading + 2 counts)
at = 1 MHz

Measurement time: (typical) 140-180 ms (=1 kHz); 140-210 ms
=1 kHz (Measurement time depends on range, sample value and off-
set adjustment value).

ZH— © measurement time: 170-210 ms >1 kHz; 170-240 ms <|
kHz.

High resolution mode: Approximately 8 times the normal measure-
ment time.

Auto ranging time: 100 ms - 300 ms per range change.

Options

Opt 001: 0 - +35 V internal dc bias, max resolution: 1 mV steps.
Opt 002: 0 - +99.9 V internal dc bias, resolution: 100 mV steps.
Opt 003: Memory Back-up for storing front panel key settings, refer-
ence data for deviation measurement and offset value of text fixture/
cables. Contents of memory recallable upon command.

Opt 004: Frequency steps in 1-3-5 sequence.
Opt 101: HP-IB data output and remote control.
Special options: One or two arbitrary test frequencies in each in-
strument available.

Selectable option frequency range:

4274A: 100 Hz to 100 kHz +0.1%

4275A; 10 kHz to 10.7 MHz =0.1%

Option number assignment: For special two-digit fre-

quencies
Frequency Option number
100 Hz - 990 Hz | L— - | indicates
1.00 kHz - 9.90 kHz Qe two significant digits
10.0 kHz = 99.0 kHz PR of specified frequency.
100 kHz - 990 kHz . [ Example: Opt.R19 is
1,00 MHz - 9,.90MHz - 19 kHz
For three digit frequencies, the following options are available:
Option number Frequency Option number Frequency
Fo1 15.7 kHz F14 25.2 kHz
Fo2 32.8kHz FIS 79.6 kHz
FO3 455 kHz Fl& 252 kHz
Fo4 3.58 MHz F17 796 khHz
FO5 4.19 MHz F18 2.52 MHz
Fo6 10.7 MHz F19 7.96 MHz

Frequencies other than those listed above are also available.

Accessories available*

16047A: Direct coupled test fixture. Furnished accessory with the

4274A and 4275A, with contacts for axial lead, radial lead, and short

radial lead components.

180478: Texi Fixture with safe guard

16048A: Test Leads with alligator clips

16034B: Test Fixture for chip components

16023B: DC Bias Controller, for control of dc bias Opt 001 or 002

Internal Bias Supply when HP-1B option is not installed. Control

range 0 - £99.9 V by setting thumbwheel switch.

163BOA: Standard Air Capacitor Set; includes 1 pF, 10 pF, 100 pF

gnd%lwo pF standard capacitors usable to 10 MHz. Accuracy is
.1%.

Ordering Information Price
4274A 100 Hz - 100 kHz Multi-Frequency LCR Meter $7930
4275A 10 kHz - 10 MHz Multi-Frequency LCR Meter $8720

*HP-IB cable not supplied. See page 28.
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COMPONENT MEASUREMENT

Digital high capacitance meter
Model 4282A

® Wide range—10nF to 1 F full scale
® Dissipation factor or ohm-farad measurements
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Description

Hewlett-Packard's Model 4282A Digital High Capacitance Meter
can make precision measurements on high value tantalum or alumi-
num electrolytic capacitors. Applications include both capacitor de-
sign measurements and production testing—either in incoming or
outgoing inspection.

Two unique features of the HP 4282A are: alternating mode alter-
nately displays either capacitance and dissipation factor, (C-D), or

Specifications

Measuring functions: C (capacitance), D (dissipation factor), QF
(*ohm-farad) and V (dc bias voltage or external voltage). Selectable
by function swiich,

Alternative measuring functions: C-D (capacitance and dissipa-
tion factor are alternately displayed) and C-QF (capacitance and
ohm-farad are alternately displayed).

Measuring circuit: series equivalent circuit using four-terminal
method.

® |nternal bias supply
® Digital and analog outputs for recording

MEAD FREQ (M

reret

capacitance and the product of ohms and farads, (C-QF) and the ca-
pability to double as a three-digit DVM.

The standard model has four measuring frequencies: 50, 60, 100,
120 Hz. These represent power line frequencies and their second har-
monics. Most large value capacitors are used as [ilters in power sup-
plies and are operated at these frequencies.

Measuring frequencies: 50 Hz, 60 Hz, 100 Hz, and 120 Hz (50 Hz
and 60 Hz synchronized by line frequency).

*ohm-farad: the product of the capacitance and equivalent series re-
sistance of the capacitor.

Accuracy: (+23°C £5°C after half hour warm up); % (% of read-
ing) + % of full scale).

Function C (capacitance) D (dissipation factor) (F (ohm-farad)
Ranges 10.000 nF to 10000 F, four full digits, 1.000 to 10.00, three full digits. 1.000 2mF to 10.00 ImF three
o 9 ranges in decade steps, 2 ranges, auto selection. full digits, 2 ranges,
Overranging: 18% manual selection. auto selection,
C Range Measuring voltages % of reading % of full scale | % of reading % of full scale % of reading | % of full scale
10 nF 1.0+ 09eDrdg 02 15+ 05Drdg| 0.2eCis/Crdg+03 [1.0+0.590Frdg| 0.2®Cfs/Crdg+ 0.3
2000F <l 05405804 Ol |1540000rg| 020Cis/Crag+03 [1040.200Frdg 020Ck/Crdg+03
1 uFtol mF 0.4+ 0.5%Drdg 0.05
10 mF 1.0+ 0.5 Drdg 0.05 15+0200rdg| 0.20Cis/Crdg+05 [1.0+ 0.2"0Frdg| 0.20Cfs/Crdg + 0.5
100 mf <08 ¥eems L3+0.50 0wy 05 l154+0200rdg| 02eCis/Crig+3 1.0+ 0.2005rdg] 02@Cks/Crdg+3
IF <10 mVrms 2.5+0.5%Drdg 1.0

Drdg: reading of dissipation factor. {0Frdg: reading of ohm-farad. Crdg: reading of capacitance. Cfs: full-scale of C range setting.

DC voltage measurement accuracy

10 V range: +(0.05% of reading + 0.1% of full-scale).

100 V and 1 kV ranges: + (0.2% of reading + 0.1% of full-scale).
Leakage current measurement (I,) (Opt 001)

Range: 1.000 pA to 10.00 mA, 5 ranges, three full digits.

Overranging: 18%.

Accuracy: | pA range: +(2% of reading + 2% of full-scale).

10 uA to 10 mA ranges: +(2% of reading + 0.3% of full-scale).
Bias voltages: internal source: 0 to 10 V, 0 to 100 V, 2 ranges, con-
tinuously variable.

External source: usable up to 600 V dc.

General

DC bias voltage: 0 to 10 V, continuously adjustable.

Balancing time: normally one second (when measuring on C ranges
of 10 nF through 10 mF, capacitance value near full-scale, dissipation
factor less than one and without dc bias).

Digital output: BCD + 1-2-4-8, data parallel.

Analog output: DC output of 1 V full-scale.

Power requirements: 100 V, 120 V, 220 V or 240 V £ 10%, 50 Hz
or 60 Hz, approx 70 VA.

Size: 88 mm H x 425 mm W x 467 mm D (3%2" x 16%" x 184"),
Weight: net, 8.8 kg (19.5 Ib). Shipping, 12.9 kg (28.5 Ib).

Accessories Furnished
16035A test leads: four alligator clips.
16036A test leads: two alligator-jaw clips.

Accessories Available Price
16037A: Test Fixture $295
16413A: HP-IB Interface Kit $3020
Options

001: Leakage current measurement add $410
908: Rack Flange Kit add 510
910: Extra Manual add $35
4282A Digital High Capacitance Meter $4780



e Frequency range: 22 kHz to 70 MHz
® Q range: 5to 1000

COMPONENT MEASUREMENT

Q Meter
Model 4342A

Description

The direct-reading expanded scale of the 4342A permits measure-
ment of Q from 5 to 1000 and readings of very small changes in Q
resulting from variation in test parameters. The 4342A is solid state
with the elimination of specially matched, fragile thermocouple com-
ponents.

The 4342A will measure dissipation factor and dielectric constant
of insulating materials. The Q meter can measure coefficient of cou-
pling, mutual inductance, and frequency response of transformers.
RF resistance, reactance, and Q of resistors and capacitors can also
be determined.

Push button operation of frequency range and Q/AQ range selec-
tion provides straightforward measurement, Automatic indication ol
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 10 220
kHz, 220 to 700 kHz, 700 to 2200 kHz, 2.2 to 7 MHz, 7 to 22 MHz,
22 to 70 MHz.

4342A Opt 001: 10 kHz 10 32 MHz in 7 bands: 10 to 32 kHz, 32 to
100 kHz, 100 to 320 kHz, 320 to 1000 kHz, | to 3.2 MHz, 3.2 10 10
MHz, 10 to 32 MHz.

RF accuracy: +1.5% from 22 kHz to 22 MHz; +2% from 22 MHz
to 70 MHz; + 1% at “L" point on frequency dial.

4342A Opt 001: +1.5% from 10 kHz to 10 MHz; +2% from 10
MHz to 32 MHz; + 1% at “L" point on frequency dial.

RF increments: approximately 1% resolution.

Q Measurement Characteristics

Q range: 5 to 1000 in 4 ranges: 5 to 30, 20 to 100, 50 to 300, 200 o
1000.
Q accuracy: % of indicated value: (at 25°C)

43424 & 43424 Opt. 001 A342A

Q Freq. 22 kHz-30MHz 30 MHz-70 MHz
5—300 +7 +10
300—600 +10 +15
600—1000 +15 +20

Q increments: upper scale: 1 from 20 to 100; lower scale: 0.5 from 5
to 30.

AQ range: 0 to 100 in 4 ranges: 0 to 3, 0 to 10, 0 to 30, 0 to 100.
AQ accuracy: +10% of full scale.

AQ increments: upper scale: 0.1 from 0 to 10; lower scale: 0.05 from
0to 3.

Inductance Measurement Characteristics
L range: 0.09 gH to 1.2 H, direct reading at 7 specific frequencies.
L accuracy: +3% after substitution of residuals (approx. 10 nH).

Resonating Capacitor Characteristics

Capacitor range: main dial: 25 to 470 pF; vernier dial =5 to +5pF.
Capacitor accuracy: main dial: + 1% or | pF, whichever is greater;
vernier 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: 0.1 pF.

General
Rear panel outputs
Frequency monitor: 170 mV rms min. into 509,
Q analog output: 0 ta 1 V +50 mV dc after 15 minutes warmup,
proportional to meter deflection. Output impedance approximately
1 k2.
Over limit signal outpul: contact closure at the rear panel. Relay
contact capacity 0.5 A/15 VA,
Over limit display time: selectable, | s or continuously on, after
limit exceeded.
Temperature range: 0°C o 50°C.
Power: |15 or 230 V £10%, 50—400 Hz, 25 VA max.
Size: 129 mm H x 425 mm W x 414 mm D (5'%," x 16%" x 16%,")
Welght: net, 14 kg (31 1b). Shipping, 18.45 kg (41 1b).
Accessories available:
HP 16014A: Series Loss Test Adaptor is designed for measuring low-
value inductors and resistors and high-value capacitors.
HP 16462A: Auxiliary Capacitor is designed to extend the Q and L
measurement capability of the 4342A Q Meter. It is especially useful
for measuring small inductors at low frequencies.
HP 16470A Reference Inductors: A range or 20 inductors (any of
which can be supplied separately) which can be used with the 4342A
Q Meter when measuring the RF characteristics of capacitors, resis-
tors, or insulating materials.
HP 16470B 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
4342A Q Meter. They are useable over a range of 800 kHz to 50
MHz with excellent long-term temperature stability.

Options and Accessories Price
Opt 001: Frequency Range $240
Opt 910: Extra Manual $17.50

16014A Series Loss Test Adaptor $80

16462A Auxiliary Capacitor $385
16470A Reference Inductors, set of 20 $1050
16470B Stable Inductors, set of 4 $730
16470C Complete set of 24 Inductors (16470A + $1780

16470B)

4342A Q Meter $3385

ra
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COMPONENT MEASUREMENT

pA Meter/DC Voltage Source
Model 4140A

® 3 basic semiconductor measurements:
I, I-V and Quasi-Static C-V measurements
® Two programmable voltage sources

® Basic accuracy: 0.5%
® High resolution: 1.000 x 10-%
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Description

The 4140A pA Meter/DC 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 pro-
grammable dc voltage sources, one of which operates as a ramp and
staircase generator as well as a dc source. These features make the
4140A ideal for making dc characteristic measurements such as leak-
age current, current-voltage characteristics and quasi-static C-V
measurements required by the semiconductor industry for new prod-
uct development and for improving production yields. It is equally
useful in measurements of electronic components and materials to de-
termine leakage currents or insulation resistances.

The 4140A can contribute to the development, production and
quality control of semiconductor devices and to the improvement in
the reliability of electronic components and equipment.

Stable pA Measurements

Stable picoampere measurements can be made with the 4140A
with a maximum resolution of 10-"*A. 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.

Synchronized |-V Measurements

The 4140A makes automatic, synchronized current-voltage mea-
surements that have required a large instrumentation system in the
past.

The two voltage sources in the 4140A operate over a range of —100
V to +100 V with a maximum resolution of 10 mV. One operates 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

measurement) can now be programmed from the front panel of the
4140A 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 4140A. This measurement is
highly significant in evaluating basic semiconductor characteristics.

The 4140A operates over a capacitance range of 0.1 pF to 1900 pF
with a de voltage ramp rate of 1 mV/sto 1 V/sin | mV/sincrements.
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-IB Capability

Interfacing the 4140A to an HP-IB system improves measurement
efficiency and takes advantage of its high speed (approx 2.5 ms) mea-
surement rate. Such a system will minimize measurement time of dc
parameters of semiconductors and the insulation resistance and leak-
age current of electric components and materials, This allows rapid
feedback to production for fast evaluation of a new device in the de-
velopment stage.

Specifications

Measurement functions: [, I-V and C-V

Voltage sources: two separate sources (V, and Vy)
V,: £ 100 V programmable source/function generator
Vg: =100 V programmable DC voltage source

Measurement Function/Source Selection:

Function Va Vs
I /S L ™ = (Do)
SV AT ==
cv _/- _/'\_ (DC)




Voltage sweep: auto or manual (pause)

Current measurements:

Displays: current, 3% digits with 2 digit annunciator. Voltage, 3%
digits.

Ilinuroment range: + 1.000 x 10-"*A to 1.000 x 10-*A full scale in
11 ranges.

Overrange capability: 90% on all ranges.

Range selection: auto and manual

Measurement accuracy/Integration time:

Rangs Accuracy® Integration Time*® (ms)
+ (% of rdg. + counts) Short Medium Long
10110~ 05+2 2 80 120
10— 2+2
1= 5+3 80 320 1280
10~ 5+8 160 640 2560

* Accuracy for long integration fime. 23°C + 5°C. humidity = 70%. For short and madium integra-
tion time, see reference data section.
** Integration times specified at 50 Hz. For 60 Hz operation, multiple time by %

Zero offset: cancels leakage current of test leads or test fixtures.
Offset range: 0 to =100 x 10-"A,

Trigger (Output | Data): INT, EXT and HOLD/MAN

Input terminal: triaxial

Capacitance-voltage (C-V) measurement

Measurement ranges: 0.0 pF — 100.0 pF and 100.0 pF - 1000 pF
F.S. in two ranges; 90% 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): 0.0 pF — 189.9 pF and 190 pF -
1900 pF

Capacitance calculation accuracy: accuracy is dependent on ac-
curacy 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 | data output: available with HP-IB option (Opt 101)
only. Outputs current measurement data at 2.5 ms intervals (max
rate).

DC voltage sources

Qutput modes, Va:
Va:
Function Va Va
1 S L ™ —(po
AT I e A e e e e
=l [T {DE)

Voltage ranges (Vaand Vs): 0o +10.00 Vand 0to +100.0 Vin 2
ranges, auto range only.
Maximum current: 10 mA, both sources,
Voitage sweep: auto and man (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, 0.1 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 0.1s increments; 0 — 1999 seconds
in 1.0s increments
Step delay time: 0 — 10.00 seconds in 0.01s increments; 0 — 100.0
seconds in 0.1s increments
Ramp rate (dV/dt): 0.001 V/s — 1.000 V/s in 0.001 V/s incre-
ments
Accuracy (at 23°C £ 5°C):
Output voltage: £ 10V, £(0.07% 4+ 11 mV); £100V, +(0.09%
+ 110 mV)
Ramp rate: typically 0.5%, 0 - =10 V; <5 %, =10 V.
Current limit: 100 gA, 1 mA and 10 mA, £10% (Va and Ve)
Output terminals: BNC; L-GND

Reference Data

Current Measurement
Current measurement accuracy’

Range Integration Time
Short Medium
1071 - 10~ 05+4 05+3
10-* 244 243
(1l 548 5+4
10-7 5+13 5+10

* + (% of rdg. + counts), 23°C

Current ranging times: 10-2A to 10-°A ranges: =30 ms/range
10-"°A to 10-'2 ranges: <| s/range

Warm-up time: =1 hour

Common mode rejection ratio: =120 dB (=2 counts)

General Information

Operating temperature: 0°C to 40°C

Relative humidity: =70° at 40°C

Power: 100, 120, 220, V +10%, 240 V +5% — 10%; 48-66 Hz, 135
Va max with any option

Size: 426 mm W x 177 mm H x 498 mm D (16.5" x 7" x 19.6")
Weight: 14.2 kg (31.2 Ibs.)

Accessory furnished: 16053A Test Leads

Option 001: Apalog Output |, C and Va

Accuracy: +(0.5% + 20 mV)

Low pass filter: 3 position: OFF, 0.22s +20% and Is + 20% applied
to both Va and 1/C data outputs

Pen lift output: TTL low level (=0.8V) during sweep period in I-V
and C-V functions

Recorder output scaling: pushbutton scaling of lower left and up-
per right limits of X-Y recorder

Option 101 (HP-IB Interface)
Remote controlled functions: measurement function, current
range, integration time, I data output trigger, voltage sweep controls,
current limit, Va and Vs voltages, zero (offset), self test and param-
eter settings (voltages, sweep/hold/delay times)
Data output:
Measured data (I, C and Va),
Voltage setting (Va and Va),
Parameter settings

Available Accessories

168053A test leads: furnished. Consisis of one triaxial cable, two
each BNC-BNC cables and one connection plate with mating female
panel-mount connectors, Cables are one meter in length. The 16053A
is useful for connecting to probe or user designed test fixtures.
16054A connection selector: provides a simple method to select
appropriate connection of low lead for the pA meter section. Use in
conjuction with the 16053A.

16055A test fixture: for general device measurements. Provides
electrostatic and light shielding for stable pA measurements, Consists
of test fixture, two connection plates (one for clip leads and one for T-
05 10 pin sockets) to allow easy connection to devices under test. Also
furnished is a kit containing one each 8, 10, and 12 pin socket, 10 each
clip leads, and 10 each connection leads for TO-5 sockets.

16056A current divider (10:1): for use only on the 10 mA range to
extend the measurement capability to 100 mA.

Set value of Cox
Front panel key status

Ordering Information Price
Accessories

16053A Test Leads $320
16054A Connection Selector $275
16055A Test Fixture $1250
16056A Current Divider (10:1) 5140
Options

Opt 001 Analog Output add $325
Opt 101 HP-IB Interface* add $220
Opt 907 Front Handle Kit (P/N 5061-0090) add $40
Opt 908 Rack Flange Kit (P/N 5061-0078) add $30
Opt 809 Rack & Handle Kit (P/N 5061-0084) add $55
Opt 810 Extra Manual add $45
4140A pA Meter/DC Voltage Source $7360

*HP-IB cables not supplied; see page 28.
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COMPONENT MEASUREMENT

RF Impedance Analyzer
Model 4191A

® 1-1000 MHz variable
capability
® Direct reading of |Z| — ©, |Y| = ©, |T’| — ©;
LeC—-ReGeDeQ
R—X,G—B,I'x—TIy

test frequency with sweep
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® High resolution—4% digit max
® Wide measuring range— 1 m — 100 k2 (|Z|)
® Versatile easy-to-use test fixtures
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Description Specifications
The HP Model 4191A RF Impedance Analyzer measures 14 pa- Parameter measured: |Z|— 0,|Y |- ©,|I'|- @

rameters with a maximum resolution of 4! digits. The internal syn-
thesizer provides variable frequencies from 1 MHz through 1000
MHz covering the UHF, VHF and video bands with automatic sweep
capability. An internal dc bias supply with auto sweep function covers
the voltage range of £40 V in 10 mV steps.

The 4191 A permits reliable measurements over a wide measuring
range. Its outstanding repeatability, frequency response and accuracy
are made possible by unique error correction capability and specially
designed test fixtures. These features allow the 4191A to be used in
evaluation of electronic materials, components and circuitry.

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 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/G-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.

R-X, G-B, I's—Ty
L-R*GeD®Q C—ReGeDeQ

Display: 4! digit, max display 19999 counts
Deviation measurement (deviation from stored reference):
A: —19999 to +19999 counts
A%: —1999.9 to +1999.9%
Measuring signal (23 + 5°C):
Frequency range: | 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 50%): —20 +3 dBm
Frequency control: spot and swept
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 step frequency (or de bias) rate in
linear or logarithmic form.
Auto calibration:
Automatic error compensation referenced to connected termina-
tions (0 2, 50 &, 0 8)
Calibration frequency: 51 frequencies between start and stop
frequencies.
Electrical length compensation: automatic compensation for elec-
trical length of test fixtures.



Compensating range: 0 to 99.99 cm.

DC Bias:

Internal DC bias
Voltage range: —40 to +40 V, 10 mV step
Setting accuracy: 0.1% of setting +10 mV
Bias control: spot and swept

External DC bias

Voltage range: —40 to +40 V

Max allowable current: 100 mA
Key Status Memory: 2 scts 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
Measuring Range, Resolution and Accuracy:
Specified at APC-7 UNKNOWN connector for reflect coefficient
measurement at measuring frequency and ambient temperature (0 —
55°C) where calibration is performed after the warm-up time of 40
minutes, Refer to General Information for temperature coefficient
and typical measuring range/resolution and accuracies of other mea-
suring parameters (see data sheet for detailed specifications).
|| = ©/I'x — I'y Measurement
Measuring range:

||, I'x, T'y: 0.0001 to 1.0000

0: 0° to +180.00° (0 to £ rad.)
11“, I'x, 'y resolution: 0.0001
I'{, I'x, Ty Accuracy (see graph below):

.

:

ACCURACY: 0.0035 + 0.00001sF
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General

Temperature coefficient for ||, I'x, and I'y: 0.0001/°C (23 +
5°C)

Measuring time: 800 ms or 250 ms (high speed mode)
Frequency switching time: = 200 ms

Temperature: 0 - 55°C, < 95% RH

Power: 100,120,220 V = 10%, 240 V + 10% — 5%, 48 — 66 Hz, 150
VA max.

Size: 425.5mm (W) X 230 (H) X 574 (D) mm (16.75" x 9" x 22.6")
Weight: Approx. 24 Kg. (52.8 lbs.)

Accessories Furnished: accessory case (with reference termi-
nations included).

Accessories Available Price
16091A Coaxial Fixture Set $460
16092A Spring Clip Fixture $450
16093A Binding Post Fixture 5165
16093B Binding Post Fixture $170

Options
002: 100 Hz/200 Hz resolution synthesizer 51,650
004: Recorder Outputs $445

4191A RF Impedance Analyzer $14,260
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COMPONENT MEASUREMENT

Vector impedance meters
Models 4800A, 4815A

Model 4800A

HP’s 4800A measures the vector impedance of components, com-
plex networks, and other two-terminal devices. Besides measuring
vector impedance, the 4800A measures component values, At fre-
quencies that are decade multiples of Y2, as marked on the frequency
dial, L and 1/C are read directly if the phase is approximately =+ 90°,
respectively. R is equal to the impedance magnitude at frequencies
where the phase is approximately 0°. The vector impedance meter
also yields Q and inductor values by using either fo/A, Rp/wL or the
wL/Rs technique.

The unit is equipped with analog outputs for three parameters: im-
pedance magnitude, impedance phase, and frequency. The rear panel
provision for an external oscillator input makes possible swept fre-
quency characterization of “unknown.” The impedance meter can be
swept over any decade range of frequency and impedance within the
range of the instrument.

Specifications

Frequency Characteristics

Range: 5 Hz to 500 kHz in five bands: 5 to 50 Hz, 50 to 500 Hz, 0.5
to 5 kHz, 5 to 50 kHz, 50 to 500 kHz

Accuracy: +2%, S0 Hzto 500 kHz; +4%, 5to S0 Hz; + 1% at 15.92
on frequency dial from 159.2 Hz to 159.2 kHz; +2% at 15.92 Hz.
Impedance measurement characteristics: | ohm to 10 megohms
in seven decade ranges from X1 to X10M. Accuracy is + 5% of read-
ing.

Phase angle measurement characteristics: 0° to + 90° in 5°
increments. Accuracy is +6°.

Direct capacitance measurement capabilities: 0.1 pF to 10,000
uF direct reading at decade multiples of 15.92 Hz. Accuracy + 7% of
reading for D less than 0.1 at 159.2 Hz to 159.2 kHz, + 8% of reading
for D less than 0.1 at 15.92 Hz.

Direct inductance measurement capabilities: 1 uH to 100,000 H
direct reading at decade multiples of 15.92 Hz. Accuracy is £7% of
reading for Q greater than 10 from 159.2 Hz to 159.2 kHz: +8% of
reading for Q greater than 10 at 15.92 Hz.

Measuring terminal characteristics: both terminals above ground,
ground terminals provided for shielding convenience; binding posts
space %" at centers.

Waveshape: sinusoidal,

External oscillator requirements: 0.9 V +20% into 20 kQ2

Recorder Outputs

Frequency: level: 0 to V nom.; source impedance: 0 to 1 k{2 nom.;
proportional to frequency dial rotation.

Impedancae: level: 0 to | V nom.; source impedance: 1 kQ nom.
Phase angle: level: 0 £0.9 V nom,; source impedance: 1 k2 nom.
Accessories furnished: 13525A Calibration Resistor, 00610A Ter-
minal Shield, Vector Impedance Calculator.

Size: 426 mm W x 133 mm H x 467 mm D (16%" x 5%" x 18%").
Weight: net, 10.8 kg (24 1b); shipping, 13.5 kg (30 Ib).

Power: 115 0r 230 V +10%, 48 to 440 Hz, 29.7 VA.

Model 4815A

The RF Vector Impedance Meter offers these significant advan-
tages:
® Direct reading of impedance and phase
® Convenient probe for in-circuit measurements
® Self calibration check provides measurement confidence
® Analog outputs for data recording
® [ow-level test signal minimizes circuit disturbance

The HP 4815A RF Vector Impedance Meter provides all of the
convenience of “probe and read” measurements. In use, the probe is
connected directly into the circuit to be evaluated, frequency is select-
ed, and complex impedance is read. This type measurement allows a
straightforward adaptation to various jigs and fixtures for special
measurements. Where only component values are to be determined, a
quick-mount adapter is provided to allow rapid measurements. For
critical component applications, the unit to be evaluated may be
mounted directly in its working circuit and its value determined in its
actual environment, at the frequency of interest.

Specifications

Frequency

Range: 500 kHz to 108 MHz in five bands: 500 kHz to 1.5 MHz, 1.5
t0 4.5 MHz, 4.5 to 14 MHz, 14 to 35 MHz, 35 10 108 MHz.
Accuracy: +2% of reading; = 1% of reading at 1.592 and 15.92
MHz.

RF monitor output: 150 mV minimum into 50 ohms.

Impedance Magnitude Measurement

Range: | ohm to 100 k; full-scale ranges: 10, 30, 100, 300, | K, 3 K,
10K, 30 K, 100 kQ.

Accuracy: +4% of full scale = (f/30 MHz + Z/25 k2)% of read-
ing, where [ = frequency in MHz and Z is in ohms.

Calibration: linear meter scale with increments 2% of full scale.

Phase Angle Measurement

Range: 0 to 360° in two ranges: 0 £90°, 180° £90°,

Accuracy: = (3 + f/30 MHz + Z/50 k2) degrees where { = fre-
quency in MHz and Z is in ohms.

Calibration: increments of 2°.

Adjustments: screwdriver adj. for Magnitude and Phase Zero.

Recorder Outputs

Frequency: 0 to 1 V from 0 to | k@ source, proportional to setting.
Impedance magnitude: 0 to | volt from 1 k{2 source.

Phase angle: 0 +0.9 volt from 1 kf2 source.

Size: 426 mm W, 185 mm H, 476 mm D (16%" x 7%" x 18%"),
Waeight: 17.6 kg (net 39 Ib), shipping 24.8 kg (55 Ib).

Power: 105 to 125 V or 210 to 250 V, 50 to 400 Hz, 50 W.
Accessories furnished:

00600A Probe Socket Accessory Kit: contains BNC Type “N™ adapt-
er. Probe Socket, 00601 A Component Mounting Adapter, 2 probe
center pins, probe ground assembly.

Options Price
908: Rack Flange Kit add $10
Model Number and Name

4815A RF vector impedance meter $4500
4800A Vector impedance meter $2700
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4440B Description

The Hewlett-Packard 4440B Decade Capacitor is a high accuracy
instrument providing usable capacitances from 40 pF to 1.2 uF. Its
0.25% 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.

4440B Specifications

Capacitance: 40 pF to 1.2 uF 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) at 1 kHz for three-ter-
minal connection.
Resonant frequency: typical values of the resonant frequency are
450 kHz at 1 uF, 4 MHz at 0.01 xF and 40 MHz at 100 pF
Dissipation factor: for C > 1040 pF, 0.001 MAX at 1 kHz.

for C < 1040 pF, 0.005 MAX at 1 kHz.
Temperature coefficient: < +70 ppm/"C.
Insulation resistance: 5 G{I minimum, after 5 minutes at 500 V dc.
Maximum voltage: 500 V peak.
Waight: net 2.5 kg (5 Ib); shipping 3.6 kg (8 Ib).
Slze: 76 mm H x 264 mm W x 152 mm D (3" x 11" x 6").

COMPONENT MEASUREMENT

Decade capacitors and attenuators
Models 44408, 4436A, 4437A, 350D

4436A/4437A Description

The Hewlett-Packard Models 4436A /4437A Attenuators provide
accurate steps of attenuation with 0.1 dB resolution for power-level
measurements, communication system tests, and gain or loss mea-
surements on filters, amplifiers, and similar equipment.

4436A Specifications

Maximum attenuation: 119.9 dB.

Attenuation increments: 0.1 dB.

Input/output impedance: 6000, balanced.

Frequency range: dc to 1.0 MHz, useable to 1.5 MHz; dc to 1.5
MHz (0 to 110 dB); dc to 1 MHz (0 to 119.9 dB).

Accuracy:
Attenuation 100 kHz 1 MHz 1.5MHz*
0 to 60 dB +0.1d8 +0.2dB +0.2 dB
60 1o 90 dB +0.1 dB +0.3d8 +0.3d8
9010 11048 +0.2d8 +0.5dB +0.5dB
110 to 119.9 dB +0.3dB +1.0d8
*Typical valus

Maximum input power: +30 dBm (24.5 V max).

4437A Specifications

The Model 4437A is 2 600 ohms unbalanced type, and its specifica-
tions are identical to the 4436A.
DC isolation: signal ground may be +300 V dc from external
chassis.
Size: 76 mm Hx 198 mm Wx 177mm D (3" x 7 %" x 6 %").
Weight: net, 1.7 kg (3% Ib). Shipping, 2.9 kg (6 % lbs).

350D Description

Two attenuator sections make up the Hewlett-Packard 350D At-
tenuator. One section is a 100 dB attenuator, adjustable in 10 dB
steps. The other is a 10 dB attenuator, adjustable in 1 dB step.

350D Specifications

Attenuation: 0 to 110 dB, | dB and 10 dB steps.

Power capacity: 6000 unbalanced; 5 W (55 V dc or rms) max, con-
tinuous duty.

DC isolation: signal ground may be =+ 500 V dc from chassis.

Accuracy
10 dB section
0da 10d8
dc to 100 kHz <+0.125 d8/at any step
to 1 MHz < +0.25 dB/at any step
100 dB section
0d8 70 4B 100 d8
de to 100 kHz <+0.25d8 <+0.5dB/at any step
100 kHz to 1 MHz <+05d8 «<+(.75 dB/at any step.

Size: standard HP ', module (system I) 159 mm H x 130 mm W x
203 mm D (6Y%" x 54" x 8").
Weight: net, 1.8 kg (4 1b). Shipping, 2.7 kg (6 Ib).

Ordering Information Price
4440B Decade Capacitor 5810
4436A Attenuator $1165
4437A Attenuator $785
350D Attenuator $300
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COMPONENT MEASUREMENT

Digital IC Tester
Models 5045A, 5046A

* Tests CMOS, ECL, TTL, DTL
® Printed record of IC failures

® Magnetic card programmable
® Tests IC's to 16 pins-24 pins optional

5045A Digital IC Tester

The HP Model 5045A is a processor controlled, microprogrammed
digital IC Tester. Well suited for high volume incoming inspection as
well as engineering evaluation and failure analysis, it's simple enough
to be used by an unskilled operator yet it includes capabilities usually
found only in large, computer-based test systems. To test a device, all
that's required is a preprogrammed magnetic card. Insert the card
into the front panel slot, and the tester is ready to provide complete
DC parametric and functional verification of one of the many devices
listed in our comprehensive program catalog.

To provide a permanent record of individual IC failures as the test
is being made, the quiet HP thermal printer has been included in the
5045A to record detailed failure information for every bad IC. Your
operator just keeps on testing—the record is automatically kept and
can be reviewed later or returned with the bad IC's to the manufac-
turer.

Tests All These Families

ECL, CMOS, TTL, HTL, DTL

The universal pin electronics in the 5045A let each pin act as power
supply, input, output, or open circuit. This provides the great flexibil-
ity and capability needed to test circuits all the way from basic gates
to arithmetic logic units, and ROM’s. Devices with power supply vol-
tages up to 15 volts or both positive and negative voltages up to 7.5
volts may be tested. As your testing requirements expand to new de-
vices, your 5045A can be easily and inexpensively updated by adding

new program cards. The nominal cost of these cards means that you
don’t have to be satisfied with testing a small fraction of your circuit
types. You can keep your program library complete — and still stay
within your budget.

DC Parametric and Functional Tests

The 5045A thoroughly tests devices both functionally and parame-
trically to ensure that those expensive failures don’t get loaded into
your PC boards. Functional tests check the ability of the device to
correctly operate according to its truth table as the appropriate input
stimulus is applied. DC parametric tests check the voltages and cur-
rents on device inputs and outputs under various conditions specified
by the manufacturer. These tests eliminate almost all defective de-
vices and avoid the expense of finding and replacing bad circuits once
they have been soldered into PC boards and perhaps become part of a
complex system.

Unique Test Technique

To provide the accuracy of direct comparison testing without ex-
pensive performance or reference boards, the 5045A uses a unique IC
simulation technique. The correct functional operation of the device
under test is simulated and this simulation is used as a reference. As
both the device under test and simulator are driven with the same
inputs, their outputs are compared on a step-by-step basis. If a failure
occurs, the 5045A can indicate exactly where it happened by printed
message or can stop on the failure so the fault can be investigated in
more detail.



Economical ROM Testing

To test the many different truth tables which may be programmed
in ROM’s of the same generic type, it is not necessary to buy a card
for each one. A single card containing stimulus information for the
generic ROM type is loaded into the 5045A and the unique truth
table of a known good ROM is “memorized” by the 5045A. The com-
plete program is then recorded on a blank card for future use. Dupli-
cates of any card may be made from the original by programming the
5045A, pressing “write”, and then inserting a blank card.

Automatic IC Handlers

The 5045A was designed to work with automatic IC handlers need-
ed for high volume testing. The special circuits which generate the
fast rise and fall times for testing digital circuits are in a removable
test deck which can be placed within inches of the IC being tested.
Problems caused by long cables between handler and tester—ringing,
oscillation, slow rise/fall times—are climinated.

HP in cooperation with major automatic handler manufacturers,
has designed custom interface kits for popular handlers. So, interfac-
ing the 5045A and a handler requires nothing more than plugging the
two together.

Printer Gives Permanent Copy of Test Results

A built-in thermal printer provides useful test information: a) it
tells whether a program is loaded correctly and what program it is, b)
it records the number of failed and passed IC’s, and c) it provides
failure analysis information for each failed IC.

In its failure analysis modes, the printer can provide very detailed
information; a special voltage/current printout, for example. This
makes the printer a digital multimeter PLUS!

Self Test Feature

In an incoming inspection or production environment it is impor-
tant to know your equipment is operating as it should. The tester has
self-test cards to automatically exercise all major circuitry (the driy-
ers and receivers for all pins, the central processor, the memory, and
associated circuits). This way, you know every day that the tester is
functioning correctly and that none of those bad IC’s are getting into
your production run, and cutting into your company’s profits. Also
included are diagnostic cards.

Ordering the Pre-programmed Magnetic Cards

The 5045A is programmed by pre-recorded magnetic cards avail-
able from HP. These cards, covering most common device types, are
listed in our IC PROGRAM CATALOG. This catalog contains a
wide variety of logic families and includes the majority of common
device types. When additional programs are needed after the original
purchase, they may be ordered through your local HP sales office or
by mail with a prepaid coupon.

Each IC program ordered comes complete with both PASS /FAIL
and DIAGNOSTIC test cards and includes duplicates of each. The
PASS/FAIL test is used for the majority of testing since it is com-
plete and fast (typical test time for MSI sequential devices is 300 ms).
The DIAGNOSTIC test provides extra information by supplement-
ing the PASS/FAIL card. Data sheets containing test descriptions
and all parameters are included for both PASS/FAIL and DIAG-
NOSTIC cards.

Condensed Specifications

Test Set-up Method

Test conditions including parametric information, input stimuli and
output data contained on magnetic card; program verified when
loaded.

Test Structure

Functional test: truth table verified by comparing device under test
to software-generated IC simulator (or, stored truth table for some
circuits).

Parametric test: DC parameters tested to IC device manufacturers
data sheet specs, except where limited by 5045A capabilities. Test
limits indicated on sheet sent with each program card.

Continuity test: verifies pin contact by checking current flow in or
out of active pins; test failure shown by front panel indicator.

Test Pattern Generation
Test patterns derived using algorithmic techniques or from stored
truth tables; tests individually tailored to each IC.

Universal Pin Drivers

Same circuit drives or monitors each pin whether an input, output,
power supply, clock or open. Voltages and currents individually pro-
grammable for each pin. No external test fixtures required.
Voltage applied to the device under test (Supply Voltage, Input
Voltage, and Output Voltage)

Range (15 Volts) Accuracy
~75V<to<-1875V +25mV
=875V <to=< +1 875V +15mV
+1.875 V<to<+7.5V +25 mV

Current applied to the device under test (Supply Current, Input
Current, and Output Current)

Range Accuracy*
=200 mA <to<=25mA 0.4 mA or £6%
-25mh <to=25mA £ 1004 or 26%
2.5 mA <to=200 mA 40,4 mA or £6%

*whichever is greater

Slew rate: 30 ns/volt.

Rear panel outputs
Automatic handler interface: 14 pin Amphenol connector pro-
vides +5 V @< 100 mA, “End of Test”, “Pass”, “Fail”, and “Fail
Continuity” signals, accepts “Start Test”. All signals are negative
true TTL levels.

General

Power: 100,/120/200/240 V (+5%, —10%), 48-66 Hz, 240 VA.
Size: 19 Hx 425 W x 58 cm D (7.5" x 16.7" x 22.8").
Shipping weight: 27.7 kg (61 Ib.)

Operating temperature: 0°C to 50°C.

Relative humidity: 80%.

Prices

See page 107.
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COMPONENT MEASUREMENT

Digital IC Test System
Models 5045A, 5046A (cont)

® Modify existing device programs
® Generate one-of-a-kind device programs

® Change test parameters quickly, simply
® |n-house programming-on your own schedule

Description

The HP 5046A Digital IC Test System gives you capability pre-
viously available only at the factory: the ability to write or change IC
test programs to meel your special needs. Also, the 5046A consists of
the same equipment used at the factory to generate all of the standard
device programs listed in our IC Program Catalog.

Built around the 5045A IC Tester, 9825S Desktop Computer and
98668 Printer, the system allows you to program proprietary devices,
change parameters, write your own special programs, or modify exist-
ing device programs to meet special testing needs. This helps you to
keep information about proprietary devices confidential, it saves time
by allowing in-house programming capability, and it allows you to
evaluate devices, all by use of an HP-IB based, fully programmable
system.

In incoming QA inspection departments, quality control is a key
concern. New IC's need to be tested to assure conformance to design
requirements-bad or marginal IC’s can generate great costs if in-
stalled in production equipment, and sometimes IC specifications can
change overnight.

The 5046A provides flexibility in these areas because device pro-
grams can be changed quickly and simply by a few keystrokes. The
user simply loads in the device program, using either a magnetic card
or a tape cassette, lists the program, keys in the changes and gener-
ates a new program.

The 5046A sysiem is a complete system consisting of hardware and
software—it is fully integrated, specified, documented and tested as a

system prior to shipment. For easy on-site installation and verifica-
tion, full hardware and software manuals are provided. The operating
and programming manual, for example, is written to three different
levels, each progessively deeper, to enable easy start-up and oper-
ation, quick comprehension of the operating system and its hardware,
and complete self-instruction on the system software.

Each system requires a printer for operation; the 5046A includes a
Model 9866B Thermal Printer as standard equipment, and the Model
9871A Impact Printer is also available as an option (Opt 001). Other
RS-232 compatible printers, supplied by the user, can be interfaced to
the system in licu of the 9866B by ordering the HP-IB to RS-232
interface (opt 002).

Software

The 5046A system software is stored on one standard 98258 tape
cassette. The programs are accessible using the special function keys
on the desktop computer. The software package consists of the follow-
ing programs:

The Editor provides the capability to:

. Enter IC test programs from the 9825S keyboard.

. Read in source program from the 9825S cartridges.
Modify source programs.

. Store source programs on 98258 cartridges.

. Provide on-line editing.

. Print-out listing of source programs.
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Organization

The Compiler provides the capability to:

1. Do syntax checking on source program statement.

2. Convert the source program into an object (machine code)’pro-
gram.

3. Output the object program to the 5045A IC Tester.

The Decompiler provides the capability to:
1. Read an object program from the 5045A IC Tester.
2. Generate the corresponding source program.

The Program Analyzer is used for error checking and debugging
source program. It interrogates the 5045A processor as it is run
through a completed test program, then prints the following:

1. Listing of actual test sequence.

2. Programmed test parameters for each pin in each test.

3. The “1” and “0" logic state for each pin in each test.

The Failure Statistics program provides the following:

1. Printout of failure by pin for each specific test failed.

2, Summary of failure and failure percentage for cach test in the pro-
gram,

The Failure State Monitor program interacts with the 5045A while
an IC is being tested. When a failure is encountered, it displays the
state in which the IC failed.

The Operating and Programming Manual provides detailed infor-
mation and modular program examples that enable the user to quick-
ly and easily learn the 5046A programming language (it isn't nec-
essary to learn the 9825S HPL language in order to generate IC test
programs).

To generate an original IC test program, the user need only under-
stand the IC technology of the device under test (DUT) and be able to
design simple logic circuits using Boolean techniques.

The manual provides step-by-step instruction for programming. In
addition, individual chapters in the manual cover the HP test philos-
ophy and testing techniques used with the TTL, ECL, CMOS and
DTL technologies.

Ordering Information Price
5045A Digital IC Tester: standard 16-pin version; in- $10.250
cludes self-check and diagnostic cards, 16 and 24 pin

dummy IC’s and socket adapter.

5046A Digital 1C Tester System: basic system includes $24,700

5045A IC Tester, 98258 Desk Top computer, 98034A
HP-IB Interface and Model 9866B, Option 025 Ther-
mal Printer, 98226A Cradle for 98668, Programming
Manual and 40 blank magnetic program cards.

Options and Accessories, 5045A/5046A Price
Opt 024: expands 5045A capability to 24 pins $2,000
Opt 025: Flat-Pack adapter for 14, 16 and 24 pin IC $225
05045-90003: Card Holder, One Each 50.70
05045-90027: Card Holder 50 ea of 05045-90003 $33
5952-7546: Program Catalog N/C
9164-0071: blank magnetic PASS/FAIL program $2
card

9164-0072: blank magnetic DIAGNOSTIC program $2
card

9281-0401: 250 foot roll of thermal printer paper for $2.70 ea.
5045A (minimum order, six rolls)

9270-0488: 250 foot roll of thermal printer paper for  §11.50 ea.
9866B (minimum order, six rolls)

10845A; preprogrammed magnetic card for any device

listed in the Program Catalog (HP Publication 1-9 $40 ea.
Number 5952-7546) 10-500 $35 ea.

10B46A: book containing ten coupons, each redeem- $350
able for one IC program listed in the IC Program Cata-
log (HP Publication Number 5952-7546). Coupons are
mailed to factory, programs sent by return mail. Cou-
pons expire after two years
10847A Service Kit: allows fault isolation and rapid
repair of the 5045A through board replacement thereby
reducing downtime. The kit includes: all CPU boards,
two pin-drivers, card reader and interface, printer inter-
face and solenoid, front panel control, diagnostic pro-
gram card kit and accessories, and carrying case.
Service agreements for the 5045A and 5046A as well
as HP's rebuilt board exchange program are available.
Contact your nearest HP office for details.

Automatic Handler Options, 5045A/5046A
Opt 004%: interface package for IPT Model 806 auto-
matic IC handler

Opt 005%: interface package for Sym-Tek model
7191 ND automatic IC handler and other related mod-
els

Opt 0063: interface package for Daymarc 952/3 auto-
matic 1C handler

Opt 007%: interface package for Micro Component
Technology Model 2604 /8 automatic IC handler

Opt 008%: interface package for Delta Model 8040
ambient naked DIP handler

Opt 009%: interface package for Contrel Model H310
automatic 1C handler

Opt 010%: interface package for PAE Model 3033LP
naked DIP handler

Opt 013%: interface package for TRIGON Model
T2000 multi-size Ambient Test Handler

$: All interface packages include a lest haad extender cable, an interface board

unigue to the particular handler, and a cable to supply control signals to the
handier.

$3,500

$1,100

$1,100
51,100
§1.100
$1,100
$1,100
$1,100

Price
$2475

Options and Accessories, 5045A Only
10844A: programming interface retrofit kit; contains
all necessary parts, cables, interface board, and instruc-
tions to modify the 5045A for use in the 5046A Digital
IC Test System. Programming manual and 40 blank
magnetic program cards included.

Options and Accessories, 5046A Only

Opt 001; Substitute Model 9871 impact printer for
9866B and 98226A

Opt 002: Substitute 98036 HP-1B to RS-232 interface
for 98668 and 98226A

Opt 125#: Delete Model 9825 desk top computer,
98034A, 98210A, and 98213A

Opt 145#: Delcte Model 5045A IC Tester from sys-
tem

Opt 166": Declete Model 9866B, Option 025, and
98226A cradle from system

# Only one of these oplions can be on any one order.

*The S046A system should have a GB86A /B or 9871 (Opt 001) printer, or 88036 (Opt 002) HP-IB 10
RS-232 interface.

—$275
—$3,275
—5$8,100

—5$10,250
—$3.875
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CIRCUIT TEST SYSTEMS

Production Testing of Electronic Printed Circuit Board Assemblies

Is automatic testing a panacea? With to-
day's PC volume and complexity, it’s not so
much a panacea as it is a necessity. But to
implement a test solution requires a thorough
understanding of the available test systems
and your production environment.

When to Test?

That's as important as how. The cost of
fault identification increases dramatically
with each production step. Thus, you want to
catch faults as early in the production pro-
cess as possible, but it doesn't necessarily fol-
low that extensive incoming parts inspection
is the answer. Your real goal is high turn-on
rates in final test. That demands high-yield
PC boards. And as the diagram below shows,
several factors other than good parts go into
high-yield PC boards.

| Good Parts
Good Boards High
Yield
P.C.
Boards

I Good Workmanship

Proper Handling

RIS

A new set of problems must be dealt with
at the board assembly level and cannot be
eliminated by 100% incoming inspection.
Some of these typical problems are handling
breakage, misloaded parts, incorrect parts
loaded, soldering problems, PC board prob-
lems such as shorted traces, and heat damage
to the parts as they are being assembled. It is
mainly this factor that determines the
amount of cost and manpower that should be
devoted to incoming parts inspection.

The objective of these activities is to maxi-
mize the probability of system turn-on. Good
parts and PC test reduce the problem level at
final product test.

A PC board assembly process will produce
anywhere from 20% to 80% good boards. A
typical number is 60%. Of the faulty boards,
a fault spectrum might look like this:

Operational
Components
Boards Misloaded Parts
From
PREEREATIA), = Fault
Process. Spectrum | \Wrong Parts
\- Faulty Shoits

With a good board yield of 60% and no PC
board testing, even a simple product with five
boards would overload final test. Nine out of

)

.

ten units would fail. This makes board level a
good place for thorough testing. For this is
the first opportunity to locate faults across
the entire fault spectrum. But which tester is
for you?

Choosing a Circuit Board Tester

There are no simple answers to selecting an
automatic circuit test system. But, from our
experience, we know that these are some of
the factors involved: Production yield, test
yield, fault spectrum, PC volume, board
type, and anticipated new products.

Will the system test for the spectrum of
faults that you will encounter? Will it gener-
ate component level diagnostic information?
Will it test present and future board types
and do it fast? Is it easy to expand and adapt
to changing requirements?

What are the true costs? How much time
and effort is involved in programming, de-
bugging, fixturing and training? And will
you get prompt, competent service if you
need it?

Over Two Million Boards Worth of
Experience

HP’s new Automatic Circuit Test Systems
are the result of our extensive in-house exper-
ience with automatic circuit testing.

In fact, we were spending such large sums
on dedicated equipment and manual test sta-
tions that back in 1970 we developed an auto-
matic circuit test system called Optest 1. This
system, along with its more recent compan-
ion, Optest 11, is still in operation today.



Optest 1 and Optest 11 are now testing over
100,000 printed circuit boards annually. Our
new circuit test system is, in reality, a third-
generation product, which originated from
aver cight years’ experience in actual in-use
operation. Today, HP is using 75 of these
new automatic test systems within our own
plants.

Balanced Testing

One hundred percent testing at all stages in
the production process is expensive and inef-
ficient. A balanced test strategy must be Lai-
lored to individual problems and
requirements.

Thoughtful consideration of testing re-
quirements will improve product yield and at
the same time reduce costs. Other benefits
are a smoother production line and lower test
and troubleshooting times.

HP’s electronic manufacturing experience
has led to the development of two major
automatic board test products, the HP
3060A and the DTS-70. Each system ap-
proaches the problem of PCB testing differ-
ently, focusing upon the different types of
boards being manufactured. The HP 3060A
is a combined in-circuit and functional ana-
log/digital board test system, and the DTS-
70 is a simulator based digital board test
system.

The Case for In-Circuit Plus
Functional Testing

The marketplace has many potential test
solutions. You can choose from simple shorts
testers to completely automated systems.
From testers that measure components in-
circuit to functional test systems that verify
dynamic performance of complete circuits.

HP’s new 3060A Board Test System is an
advanced system that combines the latest in-
circuit technology with functional testing. It
includes a comprehensive software package
for fast program development, It is a proven
package, which combines ease of use with
flexibility to handle tough test problems.

Leverage Product Yield

In-circuit testing is a powerful test ap-
proach. But today's complex products re-
quire more than in-circuit testing. Higher
and higher PC board yields are required to
maintain an acceptable product yield in final
testing.

The addition of advanced in-circuit tesi
techniques, adds that extra increment to your
PC board yield as shown below.
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For example, in a five PC board product,
increasing the PC board yield from 75% to
98% will leverage product yield from 23% to
90%. This can result in substantial savings,

since the cost of fault detection increases dra-
matically with each production step.

What Is Advanced In-Circuit
Testing?

In-circuit testers contact each PC board
node through a bed-of-nails fixture. The sys-
tem switches from component to component
and “inspects” for value, placement, etc. To-
day, the wide diversity of component values,
tolerances, components, and interconnec-
tions, means that conventional in-circuit
techniques often leave some parameters un-
tested.

The 3060A utilizes advanced techniques
that allow component isolation in commonly
found but difficult circuit configurations.
For example, a .01 pF capacitor can be mea-
sured 1o an accuracy of 4% even when it is
shunted by a 1000 Ohm resistor. The key to
this measurement is a phase synchronous de-
tector. This is a valuable tool for measuring
components and circuits with significant real
and reactive characteristics.

HP's ADVANCED IN-CIRCUIT TESTING

Al AD

Functional Testing Makes the
Difference

The standard HP 3060A also has a useful
set of analog and digital testing tools. It in-
corporates board level stimulus/response
testing in order that components such as
operational amplifiers, DAC’s and optoelec-
tric devices can be tested. This functional
testing permits circuit parameters, such as
frequency and period, to be measured and
circuit adjustments made. The 3060A’s func-
tional testing capability extends to digital
pattern, analog and combined circuits, For
example, the 3060A, can be used to test a
D/A converter by applying digital patterns
and then monitoring the analog output volt-
age.

SIGNATURE ANALYSIS
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At-Speed Testing of
Microprocessor Boards

The big news in PC board testing is the mi-

croprocessor. Conventional digital testers do
not have the massive data storage required to
test microprocessors. But the HP 3060A uses
an HP-developed technique called Signature
Analysis to test these microprocessor boards
at operating speed. The 3060A collects
length bit streams at circuit nodes and con-
verts them to short, four-character hexadeci-

mal signatures. Under test, the bit stream
signature at each circuit node is compared to
the expected value, making it easy to locate
nodes with faulty signatures. This data com-
pression technique makes microprocessor-
board testing manageable. HP’s signature
analysis technique is the right solution to
testing microprocessor boards,

Digital Test Effectiveness

Some boards, such as large complex logic
boards, will benefit from the use of HP's
DTS-70 Digital PC Board Test System. This
simulator-based tester tells you how effective
your test programs are and identifies the por-
tion of the circuit not completely tested. This
is important feed-back permitting better pro-
gram development, A useful tool in R&D,
the DTS-70 can model your designs and help
you produce better products. Your test engi-
neer will appreciate its ability to model feed-
back loops, find open traces and identify
intermittent faults.

Just as important, the DTS-70's power and
flexibility comes from its controller, the HP
1000 Computer System. Using a Real-Time
Executive operating system, you can simulta-
neously test PC boards and develop new pro-
grams. As your testing needs expand, two
more test stations and several programming
terminals can be added without the expense
of additional computer power. The operating
system is compatible with data-base manage-
ment software to keep track of your test data
and help you better manage your production.
The DTS-70 will easily fit into your long
range computer network plans providing dis-
tributed processing and communication to
your data processing center.

3060A DTS-70

In-Circuit X

Bed-of-Nails X

Edge Connector X
Functional

Analog 2 5
F[l;ir;{t:inal X X
Signature X

Analysis

Board X

Simulator

HP-1B X X
Controller HP 9825A System

1000

The Bottom Line

Can automated PC board test equipment
save you money? Again, there are no simple
answers. But it has saved us money and
chances are it will save you money, too, if any
of these conditions exist in your plant: high
PC volume, complex boards, production test-
ing backlog, low turn-on rates of complete
systems, high in-process inventory costs and
high warranty costs.

Your production operation is unique, but
we can help you characterize it by comparing
the cost of testing, or not testing, at each level
to arrive at your best test resource allocation.
Let us help you answer these key test
questions.

SH



110

ra

CIRCUIT TEST SYSTEMS

DIGITAL PC BOARD TEST SYSTEM
Model DTS-70

® High Speed, High Volume Digital Testing
® |solate Faults Quickly and Easily
e Eliminate Production Bottlenecks

Description

The DTS-70 Digital Printed Circuit Board Test System can solve
your digital board testing needs. The DTS-70 can test your boards
and isolate faulty components in seconds. Typical tests take only a
few seconds and isolation of the failed component typically takes less
than a minute. All this testing is performed to a known level of test
effectiveness. The TESTAID board simulation software, provided
with the system, enables you to model and test the largest and most
complex of your digital printed circuit boards and to determine the
overall effectiveness of your testing process, a benefit not possible on
hardware comparison testers. The FASTRACE fault isolation soft-
ware guides your test operator to probe for the faulty component
quickly and easily, all but eliminating costly manual troubleshooting.

The DTS-70 System is a complete system consisting of the 9571A
Test Station, the HP System 1000 computer and a complete software
package. The 9571 A Test Station comes complete with digital test
unit, programmable power for your board under test, and fault isola-
tion probe. The test station is expandable to do added analog testing

that may be required. The field proven HP System 1000 includes the
21 MX Series E computer and 7906 A disc. The HP System 1000 pro-
vides both testing and software test generation expandability through
the Real Time Executive operating system. The TESTAID simulator
software and FASTRACE fault isolation software provide powerful
test generation capability and advanced fault isolation which even en-
ables you to isolate intermittent faults.

The DTS-70 is a test system with the capability, expandability, and
reliability you expect from HP.

No More Production Down-Time to Develop Test Pro-
grams

The multi-terminal capability of the DTS-70 allows you to generate
test programs without shutting down testing on your production line.
No longer do you have to choose between production shut downs and
spending tens of thousands of dollars for off-line test generation capa-
bility. All you need is a relatively inexpensive terminal, Need more
programming capability to keep up with new boards? Add up to six
terminals to the DTS-70 for use as programming stations.



Model Your DesignsinR & D

Catch costly design and testability problems before they become
designed-in problems. The DTS-70 TESTAID simulator software
models the behavior of your designs, points out testing trouble spots,
and predicts race and hazard conditions to your designers. Simulation
at the design stage can prevent marginal designs and designed-in
problems from reaching your end-users, preventing high warranty
costs or costly on-site repairs.

High Speed, High Volume Digital Testing

Test complex boards in only seconds compared to the minutes or
even hours necessary for manual test and fault isolation. The DTS-70
is capable of testing tens of thousands of PC assemblies a month for
high through-put requirements.

Isolate Faults Quickly and Easily

Troubleshooting and isolation of faulty components is done auto-
matically. The computer instructs your test operator to isolate the
fault in seconds using the guided probe. Avoid time-consuming man-
ual fault diagnosis and reduce the need for highly skilled technicians.

Eliminate Production Bottlenecks

The DTS-70 can test those complex boards that are so hard to
troubleshoot at your final product test station and which hold up your
shipments. The DTS-70 is capable of testing complex boards with
over 200 MSI components.

How Effective Is Your Test?

Only a simulator-based tester such as the DTS-70 can tell you how
effective your tests are. Testing of complex digital assemblies is diffi-
cult and ordinarily does not provide this kind of feedback to the test
programmer. As a result, the test programmer does not know when to
stop test development, The DTS-70 not only tells you how effective
your test is, but also which nodes on the board need further attention.
This has improved test quality over manual test generation methods
by factors of two or more.

Worldwide Service

The DTS-70 Digital Test System is designed and manufactured by
Hewlett-Packard and is backed up by HP worldwide support. HP rec-
ognizes that in a high volume production environment, each hour of
operation affects a large portion of your profit dollars. When you take
delivery of a DTS-70 system, the following support is available to you,
worldwide, to keep your system working for you.

Installation

Installation services will be provided with each purchase of a DTS-
70 Test System. These services consist of site preparation data in ad-
vance of system delivery and installation when your system arrives.

Warranty

A complete warranty program covers the complete DTS-70 system
for 90 days beyond the system installation date. This warranty pro-
vides complete repair service during the warranty period.

Customer Assistance Agreements

For system support beyond the warranty period, Customer Assis-
tance Agreements are offered for hardware support and software sup-
port. You may select these services together or you may tailor a
service program to match your individual needs. With the exception
of extremely remote areas, these support programs are available
throughout HP's worldwide service organization.

Documentation

Every DTS-70 System is delivered with a complete set of operating
and service documentation. The documentation set includes system
level manuals, instrument level manuals, software manuals and quick
reference guides.

Training

A digital test programming course is included for customer person-
nel responsible for developing test programs. This 10-day course
teaches system operation, FASTRACE fault isolation and empha-
sizes use of TESTAID to generate digital test programs, Two enroll-
ments are provided with the purchase of a DTS-70 system.

Field Support Package

For those DTS-70 users who choose to do their own servicing, HP
offers special field support packages in the form of service kits that
contain replacements assemblies. These service kits are designed to
allow a user to support his DTS-70 system. For more information on
these field support packages, contact your local HP field engineer.

Ordering Information Price
DTS-70 Complete
System
(Depends Upon Test Configuration) Starts At
$90,000
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CIRCUIT TEST SYSTEMS

In-circuit/functional test system
Model 3060A

® [ncrease PCB yields
¢ Advanced in-circuit testing

3060A

® Board level analog/digital functional testing
* Reduce production costs

 HELIE 4

Description

A new automatic printed circuit board testing system permits
greater fault coverage for in-circuit testing as well as a wide range of
analog and digital function testing tools to maximize yields. This sys-
tem, called the HP 3060A Board Test System, incorporates state-of-
the-art measurement processing and interfacing technology com-
bined with years of internal experience in board testing.

The 3060A has the ability to perform both advanced in-circuit com-
ponent tests and board level functional stimulus/response tests. This
new dimension in testing efficiency allows the testing of Printed Cir-
cuit Boards (PCB’s) to a higher level of confidence all in a single
operation. Not only is the board handling minimized, but the added
expense of two test systems is eliminated. The 3060A not only prom-
ises broad functional testing, but delivers a complete test capability as
standard equipment. For example, the 3060A can perform functional
tests on a digital-to-analog converter using both analog and digital
functions.

Combining board level functional testing with in-circuit tests can
significantly increase vields. For example, a 15% increase in board
yield from 80% to 95% through the addition of functional testing in-
creases system yield by 100% for a five board system. This leverage is
even greater for more complex systems.

Testing Power

Components and component configurations, which were previously
not testable, can be tested with HP's 3060A. The addition of extended
guarding, phase-synchronous detection, and accuracy enhancement
make this level of testing possible.

Functional testing is accomplished on the same fixture used to per-
form in-circuit component measurements. Increased productivity re-
sults since boards are only handled once for all tests. The 3060A
offers a wide range of functional testing capability, both analog and
digital. Signals up to | MHz can be multiplexed through the scanner
to and from the board under test. Flexibility in analog testing allows
the use of sources and detectors which are standard on the HP 3060A,
or instruments can be easily added for special test requirements. A
“bed-of-nails™ interface provides direct hardware connection to each
node of the board under test. This approach not only provides the
necessary visibility for component measurements in-circuit, but sim-
plifies digital testing as well. The response of the circuit to digital
stimulus is available at these nodes. The need for a manually guided
probe is eliminated.

Board Test Sequence.

The HP 3060A follows a logical testing sequence which places a
minimum stress on the board and minimizes testing time. Since the
majority of PCB problems may be detected by shorts testing and in-
circuit testing, these tests are performed first. By terminating the test
sequence when shorts or faulty components are located, redundant
functional testing is avoided. In addition, potentially catastrophic
failures, caused by applying power to a defective PCB, are avoided.
Finally, programmable power supplies are turned on for functional
testing of both analog and digital circuits. This sequence gives maxi-
mum confidence that the PCB is working properly while minimizing
test time and reducing the risk of PCB damage.

3060A BOARD TESTING

Shorts Testing
Shorts testing depends on the bed-of-nails fixture for access to all
circuit nodes on the board. This approach allows direct testing for



manufacturing defects such as solder splashes and open traces. Since
these can be a significant portion of all faults and can be identified
very quickly, the 3060A shorts tests are very valuable. Software to
generate shorts tests is greatly simplified by two specialized program-
ming instructions supplied with the 3060A, During the programming
phase, a table of shorts and opens is generated from a known good
board with the “shorts table™ command and stored on flexible disk
memory. To run a shorts test in production it is only necessary to load
the shorts table from the disk and execute the “shorts” command. The
shorts testing algorithm is optimized to make the test with a mini-
mum required number of measurements. Discrepancies between the
board under test and the shorts table are automatically listed.

In-Circuit Testing

In-circuit testing verifies that discrete components, such as diodes
and resistors, are correctly loaded on the PCB and are functioning
within specified tolerances. Bed-of-nails fixturing provides access to
each circuit node and the system sequencially tests each part for
placement, valve tolerance and in the case of transistors, for beta.
Accurate in-circuit tests are not practical without isolating each part
from the effects of parallel paths. This component isolation is called
guarding. The 3060A not only uses the simple guarding found in oth-
er systems, but offers advanced in-circuit techniques, such as ex-
tended guarding and accuracy enhancement. Extended guarding
removes the effects of lead length and relay contact resistance and
accuracy enhancement removes the effects of scanner thermal offsets.
These advanced measurement techniques mean a greater range of
components can be tested to a better accuracy. This means higher
board yields.

Analog Functional Test

After shorts and in-circuit testing are completed, a board level
functional test adds confidence that it will work when installed in the
finished product. The 3060A simulates the environment of the fin-
ished product by applying power and the necessary stimulus response
tests. This active testing finds problems missed by in-circuit and
shorts testing and allows the tuning or adjustment of complete
circuits.

Digital Functional Test

The 3060A has two separate digital test capabilities: Static pattern
testing and dynamic Signature Analysis. Static pattern testing is ide-
ally suited for testing combined digital and analog circuits such as A
to D and D to A converters. Signature Analysis (SA) adds the capa-
bility of testing LSI circuits including microprocessor based boards at
full operating speeds (up to 10 MHz). In addition, a portable HP
5004A Signature Analyzer can be used to troubleshoot these same
boards when the finished product requires field service.

Signature Analysis

SA is a method of toggling a board's key nodes using a special test
program stored in the board’s ROM or RAM. The program stimu-
lates these nodes and the 3060A looks for correct activity in the form
of correct “Signatures.” “Signatures™ are the last four hexadecimal
digits of a large number for a given time interval. A fault can be
traced to a specific device by checking the signature from point to
point and comparing each with the correct signature stored in mem-
ory. This process resembles troubleshooting by checking a series of
voltages on a schematic with a DVM.

Real and Imaginary

Phase-synchronous detection adds a new capability to in-circuit
testing. It is now possible to separate parallel reactances via measure-
ment. The detector measures the real and reactive portions of the cur-
rent through the unknown. The impedance contributions of the
resistive and reactive elements in parallel are separated, allowing
both components to be measured accurately in-circuit.

Many errors are created by components in parallel with the compo-
nent under test and may be removed through guarding and phase-
synchronous detection. These unique capabilities provide the test pro-
grammer with the tools to test a broad spectrum of circuit configura-
tions.

Extended Guarding and Accuracy Enhancement
All relays and scanner configurations have some contact resistance
and thermal offsets. New capability available with the 3060A re-

moves these effects—extended guarding and accuracy enhancement.
Extended guarding provides the option of remote sending; i.e., accu-
rate measurements of voltage directly at the unknown. This has the
effect of removing the contributions of lead resistance from the mea-
surement.

The scanner thermal design minimizes thermal EMF's caused by
temperature differences. In addition, any remaining offset is compen-
sated for in the measurement. This accuracy enhancement, made
automatically, stores in memory measurement Op-Amp offsets for
use in enhancing the accuracy of in-circuit component measurements,

Fast Programming

HP’s 3060A reduces overall production test costs and programming
time through a powerful, high level software called Board Test Lan-
guage (BTL). As a further aid, the 3060A offers an In-Circuit Pro-
gram Generator (IPG). IPG automatically generates the in-circuit
portion of the program, prints out the finished program in BTL, and
generates a fixturing map.

HP’s 3060A uses the HP 9825A Desktop Computer for system pro-
gramming and control. The 9825A provides easy programming with
minimal training through its High Level Programming Language
(HPL).

HPL is a highly versatile, easy to use language. Its programming
statements consist of combinations of several common languages op-
timized for power and efficiency in controlling instruments, perform-
ing data manipulation, controlling input/output operations, and
storing information. A set of over 40 high level PC board testing pro-
gram statements (BTL) specifically designed for efficient 3060A ap-
plication program writing, complements the power of HPL.

Support

The 3060A Board Test System is backed up by HP's worldwide
network of sales and service centers including board Lest specialists.
In addition, a complete range of support services and materials are
available to you such as: on site turn-on, complete warranty program,
extensive operating/service documentation and factory training.

3060A Board Test System
Standard system including 384 analog pins, 32 digital
driver pins, and 32 digital receiver pins

$78,000
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DIGITAL CIRCUIT TESTERS
m Signature Analysis, IC Troubleshooters, Digital Education

Signature Analysis

Designing for Serviceability

Today’s microprocessor-based products
are complex, high-density systems which can
be just as difficult to troubleshoot and repair
in the ficld as large computer systems. In or-
der to reduce product service and support
costs, manufacturers are including such ser-
vice-oriented features as test points, self
check modes, circuit partitioning and thor-
ough service documentation. Now a new
measurement technique, Signature Analysis,
enables digital designers to develop products
which are field serviceable to the component
level. Incremental design and production
costs for including SA are negligible, and re-
sult in significant service support cost sav-

ings.

Signature Analyzer

The new Model 5004A Signature Analyzer
is an economical tool for field troubleshoot-
ing of complex logic circuits. It detects and
displays digital signatures unique to the bit
streams present at data nodes of a circuit un-
der test. By comparing these actual signa-
tures to the correct ones, a service technician
can isolate a faulty component and replace it.
The technique is especially useful in checking
microprocessor-based products and high-
speed state machines, where data streams are
long and complex and where there are no
conventional means of component-level
troubleshooting.

By designing the digital portion of a prod-
uct with the 5004A in mind, you can set up a
service support program for component-level
field repair, without having to invest in board
exchange or in special-purpose test equip-
ment.

Signature Analysis is also attractive for
production line troubleshooting. The 5004A
can detect speed-related failures in assem-
bled systems, which may not have been
caught by subassembly testers.

Economics of Field Service

To meet the service requirements of digital
products, most support programs have relied
on board exchange. This approach minimizes

down time, yields economies of scale through
centralized board repair, and enables field
service personnel to repair a wide range of
products, with minimum training.

As the number and complexity of digital
products increases, however, the economic
burden of board exchange becomes apparent:
® Inventory carrying costs for boards in var-

ious stages of float increase with the num-

ber of products installed.

® Administrative and handling costs are
high, especially for products approaching
obsolescence.

® Overseas support bogs down with long
transit times, high duties, and import de-
lays.

® System-related, “soft” failures are difficult
to detect on individual boards, and some
faulty boards are reintroduced into the ex-
change loop.

Signature Analysis can reduce these repair
costs on microprocessor-based products by
enabling field repair to the component level,
and by testing fully assembled products,
without board removal. The results are:
® Decreased cost of ownership for end users

(parts, downtime, training, etc.)
® Reduced warranty and support costs for

manufacturers.
® Increased confidence in field repair results.

Experience shows that incremental devel-
opment costs for designing Signature Analy-
sis into a product run about 1%. Incremental
hardware costs are largely offset by de-
creases in other material, since there is no
longer a need to divide the hardware into re-
placeable modules. The 5004A and HP Ap-
plication Note Series 222, 4 Designer’s
Guide to Signature Analysis, can help you
take advantage of the technique.

The IC Troubleshooters
General

The IC Troubleshooters have become the
“digital screwdrivers” of today’s laborato-
ries, production lines, service facilities and
electronic classrooms. They are low-cost,
hand-held “instruments-on-a-chip”, and

have proven very effective in the functional
testing and troubleshooting of digital cir-
cuits. HP Application Note 163-1, Tech-
niques of Digital Troubleshooting, can help
put the IC Troubleshooters to work for you.

Logic comparator: the Model 10529A Log-
ic Comparator utilizes comparison tech-
niques to identify faulty nodes in a digital
circuit. It tests an 1C dynamically, in-circuit,
by comparing output responses to those of a
known-good IC which is plugged into the
Comparator. Having located bad nodes, use
other IC Troubleshooters to isolate the de-
fective component causing the fault.

Logic probes: detect logic levels at any cir-
cuit point and display them via a light at the
probe tip. A logic high is indicated by a
bright light. A logic low extinguishes the
light. A bad level causes a dim light. Pulse
activity is shown by a 10 Hz flasing light.

Logic clips: are multi-pin state indicators
which clip directly onto ICs. The logic state
of each pin is displayed by an individual
LED, enabling the user to check the device's
truth table.

Logic pulser: pulse stimulation is essential
in checking digital logic circuits. Logic
pulsers inject digital pulses between gates,
without requiring unsoldering of compo-
nents. They automatically drive low nodes
high, or high nodes low, with substantial
override current,

Current tracer: often a bad node is identi-
fied, but the specific device causing the fault
can only be isolated by cutting traces, or re-
placing circuit elements. The 547A Current
Tracer eliminates just such “shotgun™ tech-
niques by showing exactly where digital cur-
rent pulses are flowing in the circuit. Use of
current tracing techniques solves the most
vexing troubleshooting problems: stuck data
buses, solder-bridges, stuck nodes containing
many circuit elements, and the wired-AND
gate.

Stimulus-response testing: the Pulser/
Probe or Pulser/Clip combination helps the
user to identify the faulty circuits causing a
system malfunction. These instruments per-
mit signal injection and readout between
gates,

Troubleshooting kits: a variety of kits is
available, combining 1C Troubleshooters for
stimulus-response testing. Each kit includes
a carrying case, and offers a price saving over
the individual instruments.

Education: HP's 5035T Logic Lab and
5036A Microprocessor Lab meet the need
for thorough training in digital electronics.
Both models are comprehensive hardware,
software and hands-on troubleshooting
courses. The 5035T deals with digital elec-
tronics and logic and the 5036A with micro-
processor systems. Both are ideal for either
self-study or use in industrial training, and
include extensive use of HP's IC Trouble-
shooters,



® Dynamic multi-family logic indicators
® Pulse stretching for narrow pulses
® Bad level/open circuit detection

Logic Probes

Logic Probes greatly simplify tracing logic levels and pulses in 1C
circuits to find nodes stuck HIGH or LOW, intermittent pulse activ-
ity, and normal pulse activity. That's because they instantly show
whether the node probed is high, low, bad level, open circuited, or
pulsing.

Logic probes require a simple connection to the circuit under tesi’s
power supply, and they're ready to use. The strain-relieved power
cord, and line-voltage protected tip insure long life and durability.
High input impedance protects against circuit loading, not just in the
HIGH state, but for logic LOWSs as well.

545A TTL/CMOS Logic Probe

The HP Model 545A Logic Probe contains all the features built
into other HP probes, plus switch-selectable, multi-family operation
and built-in pulse memory. Employing the same straightforward one-
lamp display as our other probes, the 545A operates from 3 to 18 volts
in CMOS applications or from 4.5 to 15 V dc 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 memory captures and retains
a pulse until reset.

The hand-held 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.

545A Specifications

Input current: <15 pA (source or sink).
Input capacitance: <15 pF.
Logic thresholds
“TTL: Logic one 2.0 + 0.4, —0.2 V dc. Logic zero 0.8 + 0.2, =04 V
de.
CMOS: 3—10 V dc supply
Logic one: 0.7 x V .y £0.5 V de.
Logic zero: 0.3 x V., 0.5 V dc.
CMOS: =10—18 V dc supply.
Logic ONE: 0.7 x V,,,y =1.0 V de.
Logic ZERO: 0.3 x V., £1.0 V de.
Input minimum pulse width: 10 ns using ground lead (typically 20

ns without ground lead).
*+5+ 10% V do power supply; usable to +15 V dc with slightly increased logic low thrashold.

DIGITAL CIRCUIT TESTERS

Logic probes
Models 545A, 10525T, & 10525E

® One lamp, finger-tip display
® Pulse memory capability
® QOverload protected

Input maximum pulse repetition frequency:

TTL, 80 MHz. CMOS, 40 MHz.
Input overload protection: +120 V continuous (dc to 1 KHz);
+ 250 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 =1 us wide.
Power requirements

TTL: 4510 15 V de*.

CMOS: 3 to 18 V dc.

Maximum current: 70 mA.

Overload protection: +25 V dc for one minute.
Accessory included: Ground Clip (HP Part No. 00545-60105).

10525T Logic Probe

The Model 10525T Logic Prabe provides TTL/DTL trouble-shoot-
ing at low cost, Ideally suited to 5 volt logic applications, the 10525T
has high input impedance, overload protection, and 50 MHz data rate
capability.

10525T Specifications

Input impedance: =25 k1 in both the high and low state (<1 low
power TTL load),

Logic one threshold: 2.0 V +0.4, =02 V,

Logic zero threshold: 0.8 V +0.2 V, —04 V

Input minimum pulse width: 10 ns.

Input maximum pulse repetition frequency: >50 MHz.

Input overload protection: + 70 volts continuous, + 200 volts in-
termittent, 120 V ac for 30 seconds, 240 V ac for 10 seconds,
Power requirements: 5 V + 10% at 60 mA, internal overload pro-
tection for voltages from +7 to —15 volts. Includes power lead rever-
sal protection.

Accessories included: BNC 1o alligator clips; ground clip.

ECL Logic Probe

The HP Model 10525E Logic Probe extends time-proven, cost-sav-
ing logic probe troubleshooting techniques to high-speed ECL logic.

Operation of the ECL probe is analogous to that of the 10525T
except the 10525E's high speed circuitry stretches single shot phe-
nomena so that single pulses as narrow as 5 nanoseconds may be ob-
served.

The 10525E may be powered directly from any —5.2 volt source
and its high input impedance minimizes circuit loading,

10525E Specifications

Input impedance: 12 k2 in both the high and low state.

Logic one threshold: —1.1 V 0.1 V.

Logic zero threshold: —1.5V +0.1 V,

Input minimum pulse width: 5 ns.

Input maximum pulse repetition frequency: 50 MHz (typically
100 MHz at 50% duty cycle).

Input overload protection: =+ 70 volts continuous, 200 volts inter-
mittent, 120 V ac for 30 seconds.

Power requirements: —5.2 V + 10% at 80 mA; supply overload pro-
tection for voltages from =7 to +400 volts.

Accessories included: BNC to alligator clips, ground clip.

Accessories Available Price
00545-60104 Tip Kit for 545A Probe $30
10525-60012 Tip Kit for 10525T Probe, 10526T Pulser $40
10525-60015 Pulse Memory for 10525T Probe $80
Ordering Information

545A Logic Probe $125

10525T Logic Probe 590
10525E Logic Probe $150
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DIGITAL CIRCUIT TESTERS

Logic pulsers
Models 546A & 10526T

® |n-circuit stimulation without unsoldering
® Greatly simplifies digital troubleshooting
® High current, low duty cycle output

Logic Pulser

The Logic Pulser solves the problem of how to pulse 1Cs in digital
circuits for designers and troubleshooters. 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 oppo-
site state. No unsoldering of IC outputs is required. Pulse injection is
automatic so the user need not concern himself whether the test node
is in the high or low state; high nodes are pulsed low and low nodes,
high, each time the button is pressed.

The Pulser is essentially a pulse generator with high output current
capability packed in a convenient, easy-to-use probe. Ability to source
or sink up to 0.65 Amperes insures sufficient current to override 1C
outputs in either the high or low state. Output pulse width is limited
so the amount of energy delivered to the device under test is never
excessive. Additionally, the Pulser output is three-state so that the
circuit under test is unaffected until the Pulser is activated.

Combining in-circuit pulse injection with the unique detection ca-
pabilities of Logic Probes, Logic Clips, and the 547A Current Tracer
helps to focus new power on solving the problems of fault isolation.
Pulser/Probe, Pulser/Clip, and Pulser/Tracer combinations enable
the digital designer or troubleshooter to hold complete stimulus-re-
sponse capability at his finger tips.

Gate operation is tested using the Pulser to drive the input while the
probe monitors transmitted pulses at the output. When pulses are not
received, place the Pulser and Probe on the same pin to detect if the
failure is due to a short to ground or V.

Testing sequential circuits is the domain of the Logic Clip and Log-
ic Pulser. The Clip simultaneously monitors all output states while
the Pulser applies clock and reset pulses to the device. Improper oper-
ation, if present is immediately obvious since the 1C will not go
through its prescribed truth table.

Finally, when Pulsers are used with the 547A Current Tracer, the
Pulser acts as a current pulse source to find the exact location of
faulty gates on a node, solder bridges, or stuck devices on bus struc-
tures.

546A Logic Pulser

Automatic polarity pulse output, pulse width, and amplitude make
for easy multi-family operation when you use the 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 cither
1, 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 multi-family IC Troubleshooters, the
546A acts as both a voltage and current source in digital trouble-
shooting applications.

® Automatic pulse width
® Automatic pulse amplitude
® Automatic pulse polarity
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546A Specifications

Qutput
Typical Output Voitage
Family Output Current | Pulsa Width HIGH Low
TIL/DTL <650 mA =058 =3Vdc =08V dc
CMOS <100 mA =508 V(supply) -1 V de <05V dc

Power supply requirements: TTL; 4.5 to 5.5 V dc at 35 mA,
CMOS; 3 1o 18 V dc at 35 mA, protected to 25 V de.

10526T Logic pulser

The economical 10526 T provides dependable single-shot operation
in TTL/DTL applications. Just press the pulse button, and the pulser
delivers a single powerful pulse of the correct pulse width, polarity
and amplitude.

10526T Specifications

Output high pulse voltage: =2 V at 0.65 A (1 A typicalat V ps =
5V, 25°C).

Output low pulse voltage: <0.8 V at 0.65 A (1 A typical at V ps =
5V, 25°C).

Output impedance, active state: <2 ohms.

Output impedance, off state: =1 Megohm.

Pulse width: 0.3 us nominal.

Input overload protection: + 50 volts continuous.

Power supply input protection: =7 volts (includes power lead re-
versal protection).

Power requirements: 5V = 10% at 25 mA.

Accessories included: BNC to alligator clips, ground clip.

Accessories Available Price
00545-60104: Tip Kit for 546A Pulser $30
10525-60012: Tip Kit for 10526T Pulser £40
10526-60002: Multi-Pin Stimulus Kit $25
Ordering Information

546A Logic Pulser 5175
10526T Logic Pulser $115



® Troubleshoots three-state busses
e Solves the "Wired-AND" problem
e Displays in-circuit digital current flow

DIGITAL CIRCUIT TESTERS

Digital current tracer
Model 547A

®* Pinpoints supply-to-ground shorts
® All family: 1 mA to 1A
® Finger-tip indicator
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The 547A Current Tracer precisely locates low-impedance faults in
digital circuits by locating current sources or sinks. On a shorted
node, all points are stuck in one state by the short. Many similar
troubleshooting problems such as shorted wired-AND/OR configu-
rations, result in wasted time and excessive costs: several 1Cs have to
be removed before finding the bad one, and in the process the circuit
board may be damaged. Now, the 547A exactly pinpoints the one
faulty point on a node, even on multilayer boards. In addition, the
Tracer locates hairline solder bridges that manage to pass unnoticed
until a circuit is operated for the first time.

Constructed as a hand-held probe, the Tracer is a sophisticated in-
strument designed to troubleshoot circuits carrying fast rise-time cur-
rent pulses. The Tracer senses the magnetic field generated by these
signals in the circuit (or, provided by a Logic Pulser), and displays
transitions, single pulses, and pulse trains using a simple one-light
indicator. Because it is not voltage sensitive, the Tracer operates on
all logic families having current pulses exceeding 1 mA, and repeti-
tion rates less than 10 MHz, including CMOS, where even lightly
loaded outputs can have up to 2 to 3 mA of instantaneous charging
current.

Prior to introduction of the 547A, logic state indicators were limit-
ed to displaying voltage information, A node was HIGH, LOW, open,
or pulsing. When a node is stuck, however, it may be trying to change
state but isn't able to cross threshold levels. Use of the Current Tracer
adds the final bit of information necessary to pinpoint just such logic
faults on bad nodes. For example, on a bad node the Tracer can verify
that the driver is functioning and also show where the problem is by

tracing current flow to the source or sink causing the node to be stuck.

To use the Tracer, simply align the dot on its tip at a reference
point, usually the output of a node driver. Set the sensitivity control 1o
indicate the presence of AC current activity. Then, trace the circuit to
see where current is flowing. As you probe from point to point or fol-
low traces, the lamp will change intensity, and when you find the fault
the Tracer will indicate the same brightness found at the reference
point.

547A Specifications

Input
Sensitivity: | mA to | A.
Frequency response: light indicates single-step current transi-
tions; single pulses =50 ns in width; pulse trains to 10 MHz (typi-
cally 20 MHz for current pulses =10 mA).
Risetime: light indicates current transitions with risetime =200 ns
at 1 mA.
Power supply requirements
Voltage: 4.5 to 18 V dc.
input current: <75 mA.
Maximum ripple : =500 mV above 5 V dc.
Overvoltage protection: +25 Vdc for one minute.

547A Digital Current Tracer $350
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DIGITAL CIRCUIT TESTERS

Logic clips
Models 548A & 10528A

® Displays IC logic states at a glance
e Self-powered, self-contained

Logic Clips

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 Clip’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 V. pins and its buffered inputs reduce circuit loading.

The Logic Clip 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 diodes
corresponding to high logic states—greatly simplifies the trouble-
shooting procedure. The user is free to concentrate his attention on
his circuits, rather than on measurement techniques. Also, timing re-
lationships become especially apparent when clock rates can be
slowed to about | pulse per second.

When used in conjunction with the Logic Pulser, the Logic Clip
offers unparalleled analysis capability for troubleshooting sequential
circuits. The Clip attaches to the IC to be tested: the Pulser is then
used to inject pulses between gates allowing it to supply signals to the
IC under test absolutely independent of gates connected to the IC. All
outputs may then be observed simultaneously on the Logic Clip. De-
viations from expected results are immediately apparent as the Pulser
steps the IC through its truth table.

548 Multi-family Logic Clip
Fully automatic, protected to 30 V dc, and employing bright indi-
vidual LEDs in its display, the 548A brings multi-family operation to

® Sees up to 16 pins at a glance
® Easily verifies device truth table

the HP line of IC Troubleshooters. The Clip can be externally
powered, if desired, using a simple power connector.

548A Specifications

Input threshold: (=0.4 x Supply Voltage) = Logic High.

Input impedance: | CMOS load per input.

Input protection: 30 V dc for 1 minute.

Supply voltage: 4-18 V dc across any two pins.

Auxiliary supply input: 4.5 to 18 V dc applied via connector. Supply
must be =1.5 V dc more positive than any pin of IC under test.
Supply current: <50 mA.

10528A Logic Clip

Protection to +7 V dc, automatic operation, and low circuit loading
in TTL/DTL applications helps make the 10528A a valuable replace-
ment for more expensive test equipment like scopes and voltmeters.
The clip is, in effect, like 16 binary voltmeters, allowing the user to
look at the circuit rather than having to shift his attention toward test
equipment.

10528A Specifications

Input threshold: 1.4 £ 0.6 V; TTL or DTL compatible (except gates
with expander inputs).

input impedance: one TTL load (—1.2 mA typical) per input.
Input protection: voltages <—1 V or >7 V must be current limited
to 10 mA.

Supply voltage: 5 V =+ 10% across any two or more inputs,
Maximum current consumption: 120 mA.

Ordering Information Price
548A Logic Clip $135
10528A Logic Clip $100



¢ Finds faulty nodes
¢ Dramatically cuts troubleshooting time
¢ Performs in-circuit IC testing with no unsoldering

-
=

The Model 10529A Logic Comparator checks the operation of doz-
ens of ICs in less than a minute per IC. The Comparator clips onto
powered TTL or DTL ICs and detects functional failures by compar-
ing the in-circuit test IC with a known good reference IC inserted in
the Comparator. 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 corre-
sponds to a logic difference. The Logic Comparator can save consid-
erable time in locating a faulty IC. There are no controls to be set and
no power connections.

The procedure is very simple. First the IC to be tested is identified.
An IC of the same type is placed in the Comparator's IC socket, or a
reference board with an IC of the same type is inserted in the Compa-
rator. The Comparator is clipped onto the test 1C, and an immediate
indication is given if the test IC operates differently from the refer-
ence IC. Even very brief dynamic errors are detected, stretched, and
displayed.

The 10529A operates by connecting the test and reference IC in-
puts in parallel; thus the reference IC is exercised by input signals
identical to those of the test IC. The outputs of the two 1C’s are com-
pared; any differences in outputs are detected, and LEDs correspond-
ing to the particular pin are lit on the Comparator’s display.
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 indication. 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 malfunction-
ing node.

Programming for the specific IC is easily accomplished by two dif-
ferent methods. First, the socket board included with the Comparator
is inserted in the Comparator drawer. Qutputs of the particular IC to
be tested are selected via 16 miniature switches which tell the Compa-
rator which pins of the reference 1C are inputs and which are outputs.
The reference IC is then inserted into the socket and locked into
place. An IC may be set up in seconds. Alternatively, if specific IC
types are to be tested repeatedly, the reference 1C may be soldered
into one of the 10 reference boards provided with the Comparator.
The reference board is programmed by opening the connections be-
tween the tests and reference ICs outputs and solder-bridging V., and
ground.

DIGITAL CIRCUIT TESTERS

Logic comparator
Model 10529A

® Easy-to-use comparison technique

e Versatile "socket board” included for seldom-tested

IC's

When troubleshooting you want to know that the tester is operating
properly. A test board is supplied with the Logic Comparator for this
purpose. When inserted in the comparator the test board exercises all
of the circuitry, test leads, and display elements to verify proper oper-
ation.

The Logic Comparator’s ease of use and small size make it an in-
valuable addition to the troubleshooter’s test gear either in the field or
in the factory. With TTL and DTL failures that are functionally re-
lated, the Comparator can find bad nodes many times faster than
conventional signal tracing techniques. At its low price, the Logic
Comparator can pay for itself in days.

1054 1A: twenty additional blank reference boards; identical to the
10 boards provided with the Logic Comparator, they allow additional
ICs to be programmed for Comparator testing.

10541B: twenty preprogrammed reference boards; 20 of the most
common TTL ICs already programmed and ready for use with the
Logic Comparator. The 10541B includes the following ICs: 7400
Quad 2-input NAND; 7402 Quad 2-input NOR; 7404 Hex inverter;
7408 Quad 2-input AND; 7410 Triple 3-input NAND; 7420 Dual 4-
input NAND; 7430 8-input NAND; 7440 Dual 4-input NAND buff-
er; 7451 Dual 2-wide, 2-input AND-OR-INVERT; 7454 4-wide, 2-
input AND-OR-INVERT; 7473 Dual J-K master-slave flip-flop;
7474 Dual D flip-flop; 7475 Quad bistable D latch; 7476 Dual J-K
flip-flop with preset and clear; 7483 4-bit binary full adder; 7486
Quad 2-input exclusive-OR; 7490 Decade counter; 7493 4-bit binary
counter; 74121 Monostable multivibrator; 9601 Monostable multi-
vibrator, retriggerable,

10529A Specifications

Input threshold: 1.4 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 IC. Test IC outputs are
loaded by 2 low-power TTL loads.
Input protection: voltages <—1 V or >7 V must be current limited
to 10 mA.
Supply voltage: 5 V + 10%, 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 seconds.
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 included: 1 test board; 10 blank reference boards; |
programmable socket board; 1 carrying case.

Accessories Available Price
10541A: Twenty Blank Reference Boards for the Logic §95
Comparator
105418B: Twenty Pre-programmed Boards for the Logic $195
Comparator

$525

10529A Logic Comparator
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DIGITAL CIRCUIT TESTERS

Logic Troubleshooting Kits
Models 5011T, 5015T, 5021A, 5022A, 5023A & 5024A

¢ Complete multi-family kits
¢ Stimulus-Response capability
® |n-circuit fault finding

10529A

548A/546A

® |n-circuit analysis
* Dynamic and static testing
* Multi-pin testing

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 pin-
point faults and ensure fast non-destructive repair of digital circuits.

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, handy applications information
is available, such as AN-163-1, “Techniques of Digital Troubleshoot-
ing”, to help users derive maximum benefit from these instruments.

The table below shows a series of typical node and gate faults and
the combination of tools used to troubleshoot the circuit. As with all
sophisticated measuring instruments, operator skill and circuit
knowledge are key factors once the various clues, or “bits” of informa-
tion 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 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 546A
Pulser, stimulus-response testing is now also possible in the current
domain.

FAULT STIMULUS RESPONSE TEST METHOD

@ Pulse shorted node
® Follow current pulses to
short

Shorted Node' Pulser? Current Tracer

o Fulse bus line(s)

® Trace current to device
holding the bus in a
stuck condition

@ Pulse and probe test point
simultanequsly

® Short to Vec or Ground
cannot be overridden by

Current Tracar pulsing

@ Pulse test point, and
follow current pulses to
the shor

@ Remove power from circuit
under test

» Disconnect electrolytic
bypass capacitors

@ Pulse across Ve and ground
using accessory connectors
provided

® Trace current to fault

Stuck Data Bus Pulser? Current Tracer

Signal Line Short Pulzer Probe,
to Vice or Ground

Supply to Ground Pulser Current Tracer
Short

Internalty Pulser? Probe ® Pulse device input(s)
Open IC ® Probe output for response
# Puise suspect line(s)
@ Trace current pulses to
Solder Bridge Pulser? Current Tracer the fault
® Light goes out when solder
bridge passed
® Circuit clock de-activated
@ Use Pulser to enter desired
Sequential Logic number of pulses
Fault in Counter Pulser Clip ® Place Clip on counter or
or Shitt Register shift register and verify

device truth table

1. A node is &n Interconnection between two or more IC's
2. Use the Pulser to provide stimulus or use normal circuit signals, whichever is most convenient.



5011T

1054 1B 10541A

Price
$ 435

Ordering Information

5021A TTL/CMOS Troubleshooting Kit

Includes:

545A Logic Probe

546A Logic Pulser

548A Logic Clip

Size:64 Hx 146 W x 298 mm D (2.5"x 5.75" x 11.75").
Weight: net, 0.6 kg (13 oz). Shipping, 0.72 kg (16 0z).

5022A TTL/CMOS Troubleshooting Kit $ 735
Includes:

545A Logic Probe

546A Logic Pulser

547A Current Tracer

548A Logic Clip

Size:64 Hx 146 W x 298 mm D (2.5" x 5.75" x 11.75").
Weight: net, 0.43 kg (15 oz). Shipping 0.51 kg (1 Ib 2
oz).

5023A TTL/CMOS Troubleshooting Kit $1235
Includes:

545A Logic Probe

546A Logic Pulser

547A Current Tracer

548A Logic Clip

10529A Logic Comparator

S;zg: 2)25 H x 200 W x 337 mm D (8.875" x 7.875" x

13.25").

Weight: net, 1.64 kg (3 Ib 10 oz). Shipping, 2.12 kg (4

1b 12 oz).

5024A TTL/CMOS Troubleshooting Kit $625
Includes:

545A Logic Probe

546A Logic Pulser

547A Current Tracer

Size:64 Hx 146 W x 298 mm D (2.5" x 5.75" x 11,75%).

Weight: net, 0.54 kg (12 oz). Shipping, 0.43 kg (15 oz).

5022A
[ o=
—— ‘
A,
10626-80002
10625-80012
IC Troubleshooter Kits Selection Guide
5458 5464 547R 5484 105257 | 105267 | 10528A 105264
TTL/CMOS | TTL/CMOS |TTL/CMOS | TTL/CMOS |  TTL m m m
Probe | Pulser | Current | Clp | Probe | Pulser | Cilp |Compar
Tracer
S011T Kit X X X X
S015T Kit X X X
S021A Kit X X X
50224 Kit X X X
50234 Kit  § X * X A
50244 Kit X X
5011T TTL Troubleshooting Kit $760
Includes:

10525T Logic Probe

10526T Logic Pulser

10528A Logic Clip

10529A Logic Comparator

Size: 826 H x 203 W x 311.2 mm D (3.25" x 8" x
12.25%).

Weight: net, 1.36 kg (3 1b). Shipping, 2.27 kg (5 Ib).
S015T TTL Troubleshooting Kit 5285
Includes:

Model 10525T Logic Probe

Model 10526T Logic Pulser

Model 10528A Logic Clip

Size:64 Hx 133 W x 286 mm D (2.5" x 5.25" x 11.25").
Weight: net, 0.63 kg (1 Ib 6 oz). Shipping, 0.74 kg (1 Ib
10 oz).

Accessories Available Price
00545-60104: Tip Kit for 545A Probe, and 546A $30
Pulser

10525-60012: Tip Kit for 10525T Probe, 10526T $40
Pulser

10525-60015: Pulse Memory for 10525T Probe $80
10526-60002: Multi-pin Stimulus Kit for Logic Pulsers 825
10529-60006: External Reference Kit for 10529A $125
Comparator

10541A: Twenty blank reference boards for 10529A 895
Comparator

10541B: Twenty pre-programmed reference boards for §195

10529A Comparator
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DIGITAL CIRCUIT TESTERS

Signature Analyzer, a P service solution
Model 5004A

e Field troubleshoot microprocessor-based products to
the component level
® Improve the confidence level of field service

5004A

The Product

The HP S004A Signature Analyzer is a tool for field troubleshoot-
ing of complex logic circuits. It recognizes and displays unique digital
signatures associated with data nodes in a circuit under test, By com-
paring these actual signatures to the correct ones, a service technician
can back-trace to a faulty node. The technique is especially useful in
checking operation of microprocessor-based products and high-speed
state machines, where data streams are long and complex and where
there are no conventional means to troubleshoot to the component
level.

By designing or retrofitting the digital portion of a product with the
Signature Analyzer in mind, a manufacturer can provide field troub-
leshooting procedures for component level repair, without having to
invest in a board exchange program, or in expensive special-purpose
equipment.

Signature Analysis is also attractive for production line trouble-
shooting. The 5004A can detect speed-related failures in assembled
systems, which may not have been caught by subassembly testers.

The Technique

HP’s patented Signature Analysis technique enables the 5004A to
display a compressed, four-digit “fingerprint” of the data stream pre-
sent at a node. This signature is generated from a linear feedback
shift register in the 5004A, and is unique for a specific good node.
Any fault associated with a device on that node will force a change in
the data stream and, therefore, result in an erroneous signature.

The 5004A utilizes a 16-bit shift register, with maximal-length
feedback taps. The data stream being measured is summed, modulo

® Reduce warranty and service support costs
® Reduce the end-user's cost of ownership

2, with the register feedback. The resulting probability of detecting
an erroncous data stream is 99.998%. More importantly, the prob-
ability of detecting a single-bit error in a data stream is 100%. Signa-
ture Analysis detects time-related faults, such as mid-cycle displaced
bits, which are not detectable by traditional transition and ones
counting techniques.

The 5004A does not require programming, since the test stimulus is
stored in the product under test. Gating and clock signals are also
derived from the product under test.

The Application
For a product which has been designed and documented for Signa-
ture Analysis, troubleshooting typically consists of:
® Switching the product to be tested into a test mode of operation.
® Attaching the 5004A's START, STOP, CLOCK, and GND
leads to the test points of the product to be tested (no board or
component removal required).
® Probing circuit nodes and observing the signatures displayed on
the 5004A.
® Comparing them to correct signatures preprinted on a schematic
or troubleshooting procedure in the service manual of the product
under test.
® [solating a faulty node by observing an erroneous signature.
® Tracing signatures back through gates and memory elements, un-
til an element with correct inputs and faulty outputs is isolated.
® Replacing only the faulty component.
These steps can be performed quickly on-site, at a field service fa-
cility, or on a production line.



Designing for Signature Analysis

Use of the 5004A Signature Analyzer requires that some test fea-
tures be designed or retrofitted into the product to be tested.

First, a short repetitive test stimulus shuld be stored in the pro-
duct’s ROM. The routine simulates circuit nodes, generating signa-
tures detectable by the S004A. It needs only to force a state change on
each node, and does not have to create meaningful data. This stimulus
can be merged with the product’s self-check program, and enabled by
a switch or jumper.

Second, data feedback paths should be opened, during part of the
troubleshooting procedure, by switches, connectors, or disabling soft-
ware. This prevents a fault from feeding back around, perturbing all
data nodes.

Third, gating signals (START, STOP, CLOCK) should be brought
out to test points for Signature Analyzer hookup.

HP Application Note 222, A Designer's Guide to Signature Analy-
sis, provides examples and advice on designing products to be serviced
by the S004A.

Operational Features

The active DATA PROBE is also a TTL Logic Probe, similar to the
HP 545A, indicating high, low, bad-level, and pulsing states, for addi-
tional troubleshooting information.

The gating inputs (START, STOP, and CLOCK) are brought out
to an active pod, for fast response and low circuit loading.

Front-panel controls allow selection of either rising or falling edges
of start, stop, and clock waveforms.

The GATE light indicates proper start/stop gating operation,

The UNSTABLE SIGNATURE light indicates a difference be-
tween successive signatures, alerting the user to intermittent faults,
which may not be observed from the display.

The HOLD/RESET controls allow observation of signatures asso-
ciated with one-shot operations, such as power-on routines.

The front-panel SELF-TEST feature allows go/no-go checkout of
the entire Signature Analyzer, including probe, pod, and cables, in-
creasing confidence in on-site service.

5004A Specifications

Display
Signature: four-digit hexadecimal.
Characters: 0,1,2,3,4,5,6,7,8,9,A.C,F.H.P,U.
GATE, UNSTABLE SIGNATURE indicators:
Panel lights
Stretching: 100 ms.
Probe-tip indicator: light indicates high, low, bad-level and pulsing
states.
Minimum pulse width: 10 ns.
Stretching: 50 ms.
Probability of classifying correct data stream as correct: 100%.
Probability of classifying faulty data stream as faulty: 99.998%.
Minimum gate length: |1 clock cycle.
Minimum timing between gates (from last STOP to next
START): 1 clock cycle.
Data Probe
Input impedance: 50 kf? to 1.4 V, nominal. Shunted by 7 pF, nomi-
nal.
Threshold
Logic one: 2.0V +0.1 —0.4
Logic zero: 0.8V +0.4 =0
Setup Time: 15 ns, with 0.2 V over-drive, (Data to be valid at least
15 ns before selected clock edge).
Hold Time: 0 ns (Data to be held until occurrence of selected clock
edge).

MEASUREMENT GATING EXAMPLE. POSITIVE-EDGE START STOR, AND CLOCK

|
DATA ENTEHED

|

|

\ |

| |
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| I i
| |

1

Gating Input Lines
START, STOP, CLOCK inputs
Input impedance: 50 {1 to 1.4 V, nominal. Shunted by 7 pF, nomi-
nal.
Threshold: 1.4 V +0.6 (0.1 V hysteresis, typical).
START, STOP Inputs
Setup time: 25 ns. (START, STOP to be valid at least 25 ns before
selected clock edge).
CLOCK Input
Maximum clock frequency: 10 MHz
Minimum clock time in high or low state: 50 ns.
Overload protection (all inputs): +150 V continuous. +250 V in-
termittent. 250 V ac for | minute.
Operating Environment
Temperature: 0°C—55°C,
Humidity: 95% RH at 40°C.
Altitude: 4,600 m.
Power Requirements: 15 VA max. See Options below for power
line voltage and frequency.
Waight: net, 2.5 kg (5.5 Ib.) Shipping 5 kg (11 Ib.)
Size: 90 H x 215 W x 300 mm D (3.50" x 5.50" x 12”). Dimensions
exclude bale, probe and pouch.

5004A Signature Analyzer

Opt 910. Extra manual

Orders must specify one of these power line options.
Opt 100. 100 V ac line, +5%, —10%, 48-440 Hz
Opt 120: 120 V ac line, +5%, —10%, 48-440 Hz
Opt 220: 220 V ac line, +5%, —10%, 48-66 Hz
Opt 240: 240 V ac line, +5%, —10%, 48-66 Hz

$990
add 510
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DIGITAL CIRCUIT TESTERS

Digital Education Courses
Models 5035A, 5035T Logic Labs

B
)

5035T Complete Logic Lab

Learn logic . . . the practical way. HP's Model 5035T Logic Lab com-
bines theory and lab so you'll learn digital logic quickly, enjoyably,
and memorably. Start by building simple circuits and work up to
complete numerical readout clocks, Adopted by schools, industrial
firms and individuals who want to keep up with the changing world of
electronics, and enjoy doing it.

5035T Logic Lab Ordering Information

Includes
5035A Mainframe with removable breadboard (see below)
“Practical Digital Electronics”—An Introductory Course
® Complete textbook
® 26 Experiment Workbook
TTL/DTL Test Instruments
® 1D525T Logic Probe
® 10526T Logic Pulser
® 10528A Logic Clip
Wire and Component Kit
® 32 TTL, MSI, LSI ICs
® 285 Pre-stripped Wires
® 4 Large LED numerical displays
® |C Remover

Accessories Available Price
1258-0121: Additional Breadboard Assembly $62.50
10656A: Set of 10 “Practical Digital Electronics™ An §150
Introductory Course—Texts and Lab Workbooks

10657A: Additional Component and Wire Kit $150
5035T Logic Lab $800

5035A Logic Lab Mainframe

The 5035A Logic Lab Mainframe brings convenience and flexibil-
ity to breadboarding by allowing solderless connection of new circuit
ideas. Fully self-contained, the mainframe has a 5-valt 1-amp power
supply, two clocks, four LED indicators, six data switches, two 5-volt
BNC connectors, and a handy removable breadboard. To use it, just
connect up circuits using standard 24-gauge wire, then power up ei-
ther one or several breadboards to quickly and easily verify new cir-
cuits ideas before incurring expensive PC board layout and rework
charges.

5035A Mainframe Ordering Information

Power supply: 5 volts + 5%, over 0-1 Amp range; 10 mV rms ripple
maximum, Continuous short ¢ircuit protection.

Data switches: 6 bounceless slide switches for TTL high/low out-
puts.

LED indicators: 4 high/low indicators.

Clocks: 2 independent; 1 Hz and 100 kHz.

Breadboard assembly (HP part number 1258-0121): removable.
Interconnections: all power supply, data switch, LED indicator,
and component contact points may be interconnected by standard 24-
gauge hook-up wire.

Power requirements: 100/120,/220/240 V ac +5, —10% 50 or 60
Hz line frequency; 30 watts max; 0°C-55°C,

Size: mainframe, 311 H x 89 W x 267 mm D (3%" x 12%" x 10%").
Breadboard assembly: 165 H x 114 W x 13 mm D (6%" x 44" x 4").
Weight: net, 5.9 kg (13 1b). Shipping, 6.9 kg (15.13 Ib).

Accessories Available Price
1258-0121: Additional breadboard assembly $62.50
1540-0258: Heavy duty, padded vinyl carrying case $15
05035-60006: Wire interconnect kit (258 prestripped, $15

assorted length and color, 24 gauge hook-up wires)
5035A Logic Lab $450



® Covers hardware, software and troubleshooting in one
course.

® A practical, hands-on course for the general technical
community.

Staying Current with Technology

The microprocessor represents an extension of electronics technol-
ogy into areas previously dominated by mechanical devices, older
electronic or electrical means, or even hydraulics. This means more
versatile, less expensive electronic tools are rapidly replacing older
less efficient equipment. However, repair of microprocessor-based
systems by engineers, scientists and technicians trained on older
equipment is a problem area ignored until now.

The microprocessor presents a repair problem due to its complexity,
and because it is used in so many diverse products. Repair of these
microprocessor products is currently a challenge to manufacturers.
Little imagination is required to anticipate field repair problems with
greal guantities of microprocessor-based products like the following:
- Traffic Controller - Pipeline Control System
- Typesetter - Medical Instrumentation
- POS Terminal - Telephone Exchange
- Tire Balancer - Taxi Meter
- Photo Finisher - Oceanographic Telemeter
- Test Instruments - Elevator Control System

There are great numbers of scientists and engineers who can con-
tribute to solving this problem by learning about both the hardware
and software in microprocessor systems, and there is a virtual army of
technicians who need to learn to troubleshoot them. The 5036A Mi-
croprocessor Lab provides both the hardware and software basics and
vital troubleshooting information needed to solve the microprocessor
puzzle.

To help fully understand how to repair faulty microcomputer sys-
tems, a user should understand both software and hardware. The
5036A course book, Practical Microprocessors, covers both areas in
detail in separate chapters containing summaries, hands-on experi-
ments and quizzes. Once these chapters are completed, the course
builds up to a series of troubleshooting experiments employing recom-
mended accessory troubleshooting instruments that challenge the
user and reinforce major microprocessor operating concepts.

In addition to microcomputer basics, the book contains information
on the use of oscilloscopes, signature analyzers, logic analyzers, logic
probes and many other topics.

DIGITAL CIRCUIT TESTERS

Microprocessor Lab
Model 5036A

A practical hands-on course, Practical Microprocessors, removes
the mystery from this exciting area and helps the user become current
in a subject bound to be required knowledge in most engineering, sci-
entific and technical disciplines for years to come.

5036A Major Features

® Multi-colored block diagram PC board graphics illustrate system
organization to enhance learning.

® Multiple-experiment troubleshooting chapter highlights 1C Troub-
leshooters such as 545A Probe, 546A Pulser, 547A Current Tracer
and 5004A Signature Analyzer.

® Plug-in jumpers create real hardware faults that allow realistic
troubleshooting practice.

® Complete resident software.
— Easy program entry and modification.
~ Program debugging aids.
~ Interesting demonstration programs.
— Built-in signature analysis and self-test routines.
~ 1K-Byte of user program space.

® Large, easy-to-read displays.

® Dual 5-Volt power supplies, plus edge connectors for expanda-
bility.

® Software-controlled speaker.

® LED monitors on all data, address, status and output lines.

Price
$800

Ordering Information

5036A Microprocessor Lab and Power Supply mount-
ed in briefcase, plus Practical Microprocessors text and
lab book.

Recommended Accessories for
Troubleshooting Experiments:

5024A Logic Troubleshooting Kit; includes 545A $625
Probe, 546A Pulser, 547A Current Tracer and vinyl

case.

5004A Signature Analyzer $990
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LOGIC ANALYZERS

Real time analysis of digital systems

Introduction

Increasing in numbers and complexity,
digital systems in business and industry have
generated a concurrent need for analytical
instruments dedicated to the design, service,
and production of these systems. Measure-
ment problems in the data domain place de-
mands on analysis tools which cannot be met
by the traditional electronic analysis instru-
ments. From a simple algorithmic state ma-
chine to a complex processor-based system,
any digital system is a combination of hard-
ware circuits which respond to software and
firmware instructions. Solutions to complex
problems become straightforward and com-
paratively easy when the proper digital
analysis instruments are used.

Hewlett-Packard is the pace-setter in logic
analyzers, and offers a variety of instruments
for logic state and logic timing analysis.
These analyzers provide real-time transpar-
ent monitoring and extensive triggering ca-
pability to investigate program execution in
even the most elusive regions of system activ-
ity. Building on a strong history in data do-
main analysis, Hewlett-Packard has added
the 64000 Logic Development System for the

design, development, and modification of mi-
croprocessor-based systems. HP 64000 is a
multistation, hard-disc based system for per-
forming software tasks, emulation, and logic
analysis in digital design.

Defining the analysis needs for your appli-
cations is the first step in determining what
analysis tools you should use. Logic analyz-
ers and the Logic Development System have
many functions in common, but for some
phases of the development cycle for digital
systems, the unique features of each tool dic-
tates that one be chosen over the other. When
the primary task is creating, debugging, and
integrating software in a new or modified
system, the HP 64000 System is the answer.
For troubleshooting and servicing a system, a
logic analyzer is the tool you need. When a
logic analyzer is selected, you must make a
further distinction: do you require timing
analysis, state analysis, or both? A wide se-
lection of HP logic analyzers allows you to
choose the best instrument for your applica-
tion requirements.

Logic Development System
Model 64000 Logic Development System
is the complete development system for

microprocessor-based designs. The modular
architecture with up to six development sta-
tions can be configured to meet the objectives
of your design lab. A hard-disc memory
makes possible the very sophisticated operat-
ing software, Directed Syntax and soft keys
reduce training time for operators to a bare
minimum, and customized assemblers and
compilers for the most popular microproces-
sors speed software design. The feature set of
the 64000 system is specifically tailored to
meet the needs and objectives of the design
lab, All the conventional software tasks (e.g.,
editing, assembling, compiling) are avail-
able, as well as logic analysis functions, Mi-
croprocessor emulation has a 200 ns memory
speed for virtual real-time checkout of target
systems. Open-ended and flexible, the 64000
Logic Development System keeps pace with
the ever changing nature of microprocessor-
based design technology.

Timing Analyzer

The timing analyzer samples all data chan-
nels simultaneously on an internal reference
clock. The recorded data indicates whether
the input lines are high or low relative to a
defined threshold voltage at the active clock



transition, Data from all channels are subse-
quently displayed on a CRT with any
changes appearing as ideal transitions. The
timing resolution is determined by the sam-
pling clock period.

The timing analyzer’s strength is in func-
tional timing measurements. For example,
the timing analyzer is ideal for displaying se-
quences on control buses, /0 data transfers,
or examining handshakes on HP-IB (IEEE-
488) interface buses. It is the presentation of
the sequence in which the lines toggle that is
the timing analyzer’s strength, not the preci-
sion resolution of these transitions. For ex-
ample, a microprocessor based real time
controller may have intricate timing se-
quences, however, since clock frequencies of
only a few megahertz are present, a 20 MHz
timing analyzer with 50 ns resolution is ade-
quate 1o show timing relationships needed to
troubleshoot the controller. Sampling rates
of five times the data rate usually provide
more than adequate resolution for functional
displays.

An essential feature of a timing analyzer is
the ability to capture and display glitches,
i.e., narrow spikes that occur within a sample
period. Some timing analyzers use latch cir-
cuits that stretch a glitch and give it the ap-
pearance of a minimum width pulse. These
analyzers will miss the glitch on a signal
transition. The Hewlett-Packard 1615A,
however, has special circuits that capture any
glitch and display it distinctively.

The greatest asset of a timing analyzer is
triggering capability. If data recognition (or
nonrecognition) is sufficiently definitive, it
often provides answers directly, eliminating
the need for large memories and high sam-
pling rates. There are several ways to trigger
logic timing analyzers.

Synchronously, with an ANDed condition
on the inputs of highs, lows, and “dont
cares” at the instant of sampling. This tech-
nique has limitations, i.e., the timing analyz-
er may trigger on a transient state, or, when
the sample period is increased, may miss the
trigger word entirely.

Asynchronously, with any Boolean expres-
sion of one or more ORed terms existing for a
minimum selectable time. Note that asyn-
chronous triggering is independent of the
sample rate.

On a glitch, with a glitch on a given chan-
nel, between successive samples, and simul-
taneously with any allowed Boolean expres-
sion. For analyzers with latched glitch
detection, triggering on a glitch combined
with a specified high or low condition on the
same channel is not possible.

Externally, with an additional nondisplayed
input that permits triggering from either an
edge or level, depending on the instrument.
Delayed, with triggering hold-off until a
digital delay is counted down or a specific
time interval passes.

Armed, with a two-condition sequential trig-
ger in which any of the outlined triggering
methods are possible once the arming signal
is received.

Not all triggering methods are available on
one logic timing analyzer. However, the
more precisely the instrument can window in

on a problem, the less dependent it is on large
memories or high sample rates.

State Analyzer

A state analyzer uses a clock or strobe from
the system under test to synchronously sam-
ple system data. It monitors the word (state)
parameters and the word (state) sequence of
the system under test. These states must be
interpreted by the analyzer exactly as they
are interpreted by the system under test. l.e.,
a state analyzer should require no hold time,
no period during which the data must remain
stable after the strobe edge. If the analyzer
hold time is pesitive, the state clocked into
the analyzer becomes ambiguous, with three
possibilities (figure 2). The state recorded
may be the present state, the next state, or a
transitional state.

A typical application for a state analyzer is
to troubleshoot a microprocessor system. For
the most common microprocessors this con-
sists of monitoring a 16-bit address field, an
8-bit data bus, plus some control and 1/0 ac-
tivity. The state analyzer must be multinodal
to monitor this much data. For an easily in-
terpreted presentation, the state analyzer
condenses the data into an appropriately cod-
ed display such as hexadecimal, or it may
even perform inverse assembly to reconstruct
the microprocessor mnemonics. To allow for
different data formats, an analyzer should
offer flexible formatting so data can be
grouped in a format that fits the application.

A special case of a state analyzer that is not
multinodal is that required for analysis of a
communications network. Here the interface
is typically an RS-232C serial link. In this
case it is desirable to not only passively moni-
tor but to also simulate any of the system
components. Again, the instrument should
have formatting that is flexible enough to
handle common encoding (e.g., ASCII,
EBCDIC, etc.). It should also be able 10 op-
erate properly within common communica-
tions protocols.
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Figure 2. The data captured by a synchro-
nous analyzer may be ambiguous, if the
hold time is positive.

FUNCTIONAL
DESCRIPTION

Figure 1. In the typical development cycle for digital systems, the Logic Development
System is the proper tool for earlier design phases of creating and debugging software,
while logic analyzers contribute sophisticated analysis capability to all phases of the

development cycle.
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Selective tracing

Because of the quantity of data presentina
typical digital system, it is essential that any
monitoring instrument window on the de-
sired activity, select the desired portions of
the activity, and display only the activity of
interest. To achieve this, state analyzers
should contain extensive qualification and
triggering capabilities.

Selective tracing records only the desired
system activity in memory. Without selective
tracing, no practical memory is deep enough
to solve all possible state analysis problems.
Data may be selectively traced in two ways.
With clock qualification, data will be strobed
into the analyzer only if additional inputs
(qualifiers) are true at the clock edge. In a
processor system the qualifiers may be valid
memory address line, read/write, etc. This
type of qualification is essential to decipher-
ing data on a multiplexed bus. The second
method to qualify recorded data is to pro-
gram the analyzer to trace only specified
states. A state analyzer ideally should be able
to do both.

A “trace triggers” state analyzer mode re-
cords only data that meets trigger specifica-
tions. Trace selectivity is controlled by
varying the trigger specifications. Varying
the selectivity allows monitoring activity at
specific memory location(s), which is often
more significant than what occurs at each
strobe signal. In most problems, a prior anal-
ysis will show that only a small fraction of the
data transactions need be monitored.

In the selective trace mode a state analyz-
er’s time and count events capability may
also be used to resolve a functional problem.
The number of low order states occurring be-
tween successive high order states (trigger or
trace words) is often a clue to an anomaly, By
actually depicting path length, a state count
highlights problems.

To window the trace to the desired activity
within complex state sequences calls for so-
phisticated triggering techniques. In many
instances it will be a sequence of states, not
just a single state, that must be satisfied in
order to meet the trigger conditions. For ex-
ample, the state analyzer may be required to
trace at a specified state only when this state
is reached via an infrequently traveled path
or sequence of events. The state analyzer
must ignore entry via other paths. A second
example is nested loops where it is required
10 trace the n'" pass of the J loop on the m*
pass of the K loop etc.

Pictorial displays

Pictorial displays provide a quick, global
view of system activity. A map is a dot ma-
trix, and each dot corresponds to a word with
the most significant portion plotted vertical-
ly, the least significant portion plotted hori-
zontally. The graph plots state magnitude as
a function of sequence. In either case, each
system activity generates a unique display,
and after some familiarization, operators can
quickly recognize atypical patterns, improp-
er discontinuities, or other digressions from
proper program execution.

Menu Control of Logic Analyzers
As logic analyzers offer more and more
features, it soon became obvious that the

conventional key-per-function approach to
front panel design would result in a cluttered,
unwieldy keyboard. Consequently, most HP
logic analyzers use a “menu” approach. The
appropriate specification menu is called up
with a keystroke, and the parameters are set
by the operator using the interactive display,
movable cursor, and a field select key or di-
rect keyboard entries.

Preprocessing System Signals

Frequently it is convenient, and sometimes
necessary, to preprocess the signals from the
target system. Preprocessing signals will al-
low serial-to-parallel conversion, latching
data from multiplexed buses, generating
ORed clocks from multiclock systems,
changing analysis modes, and a defined,
prewired connection scheme. Special circuits
can be built to extend the feature set of a log-
ic analyzer by adding parameters to the trace
definitions (e.g., trace only read data) or by
adapting the input signals from the target
system to suit the capabilities of logic analyz-
er (e.g., creating a single master clock for
strobing data from a multiplexed system into
an analyzer with a single clock). This can be
done most easily with a general purpose in-
terface, Model 10277, which can be connect-
ed to a logic analyzer and dedicated
interfaces. Model 10277 contains inter-
changeable interconnection boards with
prewired integrated circuits, or space for
user-designed circuits, Dedicated preproces-
sors are available for standard bus configura-
tions of popular minicomputers.

Selecting the Proper Digital
Analysis Instruments

Your applications determine what analyt-
ical tools are best for you. For teams whose
sole function is the design of new software,
the first tool to consider is Model 64000 Log-
ic Development System. This state-of-the-art
system will make your design teams more ef-
fective, efficient, and productive. Logic ana-
lyzers supplement the Logic Development
System in the design lab, and follow the de-
velopment cycle of digital systems into pro-
duction, maintenance, and service. There is
no universal logic analyzer which is the final
answer for all analysis problems in the data
domain, but there usually is a “best” logic
analyzer for a particular application. Select-
ing the best logic analyzer is done by match-
ing the features you need to the features
available in particular logic analyzers. If the
feature set you require is already well de-
fined, selection of a logic analyzer can be
done directly with the selection chart on page
131 (figure 6). If the feature set is not known,
the overall measurement problem should be
reviewed. The measurement environment
and system architecture determine what
problem sets are likely to be encountered.
When these are defined, the required mea-
surements are apparent, and selecting the
right logic analyzer is a simple matter of
matching feature sets to measurement needs,

Measurement environment

The measurement environment may be
broken into three major areas: design, pro-
duction, and service. Of these, design nor-
mally requires the most sophisticated type of

logic analysis. The algorithmic process de-
picted in figure | represents the design cycle
for a typical digital system. This may be a
microprocessor or a minicomputer-based sys-
tem, or even @ ROM-based controller with no
CPU, but with a simple automatic sequencer.

Software and hardware development are
distinctly different tasks whose measurement
environments also differ, within the design
area. And, since the two disciplines must ulti-
mately be integrated, the measurement envi-
ronment changes again when software and
hardware are combined.

The software team is concerned with the
generation of code, so is interested in detect-
ing algorithmic errors and execution efficien-
cy, while the hardware team is interested in
circuit problems such as race conditions,
glitches, and coupling errors. On integrating
the software and hardware, interaction prob-
lems are of interest. At this stage /O and
interrupts operate in real time, therefore tim-
ing, protocol, and even stack problems may
manifest themselves for the first time. Differ-
ent interpretations of the design definition
also need to be resolved at this point.

The design group needs very sophisticated
instruments to accomplish its tasks. In pro-
duction, rapid functional tests performed by
personnel with a limited technical back-
ground dictates a programmable logic ana-
lyzer with well designed probing for the
production environment. The service envi-
ronment is like the production environment,
but, there is less emphasis on speed, with por-
tability becoming an important criteria for
on-site service.

System architecture

Figures 3 and 4 are generalized digital sys-
tem block diagrams. Knowing the architec-
ture of the system helps to determine some
basic features that are needed in an analyzer
to trace activity on the system buses.

The address and data buses are typically
synchronous parallel. In order to trace ad-
dress and, therefore, program activity flow,
at least 16 inputs are required for most sys-
tems. To correlate the address flow to the
states on the data bus, another 8 to 16 chan-
nels are needed. Additional inputs are also
needed if qualification is to be used. If an er-
ror condition is recognized in the state flow,
it may be desirable to trigger an oscilloscope
for a time domain presentation of the prob-
lem. A logic analyzer with its trigger output
may be used to synchronize the oscilloscope
display with the problem state sequence.

A summary of features that should be
available on any logic state analyzer in order
to perform simple tracing on a bus includes:

1. 16 or more input channels
2. Internal storage
a. Negative time
b. Digital delay
. Clock (display) and trigger qualifiers
. Pattern trigger
. Proper setup and hold specifications on
both trigger and data
a. Setup time minimum
b. Hold time of zero

e
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Figure 3. Logic analyzers isolate problems in system activity by monitoring activity across the system buses.

ASYNCHRONOUS BUS, ADDRESS, DATA, CONTROL
OFTEN MULTIPLEXED ADDRESS AND DATA
HANDSHAKE CONTROLS

16 1o =50 LINES, <10 MHz

S—JF IF iF 3t

OR
CONTROLLER

HP-18

MEwony INTERFACE

TERHIHM..

DATA LINK
CONTROLLER

16 BIT
ASYNCH
<2 MHz

SERIAL
Rs232
SYNC/ASYNCH

ASCi|, ANSI, EBCDIC

< 20k bits/SEC

Figure 4. An alternative architecture may use a single bus, which has the same problems found in a multibus architecture and
may be more complex to monitor due to additional channels and multiplexing.

6. Probing to provide easy access to buses
a. Miniature connectors
b. Square pin connectors
¢. Quick disconnect
d. Special purpose interfaces
7. Pattern trigger output
8. Functional display.

Status changes in the control lines may oc-
cur asynchronously to the program flow.
These lines may need to be monitored asyn-
chronously in order to measure timing rela-
tionships. However, this type of information
is not very meaningful unless it can be related
to state or address flow on another bus. A
combination logic timing and logic state ana-
lyzer with cross-triggering capabilities meets
this requirement.

The 1/0 buses of a digital system may ex-
hibit many different formats depending on

the type of peripheral devices that are pre-
sent. Serial communication is common, both
synchronous and asynchronous. The HP-IB
(IEEE 488) interface has additional require-
ments because the data is transmitted in par-
allel, and there are three handshake lines
that change state asynchronously. Here, as in
the previous cases, the data on /O lines may
be monitored with simple tracing techniques
but becomes much more meaningful and use-
ful when correlated to data or program flow
on one of the other buses.

A summary of the logic timing analyzer
features necessary to monitor control and
1/0O buses is listed:

1. 8 channels
2. Internal storage
a. Negative time
b. Time and state delay

3. Asynchronous trigger with time dura-
tion filter
4. Glitch triggering
5. Probing to provide easy access to buses
a. Miniature
b. Special purpose interfaces
A combination analyzer requires the fea-
tures of both state and timing analyzers and
includes cross-triggering (i.e., state triggers
time, time triggers state) and cross-arming.
Relating features to measurements
At this point, the following should have
been identified:
1. The working environment
2. The system architecture
3. Types of problems encountered
4. The measurements required to solve the
problems
5. The basic features needed to trace activ-
ity on buses
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Figure 5. Charts show features required to make single bus and multibus measurements.
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The purpose of the charts in figure 5 is to
relate the measurements that have been iden-
tified to the features available on HP logic
analyzers. The measurements fall into two
major categories, single bus, and multibus,
and may require state or time analysis, or
both. The chart can be used to identify need-
ed measurements and relate them to fea-
tures. A list of required features and desired
features may be made and used to select the
proper logic analyzer from the logic analyzer
selection chart (figure 6).

Selecting the analyzer
The selection chart begins with a flow
chart with three possible branches.

1. Software: if the required types of mea-
surements emphasize program tracing , loop
analysis, and subroutine analysis, follow the
software (SW) branch. The next question
asked is if the requirements are general in na-
ture or involve a specific microprocessor, If
the requirements are general in nature, the
selection chart will point to the analyzer with
the needed features. Il a particular micro-
processor is being used, the 1611A [eature
set may be preferred.

2. Hardware: if the measurements are pri-
marily concerned with such measurements as
locating glitches, clock phasing, and time in-
tervals between events on control lines, fol-
low the hardware (HW) branch. If the
features that asynchronous analysis can pro-
vide, such as glitch triggering, negative time
display, and more than four channels are
needed, the 1615A may be the preferred
analyzer. In some cases the measurements
of interest may involve time interval mea-
surements where the time resolution required
is greater than that provided by current asyn-
chronous techniques. Also, the two state ver-
tical resolution may not provide enough
information about the signal in question. In
these situations, a real time window into the
circuit as well as state tracing is needed. Us-
ing the two techniques allows correlation of
the state information on a system bus to ac-
tivity monitored in real time in another part
of the system, and for comparatively simple
program tracing, an HP logic analyzer /oscil-
loscope “Gold-button™ system may provide
the solution. If the state tracing requirements
are complex, a selection may be made from
any logic analyzer on the chart, all of which
have pattern trigger out for driving an oscil-
loscope for detailed electrical analysis.

3. Software and hardware: I both soft-
ware and hardware analysis is needed, the
center branch leads to the 1615A as the prob-
able solution, especially for the hardware
analysis. Checking the 1615A features on the
chart will determine il this is the analyzer
needed to solve the hardware and software
problems expected.

For a reply card and listing of application
notes that explain how logic analyzers can
solve measurement problems, write to Hew-
lett-Packard Co., 1820 Embarcadero Rd.,
Palo Alto, California 94303, Attention: In-
quiries Manager, and request publication
number 5953-2702D.
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LOGIC DEVELOPMENT SYSTEM

Development system for microprocessor-based systems

Model 64000

84000 Logic Development System

Introduction
® Supports wide range of microprocessors
® Multistation capability
® Exceptionally friendly user interface
® Integral universal PROM programmer
® Real time emulation and logic analysis
® Tape cartridge for file transfer and file backup
® Multitasking
® HP-IB interface for several disc and printer options

Model 64000 Logic Development System is a Multistation disc-
based operating system that combines all the hardware and software
aids necessary for the development of microprocessor-based products.
The 64000 system supports the most commonly used microprocessors
available today. A minimum system consists of one Model 64100A
development station, one Model 7906M disc drive (providing 19.6
megabytes of storage), and one Model 2631 A printer. Models 7906M
and 2631A may be replaced by other compatible units as desired.

The Logic Development System can be expanded, both in emula-
tion memory capacity and number of development stations, A maxi-
mum system consists of six development stations that share one or two
discs and a printer. Each mainframe can have a full complement of
optional memory, emulation, and analysis options with a PROM pro-
grammer and tape cassette drive as well.

Standard software includes a display-optimized editor that takes
full advantage of cursor controls, soft keys and Directed Syntax, an
“intelligent” file manager, and a linker to link the relocatable code
generated by the relocating macroassembler and compiler. Real-time
emulation and logic analysis provide a means of exercising and de-
bugging the target system hardware and software.
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Development Station

Model 64100A development station is the fundamental element of
the Logic Development System. It provides the interface between the
user and the powerful operating system. A single mainframe consists
of;

® host processor with 16 k bytes of ROM and 64 k bytes of RAM
and display control
modular power supply
console with an integral 12° CRT
full ASCII keyboard plus cursor control field
eight “soft™ keys that are labeled by the software
optional cartridge tape drive
card cage capable of accepting up to ten optional cards
optional PROM programmer
RS-232-C (V24) interface in addition to the standard system in-
terface bus.

The operating system introduces a new level of user friendliness.
Directed Syntax is implemented with eight soft keys to provide pre-
cise information about the available functions and the parameters to
be entered next. As an example, pressing the Edit soft key followed by
a carriage return assigns new functions, such as insert, delete, revise,
etc., to all soft keys. Editing by character is then accomplished easily
with cursor control and direct overtype or insert/delete soft keys. The
table-driven relocating macroassembler accommodates new assem-
blers quickly and reliably. The linker relocates assembly outputs and
links global variables, even in an absolute module. Command files can
be created to reduce complex repetitive operations to a simple call. A
cassette interface provides a means for loading software onto the disc
or for backing up critical software.



HARD DISC BASED

Multistation Operation

Long term requirements for microprocessor-based development
program often dictate more than a single Logic Development System
station. Even small design teams, with just one hardware engineer
and one software engineer, are faced with time conflicts which result
in decreased efficiency. Architecture of the 64000 expands to include
up to six development stations, all sharing a single disc and printer via
system bus interface. Any one or more of the stations can have a full
complement of options. This gives larger design teams all of the ap-
propriate equipment for simultaneous development of software and
hardware by simply varying the set of options. For example, the soft-
ware designer ordinarily uses the basic station with the addition of the
emulation function, while the hardware engineer is more likely to add
the logic analysis and PROM programming functions.

Emulation

Emulation, a well established method for exercising and debugging
the target system, should be done under real-time conditions. The HP
64000 system accomplishes transparent real-time emulation, even at
full clock speed of the target system. HP 64000 Logic Development
System architecture provides both the host processor and the target
processor with separate buses, eliminating bus contention problems.

Emulation memory features 200 ns access time which ensures that
the target processor does not slow down the program execution by
inserting wait states. With the 64000 system, the level of emulation
can be matched to the various hardware design stages. You can run a
program when no hardware exists at all, when only part of the hard-
ware is available (such as an I/O port), or when all the hardware is
installed but the target system still must be debugged. The optional
emulation system cards, as well as the optional memory cards, mount
in the easily accessed card cage of the 64100A mainframe.

Logic Analysis

Logic analysis complements emulation, as it represents the trans-
parent response-measuring element of the HP 64000 system for de-
bugging software and hardware. The logic analysis circuit is compact,
contained on one card which plugs into the 64100A card cage. It is
dedicated to the emulation bus and captures address, data, and con-
trol information on a real-time basis. Tracepoints can be set on any
combination of address, data, control lines, or labels, For convenience

in analysis, the captured data can be displayed in the mnemonics of
the target processor. Emulation and logic analysis can be used inter-
actively for enhanced measurement capabilities. Signal outputs are
provided to trigger an oscilloscope or other instruments for detailed
electrical analysis,

PROM Programming

The PROM programming system is an interaction of hardware and
software which provides simple and efficient programming of most of
the PROMSs in use today. The system is implemented with one univer-
sal control card installed in the option card cage, and one of the eight
PROM personality modules that mount in the 64100A front panel.
Once the desired personality module has been installed, the host sys-
tem recognizes the identity of the PROM and automatically provides
the required functions for proper programming.

A self-test module is contained in the 2716 personality module.
Each of the other personality module options is shipped with a 2716
module to provide this performance verification.

Interface Capability

The system bus provides the interface for up to six stations (Model
64100A) with the disc and line printer. The maximum distance for
the interconnection is 20 metres. An RS-232-C (V24) current loop
interface provides asynchronous serial communication between the
Model 64100A and other serial devices, including TTY communica-
tions for tape and punch operations. These interfaces can be used to
download existing software code from another system, as a means of
transmitting ROM masters, and to create or read a paper tape.

Ordering Information Price
64001S Logic Development Systemfor configuration. $24 875
to $127 000

Opt 006: 7906M Disc Drive $15 875
Opt 031: 2631A Printer $3 835
Opt 040: Cartridge Tape Drive $1 600
Opt 153: 16k byte Emulation Memory $2 300
Opt 202: 8080 Emulation System $2 500
Opt 300: Logic Analyzer $1 400
Opt 502: PROM Programmer, 2716 $700
64100A Development Station $7 900
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Simultaneous time, state & glitch information

Model 1615A

PRORE THRAESIHILD LEVEL

1815A

1615A Description

Hewlett-Packard’s Model 1615A Logic Analyzer is two instru-
ments in one, a timing analyzer and a state analyzer, for design and
troubleshooting of digital systems. With Model 1615A, you can make
timing measurements, state measurements, or both simultaneously.
Using simple keyboard entries, the 1615A can be configured as an
8-bit timing analyzer, a combined 8-bit timing and 16-bit state ana-
lyzer, or 24-bit state analyzer, each with a memory 256 words deep.
Powerful triggering capability, synchronous and asynchronous data
capture modes, six clock qualifiers, and sophisticated delay functions
assure that the timing and data information you need is collected,

The menu system simplifies measurement setups and eliminates the
need for a complex, crowded keyboard. Mode of operation, state,
time, or dual, is set with the Format Specification menu, and the test
parameters are set with the Trace Specification menu. Each menu is
an interactive display and parameters are either selected from a de-
fined set or entered directly from the keyboard.

Asynchronous Measurements

The 1615A makes asynchronous measurements in the time mode of
operation, the 8-bit mode. This mode is selected on the Format Speci-
fication menu, and clock source, clock slope, labels, logic polarity, and
numerical base are also defined on the same menu. Then the Trace
Specification menu is used to enter trace parameters. The trace point
(trigger) may be placed at the beginning or end of the trace list, so
you can view activity either preceding or following the point you
specify. Either an external or internal clock may be selected. Up to
three ORed trigger states can be entered, or using ON NOT as a
trigger condition, any condition other than the one named will actasa
trace point, NOT triggering is convenient for monitoring a status
word for change, or, with a “don’t care” trigger state in end mode, and
an external clock, a system crash results in capture of the 256 events
preceding the crash. A time or clock delay can be added to trigger
conditions.

The 8-bit mode is truly asynchronous in pattern recognition. The
pattern duration may be set from 15 to 2000 ns, and when a specified
pattern exists for the duration selected, it will be registered by the
analyzer even if it was not true when the clock occurred. This feature
always produces positive triggering, even with narrow patterns or
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The Trace Specifications menu shows the label assigned to the
timing lines (E) and the numerical base in which to enter data. This
Trace Specification causes the 1615A to use a 100 ns internal
clock and begin data collection when any one of the three ORed
8-bit patterns occurs AND a glitch appears on channel 4,

very slow clocks. Glitches are treated as separate parameters, stored
in a separate memory, and displayed uniquely, even when they occur
at data transitions. Glitches can be added to trigger conditions.

Tracing in the 8-bit mode produces an eight-line timing diagram.
Short, vertical bars between the timing lines indicate the location of
the trace point. A few quick keystrokes arrange the channels in any
order you wish and channels not needed can be turned off. Glitches
are recognized by the 1615A any time multiple transitions across
threshold occur more than 5 ns apart between sampling pulses. When
the glitch display is turned on, glitches are shown as bright vertical
bars or as brightened edges if they occur at a data transition. Any part
of the display may be selected to be magnified by a factor of ten for a
better display resolution. The expand indicator serves a dual purpose
as it is also used to display readout of the time between any two select-
ed points of the display.
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The 16815A displays timing information for up to eight lines and
glitches which are displayed as vertical bars or brightened edges
when they occur at a transition, A trigger point is indicated by a
short vertical bar on each timing line, and is shown at the far left of
this display. In addition, the sampling clock period and time per
division are displayed.

Simultaneous Timing and State Measurements

Model 1615A captures asynchronous and synchronous activity si-
multaneously. Consequently, timing information can be traced rela-
tive to the occurrence of a specific state, or state flow can be
monitored relative to a specific timing condition. Now you can moni-
tor those critical “ripple through” paths and relate activity directly to
program execution, or watch activity on both sides of an asynchro-
nous I/O port. The 1615A dual mode of operation is the
16-bit and 8-bit mode, selected on the Format menu. Four interactive
modes are offered on the Trace Specifications menu: 8-Bit
Triggers/Arms 16-Bit and 16-Bit Triggers/Arms 8-Bit.
Timing Analyzer Registers Synchronous Data Collection

To observe state flow related to a timing event, either 8-Bit Triggers
16-Bit mode or 8-Bit Arms 16-Bit mode may be used. In trigger
mode, the 1615A collects synchronous data as soon as the asynchro-
nous trigger condition is met. Now you can observe state flow directly
related to time events, such as activity on a data bus when an inter-
rupt or glitch occurs. If you choose the arms mode, the 1615A will
first find the asynchronous trigger, and only then search for specified
point in the data flow. In this way you can view program activity, e.g.,
an output routine, only after a particular timing event occurs, such as
a service request.

State Analyzer Registers Asynchronous Data Collection

Frequently it is necessary to check timing conditions preceding or
following a specific point in program execution. In these situations,
the 16-bit state analyzer portion of the 1615A sets conditions for dis-
playing a timing diagram, using either the 16-Bit Triggers 8-Bit mode
or 16-Bit Arms 8-Bit mode. A typical application is viewing activity
on status or data lines to an input port shortly before reading data at
that port. This is accomplished simply by monitoring state flow until
the address of that port appears; then in End trace, 16-Bit Triggers 8-
Bit, the display would be a timing diagram of activity on the control
lines for the period just prior to addressing the port.

Synchronous Measurements

The quickest way to find faults in a state machine is monitoring
program execution, because any malfunction in the machine is re-
flected by a corresponding deviation in program sequence. Model
1615A is a powerful state analyzer in the 24-bit mode of operation.
The 24 lines may be grouped by up 1o three labels, and each label
group is then treated as a separate variable. Logic polarity and nu-
merical base (hexadecimal, decimal, octal, or binary) is assigned to
cach label set. The 24-bit trigger may be placed at the beginning or
end of the 256-word trace list; any b:ts not required for the trigger
word may be set to X for “don’t care.” Six clock qualifiers may be
used and are set to 1, 0, or X from the keyboard in one or two ORed
fields. Delays to 999 999 may be entered for number of states or num-
ber of trigger occurrences. The display is either a sequential list of

monitored states or only trigger words. Fifteen lines are visible on the
display at any time, and the left column is the location of each line in
the analyzer’s memory. Other portions of the trace list are viewed by
using the roll keys or entering the memory location number. The trig-
ger word is shown in inverse video.

HP-IB Interface Bus for Measurement Systems Applica-
tions (Opt 001)

Hewlett-Packard Interface Bus (HP-1B) is HP's implementation of
IEEE Standard 488-1975. An HP-1B configuration is available for
Model 1615A on initial order as Option 001, or can be installed at a
later date with Model 10069A HP-IB Interface Field Kit. With
HP-1B, the 1615A can be configured for automatic functional testing
of digital systems. Combined with a controller, such as HP Model
9825A, data captured by the logic analyzer can be transferred to the
controller for automatic analysis. Hard copy of menus, data lists and
timing diagrams can be produced by a variety of HP-IB compatible
printers and plotters. In the laboratory, the speed and ease with which
data is accumulated, summarized, and documented in hard copy lets
you spend more time on analysis and design and less time in data
collection. In preduction, automated testing reduces time and cost for
making extensive tests on systems and subassemblies. Test programs
with built-in operator instructions decrease testing costs even further
by cutting training costs and providing uniform test procedures.

The primary advantage of computer control is the execution of
complex, time-consuming measurement routines with minimal opera-
tor involvement. Trace parameters can be set and the data can be
read, stored and compared. Branching decisions can be programmed
which are based on the data collected by the 1615A. Data can be
translated from assembler code to mnemonic code, or used for statis-
tical computations. Operator prompts and computational results can
be displayed on the 1615A CRT. Documentation can be collected di-
rectly with hard copy from a printer or plotter.

Many measurements not possible with stand-alone instruments be-
come practical with the HP-IB interface. In the laboratory, a control-
ler operated system can present statistical results graphically, as with
a bar graph or cumulative curve of the number of calls to a subroutine
or interrupt hits. Continuous monitoring routines can compare data
acquired by the 1615A to stored data and then branch to restart a
sequence or to collect other data. For better maintenance, particular
control lines or subroutines can be monitored automatically and sig-
nals output when marginal operating conditions indicate a need for
service (e.g., service a tape drive as a function of rewrite activity or
parity check errors). In production, automated measurements are
made more consistently and can be performed more quickly for better
quality control and greater throughput,

TRACE LIST

TRACE-COMPLETE

LINE A
NO. HEX

o
aal B3E4
a8z B83E1
203 e3E2
284 83E3
8es B83E4
83E1l
83E2
83E3
83E4
B3E1
B3E2
B3E3
B3E4
B3E1

A trace list of synchronous activity in the 24-bit mode of operation
can be grouped under any of four labels, with a separate numeri-
cal base for each label group. In this trace two labels are used,
both in hexadecimal base, and only addresses of the form
03EX g are captured for display.
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(&] Model 1615A (cont.)
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Model 1615A Option 001, the HP-IB option, can be used to link the
168 15A to a printer or plotter, and in a Talk Only mode, the analyzer
will output hard copy of menus, state trace lists, or timing dia-
grams without using a controller.

Probes

Input data are sensed through 24 high impedance probes at rates to
20 MHz. The data probes are in three 8-bit pods for easier connection
to the system under test, The fourth pod contains the clock probe, six
qualifiers, and an external trigger. Threshold level is set on the front
panel for TTL level, or adjusted in a range from —10V to +10V, It is
possible to set one threshold for 16 data lines, a second threshold for
the other eight data lines, and a third threshold for the clock pod,
allowing you to make simultaneous measurements on systems com-
prised of several logic families, ECL, TTL, MOS, etc.

The front section of each probe may be disconnected from its pod,
permitting individual leads to be wired into connectors for particular
systems. Additional probe lead kits, probe tips, and interface kits are
available to simplify set up and connection. Refer to the Logic Ana-
lyzer Accessories, page 155.

Trigger Outputs

Once you have delineated a problem area with the 1615A Logic
Analyzer you may want to use other measurement instruments for
further investigation, e.g., an oscilloscope for more detailed timing
analysis. The logic analyzer's state trigger output is stable with re-
spect to the system clock, and provides a reliable reference point for
triggering other instruments. The timing trigger output is based on
the pattern recognition trigger at the probe, and can be used in the
same m