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AT HEWLETT-PACKARD 
Our business is the practical application 

of high technologies. HP applies its scien- 
tific and engineering resources to two 
fundamental areas: Measurement and 
Computation. More than 4000 HP prod- 
ucts are involved with measurement or 
computation, or both, and are applied to 
customer needs in science, industry, medi- 
cine and education. 

HP does research, development, market- 
ing, and manufacturing in 32 facilities in 
8 countries. Annual sales are approaching 
two billion dollars, of which approximately 
10 percent goes to research and develop- 
ment. At this level of commitment, HP can 
employ the latest technologies to innovate 
products that can be reliably produced, 
delivered, and supported on a continuing 
basis. 

Wosldwlde Support 
All HP products come with complete 

documentation, including instructions to 
operate them effectively. Wherever they 
are sold, worldwide, they are supported by 
customer training programs, assistance by 
systems analysts and customer engineers 
where required, and a worldwide network 
of parts and repair centers for maintenance 
and service. 

Customer Experience 
Because all HP products are functionally 

interrelated, the exchange of ideas through- 
out Hewlett-Packard is continuous. A tech- 
nological achievement in one product area 
often contributes to improved capabilities 
in other products and systems. Similarly, 
the wide range of customer needs improves 
HP’s sensitivity and response to more 
than the 100,000 customer organizations 
served. Thus, a Hewlett-Packard customer 
is an integral part of a versatile and re- 
sourceful organization which thrives on 
the exchange of ideas and experience. To 
locate the HP office nearest you, please 
see the listing inside the back cover of 
this catalog. 

Printed in U.S.A. 
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Coaxial . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  434 
Waveguide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  435 

Directional Detectors ....................... 435. 607 
Disc Cartridge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  642 
Disc Drives ............................ 627.640. 641 
Disc Media . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  642 
Disc Pack . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  642 
Displays. Cathode-Ray Tube . . . . . . . . . . . . . . . . . .  194-213 

. . . . . . . . . . .  196 
Large Screen ............................ 201-204 
Small Screen ............................ 205-21 3 
Tricolor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  200 

Distance Meter ................................. 660 
Distortion Analyzers ......................... 527-532 
Distribution Amplifier ........................... 284 
Divider Probe .................................. 554 
Double Balanced Mixers ......................... 655 
Down Converter. 0.5 to 550 kHz. (1 to 12 GHz. to 70 M H z  or 
1 4 0 M H z  IF)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  606 
Down Converter. 10 kHz to 11 M H z  . . . . . . . . . . . . . . .  385 
Dual Tracking. Power Supply ..................... 230 

E 
EIA Registered Visible Light Emitting 

Diodes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  653 
Electronic Counters ......................... 286-318 
Equalizers. Cable ............................... 595 
Envelope Analyzer. Modulation . . . . . . . . . . . . . . . . . . .  536 
Error Measuring Set (1 kb/s - 50 Mb/s)  . . . . . . . . . . .  566 
Error Measuring Set (1 kb/s - 150 Mb/s)  . . . . . . . . . .  564 
Error Rate  Measurement ..................... 564. 566 
Expander. 1/0 .............................. 625. 643 

Graphics Translator (HP-IB Interface) 

F 
Faxitron@' X-Ray Systems ........................ 647 
Fiber Optic Power Meter ......................... 419 
Filters 

Bandpass ................................ 396. 512 
Coaxial and Waveguide . . . . . . . . . . . . . . . . . . .  439. 445 
High Pass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  176. 445 
Low Pass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  439. 445 
Low Pass Plug-In Module . . . . . . . . . . . . . . . . . . . . . .  245 

Four Channel Adapter ........................... 343 
Four Channel Scanner ........................ 64. 65 
Four Channel TTL-CMOS Translator . . . . . . . . . . . . .  343 
Fourier Analyzer ............................ 5 18-524 
FM Modulation Analyzer ........................ 536 
F M  Signal Generators . . . . . . . . . . . . . .  374.378.381. 386 
Frequency 

Counters ............................ 286-3 18. 646 
Counter/Modulation Analyzer . . . . . . . . . . . . . . . . . .  536 
Counter /Track Generator ...................... 508 
Doublers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  394 
Meters. Coaxial and Waveguide . . . . . . . . . . . . . . . . .  437 
Response Test Set ............................. 442 
Stability Analyzer ............................. 538 
Synthesizer. Microwave . . . . . . . . . . . . . . . . . . .  378. 380 

Frequency Standards ............................ 274 
Cesium ...................................... 276 
Distribution Amplifier ......................... 284 
General Information ........................... 274 
Quartz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  282 
Rubidium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  276 
Standby Power Supplies ........................ 285 

Frequency Doubler .......................... 393. 396 
Frequency and Time Standards . . . . . . . . . . . . . . . . . . .  274 
Frequency Selective Voltmeter and Tracking 

Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  533 
Frequency Synthesizers . 352. 353. 358-367. 374. 378. 380 
Function Generators ......................... 350-354 
Fuseholder. R F  ................................. 396 

G 
Ga As Field Effect Transistors .................... 654 
Gas Chromatographs ............................ 656 
General Purpose Interface Bus Controllers . . . . . . .  30. 31 
Generators 

Data  ............................... 338. 344. 564 
Noise ....................................... 526 
Pattern ................................. 336. 566 
Pulse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  112. 320 
Signal ................................... 372-394 
Square Wave ................................. 349 
Sweep . . . . . . . . . . . . . . . . . .  352. 354. 358-367. 397-417 
Tracking . . . . . . .  498.502. 506. 508. 510. 513.598. 599 
Word . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  319 

Graphic Plotters . . . . . . . . . . . . . . . . . . .  242.243.25  2-256 
Graphics Plotters Terminal . . . . . . . . . . . . . . . . . .  252-256 

Graphics Printer ................................ 638 
Group Delay (Network Analyzer) 
Group Delay Network Computer 
Guarded Digital Multimeter . . . . . . . . . . . . . . . . . . .  66-69 

Harmonic Analyzer . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  522 
Harmonic Mixer (Coaxial and Waveguide) 

BUS (HP-IB) ............................... 20-31 
High Gain Preamplifier .......................... 267 
High Power Attenuators ......................... 428 
High Power Attenuators ......................... 422 
Hi-Re1 Numeric Displays ........................ 652 
HP-IB controlled attenuator/switch . . . . . . . . . . . . . . . .  430 
HP-IB controlled Channel Selector . . . . . . . . .  26. 563. 643 
HP-IB Extender . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  310 

I 
I C  Tester. Digital ............................... 100 
I C  Test System. Digital ......................... 102 
Impatt  Diodes .................................. 655 
Impedance Meter .......................... 88-97. 99 
Impedance Meter. R F  Vector ...................... 99 
Impedance Probe ................................ 469 
Impedance Transformers (50-75Q) . . . . . . .  465.469. 515 
Input/Output Computer Cards .................... 646 
Inspection Systems. X-Ray ....................... 647 
Instrument Accessories ...................... 540-555 
Instrument Car t  ................................ 595 
Insulation Resistance Meter ....................... 82 
Insulation Test ................................... 82 
Integrated Products ............................. 655 
Intelligent Terminals ............................ 630 
Interface Bus ................................. 20-3 1 
Interface Cards for Desktop Computors . . 30. 31. 624. 625 
Interface Cover for 1645A ........................ 571 
Interface. Digital (HP.IB. IEEE. ANSI) . 30. 31. 624. 625 
Interface Kit. Digitally Controlled Power 

Graphics Translator (HP-IB Interface for displays) . . 196 

. . . . . . . . . . . . . . . . .  460 

. . . . . . . . . . . . .  252-256 

H 

. . . . . . . . .  439 
Hewlett-Packard Interface . 

Supply ...................................... 240 
Interface Kit. Multiprogrammer . . . . . . . . . . . . . . . . . . .  645 



Integration Services. ATS ........................ 628 
Intermodulation Analyzer ........................ 522 
Inverter Power Supply (1700 Series Oscilloscopes) . . .  188 
1/0 Expander for Desktop Computors . . . . . . . . . . . . . .  625 

L 
Laboratory. Strip Chart  Recorders . . . .  242. 243. 257-262 
Laboratory. X-Y Recorders ................... 242-251 
Laser Measurement ............................. 649 
Laser Transducer ............................... 649 
L C R  Meter ........................ 85.88-91. 94. 95 
Light Emitting Diodes ........................... 652 
Limiter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  515 
Liquid Chromatographs .......................... 656 
Loads/Termination. Coaxial and Waveguide . . . . . . . .  438 
Logarithmic Preamplifier ......................... 268 
Logarithmic Voltmeter ............................ 45 
Logging Multimeter .......................... 64. 65 
Logic 

Analyzers ............................ 1 18. 122-149 
Analyzer. Personality Modules for 161 1A . . . . . . . . .  129 
Clip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  114 
Current Tracer ............................... 113 
Comparator .................................. 1 15 
L a b  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  120 
Pattern Generator ............................. 336 
Probes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  111 
Pulser . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  112 
Troubleshooting Kits .......................... 116 

Low Distortion Generator . . . . . . . . . . . . . . .  347. 366. 367 
Low Distortion Measurement Set  . . . . . . . . . . . . . .  530. 531 
Low Frequency Spectrum 

Analyzer ........................ 506. 516-522. 524 
Low Gain Preamplifier . . . . . . . . . . . . . . . .  !67 
Low Resistance Meter . . . . . . . . . . . . . . .  81 

M 
Machinery Analyzer ......................... 522. 524 
Magnetic Tape  Recorders. Analog . . . . . . . . . . . . .  270. 271 
Mark  Reader. Optical ........................... 636 
Marker Generator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  400 
Mass Spectrometers . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  656 
Mechanical Impedance Analyzer . . . . . . . . . . . . . .  522. 524 
Medical Instrumentation .................... 658. 659 
Medium Gain Preamplifier . . . . . . . . . . . . . . .  263-265. 267 
Medium Range Distance Meter . . . . . . . . . . . . . . . . . . .  660 
Memory Systems ........................... 625. 627 
Meters 

A C  ................................. 38-45.4 9-72 
A C  Resistance .............................. 94. 95 
Capacitance ............................. 85 .8  8-97 
Conductance ............................... 94. 95 
Digital Multimeter .......................... 46-72 
ESR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  94. 95 
Frequency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  437 
Gain Phase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  456 
High Capacitance ........................... 92. 93 
Impedance ................................. 83-95 

Logarithmic Voltmeters ......................... 45 
Milliammeter A C  ......................... 60. 555 
Milliammeter. D C  .......................... 38. 60 
Milliohmmeter ............................. 62. 81 
Modulation .................................. 536 
Multifunction ........................ 39 .40 .4  9-53 
Noise Figure 426 

L C R  ............................... 78-91. 94-95 

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

Ohmmeter .................... 39.40.49-53.6 0-75 . .  Peak Power . . . . . . . . .  ...................... 425 
..................................... Phase 94. 95 * 

Power (RF/Microwave) 420.421. 424 0 
Li 
E? Susceptance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  94. 95 

True R M S  .................... 43.54.62.64-66. 70 .. 
Microprocessor Power Supplies . . . . . . . . . . . . .  !i 
Microprocessor Troubleshooting . . . . . . . . . . . .  ", 

. . . . . . . . . . . . . . .  
................................. Reactance 94. 95 

Standing-Wave-Ratio ( S W R )  . . . . . . . . . . . . . . . . . . .  447 

. .  

Microprocessor Training ......................... 121 
Microwave 

Catalog . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  427 
Counters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  314-317 
Link Analyzers ............................... 602 
Power Measuring Equipment . . . . . . . . . . . . . . .  418-425 

Signal Generators ..................... 
Synthesizer .............................. 378. 380 
Test Equipment .................... 

Milliohmmeter ............................ 62.66. 81 
Mixers. Coaxial and Waveguide . . . . . . . . . . . . . . .  439. 515 
Modal Analysis . . . . . . . . . . . . . .  . . . . . . . . . . . .  522. 524 
Modem .......................... 
Modular Power Supplies . . . . . . . . . . .  
Modulation Analyzer . . . . . . . . . . . . . . . . . . . . . . . . . . . .  536 
Modulators. P I N  ........................ 
Motor Controller. Programmable . . . . . . . . . .  

Radio Testing ........................ 

nalyzer . . . . . . . .  

N 
Network Analysis. General Information . . . . . . . .  448-452 
Network Analyzers . . . . . . . . . . . . .  448-479.488-491. 522 

Automatic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  466. 478 

Analyzer. Acoustic . . . . . . . . . . . . . . . . . . . . . . .  522. 524 
Analyzer/Modulation . . . . . . . . . . . . . . . . . . . . . . . . . .  536 
Figure Meter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  426 
Generator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  526 
Source (IF) (UHF) (VHF)  and Waveguide . . . . . . .  426 

Normalizer. Data ........................... 463. 479 
Null Detector Plug-In Module .................... 245 
Null meter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37 
Numeric LED Displays .......................... 652 

Noise 

0 
O E M  

Component Oscillators ......................... 283 
Computers .............................. 620. 622 
Displays. C R T  ................................ 194 
Microwave Attenuators ........................ 432 
Microwave Crystal Detectors . . . . . . . . . . . . . . . . . . .  436 
Microwave Switches ........................... 440 
Modular Power Supplies ....................... 237 
Strip Chart  Recorders ..................... 257-262 
X-Y Recorders ........................... 244-25 1 

Ohmmeters . . . . . . . . . . . .  38.40.49-53.60.62.64-66. 70 
Optical Mark  Readers . . . . . . . . . . . . . . . . . . . . . . . . . . .  636 
Optoelectronics ............................ 652. 653 
Ordering Information ............................ 672 
Oscillators 
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Audio ................................... 346-349 
Function Generator . . . . . . . . . . . . . . . . . . .  350-354, 356 
General Information ........................... 345 
Low Distortion ............................... 347 
Low Frequency ...................... 346, 350-354 
Quartz  ...................................... 282 
Quartz  Component ............................ 283 
Sweep ...................... 351. 352. 358. 397-417 
Telephone Test ............................... 581 
Test ......................................... 355 
Tracking ................................. 534. 535 
V H F  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  394 

Oscillographic Recorders ..................... 263-269 
Oscilloscopes ............................... 150-1 93 

Accessories ................................... 182 
Cameras ..................................... 189 
Contrast Filters ............................... 187 
100 M H z  Third-Channel Trigger View . . . . . . . . . . .  154 
100 M H z  Variable Persistance Storage. 

Third-Channel Trigger View . . . . . . . . . . . . . . . . . .  154 
100 M H z  Delta Time. 

Third-Channel Trigger View . . . . . . . . . . . . . . . . . .  154 
100 M H z  Crystal Delta Time. 

Third-Channel Trigger View . . . . . . . . . . . . . . . . . .  154 
100 M H z  Fast Variable Persistance Storage. 

Third-Channel Trigger View . . . . . . . . . . . . . . . . . .  154 
200 M H z  Delta Time Measurements 
275 M H z  Delta Time Measurements 
275 M H z  Delta Time Measurements 

Microprocessor . . . . . . . . . . . . . . .  
General Information ........................... 
High Writing Speed Mainframe . . . . . . . . . . . . . . . . .  166 
Inverter Power Supply for 1700 Series Oscilloscopes 188 
Large Screen Mainframe ....................... 166 
Light Shields ................................. 187 
Low Frequency ............................... 178 
Plug.1n. 180 series ............................ 164 
Rack Mount Slides and Adapters . . . . . . . . . . . . . . . .  187 

Spectrum Analyzer Plug-In . . . . . . . . . . . . .  177.500. 502 
Testmobiles .................................. 192 
Variable Persistence Storage . . . . . . . . . . . . . . . .  156. 167 
Viewing Hoods ............................... 187 

Outside Plant Telecommunications 
Test Equipment ............................... 585 

P 
Pack. Disc ..................................... 642 
Pad. Coaxial Attenuator ......................... 428 
Pattern Generator/Error Detector . . . . . . . . . . . . . . . . .  566 
P C  Board Testers ........................... 105-109 
P C M  Test Equipment ....................... 558-567 
Peak Power Calibrator ........................... 425 
Peak Power Meter. Analog ....................... 425 
Personal Calculators 

Accessories ................................... 6 13 
Financial Pocket Calculators . . . . . . . . . . . . . . . .  61 1. 612 
Scientific Pocket Calculators . . . . . . . . . . . . . . . .  609. 610 
Briefcase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  612 

Personality Modules ..................... 128.242. 256 
Phase Meters . . . . . . . . . . . .  94.95 .458 .460.468.470.  471 
Phase Modulation Analyzer ...................... 536 
Phase Modulation. Signal Generator . . . . . . . . . . . . . . .  374 
Phase Sensitive Demodulator Preamplifiers . . . . . . . . . .  268 
Physical & Optical Measurements . . . . . . . . . . . . . . . . .  648 
P I N  Diodes .................................... 654 

Sampling ................................ 173-176 

P I N  Modulators. Microwave . . . . . . . . . . . . . . . . .  394. 395 
P I N  Photodiodes ................................ 653 
Plotter. Graphic .................... 242.243. 252-256 
Plotter/Printer ............................. 254. 255 
Plotter. X-Y . . . . . . . . . . . . . . . . . . .  242.243.252-256. 624 
Plug-In Counters ............................ 289. 296 
Plug-In Oscilloscopes ............................ 164 
Plug-In Pulse Generator System . . . . . . . . . . . . . . . . . . .  328 
Point Plotter Plug-In Modules ..................... 245 
Portable 

Calculators ............................... 608-6 13 
Counters ........................ 303.304. 307-3 12 
Desktop Computers . . . . . . . . . . . . . . . . .  30. 3 1 .62  0-622 
Instrumentation Tape Recorders . . . . . . . . . . . .  270. 271 
Signal Generators ............................. 386 
Str ip  Chart  Recorders ......................... 262 
Test Set ..................................... 584 
Voltmeter ............................ 49-53.6 0-63 
X-Ray Systems ............................... 647 

. . . . . . . . .  420. 421. 424 

Fiber Optic .................................. 419 
R F  & Microwave ......................... 422. 425 

Power Meter Calibrators .................... 421. 425 

Power Splitter ......................... 444.464. 470 
Power Supplies 

Power Meters. R F  & Microwave 
Power Sensors 

Power Meter/Modulation Analyzer . . . . . . . . . . . . . . . .  536 

Amplifier/Power Supplies ...................... 235 
Atomic Clock ............................ 235. 285 
Condensed Listing ............................. 216 
Constant Current Sources ...................... 234 
Digitally Controlled . . . . . . . . . . .  26. 228. 229. 240. 643 
Dual Tracking ................................ 230 
Frequency Standards .......................... 285 
General Purpose: 25-200 W  Output  . . . . . . . . . . . .  222 
General Purpose: 120-2000  W  Output  . . . . . . . . . .  224 
General PurDose: 3 0 0 - 1  1 . 000 W  
Output  ...................................... 226 
High Voltage ................................. 231 
HP-IB Programmable . . . . . . . . . .  26.228.229.240.  643 
Inverter f o r  1700 Series Oscilloscopes . . . . . . . . . . . .  188 
Low Cost Lab  ............................ 218-221 
Microprocessor ........................... 220. 238 
Modular. DC to DC Converters . . . . . . . . . . . . . . . . .  238 
Modular. Single Output. Series Regulated . . . . . . . .  238 
Modular. Dual Output  Series Regulated . . . . . . . . . .  238 
Modular. 200-600 W. Switching . . . . . . . . . . . . . . .  238 
Modular. 110 W. Switching .................... 238 
Modular. Triple-Output Switching . . . . . . . . . . . . . . .  238 
Precision Voltage Sources ...................... 232 
Programmable . . . . . . . . . . . . . . . .  26.228.229.240.  643 
Specifications Definitions ....................... 215 
Standby ..................................... 285 
Transistor Bias Supply ......................... 476 

Power Supply/Amplifier ......................... 235 
Practical Transistors ............................. 663 
Preamplifiers . . . . . . . . . . . . . . .  33.263-265.267-269. 312 . 
Precision Coaxial Connectors ..................... 553 
Precision Frequency Source . . . . . . . . . . . . . .  274. 352. 353 
Precision Oscillator .......................... 283. 358 
Precision Voltage Sources ........................ 232 
Preselector .................................... 512 
Printer. Character Impact ....................... 627 
Printer. Instrumentation ..................... 272. 273 
Printer . Line ............................... 624. 625 



Probes 
Accessories .......................... 183. 187. 554 
Active ............................... 185.469. 595 
Cable Assembly .......................... 184. 552 
Current .......................... 38. 113. 186. 554 
Digital Multimeter .......................... 49-72 
Frequency Doubler ............................ 394 
High Frequency ........................... 73. 554 
Impedance ................................... 469 
Jumper Cable ................................ 184 
Logic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  111 
Miniature .................................... 182 
Passive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  595 
Slotted Line .................................. 433 
Trigger (TTL)  ................................ 143 
Time Interval ................................. 3 18 
Voltage Divider ........................... 182. 554 

Process Control Interface ......................... 643 
Programmable 

Counters'  ..................................... 646 
Programmable Pulse Generator . . . . . . . . . . . . . . . . . . .  322 
Programmable Signal Source ..................... 356 
Pulse and Word Generators ....................... 3 19 
Pulse Generators . . . . . . . . . . . . . . . . . . .  112. 319. 320. 324 
Pulse Modulator ............................ 394. 395 
Pulse Pattern Generator Plug-ins (1900 

System) ..................................... 328 
Pulse/ Word Generator System. 

300 M H z / l  G H z  ......................... 334. 335 
Pulsers. Logic .................................. 112 

Q 
Q-Meter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98 
Quartz Component Oscillator .................... 283 
Quartz  Frequency Standard ...................... 282 
Quartz Pressure Gauge .......................... 650 
Quartz Thermometer ............................ 65 1 

R 
Radiology ...................................... 659 
Random Noise Generator ........................ 426 

. . . . . . . . . .  421 
Readers. Card  ............................. 625. 636 
Reader. Optical Mark ........................... 636 

. . . . . . . . . . . . . . . . . .  637 
Reciprocal Counters ..................... 289. 304. 31 1 
Recorders 

Oscillographic ............................ 263-269 
Portable Instrumentation Tape  . . . . . . . . . . . . .  270. 271 
St r ip  Chart  .............................. 257-262 
X-Y .................................... 244-251 

Reflection/Transmission Test 
Sets ........................ 444.464.469.47  5-477 

Reflectometer Bridge ............................ 444 
Relay Output Cards ............................ 646 
Relay Register ................................ 26. 646 
Remote Automatic Surveillance Systems . . . . . . . . . . . .  596 
Repetition Rate  Generators (8080 System) . . . . . . . . . .  333 
Resistance Meter . . . . . . . . . .  38. 39. 49-53. 64-72. 80-82 
Return Loss Kit ................................. 595 
R M S  Voltmeter . . . . . . . . . . . . . . . . . .  37-43.49-53. 64. 65 
Rotary Air Line. Coaxial ......................... 441 
Rotary Joint. Coaxial ............................ 441 
Rotary Vane Attenuators. Waveguide . . . . . . . . . . . . .  432 
Rubidium Frequency Standard .................... 276 

S 
S-Parameter Test Sets . . . . . . . . . . . . . .  459.464.475. 476 

Range Calibrator (for 435A Power Meter) 

Real Time Application Terminals 

Sampling Oscilloscopes .......................... 173 
Sampling & T D R  Accessories ..................... 176 
Scanner .............................. 64.65.76. 643 
Scanner Plug-In Module ..................... 244. 646 
Schottky Diodes ................................. 654 
Scientific & Industrial X-Ray Systems . . . . . . . . . . . . .  647 
Selective Level Measuring Set  .................... 590 
Selective Level Voltmeters ........................ 600 
Selective Voltmeter .............................. 600 
Self-Test Digital Multimeter . . . . . . . . . . . . . . . . .  64-66. 70 
Sensors. Microwave Power . . . . . . . . . . . . . . . . . . .  422. 425 
Serial Data Analyzer ............................ 147 
Serial Data Generator ........................... 338 
Serial-to-Parallel Converter .................... 26. 143 
Signal Analyzers ........................ 177.48 0-539 

Automatic Spectrum Analyzer . . . . . . . . . . . . . . . . . .  497 
Digital ...................... 488-491. 518-522. 524 
Distortion ................................ 530. 531 
General Information ....................... 480-487 
Modulation Analyzer .......................... 536 
Spectrum Analyzers . . . . . . . . . . .  177.488-522. 525-529 

Signal Conditioners ......................... 267-269 
Signal Coupler Preamplifier ...................... 268 
Signal Generators 

Accessories ................................... 396 
Down Converter. 0.5 to 500 kHz . . . . . . . . . . . . . . . .  385 
General Information ........................... 372 

Microwave ........................... 378. 391-393 
Pulse Modulator .......................... 394. 395 
Synthesized .............................. 374-379 

Signal Sources .................................. 358 
Signal Source. Programmable ..................... 356 
Signature Analysis ........................... 110. 516 
Signature Analyzer. Digital ....................... 118 
Silicon Bipolar Transistors ........................ 655 
Sinewave Generators ........................ 345. 347 
Sinewave Oscillator ......................... 345. 347 
Single Span Plug-In Module ..................... 259 
Slotted Lines (Coaxial and Waveguide) . . . . . . . . . . . . .  433 
Sliding Load (Coaxial and Waveguide) . . . . . . . . . . . . .  438 
Small  Business Computers ........................ 615 
Solid S ta te  Displays/Lamps ...................... 652 
Spectrum Analyzers. General Information . . . . . .  480-487 
Spectrum Analyzers . . . . . . . . . . . .  117.492-522. 527-529 
Spectrum Analyzer Preselector .................... 512 
Spectrum Display ................................ 525 
Square Wave Generators ......................... 350 
Stability Analyzer. Frequency . . . . . . . . . . . . . . . . .  522. 538 
Standards: Frequency and Time . . . . . . . . . . . . . . . . . . .  274 
Standing Wave Ratio (SWR)  Meter . . . . . . . . . . . . . . .  447 
Stepping Motor Control .......................... 646 
Step Attenuators. Coaxial .................... 430-432 
Storage-Normalizer ......................... 463. 479 
St r ip  Chart  Recorders . . . . . . . . . . . . . .  242. 243.25 7-262 
Structural Dynamics ........................ 522. 524 
Surveying Products .............................. 660 
Sweep Oscillators. General Information . . . . . . . .  397-399 
Sweep Oscillators . . . . . . . . . . . . . .  350. 352. 358. 397-417 
Swept Slotted Line ............................. 433 
Switch Controller ............................... 628 
Switches ........................................ 26 

Access. Distribution and Bi-directional . . . . . . . . . . .  592 
Switches. Automatic Test ...................... 628 
Coaxial. Microwave O E M  ...................... 440 
HP-IB Driver ................................. 430 

HF.  VHF. U H F  .......................... 381-390 

X 

.. ..  



ALPHABETICAL INDEX 

Swivel Adapter ................................. 441 
Synthesizer. Automatic . . . . . . . . .  362. 363. 374. 378. 380 
Synthesizer. Frequency . . . . .  352. 353.358.374. 378. 380 
Synthesized Signal Generators . . . . . . . . . . . .  374. 378. 380 
Synthesizers. Spectrum .......................... 372 
System Digital LCR Meter ..................... 94. 95 
System Digital Voltmeter . . . . . . . . . . . . . . . .  56-59. 66-72 
Systems Accessories .............................. 26 

T 
Tape Cartridge Unit ............................. 623 
Tape Cassette. Punch. Reader Sub-systems . . . . . . . . .  625 
Tape  Degausser ................................. 271 
Tape  Memory. External .......................... 625 
Tape  Recorders. Analog Magnetic . . . . . . . . . . . . .  270. 27 1 
Telecommunications Test Equipment . . . . . . . . . . .  558-607 

Access Switch ................................ 592 
Amplifier. Error Detector Input . . . . . . . . . . . . . . . . .  567 
Amplifier-IF ................................ 605 
Amplitude/Delay Distortion Analyzer . . . . . . . . . . . .  572 
Attenuator-75Q General Purpose . . . . . . . . . . . . . . .  605 
Audio Channel Selector: HP-IB Controlled . . . . . . .  563 
BB Sweeper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  605 
Balanced 2/4-wire Audio Channel Selector . . . . . . .  563 
Bi-directional Switch .......................... 592 
Carrier Testing ............................... 588 
Controller: Switch . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  592 
Converter. 75Q Unbal / l IOQ Bal . . . . . . . . . . . . . . . . .  567 
Data Generator ........................... 344. 564 
Data Line Analyzers ........................... 574 
Detector. Error . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  564 
Down Converter .............................. 606 
Error Measuring Set  (1  kb/s . 50 Mb/s)  . . . . . . . . .  566 
Error Measuring Set  (1 kb/s . 150 Mb/s)  . . . . . . . .  564 
Error Rate  Measurements . . . . . . . . . . . . . . . . . .  564. 566 
FDM Measurements ........................... 588 
HP-IB Controlled Channel Selector . . . . . . . . . . .  26. 563 
Isolator. P C M  Test Equipment . . . . . . . . . . . . . . . . . .  567 
Remote Automatic Surveillance Systems . . . . . . . . . .  596 
Microwave Link Analyzers ..................... 602 
Microwave Radio Testing ...................... 601 

Pattern Generator/Error Detector . . . . . . . . . . . . . . .  566 

Primary Multiplex Analyzer .................... 560 
Selective Level/Meter ..................... 598. 599 
Selective VM ............................. 533. 600 
Selective Level Measuring Set  . . . . . . . . . . . . . . . . . .  590 
S L M S  Accessories ............................ 595 
Sweeper. R F  ................................. 607 
Switch: Access . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  592 
Switch Controller .......................... 26. 592 
Telephone Line Analyzer . . . . . . . . . . . . . . .  572.578. 579 
Transmission Impairment Measuring Set  . . . . . . . . .  582 
Test Set  ................................. 578. 579 
Upconverter Simulator for 

Microwave Link Analyzer . . . . . . . . . . . . . . . . . . .  607 
Voice Data Testing ............................ 568 

Telephone Test Oscillators ........................ 58 1 
Temperature Measurement . . . . . . . . . . . .  64.65. 259. 651 
Terminal. C R T  ................................. 630 
Terminal. Data Capture/Data  Retrieval . . . . . . . . . . . .  637 
Terminations. Coaxial and Waveguide . . . . . . . . .  176. 438 
Test Data. Attenuator Calibration . . . . . . . . . . . . . . . . .  429 
Test Leads ............................. 73. 552. 554 

Modulator Analyzer ........................... 536 

P C M  Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  558 

Testmobiles. Oscilloscope ......................... 192 
Test Oscillators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  355 
Test Set. Voice Band ............................ 568 
Test Sets. Digital Logic .......................... 116 
Test Sets. Transmission .......................... 568 
Thermal Printer .................... 254.255.272. 625 
Thermistor 

Sensors. Coaxial and Waveguide . . . . . . . . . . . . . . . .  425 
Fiber Optic .................................. 419 

Thermocouple Power Meter . . . . . . . . . . . . . . . . . .  420. 421 
Thermocouple Power Sensors ..................... 422 
Thermometer ................................ 64. 651 
Time Base External Module ...................... 245 
Time Domain Reflectometers ..................... 173 
Time Interval 

Counters . . . . . . .  289.297.303.304.308. 309.311. 646 
T i m e s t a n d a r d  ................................. 274 
Time Synthesizer ............................... 324 
Timer/Pacer ................................. 64. 65 
Timing Analyzer. Logic .......................... 144 
T I M S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  582 
Total Harmonic Distortion Measuring Set  . . . . . .  530. 531 
Total Station . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  660 
Touch-Hold Probe ......................... 53. 59. 73 
Tracer. Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  113 
Tracking Generators . . . . . . . . . . .  488-491. 498. 502. 506. 

508. 510. 513.598. 599 
Training/Logic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  120 
Training/Video Tapes ....................... 66 1-664 
Transceiver Modulation Analyzer . . . . . . . . . . . . . . . . . .  536 
Transceiver Test System ......................... 556 
Transfer Function Analyzer . . . . . . . . . . . . . . . . . .  522. 524 
Transistors. Siliconbipolar . . . . . . . . . . . . . . . . . . . . . . .  654 
Translator. Four Channel T T L  C M O S  . . . . . . . . . . . . .  343 
Transmission Impairment Measuring Set . . . . . . . . . . .  582 
Transistor Bias Supply ........................... 476 
Transistor Test Fixtures ...................... 475-477 
Transistors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  654 
Triangle Wave Generator .................... 349. 350 
Trigger Countdown . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  176 
True R M S  Detector ........................ 530. 531 
True R M S  Voltmeter . . . . . . . . . . . . . . . .  43. 54. 55 .6  2-69 
Tuners. Microwave .............................. 439 
Two-Channel Real Time Spectrum Analyzer . . .  518-521 
T W T  Amplifiers ................................. 34 
Type N Short . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  438 

U 
Universal Bridge ....................... 83.84.88.  89 
Universal Carriage (Slotted Section) . . . . . . . . . . . . . .  433 
Universal Counters . . . . . . . . . . . . .  289. 296. 298. 308. 31 1 
Upconverter Simulator 

for Microwave Link Analyzer . . . . . . . . . . . . . . . . . . .  607 

V 
Variable Phase Function Generator . . . . . . .  366. 367. 594 
Vector Impedance Meter .......................... 99 
Vector Voltmeter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  470 
V H F  Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  394 

Vibration Controller ............................. 524 
Vibration Analyzer .......................... 522. 524 

VideoTapes ................................ 661-664 
Voice Data Testing .............................. 568 
Voltmeters .................................. 35-77 
Voltmeter. Vector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  470 



W 

Wave Analyzer .................... 488-491.576. 577 
Wave and Distortion 

Analyzers ............................ 527-529. 532 
Waveform Analyzer. Fourier . . . . . . . . . . . . . . . . .  522. 524 
Waveguide 

Attenuators .................................. 432 

Crystal Detectors ............................. 437 
Directional Couplers ........................... 435 
Frequency Meters ............................. 437 
Harmonic Mixer .............................. 439 
Holder ...................................... 441 
Low-Pass Filters .............................. 439 
Movable Shorts ............................... 438 
Precision Attenuators .......................... 432 

Warranty ..................................... 671 

Coaxial Adapters ............................. 441 

r 
2 

Sliding Short 0 
Slotted Section ............................... 433 t; 

Thermistor Mounts ............................ 425 5 

. . . . . . . . . . . . . . .  Reflection/Transmission Test Sets 477 E-! 
Shorting Switch ............................... 438 f :  
Slide Screw Tuners 439 
Sliding Loads ................................. 438 

................................. 438 

C? Stand 441 
Terminations r . ................................. 438 

Variable Attenuators 432 r: 

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

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

Waveguide-Waveguide Adapters . . . . . . . . . . . . . . . . . .  441 
Word Generators ............................... 3 19 

X 
X-Ray Systems. Scientific & Industrial . . . . . . . . . . . . .  647 
X-Y Displays ............................... 194-213 
X-Y Plotters/Recorders . . . . . . . . .  242 . 243 . 252-262.624 



MODEL NUMBER INDEX 
New product listings are printed in bold face type 

HP-19C Hand-held 
Programmable Printing Calculator . . . . . . . . . . . . . .  609 

HP-29C Hand-held Programmable Calculator . . . . . . .  609 
H P 3 1 E  Scientific Pocket Calculator . . . . . . . . . . . . . .  610 
HP-32E Advanced Scientific Pocket Calculator . . . . . .  610 
HP-33E Programmable Scientific Pocket Calculator . 610 
HP-37E Business Management Pocket Calculator . . .  611 
HP-38E Financial Programmable Pocket Calculator . . 611 
HP-67 Fully Programmable Pocket 

Calculator ................................... 6 12 
DTS-70 Digital Test Systems .................... 106 
HP-92A Business Printing Calculator . . . . . . . . . . . . .  612 
HP-97 Fully Programmable Printing 

Calculator .......................... 

100 
105A & B Quartz Frequency Standards . . . . . . . . . . .  282 
123A Oscilloscope Camera ....................... 189 
140T Spectrum Analyzer Mainframe . . . . . . . . . . . . . .  505 
141T System Spectrum Analyzers . . . . . . . . . . . . . . . .  504 
141T Spectrum Analyzer Mainframe . . . . . . . . . . . . . .  505 
180 series Plug-in Oscilloscopes . . . . . . . . . . . . . . . . . . .  164 
180C. D High Writing Speed 

180TR Rack-mount Display Mainframe . . .  446.500. 502 
18 1 A. AR. Variable Persistence 

18 1 T. T R  Variable Persistence/Storage Display Mainframes 
446. 500 502 

182C Large Screen Oscilloscope Mainframe . . . . . . . .  166 
182T Large Screen Display Mainframe . . . .  446. 500. 502 
184A High Speed Oscilloscope Mainframe . . . . . . . . . .  167 
197A Oscilloscope Camera ....................... 189 

200 
200CD Wide Range Oscillator . . . . . . . . . . . . . . . . . . .  346 
201C Audio Oscillator .......................... 346 
204C Oscillator ................................. 348 
204D Oscillator ................................. 348 
209A Oscillator ................................. 348 
214B Pulse Generator ............................ 327 
236A Telephone Test Oscillator . . . . . . . . . . . . . . . . . .  58 1 
239A JAW Distortion Oscillator . . . . . . . . . . . . . . . . . . .  347 
HP250 Small Business Computer . . . . . . . . . . . . . . . . . .  615 
28 1 series Coaxial-Waveguide Adapters . . . . . . . . . . . .  441 
292 series Waveguide-Waveguide & Adaptors . . . . . . .  441 

300 
H P  300 Computer System ....................... 616 
3 12A & 3 13A Frequency Selective Voltmeter 

and tracking Oscillator ........................ 534 
312D Selective Levelmeter & Generator . . . . . . . . . . . .  598 
331A Distortion Analyzer ....................... 532 
33244 Distortion Analyzer ....................... 532 
333A Distortion Analyzer ....................... 532 
334A Distortion Analyzer ....................... 532 
339A Distortion Measuring Set  . . . . . . . . . . . . . . . . . . .  530 
340B Noise Figure Meter ........................ 426 
342A Noise Figure Meter ....................... 426 
343A V H F  Noise Source ......................... 426 
345B I F  Noise Source ........................... 426 
347A series Noise Sources ........................ 426 
349A Noise Source .............................. 426 
350D Attenuator Set  ............................ 104 
355 series Coaxial Step Attenuators . . . . . . . . . . . . . . .  430 

Oscilloscope Mainframes ....................... 166 

Storage Mainframes ........................... 167 

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

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 & E L  A C  Voltmeters ....................... 42 
400F & FL A C  Voltmeter ........................ 42 
400 G L  A C  Voltmeter ............................ 42 
403B A C  Voltmeter ............................. 41 
410C Voltmeter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40 
415E S W R  Meter .............................. 447 
419A D C  Null Voltmeter ......................... 37 
422A Series Waveguide Crystal Detectors . . . . . . . . . .  437 
423A/B Coaxial Crystal Detectors . . . . . . . . . . . . . . . .  436 
424A Series Waveguide Crystal Detectors . . . . . . . . . .  437 
427A Voltmeter ................................. 39 
428B Clip-on D C  Milliammeter . . . . . . . . . . . . . . . . . . .  38 
432 Series Power Meters ........................ 419 
4 3 5 A P o w e r M e t e r  ............................. 421 
436A Power Meter ............................. 420 
440A Detector Mount ........................... 433 
442B Slotted Line R F  Probe ...................... 433 
444A Slotted Line Detector ...................... 433 
447B Slotted Line Detector ....................... 433 
448B Slotted Line Sweep Adapters . . . . . . . . . . . . . . . .  433 
456A Current Probe for voltmeters . . . . . . . . . . . . . . . .  555 
461A Amplifier ................................. 32 
465A Amplifier ................................. 32 
467A Power Amplifier ........................... 32 
478A Coaxial Thermistor Mount ................. 425 
486A Series Waveguide Thermistor Mounts . . . . . . . .  425 
489A T W T  Amplifier ............................ 34 
491C T W T  Amplifier ............................. 34 
493A T W T  Amplifier ............................ 34 
495A T W T  Amplifier ............................ 34 

500 
532 Series Waveguide Frequency Meters . . . . . . . . . . .  437 
536A Coaxial Frequency Meter . . . . . . . . . . . . . . . . . .  437 
537A Coaxial Frequency Meter . . . . . . . . . . . . . . . . . .  437 
545A Logic Probe ............................... 111 
546A Logic Pulser .............................. 112 
547A Current Tracer ........................... 113 
548A Logic Clip ............................... 114 

606B Signal Generator .......................... 388 
608E Signal Generator .......................... 389 
612A Signal Generator .......................... 390 
618C Signal Generator .......................... 392 
620B Signal Generator .......................... 392 

600 

626A Signal Generator .......................... 393 
628A Signal Generator .......................... 393 
651B Test Oscillator ............................ 355 
652A Test Oscillator ............................ 355 
654A Test Oscillator ............................ 355 
680 Strip Chart  Recorder ........................ 257 

745A AC Calibrator ............................ 370 
746A H i  Voltage Amplifier ....................... 370 

700 



752 Series Waveguide Directional Couplers 
774D Coaxial Dual Directional Coupler 
775D Coaxial Dual Directional Coupler 
776D Coaxial Dual Directional Coupler 
777D Coaxial Dual Directional Coupler . . . . . . . . . . . .  434 
778D Coaxial Dual Directional Coupler . . . . . . . . . . . .  434 
779D Coaxial Dual Directional Coupler . . . . . . . . . . . .  434 
784B Coaxial Directional Detector . . . . . . . . . . . . . . . .  607 
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 

. . . . . . . .  435 
. . . . . . . . . . . .  434 
. . . . . . . . . . . .  434 
. . . . . . . . . . . .  434 

800 
805C Coaxial Slotted Line ....................... 433 
809C Universal Carriage ......................... 433 

816A Slotted Coaxial Section .................... 433 
817A & B Coaxial Swept Slotted 

Line Systems ................................. 433 
. . . . . . . .  439 

810B series Waveguide Slotted Sections . . . . . . . . . . . .  433 

870A series Waveguide Slide Screw Tuners 

900 
905A Coaxial Sliding Load ....................... 438 
907A Coaxial Sliding Load ....................... 438 
908A Coaxial 50-Ohm Termination . . . . . . . . . . . . . . . .  176 
909A Coaxial Termination ....................... 438 
910 series Waveguide Terminations . . . . . . . . . . . . . . . .  438 
91 l A / C  Coaxial Sliding Load .................... 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  ..................... 393 
940A Frequency Doubler Set ..................... 393 
970A Probe Digital Multimeter .................... 49 

1000 
H P  1000 Systems .............................. 618 
1006A Testmobile .............................. 192 
1007A Testmobile .............................. 192 
1008A Testmobile .............................. 192 
1051A & 1052A Combining Cases . . . . . . . . . . . . . . . .  546 
1104A/1106B Opt  001 18 G H z  Trigger 

Countdown .................................. 175 
1104A/1108A 10 G H z  Trigger Countdown . . . . . . . .  175 
1105A/1106B 20 ps Pulse Generator . . . . . . . . . . . . . .  176 
1 105A/1108A 60 ps Pulse Generator . . . . . . . . . . . . . .  176 
1109B High Pass Filter (type N) . . . . . . . . . . . . . . . . .  176 
11 10A Current Probe ............................ 186 
1 1 1 1A A C  Current Amplifier .................... 186 
1112A Inverter Power Supply ..................... 188 
1 1 17B Testmobile. Oscilloscope . . . . . . . . . . . . . . . . . . .  192 
1120A 500 M H z  Active Probe . . . . . . . . . . . . . . . . . . .  185 
1121A A C  Probe ............................... 469 
1122A Probe Power Supply ...................... 186 
1124A 100 M H z  Active Probe . . . . . . . . . . . . . . . . . . .  186 
1200B Dual Channel Oscilloscope. 

100pV/div .................................. 178 
1201B Dual Channel Storage 

Oscilloscopes. 100pV/div ....................... 178 

1205B Dual Channel Oscilloscope. 
5mV/div .................................... 178 

1220A Dual Channel Oscilloscope. 15 M H z  . . . . . . . . .  180 
1222A Dual Channel. Delay Line 

1230A Logic Trigger ............................ 143 

1310A 48.3 cm (19 in.) Display . . . . . . . . . . . . . . . . . .  201 
1311A 35.6 cm (14 in.) Display . . . . . . . . . . . . . . . . . .  201 

1321A 53.3 cm. (21 in.) Display . . . . . . . . . . . . . . . . . .  201 
1332A Small Screen Display ..................... 207 
1333A Small Screen Display ..................... 207 
1335A Small Screen Display ..................... 207 
1336s  Small Screen Display ..................... 207 

1340A Display Module .......................... 205 
1350A Graphics Translator .................... 26. 196 

1600A 16 Bit Logic State  Analyzer . . . . . . . . . . . . . . .  140 
1600s  32/16 Bit General Purpose 

Logic State  Analyzer ......................... 140 
1602A 16 Bit Logic State  Analyzer . . . . . . . . . . . . . . .  136 
1607A 16 Bit Logic State  Analyzer . . . . . . . . . . . . . . .  140 
1610A 32 Bit General Purpose Logic S ta te  Analyzer . . 132 
161 1A Logic State  Analyzer for 

Microprocessor Based Systems . . . . . . . . . . . . . . . . .  128 
1615A Logic Analyzer (Time & State) . . . . . . . . . . . . . .  144 
1640A Serial Data Analyzer ...................... 147 
1645A Data Error Analyzer ...................... 570 
6458 Data  Transmission Test Set . . . . . . . . . . . . . . . .  571 
700 series Oscilloscopes ........................ 154 
7 15A 200 M H z  ATime Oscilloscope . . . . . . . . . . . . . .  160 
722B 275 M H z  ATime Oscilloscope. Delta 

with Microprocessor ........................... 160 
725A 275 M H z  ATime Oscilloscope . . . . . . . . . . . . . .  160 
740A 100 M H z  Oscilloscope. 

Third-Channel Trigger View ..................... 154 
741 A 100 M H z  Oscilloscope. Variable Persistence 

Oscilloscope. 15 M H z  ......................... 180 

1304A 32 cm . (13 in.) Display .................... 201 

1317 A 43.2 cmi (17 in.) Display . . . . . . . . . . . . . . . . . .  201 

1338A Tricolor Display .......................... 200 

1430C Sampling Head. 18 G H z  for 181 1A . . . . . . . . .  174 

Storage. Third-Channel Trigger View . . . . . . . . . . .  154 
1742A 100 MHz AT Oscilloscope. Trigger View . . . . .  154 
1743A 100 M H z  Crystal ATime Oscilloscope. 

Third Channel Trigger View .................... 154 
1744A 100 MHz Oscilloscope. Fast Variable 

Persistence Storage. Trigger View . . . . . . . . . . . . . . .  154 
1801A Dual Channel Vertical Amplifier. 

50 M H z  .................................... 168 
1803A Differential DC Offset Amplifier . . . . . . . . . . .  168 

50 M H z  .................................... 170 
1805A Dual Channel Vertical Amplifier. 

100 M H z  ................................... 168 
1806A 1OOpV Dual Channel Differential 

Amplifier .................................... 168 
1809A Four Channel Vertical Amplifier. 

100 M H z  ................................... 170 
l8lOA 1 G H z  Dual Channel Sampler . . . . . . . . . . . . .  173 
181 1A 18 G H z  Sampler ......................... 173 
18 15B TDR/Sampler  ........................... 175 
1817A Sampling Head 12.4 G H z  for 1815B . . . . . . . .  175 
1818A Time Domain Reflectometer. 170 ps t r  . . . . . .  174 
1820C Time Base .............................. 171 
1821A Time Base/Delay Generator . . . . . . . . . . . . . . . .  171 
1825A Time Base and Delay Generator . . . . . . . . . . . .  172 
1900A Pulse Generator Mainframe . . . . . . . . . . . . . . .  328 
1905A Rate  Generator Plug-in .................... 328 

1804A Four Channel Vertical Amplifier. \ 
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1915A Output Amplifier Plug-in . . . . . . . . . . . . . . . . . .  328 
1917A Output Amplifier Plug-in . . . . . . . . . . . . . . . . . .  328 
1920 Output Amplifier Plug-in . . . . . . . . . . . . . . . . . . .  328 

2000 
2105A Computer ............................... 617 
2108M Computer .............................. 617 
2109E Computer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  617 
21 11F Computer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  617 
21 12M Computer . . . .  ....................... 617 
21 13E Computer . . . . .  ....................... 617 
21 17F Computer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  617 
2240A Measurement & Control Processor . . . . . . . . . .  629 
2313B Analog 1/0 Subsystem .................... 629 
2608A Line Printer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  639 
2631A Printer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  638 
2631G Graphics Printer ......................... 638 
2635A Printing Terminal ........................ 638 
2640B Interactive Display Terminal . . . . . . . . . . . .  
2640C Cyrillic Display Terminal . . . . . . . . . . . . . . .  
2641A APL Display Terminal .................... 634 
2645A Display Station ........................... 633 

. . . . . . . . . . . . . . . .  634 
. . . . . . .  634 

2645R Arabic Display Station .................... 634 
26453 Swedish/Finnish Display Station . . . . . . . . . . . .  634 
2647A Intelligent Graphics Terminal . . . . . . . . . . .  630 
2648A Graphics Terminal ........................ 63 1 
2649A Microprogrammable Terminal . . . . . . . . . . . . .  632 
2804A Quartz Thermometer . . . . . . . . . . . . . . . . . . . . . .  651 
28 1 1 B Quartz Pressure Gauge .................... 650 

3000 
HP 3000 Series I1 and Series 111 Systems . . . . . . . . . .  614 
3040A Network Analyzer ........................ 453 
3042A Network Analyzer ........................ 453 
3044A Automatic Spectrum Analyzer . . . . . . . . . . . . . .  527 

3052A Automatic Data 

3060A Analog Board Tester . . . . . . . . . .  
3070B Data Capture/Data Retrieval Terminal . . . . . . .  637 
3200B V H F  Oscillator ........................... 394 
3310A Function Generator ....................... 354 
3310B Function Generator ....................... 354 
331 1A Function Generator ....................... 350 
3312A Function Generator ....................... 351 
3320A Frequency Synthesizer . . . . . . . . . . . . . . . .  360 
3320B Frequency Synthesizer ..................... 360 
3320C Level Generator .......................... 598 
3325A Function Generator/Frequency 

Synthesizer/Sweeper ...................... 352. 364 
3330B Automatic Synthesizer ..................... 362 
3335A Frequency Synthesizer . . . . . . . . . . . . . . . .  366. 594 
3350A Laboratory Automation Systems . . . . . . . . . . .  656 
3352A Laboratory Data System . . . . . . . . . . . . . . . . . . .  656 
3380A Reporting Integrator ...................... 656 
3400A R M S  Voltmeter . . . . . . . . . . . . . . . . . . . . . . . . . .  43 
3403A True R M S  Voltmeter ...................... 54 
3406A Broadband Sampling Voltmeter . . . . . . . . . . . . . .  44 
3435A Digital Voltmeter . . . . . . . . . . . . . . . . . . . . . . . . . .  52 
3437A High Speed Digital Voltmeter . . . . . . . . . . . . . . .  56 
3438A 5-Function DMM;HP-IB . . . . . . . . . . . . . . . . . . .  58 
3455A 6 %  Digit D M M  . . . . . . . . . . . . . . . . . . . . . . . . . . .  66 
3465A 4 %  Digit D M M  ........................... 60  
3465B Digital Multimeter ........................ 60 

2645K Katakana Display Station 
2645N Danish/Norwegian Display Station 

3045A Automatic Spectrum Analyzer . . . . .  . . . . .  527 

Acquisition System . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  74 

3466A 4 %  Digit Autoranging D M M  . . . . . . . . . . . . . . .  
3467ALoggingDMM . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3476A/B 3% Digit D M M  ........................ 
3490A Multimeter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3495AScanner  ................................. 
3529A Magnetometer Probe . . . . . . . . . . . . . . . . . .  
3550B Communications Test Set  . . . . . . . . . . . . . . . . . .  
3551A Transmission Test Set  .................... 
3552A Transmission Test Set  .................... 
3555B Transmission & Noise Measuring Set  . . . . . . .  
3556A Psophometer . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3570A Tracking Receiver ......................... 
3575A Gain/Phase Meter ....................... 
3580A Spectrum Analyzer ....................... 
3581A Wave Analyzer . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3581C Selective Voltmeter ....................... 
3582A Spectrum Analyzer ....................... 
3585A Spectrum Analyzer . . . . . . . . . . . . . . . . . . .  
3591A Selective Voltmeter . . . . . . . . . . . . . . . . . . .  
3594A Sweeping Local Oscillator Plug-in . . . . . . . . . . .  
3702B IF/BB Receiver (70 M H z  IF) . . . . . . . . . . . . . . .  
3710A IF/BB Transmitter (70 M H z  IF) 
3720A Spectrum Display . . . . . . . . . . . . . . . . . . . . . . . . .  
3721A Correlator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3722A Noise Generator . . . . . .  . . . . . . . . . . . . . . .  
3730A Down Converter: R F  to I F  
3743A I F  Amplifier . . . . . . . . . . .  
3744A BB Sweeper Accessory . . . . . . . . . . . . . . . .  
3745A/B Selective Level Measuri 
3747A/B Selective Level Measuring Set  . . . . . . . . . . . .  
3750A Attenuator:750 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3754A Access Switch . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3755A Switch Controller ......................... 
3756A 90 MHz Bi-directional Switch 
3757A 8.5 MHz Access Switch 
3762A Data Generator ...................... 344. 
3763A Error Detector . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3770A Amplitude/Delay 

Distortion Analyzer . . . . . . . . . . . . . . . . . . . . . . . .  
3770B Telephone Line Analyzer . . . . . . . . . . . . . . . . . .  
3771A Data Line Analyzer (CCITT) . . . . . . . . . . . . . . . .  
37718 Data Line Analyzer (BELL) . . . . . . . . . . . . . . . . .  
3777A HP-IB-controlled Channel Selector . . . . . . . . .  
3779A Primary Multiplex Analyzer (CEPT) 
3779B Primary Multiplex Analyzer (BELL) 
3780A Pattern Generator/Error Detector . . . . . . . . . . .  
3790A IF/BB Transmitter (140 M H z  IF)  
3792A IF/BB Receiver (140 M H z  IF) . . . . . . . . . . . . . .  
3805A Distance Meter ........................... 
3808A Medium Range Distance Meter 
3810A Total Station ............................. 
3964A Instrumentation Tape  Recorder . . . . . . . . . . . .  
3968A Instrumentation Tape  Recorder . . . . . . . . . . . .  

. . . . . . . . . . .  

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

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

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

. . . . . . . . . .  

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

62 
64 
50 
70 
76 
38 

584 
578 
578 
580 
580 
580 
456 
516 
533 
576 
518 
488 
600 
600 
602 
602 
525 
525 
526 
606 
605 
605 
590 
590 
605 
592 
592 
592 
592 
564 
564 

572 
572 
574 
574 
563 
560 
560 
566 
602 
602 

.660 
660 
660 
270 
270 

4000 
4204A Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4260A Universal Bridge . . . . . . . . . . . . . . . . . . . . . . . .  
4261A Digital LCR Meter ..................... 
4262A Digital LCR Meter ..................... 

4270A Automatic 

427 1 B Component Test 1 M H z  

4272A 1 M H z  Preset 

4265B Universal Bridge ......................... 

Capacitance Bridge ........................... 

Digital L C R  Meter .......................... 

Capacitance Meter .......................... 

. 3 4 9  

. . 8 3  
88-89 
86-87 
. .  84 

. . 8 5  

90-9 1 

92 



4273A 1 kHz Preset C Meter ..................... 93 
4274ALCRMeter ............................... 94 
4275A LCR Meter ............................... 94 
4282A Digital High 

Capacitance Meter ......................... 96-97 
4328A Milliohmmeter ............................ 8 1 
4329A High Resistance Meter ..................... 82 
4 3 3 2 A L C R  Meter ............................... 80 
4342A Q Meter ................................. 98 
4436A Attenuator .............................. 104 
4437A Attenuator .............................. 104 
4440B Decade Capacitor ......................... 104 
4800A Vector Impedance Meter . . . . . . . . . . . . . . . . . . .  99 
48 15A Vector Impedance Meter . . . . . . . . . . . . . . . . . . .  99 
4904A Cable Fault Locator ...................... 587 
4905A Ultrasonic Leak Detector . . . . . . . . . . . . . . . . . .  587 
4910G Open and Split Locator .................... 587 
4930A Conductor Fault Locator . . . . . . . . . . . . . . . . . .  586 
4960A/4961A Automatic Pair Identifier . . . . . . . . . . .  586 
4940A Transmission Impairment Measuring Set . . . . .  582 
4943A Transmission Impairment Measuring Set . . . .  583 
4944A Transmission Impairment Measuring Set . . . .  583 

lyzer ..................... 
;hooting Kit . . . . . . . . . . . . . . .  
.hnnt: T(;t 

5000 
5004A Signature Ana . . 118 
50 1 1 T Logic Troubles . .  116 
501 5T Logic Troubleslruurllls . . . . . . . . . . . . . . . . .  116 
5021A Logic Troubleshooting Kit . . . . . . . . . . . . . . . . .  116 
5022A Logic Troubleshooting Kit . . . . . . . . . . . . . . . . .  116 
5023A Logic Troubleshooting Kit . . . . . . . . . . . . . . . . .  116 
5024A Logic Troubleshooting Kit . . . . . . . . . . . . . . . . .  116 
5035A Basic Logic Lab ......................... 120 
5035T Logic Lab ............................... 120 
5036A Microprocessor La . . . . . . . . . . .  121 
5045A Digital IC Tester . . . . . . . . . . .  100 
5046A Digital IC Test Sq . . . . . . . . . . .  102 
5055A Digital Recorder .......................... 273 
5060-Series Rack Frames and Adapters . . . . . . . . . . . .  546 
K02-5060A Standby Power Supply . . . . . . . . . . . . . . . .  285 
5061A Cesium Bear? Frequency Standard . . . . . . . . . .  276 
5061A with Option 004 Tube .................... 276 
E21-5061A Flying Clock (Cesium) . . . . . . . . . . . . . . . .  277 
5062C Cesium Beam Frequency Reference . . . . . . . . .  278 
5065A Rubidium Frequency Standard . . . . . . . . . . . . .  279 
E21-5065A Portable Rubidium Time Standard . . . . .  279 
5085A Standby Power Supply .................... 285 
5087A Distribution Amp1 . . . . . . . . . . . . .  284 
5 150A Thermal Printer . . . . . . . . . . . .  272 
5245L Electronic Countel . . . . . . . . . . . . .  296 
5253B Frequency Converter Plug-in . . . . . . . . . . . . . . .  297 
5254C Frequency Converter Plug-in . . . . . . . . . . . . . . .  297 
5255A Frequency Converter Plug-in . . . . . . . . . . . . . . .  297 
5256A Frequency Converter Plug-in . . . . . . . . . . . . . . .  297 
5257A Transfer Oscillator Plug-in . . . . . . . . . . . . . . . .  297 
5262A Time Interval Plug-in ..................... 297 
5300A Counter Mainframe ....................... 307 
5300B Counter Mainframe ...................... 307 
5301A 10 M H z  Counter Module . . . . . . . . . . . . . . . . .  308 
5302A 50 M H z  Universal Counter Module . . . . . . . . .  308 
5303B 500 M H z  Counter Module . . . . . . . . . . . . . . . . .  309 
5304A TimerlCounter  Module . . . . . . . . . . . . . . . . . . .  309 
5305B 1300 M H z  Counter Module . . . . . . . . . . . . . . . .  310 
5306A Digital Multimeter/Counter . . . . . . . . . . . . . . . .  310 
5307A Frequency Counter Module . . . . . . . . . . . . . . . .  31 1 
5308A Timer Counter Module . . . . . . . . . . . . . . . . . . .  3 1 1 
5310A Battery Pack Module ...................... 312 

lifier . . . . . . . .  

r . . . . . . . . . . .  
. . . . . . . . . . . . .  

53 1 1 B Digital-to-Analog Converter . . . . . . . . . . . . . . .  312 
5312A ASCII  Converter ........................ 312 
5314A Universal Counter ........................ 303 
5315A Universal Counter ........................ 304 
5328A Universal Counter ........................ 298 
5340A Microwave Frequency Counter . . . . . . . . . . . . .  316 
5341A Microwave Frequency Counter . . . . . . . . . . . . .  317 
5342A Microwave Frequency Counter . . . . . . . . . . . . .  314 
5345A Electronic Counter ........................ 289 
5353A Channel C: Plug-in for 5345A . . . . . . . . . . . . . .  292 
5354A 4 G H z  Frequency Converter . . . . . . . . . . . . . . .  292 
5359A Time Synthesizer ........................ 324 
5363B Time Interval Probes ...................... 318 
5370A Universal Counter ........................ 294 
5381A Frequency Counter ....................... 313 
5382A Frequency Counter ....................... 313 
5383A Frequency Counter ....................... 313 
5390A Frequency Stability Analyzer . . . . . . . . . . . . . . .  538 
5391A Frequency and Time Data Acquisition System . 293 

522 
5427A Digital Vibration Control System . . . . . . . . . . .  524 
5451C Fourier Analyzer ......................... 524 
5501A Laser Transducer ........................ 649 
5526A Laser Interferometer ..................... 649 

. . . . . . . . . . .  656 
5840A Reporting Gas Chromatographs . . . . . . . . . . . .  656 
5985B GC/Mass  Spectrometer .................... 656 
5992/3B GC/Mass  Spectrometers . . . . . . . . . . . . . . . . .  656 

5420A Digital Signal Analyzer .................... 

5700A Laboratory Gas Chromatographs 

6000 
6002A Extended Range DC Power Supply . . . . . . . . .  229 
6 1 1 OA-6 1 16A Precision DC Power Supplies . . . . . . . . .  232 
6129C-6131C Digitally Controlled Voltage 

Sources ...................................... 240 
6140A Digital Current Source .................... 240 
6177C Precision DC Current Source . . . . . . . . . . . . . .  234 
6181C Precision DC Current Source . . . . . . . . . . . . . .  234 
6186C Precision DC Current Source . . . . . . . . . . . . . .  234 
6200B-6209B DC Power Supplies . . . . . . . . . . . . . . . . .  218 
621 1A-6218A Dual Range DC Power Supplies . . . . .  218 
6220B DC Power Supply ......................... 222 
6224BDCPowerSupp ly  ......................... 222 
6226B DC Power Supply ......................... 222 
6227B Dual Tracking DC Power Supply . . . . . . . . . . . .  230 
6228B Dual Tracking DC Power Supply . . . . . . . . . . . .  230 
6234A Dual Output Power Supply . . . . . . . . . . . . . . . . .  219 
6235A Triple Output Power Supply . . . . . . . . . . . . . . . .  220 
6236B Triple Output  DC Power Supply . . . . . . . . . . . .  220 
6237B Triple Output  DC Power Supply . . . . . . . . . . . .  220 
6253A Dual Output  DC Power Supply . . . . . . . . . . . .  222 
6255A Dual Output  DC Power Supply . . . . . . . . . . . .  222 
6259B DC Power Supply ......................... 
6260B DC Power Supply ......................... 
6261BDCPowerSupp ly  ......................... 224 
6263BDCPowerSupp ly  ......................... 224 

224 
224 

6264B DC Power Supply ......................... 224 
6265B DC Power Supply ......................... 224 
6266BDCPowerSupp ly  ......................... 224 
6267BDCPowerSupp ly  ......................... 224 
6268B DC Power Supply ......................... 224 
6269B DC Power Supply ......................... 224 
6271BDCPowerSupp ly  ......................... 224 
6274B DC Power Supply ......................... 224 
6281A DC Power Supply ........................ 222 
6282A DC Power Supply . . . . .  : . . . . . . . . . . . . . . . . . .  222 
6284A DC Power Supply ........................ 222 
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1 

6286A D C  Power Supply ........................ 222 
6289A DC Power Supply ........................ 222 
6291A DC Power Supply ........................ 222 
6294A DC Power Supply ........................ 222 
6296A DC Power Supply ........................ 222 
6299A DC Power Supply ........................ 222 
6384A DC Power Supply ........................ 218 
6427B DC Power Supply ......................... 226 
6428BDCPowerSupp ly  ......................... 226 
6433B DC Power Supply ......................... 226 
6 4 3 4 B D C P o w e r S u p p l y  ......................... 226 
6 4 3 8 B D C P o w e r S u p p l y  ......................... 226 
6439B DC Power Supply ......................... 226 
6443BDCPowerSupp ly  ......................... 226 
6448BDCPowerSupp ly  ......................... 226 
6453A DC Power Supply ........................ 226 
6456B D C  Power Supply ......................... 226 
6459A DC Power Supply ........................ 226 
6464C DC Power Supply ......................... 226 
6466C D C  Power Supply ......................... 226 
6469C DC Power Supply ......................... 226 
6472C DC Power Supply ......................... 226 
6475C D C  Power Supply ......................... 226 
6477C DC Power Supply ......................... 226 
6479C DC Power Supply ......................... 226 
6483C DC Power Supply ......................... 226 

65 16A High Voltage DC Power Supply 
6521A High Voltage DC Power Supply 
6522A High Voltage DC Power Supply 
6525A High Voltage DC Power Supply 

6825A DC Power Supply/Amplifier 

65 1 SA High Voltage DC Power Supply . . . . . . . . . . . .  23 1 
. . . . . . . . . . . .  23 1 
. . . . . . . . . . . .  231 
. . . . . . . . . . . .  23 1 
. . . . . . . . . . . .  23 1 

6824A DC Power Supply/Amplifier . . . . . . . . . . . . . . .  235 
. . . . . . . . . . . . . . .  235 

6826A DC Power Supply/Amplifier . . . . . . . . . . . . . . .  235 
6827A DC Power Supply/Amplifier . . . . . . . . . . . . . . .  235 
6920B A C / D C  Meter Calibrator . . . . . . . . . . . . . . . . . .  369 
6940B Multiprogrammer ......................... 643 

. . . . . . . . . . . . . . . .  643 694 1 B Multiprogrammer Extender 

7000 
7004B X-Y Recorder ........................... 244 
7010B X-Y Recorder ........................... 247 
7015B X-Y Recorder ........................... 247 
7034A X-Y Recorder ............................ 244 
7035B X-Y Recorder ........................... 246 
7040A X-Y Recorder ............................ 248 
7041A X-Y Recorder ............................ 248 
7044A X-Y Recorder ............................ 250 
7045A X-Y Recorder ............................ 250 
7046A X-Y Recorder ............................ 249 
7047A X-Y Recorder ............................ 250 
7100B Str ip  Chart  Recorder, 2 Pen . . . . . . . . . . . . . . .  258 
7101B Str ip  Char t  Recorder, 1 Pen . . . . . . . . . . . . . . .  258 
7130A Str ip  Char t  Recorder, 2 Pen . . . . . . . . . . . . . . . .  260 
7131A Str ip  Char t  Recorder, 1 Pen . . . . . . . . . . . . . . . .  260 
7132A Str ip  Char t  Recorder, 2 Pen . . . . . . . . . . . . . . . .  261 
7133A Str ip  Char t  Recorder, 1 Pen . . . . . . . . . . . . . . . .  261 
7155B Portable Str ip  Chart  Recorder 
7221A Digital Plotter ............................ 252 
7225A Graphics Plotter .......................... 256 
7245A Plotter/Printer ........................... 254 
7260A Optical Mark  Reader ..................... 636 
7402A 2-Channel Oscillographic Recorder . . . . . . . . . .  263 
7404A 4-Channel Oscillographic Recorder . . . . . . . . . .  263 
7414A 4-Channel Oscillographic Recorder .......... 266 
7418A 6 to 8 Channel Oscillographic Recorder 

. . . . . . . . . . . . .  262 

. . . . .  266 

7562A Log Voltmeter/Converter . . . . . . . . . . . . . . . . . .  45 
7563A Log Voltmeter/Amplifier . . . . . . . . . . . . . . . . . . .  45 
7702B 2-Channel Oscillographic Recorder . . . . . . . . .  266 
7906Disc Drive ................................ 640 
7920 DiscDrive ................................ 641 
7925 Disc Drive ................................ 641 
8000 
8005B Pulse Generator .......................... 329 
8006A Pulse Generator .......................... 342 
8007B Pulse Generator .......................... 332 
801 1A Pulse Generator .......................... 329 
8012B Pulse Generator .......................... 330 
8013B Pulse Generator .......................... 330 
801 SA Pulse Generator .......................... 325 
8016A Word Generator .......................... 340 
8018A 50 M  bits/s Serial Data  Generator . . . . . . . . . .  338 
8080A Mainframe .............................. 333 
8081A Repetition Rate  Generator. 300MHz . . . . . . . .  334 
8082A Pulse Generator .......................... 331 
8083A Output  Amplifier. 300 M H z  . . . . . . . . . . . . . . . .  334 
8084A Word Generator. 300 M H z  . . . . . . . . . . . . . . . .  334 
8091A Repetition Rate  Generator. 1 G H z  . . . . . . . . . .  335 
8092A Delay Generator/Freq . Divider . . . . . . . . . . . . .  335 
8093A Output  Amplifier. 1 G H z  . . . . . . . . . . . . . . . . . .  335 
8160A Programmable Pulse Generator . . . . . . . . . . . . .  322 
8165A Programmable Signal Source . . . . . . . . . .  321. 356 
8170A Logic Pattern Generator . . . . . . . . . . . . . . . . . . .  336 
8403A Modulator ............................... 395 
8404A Leveling Amplifier ....................... 417 
8405A Vector Voltmeter ........................ 470 
8406A Comb Generator ......................... 515 
8407A Network Analyzer ........................ 468 
8409A Automatic Network Analyzer . . . . . . . . . . . . . .  478 
8410B Network Analyzer Mainframe . . . . . . . . . . . . .  474 
8410s  series Network Analyzers . . . . . . . . . . . . . . . . . .  471 
841 1A Harmonic Frequency Converter . . . . . . . . . . . . .  474 
8412A Phase-Magnitude Display . . . . . . . . . . . . .  468. 474 
841 3A Phase Gain Indicator ...................... 474 
8414A Polar Display ........................ 468. 474 
8418A Auxiliary Power Supply . . . . . . . . . . . . . . . . . . .  474 
8443A Tracking Generator ...................... 508 
844414 Tracking Generator . . . . . . . . . . . . . . . . . .  5 10. 513 
8444A Option 058 Tracking Generator . . . . . . . . .  498. 502 
8445B Automatic Preselector ..................... 512 
8447 series Amplifiers ............................ 33 
8470A Coaxial Crystal Detectors . . . . . . . . . . . . . . . . . .  436 
8471A Coaxial Crystal Detector .................. 436 
8472A/B Coaxial Crystal Detector . . . . . . . . . . . . . . . .  436 
8473B/C Coaxial Crystal Detectors . . . . . . . . . . . . . . .  436 
8477A Power Meter Calibrator . . . . . . . . . . . . . . . . . . .  425 
8478B Coaxial Thermistor Mount . . . . . . . . . . . . . . . . .  425 
8481A/H Power Sensor .......................... 422 
8481B Power Sensor ............................ 422 
8482A/H Power Sensor .......................... 422 
8482B Power Sensor ............................ 422 
8483A Power Sensor ............................. 422 
8484A Power Sensor ............................ 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 S tep  Attenuators . . . . .  430 

Coaxial Step Attenuators ...................... 430 

Coaxial Step Attenuators ...................... 430 

8495A/B/D/G/H/K series . 

8 4 9 5 A / B / D / G / H / K  series Coaxial S tep  Attenuators 
8496A/B/G/H series 

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 ........................ 460 
8507B Automatic Network Analyzer . . . . . . . . . . . . . . .  466 
8552A Spectrum Analyzer-IF Section . . . . . . . . . . . .  505 
8552B Spectrum Analyzer-IF Section . . . . . . . . . . . .  505 
8553B Spectrum Analyzer. Tuning Section . . . . . . . . .  508 
8554B Spectrum Analyzer. Tuning Section . . . . . . . . .  510 
8555A Spectrum Analyzer. Tuning Section . . . . . . . . .  512 
8556A Spectrum Analyzer. Tuning Section . . . . . . . . .  506 
8557A Spectrum Analyzer . . . . . . . . . . . . . . . . . . .  177. 500 
8558B Spectrum Analyzer . . . . . . . . . . . . . . . . . . .  177. 502 
8565A Spectrum Analyzer ....................... 498 
8568A Spectrum Analyzer ....................... 492 
8581A Automatic Spectrum Analyzer . . . . . . . . . . . . . .  497 
8600A Digital Marker .......................... 400 
8601A Generator/Sweeper ....................... 400 
86 14A Signal Generator ......................... 39 1 
8616A Signal Generator ......................... 391 
8620 system Sweep Oscillators . . . . . . . . . . . . . . .  400. 607 
8620C Sweeper Mainframe ....................... 402 
8621B Multiband Sweeper Drawer . . . . . . . . . . . . . . . .  412 
8640A A M / F M  Signal Generator . . . . . . . . . . . . . . . .  381 
8640B A M / F M  Signal Generator . . . . . . . . . . . . . . . . .  381 
8640B Option 004. Avionics Signal Generator . . . . . .  384 
8640M Signal Generator ........................ 385 
8654A Signal Generator ......................... 386 
8654B Signal Generator ......................... 386 
8655A Synchronizer/Counter ..................... 386 
8660A Synthesized Signal Generator . . . . . . . . . . . . . .  374 
8660C Synthesized Signal Generator . . . . . . . . . . . . . . .  374 
8671A Microwave Frequency Synthesizer . . . . . . . . . .  380 
8672A Synthesized Signal Generator . . . . . . . . . . . . . .  378 

8691B-8695B R F  Units ( P I N  leveled BWO) 
for 8690B .................................... 415 

8691A-8697A R F  Units (Grid Leveled BWO) 
for 8690B .................................... 415 

8698B. 8699B Solid State  R F  Units for 8690B . . . . . .  415 
8705A Signal Multiplexer for 8690B . . . . . . . . . . . . . . .  417 
8706A Control Unit for 8690B .................... 417 
8707A R F  Unit Holder for 8690B . . . . . . . . . . . . . . . .  417 
8709A Phase-lock Synchronizer . . . . . . . . . . . . . . . . . .  417 
87 17B Transistor Bias Supply ..................... 476 
8721A Coaxial Directional Bridge . . . . . . . . . . . . . . . .  469 
8731-8735 series P I N  Modulators . . . . . . . . . . . . . . . . .  395 
8740A Transmission Test Unit . . . . . . . . . . . . . . . . . . .  476 
8741A Reflection Test Unit ...................... 476 
8742A Reflection Test Unit ...................... 476 
8743A Reflection/Transmission Test Unit . . . . . . . . . .  475 
8745A S-Parameter Test Set ..................... 475 
8746B S-Parameter Test Set ...................... 476 
8747A Waveguide series 

Reflection/Transmission Test Units . . . . . . . . . . . . . .  477 
8748A %Parameter Test Set ...................... 459 
8750A Storage- 

Normalizer . . . .  446. 468. 474. 479. 498. 500. 502. 515 
8754A Network Analyzer ......................... 458 
8755B Frequency Response Test Set  Plug-in . . . . . . . .  446 
87558 Frequency Response Test Sets . . . . . . . . . . . . . .  442 
8761A & B Coaxial Switches .................... 440 
8801A Low Gain Preamplifier .................... 267 
8802A Medium Gain Preamplifier . . . . . . . . . . . . . . . .  267 
8803A High Gain Preamplifier .................... 267 

8690B Sweep Oscillator .......................... 414 

8805A Carrier Preamplifier ...................... 267 
8805B Carrier Preamplifier ....................... 267 
8806B Phase Sensitive Demodulator . . . . . . . . . . . . . . .  268 
8807A A C / D C  Converter ........................ 268 
8808A Logarithmic Preamplifier . . . . . . . . . . . . . . . . . .  268 
8809A Signal Coupler ........................... 268 
8820A DC Bank Amplifier ....................... 268 
8821A DC Bank Amplifier ....................... 268 
8900B Peak Power Calibrator ..................... 425 
8901A Modulation Analyzer ...................... 536 
8950B Automatic Transceiver Test System . . . . . . . . .  556 

9000 
9411A Switch Controller ......................... 628 
9412A Modular Switch .......................... 628 
9413A VHF Switch ............................. 628 
9414A Matrix Switch ............................ 628 
9815A. S Desktop Computer . . . . . . . . . . . . . . . . . .  30. 620 
9825A Desktop Computer . . . . . . . . . . . . . . . . . .  30. 31. 620 
9835A. B Desktop Computer . . . . . . . . . . . . . . .  30.31. 621 
9845A. S Desktop Computer . . . . . . . . . . . . . . .  30.31. 622 
9862A X-Y Plotter .............................. 624 
9865A Tape Cassette ........................... 625 
9866B Thermal Printer .......................... 625 
9868A 1 / 0  Expander ............................. 625 
9869A Hopper Card Reader ..................... 625 
9870A Card Reader ............................ 625 
9871A Character Impact Printer . . . . . . . . . . . . . . . . . .  627 
9872A Four Color Plotter . . . . . . . . . . . . . . . . . . .  253. 624 
9874A Digitizer ................................. 623 
9875A Cartridge Tape Unit ....................... 623 
9877A External Tape Memory . . . . . . . . . . . . . . . . . . .  625 
9878A 1/0 Expander ............................ 625 
9880B Mass Memory Subsystem . . . . . . . . . . . . . . . . .  625 
9881A Line Printer Subsystem .................... 624 
9883A High Speed Tape Reader Subsystem . . . . . . . .  625 
9884A Tape Punch Subsystem . . . . . . . . . . . . . . . . . . .  625 
9885M/S Flexible Disc Drive ..................... 627 

10000 
10001 A 10: 1 Divider Probe ....................... 184 
1000 1 B 10: 1 Divider Probe ...................... 184 
10002A 50:l Divider Probe ....................... 184 
10002B 50: 1 Divider Probe ...................... 184 
10003A 1O:l Divider Probe ....................... 184 
10004D 10: 1 Divider Probe ....................... 184 
10005D 10: 1 Divider Probe ....................... 184 
10006D 1O:l Divider Probe ....................... 184 
10007B 1:l Probe ....................... 73. 184. 554 
10008B 1:l Probe ....................... 73. 184. 554 
1001 1B B N C  Adapter Tip ....................... 187 
10013A 1O:l Divider Probe ....................... 185 
10014A 1O:l Divider Probe ....................... 184 
100 16B 10: 1 Divider Probe ...................... 184 
1001 7A Miniature Divider Probe . . . . . . . . . . . . . . . . . .  182 
1001 8A Miniature Divider Probe . . . . . . . . . . . . . . . . . .  182 

10020A Resistance Divider ...................... 184 
10021A Miniature 1:l Probe ..................... 182 
10022A Miniature 1:l Probe ..................... 182 
10024A I C  Test Clip ............................ 183 
10026A Miniature 1:l Probe (50Q) . . . . . . . . . . . . . . . . .  182 
10027A Miniature 1:l Probe (50Q) . . . . . . . . . . . . . . . . .  182 
10028A Jumper Cable ........................... 184 
10034A Probe Ground Lead Kit . . . . . . . . . . . . . . . . . .  187 

10019A Cable Assembly .......................... 184 



I MODEL NUMBER INDEX 
1 

1 

New product listings are  printed in bold face type 
I 

1 0 0 3 5 A P r o b e T i p K i t  .......................... 187 
10036B Probe Tip Kit ........................... 187 
10037B Probe Tip  Kit ........................... 187 
10040A 10: 1 Miniature Divider Probe . . . . . . . . . . . . . .  182 
10041A 1O:l Miniature Divider Probe . . . . . . . . . . . . . .  182 
10042A 1O:l Miniature Divider Probe . . . . . . . . . . . . . .  182 
10050A HP-IB Adapter for 1602A . . . . . . . . . . . . . . . . .  138 
10051A Test Probe (includes 10050A) 

for 1602A .................................... 138 
lOlOOC 50 ohm Feedthrough Termination . . . . . . . . .  187 
101 OOB 100 ohm Feedthrough Termination . . . . . . . . .  187 
101 10B B N C  Male to Dual Banana Plug . . . . . . . . . .  553 
101 11A Shielded Banana Plug 

to B N C  Female ............................... 553 
101 13A Triple Banana Plug to Dual B N C  

Female ..................................... 553 
101 16A Light Shield 

for 1220 Series Oscilloscopes . . . . . . . . . . . . . . .  181. 187 
101 17A Panel Cover 

for 1220 Series Oscilloscopes . . . . . . . . . . . . . . . . . . .  18 1 
10119A Rack Mount Kit 

for 1220 Series Oscilloscopes . . . . . . . . . . . . . . . . . . .  18 1 
10140A Viewing Hood 

for 1700 Series Oscilloscopes . . . . . . . . . . . . . . . . . . .  187 
10173A R F I  Filter and Contrast Screen 

for 1700 Series Oscilloscopes . . . . . . . . . . . . . . . . . . .  187 
10176A Viewing Hood 

for 12.7 cm (5 in.) Rect . C R T  . . . . . . . . . . . . . . . . . .  187 
10178A Metal Mesh Contrast Screen 

for 181. 184 Oscilloscopes ..................... 187 
10183A Light Shield for 1332A. 1333A. 1335A. 1338A 213 
10233A Cable. 1645A to 5055A or 5150A ......... 571 
10235A Interface Cover for 1645A . . . . . . . . . . . . . . . .  570 
10250A T T L  Trigger Probe ...................... 143 
10253A Card Reader for 1600A Logic State  

Analyzer .................................... 142 
10254A Serial-to-Parallel Converter . . . . . . . . . . . . . . .  143 
10257B Personality Module for 161 1A (6800 pP) . . . .  129 
10258B Personality Module for 1611A (8080 pP) . . . .  129 
10259A Personality Module for 161 1A (OF8 pP) . . . .  130 
10260A Personality Module for 161 1A ( 2 8 0  pP) . . . .  130 
10261A Personality Module for 1611A (6502 pP) . . . .  130 
10262A Personality Module for 1611A (1802 pP) . . . .  130 
10263A Personality Module for 1611A (8085 pP) . . . .  131 
10275A PDP-11 UNIBUS Interface 

for HP Logic Analyzers ....................... 135 
10276A LSI-11 Interface 

for HP Logic Analyzers ....................... 135 
10277A.B. C General Purpose Interface 

for HP Logic Analyzers ....................... 135 
10352B GraflokBack ............................ 190 
10353A Pack Film Back ......................... 190 
10358B Camera Carrying Case . . . . . . . . . . . . . . . . . . .  191 
1036 1 A Camera Bezel Adapter . . . . . . . . . . . . . . . . . . .  190 
10362A Camera Bezel Adapter . . . . . . . . . . . . . . . . . . .  190 
10363A Camera Bezel Adapter . . . . . . . . . . . . . . . . . . .  190 
10367A Camera Bezel Adapter . . . . . . . . . . . . . . . . . . .  190 
10369A Camera Bezel Adapter . . . . . . . . . . . . . . . . . . .  190 
10370A Camera Bezel Adapter . . . . . . . . . . . . . . . . . . .  190 
10371A Camera Bezel Adapter . . . . . . . . . . . . . . . . . . .  190 
10372A Camera Bezel Adapter . . . . . . . . . . . . . . . . . . .  190 
10374A Camera Carrying Case . . . . . . . . . . . . . . . . . . .  191 
10375A Camera Bezel Adapter . . . . . . . . . . . . . . . . . . .  190 
10376A Camera Bezel Adapter . . . . . . . . . . . . . . . . . . .  191 

. . . . . .  571 
10377A Camera Bezel Adapter . . . . . . . . . . . . . . . . . . .  191 
1038714 Interface. Type 303 Modems (164514) 

10388A Interface. C C I T T  V35 (1 645A) . . . . . . . . . . . .  

(1645A) .................................... 571 
10407B Plug-in Extender (1 80 system) . . . . . . . . . . . .  187 
10475A 3 in . Drawer for 11 17B . . . . . . . . . . . . . . . . . .  193 
10476A 8 in . Drawer for 11 17B . . . . . . . . . . . . . . . . . .  193 
1049 1 B Rack Mount Adapter. 1700 series. 

1600A ...................................... 187 
10492A Interconnecting Cable 

for 1338A/1350A (1 m) ........................ 200 
10493A Interconnecting Cable 

for 1338A/1350A (3 m) ........................ 200 
10511A Spectrum Generator ..................... 396 
10514A Double Balanced Mixer . . . . . . . . . . . . . . . . . .  396 
10525T. & 10525E Logic Probes . . . . . . . . . . . . . . . . .  111 
10526T Logic Pulser ............................ 112 
10528A Logic Clip ............................. 114 
10529A Logic Comparator ....................... 115 
10534A Double Balanced Mixer . . . . . . . . . . . . . . . . . .  396 
1054 1 A Reference Boards ........................ 117 
10541B Preprogrammed Reference Boards . . . . . . . . . .  117 
10544A/B/C Component Oscillator . . . . . . . . . . . . . . .  283 
10590A Plug-in Adapter ......................... 292 
10595A Board Extender Kit ..................... 291 
10651A/B/C/D HP-IB Cables . . . . . . . . . . . . . . . . . . .  25 
10653B. C Cesium Beam Retrofit Kits . . . . . . . . . . . . .  277 
10844A Programming Interface Kit (5045A) . . . . . . . .  103 
10855A Broadband Preamplifier . . . . . . . . . . . . . . . . . .  312 
10851A . 10852A Rack Mount Kits 

571 
10389A Interface. Breakout Box (RS-232C) 

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

1 1000 
1 lOOOA Cable Assembly ......................... 552 
1 lOOlA Cable Assembly ......................... 552 
11002ATestLeads  ............................. 552 
11003A Test Leads ............................. 552 
11004A Line Transformer ........................ 346 
11005A Line Transformer ........................ 346 
11021A Divider Probe .......................... 554 
11028A Current Divider ......................... 554 
11035A Cable Assembly ......................... 552 
11036A A C  Probe for 410C . . . . . . . . . . . . . . . . . .  40. 554 
11040A Capacitive Voltage Divider . . . . . . . . . . . . . . . .  554 
11045A DC Voltage Divider for 410C . . . . . . . . . . . . .  554 
11046A Carrying Case .......................... 547 
11047A Output  Voltage Divider . . . . . . . . . . . . . . . . . . .  554 
11056A Handle Kit ............................. 547 
1 1067A Test Lead Kit ........................... 73 
11068A Soft Carrying Case ....................... 73 
11075A & 11076A Instrument 

Cases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  547 
11096B High Frequency Probe ..................... 73  
11 143A BNC to Clip Leads 

11 170A/B/C  Cable Assembly .................... 552 
11473A-11476A Probes. Voltage Dividers . . . . . . . . . .  555 
11500A/B Cable Assembly ....................... 552 
11501A Cable Assembly ......................... 552 
11507A Output  Termination ...................... 396 
1 1508A Terminated Output  Cable . . . . . . . . . . . . . . . . .  396 
11509A Fuseholder ............................. 396 
1 1 5 1 1 A T y p e N S h o r t  .......................... 438 
11512A Type N Short  .......................... 438 
1 15 15A Waveguide Adapter ...................... 441 
1 15 16A Waveguide Adapter ...................... 441 
11517A Mixer .................................. 515 
11518A-11520A Waveguide Taper  Sections . . . . . . . . .  515 

Cable Assembly .............................. 552 



11524A APC-7 to N  Adapter ..................... 553 
11525A APC-7 to N Adapter ..................... 553 
11531A Test Plug-in for 8690B . . . . . . . . . . . . . . . . . . .  417 
11533A APC-7 to S M A  Adapter . . . . . . . . . . . . . . . . . .  553 
11534A APC-7 to S M A  Adapter . . . . . . . . . . . . . . . . . .  553 
11536A Probe Tee for 8405A .................... 470 
1 1540A Waveguide Stand ........................ 441 
11542A-11548A Waveguide Clamps . . . . . . . . . . . . . .  441 
11549A Power Splitter for 8405A . . . . . . . . . . . . . . . . .  470 
11566A Air Line Extension ....................... 441 
1 1567A Air Line Extension ....................... 441 
11570A Accessory Kit for 8405A . . . . . . . . . . . . . . . . . .  470 
11581A Attenuator Set .......................... 429 
1 1582A Attenuator Set .......................... 429 
1 1583A Attenuator Set .......................... 429 
11 587A Accessory Kit for 8410 series . . . . . . . . . . . . .  477 
1 1588A Swivel Adapter .......................... 441 
11589A & 11590A Bias Networks . . . . . . . . . . . . . . . . .  477 
1 1599A Quick-Connect Adapter for 8745A . . . . . . . . .  477 
11600B Transistor Fixture ....................... 475 
11602B Transistor Fixture ....................... 475 
11604A Universal Extension for 8743A . . . . . . . . . . . .  475 
11605A Flexible Arm for 8743A . . . . . . . . . . . . . . . . . .  475 
11606A Rotary Air Line ........................ 441 
11607A Small  Signal Adapter for 8745A . . . . . . . . . .  477 
11608A Transistor Fixture ....................... 476 
11609A Cable  Kit for 8410s  ..................... 477 
11650A Accessory Kit for 8410s  . . . . . . . . . . . . . . . . .  477 
1 1652A Reflection/Transmission Kit for 

8407A ...................................... 469 
11654A Passive Probe Kit for 8407A . . . . . . . . . . . . . .  469 
11655A Impedance Probe for 8407A . . . . . . . . . . . . . . .  469 
11658A Matching Resistor for 8407A . . . . . . . . . . . . . .  469 
11661A Frequency Extension Module . . . . . . . . . . . . .  374 
11664A Detector for 8755 ........................ 446 
11664B Detector for 8755 ....................... 446 
11665B Modulator for 8755 ...................... 444 
11666A Reflectometer Bridge for 8755 . . . . . . . . . . . .  444 
11667A DC-18 G H z  Power Splitter . . . . . . . . . . . . . . .  444 
11668A 50 M H z  High Pass Filter for 8755 . . . . . . . . .  445 
11675B Leveling Cable Assembly for 784B . . . . . . . . .  607 
11678A Low Pass Filter Kit ...................... 445 
11679A/B Extension Cables for 8755 . . . . . . . . . . . . .  445 
11683A Range Calibrator ....................... 421 
11684/5 /6 /8 /9A Low Pass Filters . . . . . . . . . . . . . . . .  445 
11687A Adapter. 50 to 7 5 3  ...................... 396 
11690A Frequency Doubler ...................... 396 
1 169 1 D Coaxial Directional Coupler . . . . . . . . . . . . . . .  434 
11692D Coaxial Dual Directional Coupler . . . . . . . . .  434 
11693ALimiter  ................................ 515 
11694A Matching Transformer. 50-75Q . . . . . . . . . . . .  515 
11697A. B & C Bandpass Filters . . . . . . . . . . . . . . . . .  396 
11708A Attenuator (for Calibrating of 8484A) . . . . .  422 
11710B Down Converter ........................ 385 
11713A Attenuator/Switch Driver . . . . . . . . . . . . . . . . .  430 
11720A Pulse Modulator ......................... 394 
11850A & B Power Splitters ..................... 464 
11851A R F  Cable Kit for 8505A . . . . . . . . . . . . . . . . . .  465 
11852A 50-75Q Minimum Loss Pad . . . . . . . . . . . . . . .  465 
1 1853A 50Q Type N  Accessory Kit . . . . . . . . . . . . . . .  465 
11854A 50Q B N C  Accessory Kit . . . . . . . . . . . . . . . . .  465 
11855A 75Q Type N Accessory Kit . . . . . . . . . . . . . . .  465 
11856A 75Q B N C  Accessory Kit . . . . . . . . . . . . . . . . .  465 
11857A/B/C Test Port Extension Cables 

for 8503A & B ............................... 465 
11 858A Rigid Interconnect Adapter . . . . . . . . . . . . . . .  465 

12000 
12551B 16-Bit Relay Output Register . . . . . . . . . . . . . .  629 
12555B Digital-to-Analog Converter . . . . . . . . . . . . . . .  629 
12556B 40-Bit Register .......................... 629 
12604B Data Source Interface .................... 629 
12930A Dual-Channel Interface . . . . . . . . . . . . . . . . . . .  629 
12940A 20 Mbyte Disc Cartridge . . . . . . . . . . . . . . . . .  642 

13000 
13064A Tape Degausser .......................... 270 
13290B Development Terminal .................... 632 
13356A 120 Mbyte Disc Pack .................... 642 
13394A 50 Mbyte Disc Pack ..................... 642 
135 15A Frequency Doubler Probe . . . . . . . . . . . . . . . .  394 

14513A Rack Kit (for one unit. 3W"') . . . . . . . . . . . . .  236 
14515A Rack Kit (for one unit. 5i/qnH) . . . . . . . . . . . . .  236 
14521A Rack Kit (for Bench Series) . . . . . . . . . . . . . . .  236 
14523A Rack Kit (for two units. 3'/2"H) . . . . . . . . . . . .  236 
14525A Rack Kit (for two units. 51/qnH) . . . . . . . . . . . .  236 
14533B Pocket Programmer ..................... 241 
14534A Pocket Programmer Cable . . . . . . . . . . . . . . . .  241 

M X  Computer ............................... 241 
14536A DCPS Chaining Cable . . . . . . . . . . . . . . . . . . .  241 

to 21 M X  Computers .......................... 241 

21 M X  Computer ............................ 645 

or 6941B to 6941B ........................... 645 

21 M X  Computer ............................ 645 
. . . . . . . . . . . . .  645 

14555A Multiprogrammer Card Connector . . . . . . . . .  645 

15000 

14000 

14535A Interface Kit. DCPS-to-21 

14539A Cable Assembly. DCPS 

14540 Cable Assembly. Multiprogrammer-to 

14541A Chaining Cable. 6940B 

14550A Interface Kit. Multiprogrammer-to- 

14551A Multiprogrammer Service Kit 

15263A Card Reader ............................ 343 
15450A Four-channel Adapter . . . . . . . . . . . . . . . . . . .  343 

15507A Isolator ................................ 567 
15508B Impedance Converter ..................... 567 
15509A Amplifier ............................... 567 

1545 1 A Four-channel TTL-CMOS Translator . . . . .  343 

15575A-H Equalizers ........................... 595 
15578A 90 MHz High-Impedance Active Probe . . . . .  595 
15580A 25 MHz High-Impedance Active Probe . . . . .  595 
15581B 25 MHz High-Impedance Passive Probe . . . .  595 
15582A Return Loss Kit ......................... 595 
15584A Transit Case ............................ 595 
15585A Diagnostic Kit ........................... 595 
15587A 25 MHz Low-Noise Amplifier . . . . . . . . . . . . . .  595 
15588A 90 MHz Low-Noise Amplifier . . . . . . . . . . . . . .  595 
15589A Instrument Cart ......................... 595 

16000 
16005A Probes .................................. 81 
16006A Probe .................................. 81 
16007A Test Leads .............................. 81 
16008A Resistivity Cell .......................... 82 
1601 1A B N C  Connector Test Fixtures . . . . . . . . . . . . . .  85 
16012A. 16013A Test Fixtures ..................... 85 
16014A Series Loss Test Adapter . . . . . . . . . . . . . . . . . .  98 
16019A Test Fixture ............................. 80 
16021A Calibration Connector ..................... 92 



MODEL NUMBER INDEX 
I New product listings are  printed in bold face type 

16022A Test Fixture ............................. 92 
16023A DC Bias Controller ....................... 91 
16029A Test Fixture ............................. 84 
1 6 0 3 2 A T e s t L e a d s ( B N C )  ....................... 92 
16033ATestLeads  .............................. 92 
16034A Test Fixtures ............................. 92 
16035A Test Leads .............................. 96 
16036A Test Leads .............................. 96 
16037A Test Fixture ............................. 96 
16038A Test Fixture ............................. 92 
16039A Test Fixture ............................. 91 
16045A Test Leads .............................. 93 
16061A Test Fixture ............................. 89 
16062ATes tLead  ............................... 89 
16063A Test Lead ............................... 89 
161 17A Test Lead ............................... 82 
16138A Test Leads .............................. 80 
16143AProbeCab le  ............................. 81 
16252A Matching Transformer . . . . . . . . . . . . . . . . . . .  349 
1641 1A HP-IB Interface Kit ...................... 85 
16413A HP-IB Interface Kit ...................... 97 
16462A Auxilliary Capacitor ...................... 98 
16470A Reference Inductors ....................... 98 
1649 1 A Camera Bezel Adapter . . . . . . . . . . . . . . . . . . .  191 

17000 
17005A Char t  Advance for 7004B Recorder . . . . . . . .  245 
17012B Point Plotter ............................ 245 
17012C Point Plotter ........................... 245 
17108ATime'Base ............................. 246 
17170A DC Coupler ............................ 245 
17171A DC Amplifier ........................... 245 
17 172A Time Base ............................. 245 
17173A Null Detector .......................... 245 
17174B DC Offset .............................. 245 
17175A Filter .................................. 245 
17 176A Scanner ............................... 245 

........ 245 
17 178A DC Attenuator ......................... 245 
17400A High Gain Preamplifier . . . . . . . . . . . . . . . . . . .  263 
17401A Medium Gain Preamplifier . . . . . . . . . . . . . . . .  263 
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17500A Multiple Span ........................... 258 
17501A Multiple Span ........................... 258 

17503A Single Span ............................. 258 
17504A Single Span ............................. 258 

17506A Single Span ............................. 258 

20000 
22900A Analog Input Card ....................... 629 

22902A Digital Input Card ....................... 629 
22903A Common Interrupt Card . . . . . . . . . . . . . . . . . . .  629 
2290414 Digital Output Card ..................... 629 
22905A Counter/Stepper Motor Card . . . . . . . . . . . . . .  629 
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17505A High Sensitivity ........................ 258 
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30000 
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33330B/C Coaxial Crystal Detectors . . . . . . . . . . . . . .  436 
341 10A Carrying Case ........................... 73  

341 12A Touch-Hold Probe ....................... 73 
37201A HP-IB Extender ......................... 28 
37210A/B 4800 b/s Modem ....................... 29 
37220B 9600 b/s Modem .......................... 29 

341 11A High Voltage Probe ....................... 73 

40000 
43501B X-Ray System .......................... 647 
43804 X-Ray System ........................... 647 
43805 X-Ray System ........................... 647 
43807 X-Ray System ........................... 647 

50000 
59301A ASCII-Parallel Converter . . . . . . . . . . . . . . . .  26 
59303A Digital-to-Analog Converter . . . . . . . . . . . . . . . .  26 
59304A Numeric Display ......................... 26 
59306A HP-IB Relay Actuator .................... 26 
59307A HP-IB V H F  Switch ....................... 26 
59308A HP-IB Timing Generator . . . . . . . . . . . . . . . . . .  26 
59309A HP-IB Digital Clock ...................... 26 
593 10B HP-IB Computer Interface . . . . . . . . . . . . . . . .  31 
593 13A HP- IB  Analog-to-Digital Converter . . . . . . . . .  26 
59401A Bus System Analyzer ...................... 25 
59403A HP-IB Common Carrier Interface . . . . . . . . . . .  28 
59500A Multiprogrammer HP-IB Interface . . . . . .  26. 643 
59501A HP-IB Power Supply Programmer . . . . . .  26. 228 

60000 
61000 Modular Power Supplies ( O E M )  . . . . . . . . . . . .  238 
61005C DC-to-DC Converter (single output) . . . . . . . .  238 
61315D DC-to-DC Converter (triple output) ....... 238 
62000 & 63000 Modular 

Power Supplies ( O E M )  ........................ 238 
62005A-62048G Modular Power Supplies . . . . . . . . . .  238 
62212A-62215G Dual Output  Modular 

623 12D Triple Output  Modular Supply . . . . . . . . . . . .  238 
62410A Modular Sbpply Rack Mounting Tray . . . . . .  238 
62411A Rack Tray Blank Front Panel . . . . . . . . . . . . .  239 
62412A Rack Tray Blank Rear  Panel . . . . . . . . . . . . .  239 
62413A Rack Tray Cooling Unit (45 cfm) . . . . . . . . .  239 
62414A Rack Slice Kit (for standard cabinets) . . . . . .  239 
62415A Rack Tray A C  Distribution Panel . . . . . . . . .  239 
62416A Rack Tray Cooling Unit (160 cfm) . . . . . . . .  239 

Switching Power Supplies ...................... 238 

. . . . . . . . .  238 

Supplies ..................................... 238 

62605L. 62605M. 62615M 300-600W 

63005C 110W Switching Power Supply . . . . . . . . . . . .  238 
63312F Multiple Output Dc Power Supply 

Power Supply ................................ 238 
633 15D Triple Output  Switching 

6932244 Quad D/A Voltage Converter Card . . . . . . . . .  646 
69330A Relay Output  Card ...................... 646 
69331A Digital Output  Card ..................... 646 
69332A Open Collector Output  Card . . . . . . . . . . . . . .  646 
6933544 Stepping Motor Control Card . . . . . . . . . . . . .  646 
69351B Voltage Regulator Card . . . . . . . . . . . . . . . . . .  646 
69370A D / A  Current Converter Card  . . . . . . . . . . . . .  646 
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69422A High Speed A/D Converter Card . . . . . . . . . . .  646 
69423A Low Level A/D Converter Card . . . . . . . . . . . .  646 
69430A Isolated Digital Input Card . . . . . . . . . . . . . . .  646 
69431A Digital Input Card ....................... 646 
69433A Relay Output  With Readback Card . . . . . . . .  646 



69434A Event Sense Card ........................ 646 
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69480A Breadboard Input Card . . . . . . . . . . . . . . . . . . .  646 
69500A Unloaded Resistance Output  Card . . . . . . . . .  646 
69501A-69513A Power Supply Control Cards . . . . . .  646 
69600B Programmable Timer Card . . . . . . . . . . . . . . . .  646 
69601 B Frequency Reference Card  . . . . . . . . . . . . . . . .  646 

80000 
84801A Fiber Optic Power Sensor . . . . . . . . . . . . . . . . .  419 
8501 OB Basic Measurement Program Pac  

for 8501A/8505A & 9825A . . . . . . . . . . . . . . . . . . .  467 
. . . . . . . . .  467 

8503 1A APC-7 Calibration and Verification 
Kit for 8507B ................................ 467 

85032A 5OQ Type-N Calibration Kit 
for 8507B .................................... 467 

85033A S M A  Calibration Kit for 8507B . . . . . . . . . . .  467 
85036A 75Q Type N Calibration Kit 

for 8507B .................................... 467 
85426A Bias Insertion Network . . . . . . . . . . . . . . . . . .  469 
85428B Minimum Loss Pad ...................... 469 
86200 series Sweeper Plug-ins for 8620C . . . . . . .  410. 607 
86222A & B Sweeper Plug-ins for 8620C ...... 408. 607 
86240A/B/C Sweeper Plug-ins for 8620C . . . . .  406. 607 
86290A & 86290B Broadband Sweeper 

Plug-ins for 8620C ........................... 404 
86300 series Sweeper Modules for 8620C . . . . . . . . . .  412 
86601A R F  Section for 8660A/C . . . . . . . . . . . . . . . . .  376 

. . . . . . . . . . . . . . . . .  376 
86603A R F  Section for 8660A/C . . . . . . . . . . . . . . . . .  376 
86631B Auxiliary Section for 8660A/C . . . . . . . . . . . .  377 
86632B A M / F M  Section for 8660A/C . . . . . . . . . . . .  377 
86633B A M / F M  Section for 8660A/C ............ 377 
86634A Phase Modulation Section for 

86635A 

90000 
90100D Practical Transistor Series (Video Tape) . . . .  663 
90420D Digital Troubleshooting (Video Tape) . . . . . .  661 
91000A Analog-To-Digital Interface for HP 1000 . . .  629 
93282A ATS Consolidation Service . . . . . . . . . . . . . . . .  628 
93283A ATS Racking and Cabling Service . . . . . . . . . .  628 
93284A ATS Configuration/System Test Service . . . . .  628 
97001A Rechargeable Battery Pack for 970A . . . . . . . .  49 
97002A A C / D C  Current Shunt/Bench Cradle 

for 970A ..................................... 49 
97003A R F  Adapter for 970A ..................... 49 
97004A Accessory Kit for 970A .................... 49 
98032A 16-bit Parallel Interface . . . . . . . . . . . . . . . . . .  624 
98033A BCD Input Interface .................... 624 

85030B Applications Pac for 8507B-9825A 

86602B R F  Section for 8660A/C 

8660A/C ................................... 377 
M. F M  Section for 8660A/C . . . . . . . . . . . .  377 

98034A HP-IB Interface ..................... 30. 624 
98035A Real Time Clock Interface . . . . . . . . . . . . . . .  624 
98036A Serial Interface ......................... 624 
98040A Incremental Plotter Interface . . . . . . . . . . . . . .  624 
98041A Disc Interface .......................... 625 
98133A BCD Interface .......................... 624 
98 134A General Interface ........................ 624 
98135A HP-IB Interface ..................... 30. 624 
98 136A RS-232-C Serial Interface . . . . . . . . . . . . . . . .  624 
0960-0054 S M A  Female Short  (5052) 
0960-0055 S M A  Male Short (5052) 

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

1250-0076 90" BNC Male-Female . . . . . . . . . . . . . . . .  553 
1250-0077 Type N Female to B N C  Male . . . . . . . . . . .  553 
1250-0080 B N C  Female to Female . . . . . . . . . . . . . . . .  553 
1250-0082 Type N Male to BNC Male . . . . . . . . . . . . .  553 
1250-01 76 Type N Male 

1250-0216 B N C  Male to Male .................... 553 
1250-0559 Type N Tee. 1 Male. 2 Female . . . . . . . . . .  553 
1250-0777 Type N Female to Type N Female ...... 553 
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1250-0846 Type N Tee. 3 Female . . . . . . . . . . . . . . . . .  553 
1250-1 158 S M A  Female to Female . . . . . . . . . . . . . . .  553 
1250-1159 S M A  Male to Male . . . . . . . . . . . . . . . . . . .  533 
1250-1286 Right Angle B N C  (f) . . . . . . . . . . . . . . . . . .  553 

1250-1288 B N C  (m) to B N C  (m) . . . . . . . . . . . . . . . . .  553 
1250-1454 BNC Adapter Tip for H P  

Miniature Probes ............................. 184 
1250-1472 N (f) to N (f) Precision (50Q) ........... 553 
1250-1473 N (m) to BNC (m) Precision (Son) . . . . . .  553 
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1250-1475 N (m) to N (m) Precision (50Q) . . . . . . . .  553 
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1250-1477 N ( f )  to B N C  (m) Precision (5OQ) . . . . . .  553 
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(0.025 in.) square pin ........................... 184 
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with standard probe accessories . . . . . . . . . . . . . . . . .  184 
10024-69501 Interface Pen Kit for 10024A . . . . . . . . .  183 

to Type N Female 90" ......................... 553 

1250-1287 B N C  (f) to BNC ( f )  . . . . . . . . . . . . . . . . . .  553 

1250-1529 N ( f )  to N (f) (75Q) . . . . . . . . . . . . . . . . . . .  553 

1250-1536 N ( f )  to BNC (f) (75Q) . . . . . . . . . . . . . . . .  553 



1 HEWLETT-BACKARD INTERFACE BUS 
Versatile interconnect system for instruments and controllers 

HP’s implementation of IEEE Standard 488 and identical 
ANSI Standard MC 1.1 
Useful over wide range of problems, from simple to very 
complex-add capabilities as your system requirements 
grow 
Very broad selection of HP-IB instruments and acces- 
sory devices-available now 
Wide choice of computing controllers for the reduction, 
analysis,storage and management of measurement data. 

Make accurate, problem-oriented measurements, controlled by computer, 
There are many measurement applications 

where interactive instruments coupled with a 
controller can provide superior, error-free re- 
sults as compared with conventional manual 
methods. 

Now, three things combine to reduce sig- 
nificantly the engineering costs of putting 
such a system together. These are: (1) the 
Hewlett-Packard Interface Bus, also known 
simply as “HP-IB”; (2) the growing number 
of “smart” instruments having internal pro- 
cessor capability; and (3) the broad choice of 
computing controllers, ranging from individ- 
ual “friendly” keyboard units through those 
capable of multi-station measurements and 
sophisticated data management. 
Benefits of a systems approach 

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

More consistent results in repeated mea- 
surements-a system is not subject to op- 
erator fatigue. 
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 scien- 
tific units since many systems controllers 
are capable of on-line data manipulation. 
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 the prob- 
lem when it senses an abnormal condition. 

Relationship of HP-IB to present and pro- 
posed interface standards: Hewlett- 
Packard is committed to the overall advance- 
ment of measurement technology, and has 
for quite some time been working on the 
problems of simplifying and standardizing 
instrument interconnection. 

Concurrent with the considerable practical 
experience HP has gained (with both HP-IB 
and interface techniques in general) over re- 
cent years has been the growing international 
interest in establishing a suitable standard 

for programming measuring apparatus-a 
standard that will allow instrument systems 
to be configured from the products made by 
different manufacturers. European organi- 
zations, particularly in Germany, have been 
instrumental in initiating an international 
standardization effort. 

In mid-1972, H P  began to participate in 
various international standardization bodies. 
The U.S. Advisory Committee, composed of 
diverse interests represented by both users 
and manufacturers, first established initial 
goals-and then adopted the interface con- 
cept utilized by the H P  Interface Bus as an 
appropriate starting point. A draft document 
was subsequently written and evaluated by 
members of the Committee, and then sub- 
mitted as the U.S. Advisory Committee, and 
then submitted as the U.S. proposal to an 
IEC (International Electrotechnical Com- 
mission) Working Group in the autumn of 
1972. Since then, the interface definition has 
undergone a number of minor changes to ac- 
commodate various needs at the internation- 
al level. 

In September 1974, the parent technical 
committee, IEC TC66, approved the main 
interface draft document for a formal ballot 
among the member nations of the IEC. Bal- 
loting took place in 1976, and is anticipated 
that an IEC document will be available in 
1979. The present definition of the HP-IB is 
compatible with the main IEC draft docu- 
ment. 

Meanwhile, the IEEE Standards Board 
approved IEEE Standard 488- 1975 “Digital 
Interface for Programmable Instrumenta- 
tion”, as published in April 1975.’ The IEEE 
standard is based on work initiated by the 
IEC, and follows the general concepts of the 
document now under consideration by IEC 
member nations. The HP Interface Bus is 
Hewlett-Packard’s implementation of IEEE 
Standard488. (NOTE: In January 1976, the 
American National Standards Institute 
adapted the above and published it as ANSI 
Standard MC 1.1). 

The standardized interface concept is now 
well accepted, and more than 400 products 
utilizing the concepts articulated in IEEE 
488 are today available from more than 150 
different manufacturers. 

A revision to IEEE Standard 488 was pub- 
lished in mid-1978 to clarify a few potential- 
ly ambiguous statements. The forward to the 
new revised Standard states in part, “The 
principal improvements to the written text of 
this Revised Standard focus on editorial 
changes rather than substantive technical 
changes to the Standard itself.” Hewlett- 
Packard products are in concert with both 
the original and the revised IEEE 488 Stand- 
ard. 
Why the HP Interface Bus name? 

As the list of HP products available with 
the “new digital interface” has grown, our 
customers have in the past sought a conve- 
nient way to identify those products having 

‘To purchase a copy of IEEE Standard 488-1915, contact: The 
Institute of Electrical and Electronic Engineers, 345 East 47th 
Street. New York, N.Y. 10017. 
Measurement and user information ill available from Hewlett. 

Packard. Publication No. 5952-0058: HP-/E improving Measura- 
ment in Engineering and Manufacturing. 



the interface capability. In response, we in 
1974 adopted the name “Hewlett-Packard 
Interface Bus” (commonly shortened to “HP 
Interface Bus” or simply “HP-IB’Y. We will 
continue to use the identifiing name and this 
symbol: 

Both will be used with appropriate HP pro- 
ducts so that their interface capabilities may 
be readily identified. HP-IB products fully 
comply with IEEE-488, ANSI standard 
MCI.1 and the IEC draft document. 

As additional instrumentation interface 
standards become approved, H P  will clearly 
indicate the relationship of the Hewlett- 
Packard Interface Bus to those standards- 
just as we have done with IEEE Standard 
488 (and identical ANSI Standard MC 1.1). 

It should be pointed out that as a practical 
matter, device-dependent* operational char- 
acteristics have been excluded from the 
IEEE and proposed IEC Standards defini- 
tions. In this way, users retain maximum 
flexibility in selecting instruments from dif- 
ferent manufacturers and in utilizing each 
instrument’s particular capabilities to best 
advantage. 

Relative to the great progress made in 
standardizing three of the four interface sys- 
tem elements (mechanical, electrical, func- 
tional), understanding the remaining device- 
dependent operational parameters referred 
to in the IEEE document is a relatively small 
but essential ingredient necessary to ensure 
complete operational systems. 

It would be presumptuous for Hewlett- 
Packard to speak for other manufacturers; 
however, it is our objective to reduce as much 
as practical any device-related ambiguities 
associated with H P  products operating per 
the IEEE Standard (and proposed IEC Stan- 
dard). We expect to do this through product 
design considerations; through new message 
concepts, as well as further code and format 
guidelines; and through various printed ma- 
terials and training activities. 

How the HP Interface Bus operates 
All active interface circuitry is contained 

within the various HP-IB 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 
together in parallel, whereby any one device 
may transfer data to one or more other par- 
ticipating devices. 

Every participating device (instrument, 
controller, accessory module) must be able to 
perform a t  least one of the roles of TALKER, 
LISTENER or CONTROLLER. A TALK- 
E R  can transmit data to other devices via the 
bus, and a LISTENER can receive data from 

AND CONTROL 

NOTREADYFOR DATA 
NOT DATA ACCEPTED 

INTERFACE CLEAR 

SERVICE REQUEST 
REMOTE ENABLE 
END OR IDENTIFY 

Interface connections and bus structure. 

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 device such as a printer. 

derly flow of information within the HP-IB 
system. One of these is called the “ATTEN- 
T I O N  line. 

Several listeners can be active simulta- 
neously, but only one talker can be active at a 
time. Whenever a talk address is put on the 
DATA lines (while ATTENTION is low), all 
other talkers are automatically unaddressed. 

It is not possible in this limited space to go 
into detail on each signal line’s role. But you 
should note that every HP-IB device need not 
be able to respond to all the lines. As a practi- 
cal and cost-effective matter, each HP-IB de- 
vice 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 operating manual.) 

The term ‘devnce” is used in the standard In system terns, de- 
vice is usually an instrument or controller. 

The five remaining GENERAL INTER- 
FACE MANAGEMENT lines ensure an or- 

other devices via the bus. Some devices can 
perform both roles (e.g. a programmable in- 
strument can LISTEN to receive its control 
instructions and TALK to send its measure- 
men t) . 

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 one LISTEN- 
ER, but without a CONTROLLER. In this 
configuration, data transfer is limited to di- 
rect transfer between one device manually 
set to “talk only” and one or more devices 
manually set to “listen only” (e.g. a measur- 
ing instrument talking to a printer, for semi- 
automatic data logging). 

The full flexibility and power of the HP-IB 
become more apparent, however, when one 
device which can serve as CONTROLLER/ 
TALKERILISTENER (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-IB computing con- 
troller participates in the measurement by 
scheduling measurement tasks, setting up in- 
dividual devices so that they can perform 
these tasks, monitoring the progress of the 
measurement as it proceeds, and interpreting 
the results of the measurement. (See page 28 
for additional details about HP-IB comput- 
ii 

t 
I ne 16 signal lines within the passive inter- 

connecting HP-IB cable are grouped into 
three sets, according to their function. 

Eight DATA lines carry coded messages in 
bit-parallel, byte-serial form to and from de- 
vices, with each byte being transferred from 
one TALKER to one or more LISTENERS. 
Data flow is bidirectional in that the same 
lines are used both to input program data and 
to output measurement data from an individ- 
ual device. Data is exchanged asynchronous- 
ly, enabling compatibility among a wide 
variety of devices. All interface messages (to 
set up, maintain, and terminate an orderly 
flow of device-dependent messages) are 7-bit 
coded. Device-dependent messages may be 
from 1 to 8 bits; however, the codes contain- 
ing printable characters of the ASCII 
(American Standard Code for Information 
Interchange) code set are most commonly 
used, and messages containing numbers are 
typically presented in scientific notation 
(FORTRAN-type) format. 

Three DATA BYTE TRANSFER CON- 
TROL (handshake) lines are used to effect 
the transfer of each byte of coded data on the 
eight DATA lines. 

ng controllers.) 

iP-IB connections and structure -. ._  . ... ... . . .  
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Products for “do-it-yourself” HP-IB 
system solutions 

Hewlett-Packard has an extremely broad 
range of HP-IB instruments and computing 
controller capabilities, as indicated on the ta- 
ble below-capabilities you can use in as- 
sembling a wide variety of system solutions 
via HP-IB. 

Each bench instrument is, by itself, an ex- 
ceptional performer in terms of providing 
signals. making measurements. or recording. 

results. Each has the additional capability 
which allows its use in HP-IB instrumenta- 
tion systems-either in “do-it-yourself‘ 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 principle functions on the instru- 

ments are HP-IB programmable. For specif- 
ic details, please consult the appropriate 
catalog page, or the technical data sheet 
which is available for each product. 

Just as with the instruments, HP‘s comput- 
ing controllers (desktop computers and com- 
puter systems) which are available for use 
with HP-IB are all proven performers. Re- 
gardless of your need for reducing, analyz- 
ing, storing or managing measurement data, 
HP has a computing controller that should - - I . .  
be right for your application. 

Individual Hewlett-Packard products available with HP-IB (IEEE 488) 
Products 

related to: 

Stimulus 

Measurement 

Stwage 

Model 

33206 Option 007 
3325A 
33306 
3335A 
5359A 
6002A Option 001 
6129C Option 199 
6130C Option 199 
6131C Option 199 
6140A Option 199 
69406 
8016A Option 001 
8018A Option 001 
8160A 
8165A 
8170A 
8620C Option 011 
8660A Option 005 
8660C Option 005 
8671A 
8672A 

436A Option 022 
1602A Option 001 
1640A Option 001 
2240A 
2804A Option 010 
3437A 
3438A 
3455A 
3490A Option 030 
3582A 
3585A 
3745A 
37456 
3747A 
37476 
3771A Option 005 
37716 Option 005 
3779A 
37796 
4262A Option 101 
4270A ODtion 101 
42716 Option 101 
4272A Option 101 
4274A Option 101 
4274A Option 102 
4275A Option 101 
4275A Option 102 
4282A Option 101 
4943A Option 010 
4944A Option 010 
5312A 
5328A Option 011 
5340A Option 011 
5341A Option 011 
5342A Option 011 
5345A Option 011,012 
5363A 
5370A 
5420A 
5501A Option 251 
8501A 
8503A & 85036 
8505A 
8568A 
8901A 

3964A Option 007 
3968A Option 007 

Product narne/characlerirtics 

Frequency Synthesizer: 0.01 Hz to 13 MHz 
Synthesizer/Function generator/Sweeper: 1 aHz to 22 MHz 
Automatic Synthesizer/Sweeper: 0.1 Hz to 13 MHz 
Synthesizer/Level Generator: 200 Hz to 80 MHz 
Time Synthesizer: 1 ns accuracy 
DC Power Supply: 200 W extended range 
Digital Voltage Sources: f 50 Vdc at 5 A (requires 59301A Converter) 
Digital Voltage Source: f 5 0  Vdc at 1A (requires 59301A Converter) 
Digital Voltage Source: k 100 Vdc at 0.5 A (requires 59301A Converter) 
Digital Current Source: ? 100 mA at 100 Vdc (requires 59301A Converter) 
Multiprogrammer (requires 59500A interface) 
Word Generator: 9 x 32 bit 
Serial Data Generator: 50 MHz, 2048-bit memory 
Programmable Pulse Generator: 20 ns to 999 ms period 
Programmable Signal Source: 0.001 Hz to 50 MHz 
Logic Pattern Generator: 8 x 1024/16 x 512 bit 
Sweep Oscillator: 10 MHz to 22 GHz 
Synthesized Signal Generator: 10 kHz to 2.6 GHz 
Synthesized Signal Generator: 10 kHz to 2.6 GHz 
Microwave Frequency Synthesizer: 2 to 6.2 GHz 
Synthesized Signal Generator: 2 to 18 GHz 

Power Meter: -70 d6m to +44 dBm, to 18 Ghz 
Logic State Analyzer: 64 x 16 bit memory 
Serial Data Analyzer: 2048 bit memory 
Measurement & Control Subsystem 
Quartz Thermometer: 0.05”C accuracy 
System Digital Voltmeter: high speed, 3% digits 
Digital Voltmeter: lowcost, 3% digits 
Digital Voltmeter: 5% or 6% digits, auto calibration 
Digital Voltmeter: 5 digits, self test 
2-channel Real Time (FFT) Spectrum Analyzer: 20 mHz to 25.6 kHz 
Swept Spectrum Analyzer: 20 Hz to 40 MHz. 3 Hz BW, 0.5% amplitude accuracy 
25 MHz Selective Level Measuring Set: CClTT FDM systems 
25 MHz Selective Level Measuring Set: Bell FOM systems 
90 MHz Selective Level Measuring Set: CClTT FOM systems 
90 MHz Selective level Measuring Set: Bell FDM systems 
Data Line Analyzer: CClTT measurement standards 
Data Line Analyzer: Bell measurement standards 
Primary Multiplex Analyzer: CEPT 2 Mb/s PCM systems 
Primary Multiplex Analyzer: Bell 1.5 Mb/s PCM systems 
Automatic LCR Meter 
Automatic Capacitance Bridge 
1 MHz Digital LCR Meter 
1 MHz Preset C Meter 
Multifrequency LCR Meter: 10 Steps, 100 Hz to 100 KHz 
Multifrequency LCR Meter: as above, but with isolation 
Multifrequency LCR Meter: 10 steps, 10 kHz to 10 MHz 
Multifrequency LCR Meter: as above, but with isolation 
Digital High Capacitance Meter 
Transmission Impairment Measurement System (TIMS) 
Transmission Impairment Measurement System (TIMS) 
HP-I6 interface (Talker) for 53006 Counter System 
Universal Counter: to 512 MHz. 10 ns time interval 
Automatic Microwave Counter: 10 Hz to 18 GHz 
Automatic Microwave Counter: high speed, to 4.5 GHz 
Automatic Microwave Counter: 10 Hz to 18 GHz 
General Purpose Plug-In Counter 
Time Interval Probes 
Time Interval Counter: k 20 ps single-shot resolution 
Digital Signal Analyzer (requires 10920A cards) 
Laser Transducer: for accurate positioning measurements 
Storage Normalizer for 8505A RF network analyzer 
S-Parameter Test Set: 50 or 75 Ohm, for 8505A 
RF Network Analyzer: 500 kHz to 1.3 GHz 
Spectrum Analyzer: 100 Hz to 1.5 GHz 
Modulation Analyzer: 150 kHz to 1.3 GHz 
Also see models 2240A and 6940B. 

Instrumentation Tape Recorder: 4 channel 
Instrumentation Tape Recorder: 8 channel 
Storage also via Desktop Computers and Computer Systems 

See Pare 

360 
352 & 364 

362 
366 
324 
229 
240 
240 
240 
240 
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340 
338 
322 

321 & 356 
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374 
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420 
136 
147 
629 
651 
56 
58 
66 
70 
518 
488 
590 
590 
590 
590 
574 
574 
560 
560 
86 
85 
90 
92 
94 
94 
95 
95 
96 
582 
582 
312 
298 
316 
316 
314 
289 
318 
294 
522 
649 
463 
464 
460 
492 
536 

270 
270 



Standard HP-IB measurement Warranty considerations specified. However, software or interfacing 
systems Every Hp-IB device (instrument or corn- which has not been provided by Hewlett- 

Many application requirements can be sat- puting controller) carries the standard Hew- Packard as part of the standard system deliv- 
isfied with a standard HP-IB measurement lett-Packard warranty appropriate to that ered by HP  are not covered by this warranty. 
system-already preassembled, tested, and individual product-regardless of whether it 
documented by Hewlett-Packard. Preconfi- is purchased separately as a stand-alone item In overall operational resPC’nsibil- ity for those HP-IB systems assembled by a gured systems save you design and setup for use in customer-assembled HP-IB sys- 
time, and HP guarantees overall specified tems, or furnished as part of a standard HP- Customer from HP-lB devices 
system performance. Installation and service IB system assembled by Hewlett-Packard. 
contracts are available. See listing on the fol- HP  additionally takes responsibility for 
lowing page. standard HP-IB systems performing as 

rest with the customer‘ 

Individual Hewlett-Packard products available with HP-IB (IEEE 488) capability 

Cabling 

Servicinr 

Model 
1350A 
5150A Option 001 
9871A Option 001 
7225A 
7245A 
9872A 

59304A 

2240A 
3070A 
3495A 
3754A 
3756A 
3757A 
3777A 
6940B 
9412A 
9413A 
9414A 

11713A 
37201A 
37210A/B 
372208 
59301A 
59303A 
59306A 
59307A 
59308A 
59309A 
59313A 
59403A 
59501A 

9815A/S 
9825A 
9835AlB 
9845A/S 
HPlOOO M-series 
HPlOOO E-series 
HP 1000 F-series 

10631A 
106318 
10631C 
10631D 

59401A 

Product name/characteristics 
Graphics Translator: for directed-beam CRT displays 
Alphanumeric Thermal Printer: 20 Columns 
Character-Impact Printer: 132 columns 
Graphic Plotter: IS0 A4 and 8% X 11 inch chart size 
Thermal Plotter/Printer: Vector graphics, matrix printing 
Graphics Plotter: multicolor (4 colors) programmable 
Numeric Display: 12 LED characters, decimal point 
DisuIav also via Desktoo Comouters and Comouter Systems 
Measurement and Control Subsystem 
Data Entry Terminal 
Scanner: to 80 channels, low thermal; to 40 channels, relay 
25 MHz Access Switch (requires 3755A switch controller) 
90 MHz Switch (requires 3755A) 
8.5 MHz Access Switch (requires 3755A) 
Telecommunications Channel Selector: up to 30 channels: dc to 110 KHz 
Multiprogrammer (requires 59500A interface) 
Modular Switch (requires 9411A switch controller) 
VHF Switch (requires 9411A) 
Matrix Switch (requires 9411A) 
Attenuator/Switch Driver(for DC to 26.6 GHz switching and attenuator control) 
HP-IB Extender 
4800 b/s Modem: switched or leased lines 
9600 b/s Modem: leased lines 
ASCII-to-Parallel Converter: string to 16 characters 
Digital-to-Analog Converter 
Relay Actuator: for programmable switches, attenuators 
VHF Switch: two 50 Ohm, bidirectional, dc to 500 MHz 
Timing Generator 
Digital Clock: month, day, hour, minute, second 
Analog-to-Digital Converter 
HP-IB/Common Carrier Interface: RS232C or CClTT V24 
Power Supply Programmer: isolated D t o A  converter k 10 V dc at 10 mA 
Desktop Computer (uses 98135A Interface) 
Desktop Computer (uses 98034A Interface) 
Desktop Computer (uses 98034A Interface) 
Desktop Computer System 45 (uses 98034A Interface) 
Computers (2105A. 2108M & 2112M; use 593108 Interface) 
Computers (2109E & 2113E; use 533108 Interface) 
Hiah-oertormance comouters (2111F and 2117F use 593108 Interface) 
HP-IB Interconnection Cable: 1 m (3.3 ft) 
HP-IB Interconnection Cable: 2 m (6.6 ft) 
HP-IB Interconnection Cable: 4 m (13.2 ft) 
HP-IB Interconnection Cable: 0.5 m (1.6 R) 
For distance extension, also see Models 3070A and 
59403A listed above. 
Bus System Analyzer 

See page 
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HEWLETT-PACKARD INTERFACE BUS 

System name/characteristic 
Automatic Data Acquisition: fast and precise low-level 
measurements, powerful computation. 
Frequency and Time Data Acquisition Systems: 
over 50,000 four-digit frequency and time interval 
measurements per second 
Tape Cartridge Unit 
Network Analyzer: complete amplitude and phase 

Versatile interconnect system for instruments and controllers 

See Page 
74 

293 

2 1  & 623 
453 

Rear view of 5-device HP-IB bench system. Note single and stacked connections. 

characterization, 50 Hz to 13 MHz. Group delay optional. 
Automatic Network analyzer: same as 3040A, and includes 
the faster 9825A as computing controller. 
Automatic Microwave Network Analyzer: measures trans- 
mission and reflection parameters, 110 MHz to 18 GHz. 

HP-IB specification summary 

interconnect devices: up to 15 maximum 
on one contiguous bus. 
Interconnection path: star or linear bus 
network; total transmission path length 2 
metres times number of devices or 20 metres, 
whichever is less (see HP59403A for extend- 
ing operating distance.) 
Message transfer scheme: byte-serial, 
bit-parallel asynchronous data transfer using 
interlocked 3-wire handshake technique. 

Standard HP-IB measurement systems 

453 

478 

Data rate: one megabyte per second maxi- 
mum over limited distance; 250-500 kilo- 
bytes per second typical over full trans- 
mission path (depends on device). 
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 LIS- 
TENERS a t  a time. 
Control shift: in systems with more than one 
controller, only one can be active at a time. A 
currently active controller can pass control to 

Automatic RF Network Analyzer: measures complex impedance, 
transfer functions, group delay; 500 kHz to 1.3 GHz. 
Spectrum Analyzer: precise amplitude and frequency 
measurements, 10 Hz to 13 MHz. 
Automatic Spectrum Analyzer: same as 3044A, and includes 
the faster 9825A as computing controller. 
Automatic Spectrum Analyzer: covers 100 Hz to 1.5 GHz; 
exceptional frequency tuning accuracy and resolution. 
Frequency Stability Analyzer: short and long-term char- 
acterization of precision frequency sources, 500 kHz 
to 18 GHz. 
Automatic Transceiver Test System: for AM and FM 
transceivers, 2 to 1000 MHz. transmitters to 100 W. 
Digital Test System: fast, accurate fault location 
on loaded printed circuit boards. 
Analog and Digital Test System: Fast, accurate fault 
location on loaded printed circuit boards 

Acquisition 

466 

527 

521 

497 

538 

556 

106 

108 

Soectrum 

Stability 
Analysis 

Spectrum 
Analysis 

Frequency 
Stability 
Analysis 

Transceiver 
Testing 

Digital Circuit 
Board Testing 

Analog & Digital 
Circuit Board Testing 

Model 
3052A 

5391A 

9875A 
3040A 

3042A 

8409A 

85078 

3044A 

3045A 

8581A 

5390A 

89506 

DTS-70 

3060A 

another, but only designated system control- 
ler can assume control over others. 
interface circuits: driver and receiver cir- 
cuits are TTL-compatible. 

Connector lock screw compatibility 
HP-IB products delivered now and in re- 

cent years are equipped with connectors hav- 
ing I S 0  metric-threaded lock screws and 
stud mounts. (Very early HP-IB products 
have non-metric parts, but are readily distin- 
guished from the metric by color: metric 
threaded parts are black and stamped with 
the letter “M” whereas non-metric parts 
have a shiny nickel finish. HP-IB Metric 
Conversion Kit (PN 5060-0138) is available 
to convert these early instruments). 
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Versatile interconnect system for instruments and controllers ! 
Bus system analyzer, cables & accessory modules 

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 

There are several choices of analyzer operating speed. It may be 
operated a t  one character at a time (useful for software debugging), 
a t  2 characters per second, or a t  regular bus speed. It may also be 
operated at a variable rate as determined by the external clock input. 

The analyzer’s 32 character memory can be used to store bus char- 
acters in the Listen mode, or to output characters to the bus in the 
Talk mode. When the analyzer is in the Compare mode, a stream of 
bus traffic may be stopped on a pre-selected character-and at that 
time, a trigger pulse is available, which is very useful when analyzing 
transient or timing problems related to the bus. 

HP-IB. 

5940 1 A 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 ps before DAV pulled low; (3) DAV driven 
high t 7 0 0  ns after NDAC is false; (4) DAV driven low t 7 0 0  ns 
after NI 

Operatin! 
regular bi 
put; in eit 
External clock input: 1 standard power TTL gate input; I 1 0  MHz 
repetition rate. 
Compare output: prc 
(LOW TRUE) sync pu 
switches. 
HP-I8 load: 1 bus load (capable of driving 14 other bus devices). 

<FD is false, if conditions 1 and 2 are met. 
g speeds: one character at a time, 2 characters per second, 
IS speed, or variable rate determined by external clock in- 
her Listen or Talk mode. . . .  . .  . .  

wides 1 standard power TTL gate output 
ilse when bus character is same as front panel 

10631AIBfCf 

General 
Temperature ranges: operating, 0 to 50°C; storage, -40 to +75”C. 
Humidity: 95% relative, 0 to 40°C. 
Power requirements: 100, 120,220 or 240 V +5%, -10%; 48 to 66 
Hz; 1 4 2  VA. 
Size: 145.5 H, 205.1 W, 495.3 mm D (5.730” x 8.075” x 19.500”) 
Weight: net, 5.64 kg (12.44 Ib). 

Options and accessories Price 
5061-0089 front handle kit $15 
10631B 2 m (6.6 ft) bus cable, furnished 

59401A Bus Svstem Analvzer $2700 
N I C  

HP-IB Interconnection cables 
Cables for ‘interconnecting HP-IB devices are available in four dif- 

ferent lengths. The connector block a t  both ends of each HP-IB cable 
(photo above) has a plug on one side and a matching receptacle on the 
other, so that several cables may be conveniently connected in paral- 
lel, thus simplifying system interconnection. Lock screws provide for 
secure mounting of each connector block to an HP-IB instrument, or 
to another cable connector block. 

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

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

HP-IB Accessory modules 
Modules in the H P  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-IB to H P  
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-IB 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-IB. 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 
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Accessory modules I 

59301 A 

59306A 

59307A 

59308A 

59309A 

59313A 

59501 A 

59303A 59304A 

I I - .I 

1350A 

1350A graphics translator 
Accepts digital information from the HP-IB (or optionally RS- 

232C) and converts it to X, Y, and Z analog voltages for driving high- 
resolution, directed-beam, non-storage CRT displays. An internal 2k 
word digital memory (RAM) stores the data, and is continually ac- 
cessed in order to generate vectors or characters for refreshing one or 
more CRT displays. Each digital word can be a vector coordinate, or 
an ROM-generated upper or lower case ASCII character. (Addition- 
al details on page 184.) 

59301A ASCII-to-parallel converter 
Accepts byte-serial ASCII characters from the HP-IB 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-IB interface can be op- 
erated with H P  5050B/5055A Printers (requires two output cables, 
H P  562-16C, not furnished). Or, the 59301A can be used with H P  
6129C thru 6131C and 6140A (Option J99) digitally-controlled pow- 
er supplies for HP-IB programmable voltage and current. The 
59301A 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 dc voltage accurate to 0.1% in 30 ps. 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 H P  59303A is to present on a logging 
device the data points being taken during a measurement, such as 
with the H P  5345A Counter. No controller is required for operation. 
Compatible logging devices include strip chart recorders, X-Y plot- 
ters, and displays. 

59304A numeric display 
Provides a highly visible readout of up to 12 ASCII characters (0 

thru 9E.-). It can be addressed to display the output of measurement 
devices or the results from a calculator/desktop computer. It can also 
be used as a remote display in the ”listen only” mode. 



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-IB. Relay contacts are specified to switch 24 V dc or 115 V ac @ 
0.5 A. Use the 59306A with H P  8761A/B SPDT switches for HP-IB 
programmable microwave switching dc-18 GHz; use it with H P  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 a t  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 ps to 
more than a day are available. Trigger inputs are available via HP-IB 
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 
k 100 ns wide, and rise time is (50 ns. 

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 

-t 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. 

Model 
135011 
5930111 
5930311 
5930411 
5930611 
5930711 
5930811 
5930911 
5931311 
5940311 
5950111 

9875A Cartridge Tape Unit 

Dhmtiom-max. height‘ x width x width x depth 

101.6 x 212.9 x 294.6 (4 x 8.38 x 11.6) 

Net Weight Shippiif Weight 
Dercriptiwi mn (inches) k i  Ob) ki (Ib) Price 

101.6 x 425.5 x 497.8 (4 x 16.8 x 19.6) 9.55 (21.0) 11.8 (26.0) $3450 Graphics Translator 
ASCII-to-parallel Converter 

101.6 x 105.9 x 294.6 (4 x 4.17 x 11.6) 2.61 (5.80) 3.17 (7.04) $ 950 Digital-to-analog Converter 
101.6 x 105.9 x 294.6 (4 x 4.17 x 11.6) 1.23 (2.73) 1.58 (3.51) $ 800 Numeric Display 

Relay Actuator 101.6 x 212.9 x 294.6 (4 x 8.38 x 11.6) 2.64 (5.87) 3.23 (7.18) $ 700 
VHF Switch 101.6 x 212.9 x 294.6 (4 x 8.38 x 11.6) 2.64 (5.87) 3.23 (7.18) $ 750 

101.6 x 212.9 x 294.6 (4 x 8.38 x 11.6) 2.10 (4.67) 3.83 (8.51) $1150 Timing Generator 
HP-IB Digital Clock 101.6 x 105.9 x 294.6 (4 x 4.17 x 11.6) 1.70 (3.78) 2.84 (6.31) $1025 

101.6 x 212.9 x 345.4 (4 x 8.38 x 13.6) 5.45 (12.0) 6.36 (14.0) $1500 Analogto-digital Converter 
101.6 x 212.9 x 430.0 (4 x 8.38 x 16.9) 4.50 (10.0) 6.10 (13.5) $1500 HP-IB/Common Carrier Interface 
101.6 x 212.9 x 194.6 (4 x 8.38 x 11.6) 2.61 (5.80) 3.17 (7.04) $ 550 Power Supply Programmer 

1.70 (3.78) 2.32 (5.16) $ 575 

59501A 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 0-1OV dc in unipolar mode; -1 to +1 and -10 to 
+IO V dc 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 228.) 

9875A Cartridge tape unit 
Provides a standard for data interchange among H P  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. 



HEWLETIT- PACKARD INTERFACE 

- 
5940311 FULL DUPLEX BIT SERIAI! - 4 

Versatile interconnect system for instruments and controllers 
Models 37201A and 59403A 

* 

59403A e 

3720 1 A 

59403A 

37201A HP-IB Extender 
0 Extends HP-IB using twisted wire pairs or modems 

Transparent device 
Auto error correction 
Output for autodialler 

The 37201A HP-IB Extender allows an HP-IB link to operate over 
distances greater than the normal cabling lengths. The parallel HP- 
IB information is converted into serial form, and transmission can be 
over twisted wire pairs or modem connections. A second 37201A con- 
verts the serial line signal back to normal HP-IB format. 

The 37201A is a transparent device. Subject to certain limitations, 
a pair of HP-IB Extenders can be incorporated and no additional HP- 
IB information is required. This is an extremely valuable feature, as it 
usually allows the user to include HP-IB Extenders into his system 
without altering the program in the HP-IB controller. The limitations 
are that it is not possible to pass control or parallel poll across the 
extended portion of the HP-IB. 

The maximum data transfer rate is 750 HP-IB characters/second 
and this corresponds to a line transmission rate of 20k bit/s. The 
37201 A has automatic error detection using longitudinal and vertical 
parity checks, and information will be retransmitted until it is re- 
ceived correctly. Errors can slow the HP-IB information transfer rate 
across the extenders, but the probability of an error being introduced 
on to the HP-IB is very small. Communication between the two 
37201A's is always full duplex. 

With operation over twisted wire pairs, the cable contains two pairs 
and can be ordered as an accessory, part number 8 120- 1 184. The ca- 
ble length must be specified and the maximum length is 1 km. Trans- 
former coupling provides longitudinal isolation from the line up to 30 
V, and the data format on the line is coded and has no net dc compo- 
nent. The line transmission rate is nominally 20 k bit/s. 

For operation with distances in excess of 1 km, a full duplex modem 
connection over the telephone network is used. The modem interface 
provided is compatible with both RS 232C and V.24 standards and 
the transmission rates are: 

Asynchronous 150,300,600, 1200 bit/s 
Synchronous 
Some modems are available which operate in full duplex mode over 

the switched telephone network. In this situation an autodial capabili- 

up to 20 k bit/s 

ty is extremely valuable as it allows the system to operate unattended, 
and telephone connections are made automatically as required. An 
output for an autodialler is provided and is compatible with recom- 
mendations RS 366 and V.25. This output is controlled directly from 
the HP-IB. 

Other features of the 37201A include the automatic recovery of 
synchronization in synchronous mode, should a sync loss occur. In 
addition, HP-IB Extenders can be commanded to idle. In this mode, 
no HP-IB information is passed to the remote end, and the remote 
part of the system is effectively disconnected. This enables a remote 
end user to operate the remote equipment manually, once the system 
controller has set its HP-IB Extender to idle. It also allows the local 
system to run more quickly. 

59403A HP-IB/Common Carrier Interface 
Provides a way to extend the separation of component parts in an 

HP-IB 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 a t  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-IB 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-IB 
device at a remote location can request service from the controller a t  
the same time the controller is sending data to another HP-IB 
device a t  the remote location. 

The recommended dedicated cable is available from H P  as Part 
Number 8120-1 197 (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 US., 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.) 

Ordering Information 
37201A HP-IB Extender 
59403A HP-IB/Common Carrier Interface 

Price 
$2100 
$1500 



HEWLETT-PACKARD INTERFACE BUS 
Versatile interconnect system for instruments and controllers 

Models 37210A, 372108  and 372208  

Model 372108  ~ 4800 b / s  Modem 

Option M e r  
001 
002 
003 

-.11111 

372 1 OA 

372101 372108 372208 

- -  
in the event of a fault. 

matic equalizer in the modem compensates for I 
elay and attenuation distortions. At the start 1 

ining sequence is sent to the equalizer. The ec . . .  . .  

Model 37210B is an automatically-equalized, 4800 b/s, synchro- 
nous modem. It is microprocessor controlled and is designed for use 
on 3002 type leased or dialled telephone lines. A secondary channel is 
available and the data interface is RS-232C compatible. 

Point-to-point or multipoint operation is possible on two- or four- 
wire lines. On two-wire lines, the transmission can be simplex or half 
duplex. On four-wire lines, half duplex or full duplex transmission 
can be used. With leased lines, it is possible to employ a switched line 
as back-ur 

i wide range An autoi 
of group d of transmis- 
sion, a tra palizer can 
withstand dropouts of up to one second without retraining, and if nec- 
essary it will automatically retrain using the normal data signal. 

The normal operating speed is 4800 b/s and the modulation tech- 
nique used is 8-phase Differential Phase Shift Keying (DPSK). The 
carrier frequency is 1800 Hz+  1 Hz, and the modulation scheme is 
compatiblc : with CCITT Recommendations V.27 bis, ter. 

Model 372208  9600 b / s  Modem 
Model 37220B is an automatically-equalized, 9600 b/s synchro- 

nous modem. It is designed for operation over conditioned or uncondi- 
tioned leased telephone circuits, and provides full duplex 
communications using a four-wire circuit. The data interface is 
CCITT V.24/RS-232C compatible. 

The normal data rate is 9600 b/s. A fallback rate of 4800 b/s is 
available for poorer quality lines and is front-panel selectable., It is 
also possible to select a fallback rate using the V.24 interface. Where 
permitted, a switched telephone circuit can be used as back-up in the 
event of a line fault. This connection normally operates a t  4800 b/s. 

An automatic equalizer in the modem compensates for a wide range 
of group delay and attenuation distortions. At the start of a transmis- 
sion, a training sequence is sent to the equalizer. The equalizer can 
withstand transient distortions for up to two seconds without retrain- 
ing. Retraining can be initialed automatically, or manually using a 
front-panel control. 

At the normal operating speed of 9600 b/s, the modulation tech- 
nique employed is 4-level Pulse Amplitude Modulation (PAM). This 
is transmitted as a vestigial sideband using a carrier frequency of 
2853 Hz. At the fallback rate of 4800 b/s, the modulation technique 
is 2-level PAM. 

nous modem. It is microprocessor controlled and is compatible with 
CCITT Recommendations V.27 bis and V.27 ter. It can be used over 
leased or switched telephone circuits, and a secondary channel is 
available. The data interface is CCITT V.24 compatible. 

Point-to-point or multipoint operation is possible on two- or four- 
wire circuits. On two-wire circuits, the transmission can be simplex or 
half duplex. On four-wire circuits, half duplex or full duplex can be 
used. With leased circuits,it is possible to employ a switched circuit as 
back-up in the event of a line fault. 

An automatic equalizer in the modem compensates for a wide range 
of group delay and attenuation distortions. At the start of a transmis- 
sion, a training sequence is sent to the equalizer. A relatively short 
sequence is used for high quality M.1020 circuits and a longer se- 
quence for poorer quality circuits. The equalizer can withstand a drop 
out of up to one second without retraining, and it can train on a nor- 
mal data signal. 

The normal operating speed is 4800 b/s and the modulation tech- 
nique employed is 8-phase Differential Phase Shift Keying (DPSK). 
For circuits of very poor quality, a fall-back rate of 2400 b/s is avail- 
able, and this employs 4-phase DPSK modulation. The carrier fre- 
quency is 1800 Hz 5 1 Hz. 

I 004 
005 

Opt 001: 4-wire line isolation to European standards for leased line 
applications. 
Opt 002: 2-wire line isolation to European standards for switched 
line applications. 
Opt 003: DAA control; auto answer; switched lines only; for US. 
applications. 
Opt 004: secondary channel 
Opt 005: remote loopback facility. 

Ordering Information 
37210A 4800 b/s Modem 
37210B 4800 b/s Modem 
37220B 9600 b/s Modem 

Price 
$3700 
$3700 
$5500 



HEWLETT-PACKARD INTERFACE BUS 
Versatile interconnect system for instruments and controllers 
Computing controllers/interfaces 

' ? t; 
L I* 

HP 9815A Desktop Computer (HP 98135A Interface) 

HP 9825A Desktop Computer (HP 98034A Interface) 

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

Role of a computing controller 
In addition to managing the flow of information over the bus, the 

computing controller in an operating measurement system actively 
participates by scheduling measurement tasks, by setting up individ- 
ual devices so they can perform the tasks, by monitoring the progress 
of the measurement as it proceeds, and by interpreting the results of 
the measurement. 

H P  computing controllers serve another important function by pro- 
viding access to a large number of display, input/output and data 
storage peripherals. These include plotters, line printers, floppy disks, 
tape cassettes, etc. Additionally, H P  computing controllers can per- 
form the job of interfacing with other instrument subsystems or com- 
puter systems using serial communication links-thereby gaining 
access to common data bases, sharing results, etc. 

Finally, a computing 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 analyz- 
ing and modifying program flow, and a means of storing and recalling 
programs and/or results. 

Wide choice of HP computing controllers 
Hewlett-Packard has a continuum of HP-IB (IEEE 488) comput- 

ing controllers from which to select. If your interfaced-system appli- 
cation 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, 9825A, System 35 or System 45. On the other 
hand, if your application calls for complex or high volume production 
testing a t  multiple locations, simultaneously, and in several program- 
ming languages, your choice will probably be one of the solutions of- 
fered by the H P  1000 Computer. 

HP-IB interfaces for each computing controller are described be- 
low. For more comprehensive details on the computing controllers 
please consult pages 620-622. 

98135A HP-IB interface for 9815A 
HP's most economical computing controller is the 9815A desktop 

unit, for handling the less complex tasks associated with small sys- 

r 

I 
System 35 Desktop Computer (HP 98034A Interface) 

tems. If you are familiar with HP's hand-held personal calculators, 
you'll feel a t  home with the 98 15A'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 9815A has a 16-character numeric dis- 
play, a thermal minter. and a high-speed bidirectional magnetic tape 
data cartridg 

For HP-IB A In- 

instruments G, pbIIp,lblaL Ubvl..rY. Opp~.rOLzv.. .-,u,.ry A n  in- 
terrupt capabilitv. ulease see other H P  comuuting controllers, since 
interrupt is not 

terface, whic LP-IB 

-~ 
:e system. 
applications, the 98 15A can accept one HP 981 35 

h allows the 98 15A to communicate with up to 14 H 
*.- ..--:..h--nl rl-.,:,.no l f  .,_.... onnl;m+inn rnn..;rer 5 

ivGlable with the 9815A/98135i. 

. - - ----- . - 
98034A HP-IB intertace for YBZSA or system 3 5  or 45  

The 9825A Desktop Computing 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 manipulation, and input/output operations. HPL provides for 
subroutine nesting and flags, and allows 26 simple variables and 26 
multidimensional array variables, limited only by the size of the 
9825A's memory. Also, HPL has a language compatibility with the 
H P  9820A and H P  9821A, permitting programs for these earlier 
models to be converted for use with the 9825A. 

Significant capabilities of the 9825A include two-level priority in- 
terrupt (for controlling several instruments or peripherals requiring ' 
attention at unpredictable rate or times), live keyboard, direct mem- 
ory access, multi-dimensional arrays, automatic memory record and 
load, and an extended range of internal computation. The 9825A has 
a typewriter-like keyboard with upper/lower case, a numeric pad, 
and 12 special function keys (shiftable to 24). I t  has a built-in 32- 
character alphanumeric display, a 16-character printer (both upper- 
/lower case), and a high-performance data cartridge system. There 
are three 1 / 0  slots and four ROM slots. 

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 I/O, 
Direct Memory Access (DMA), fast read/write, 15 levels of priority 



System 45 Desktop Computer (HP 98034A interface) 

interrupt and built-in 1/0 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 (Model 9845A) is an integrated desktop 
computer for such applications as mathematical modeling, design 
analysis, production test control, text processing and linear program- 
ming. 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 sys- 
tem 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 9825A, Sys- 
tem 35 or System 45 in HP-IB applications. A 9825A equipped with a 
General 1/0 ROM can handle fundamental HP-IB input/output op- 
erations. With an Extended 1/0 ROM, the 9825A is capable of com- 
plete HP-IB control. All these operations are available on the 
9835A/B with just the General 1/0 ROM. Up to three interfaces can 
be plugged directly into the System 35's 1/0 slots and as many as 14 
interfaces (with up to 14 devices on each) can be connected to System 
35 using 9878A 1/0 expanders. System 45 has complete HP-IB capa- 
bility with the Opt. 320 1/0 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 
110 expanders. 

tP 1000 W 2105A 
RTE-M: Yes VeS 

HP 1000 Computer System (HP 593108 interface) 

593106 HP-I8 interface for HP 1000 
The H P  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 
H P  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 H P  Real Time BASIC, FOR- 
TRAN, and H P  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-IB devices) connected to 
the HP lo00 requires one 59330B 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-I1 and RTE-IV 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 H P  computer systems, 
computers, and operating systems are indicated below. The E-series 
and F-series Computers include the H P  2170A, 2171A, 2172A, 
2174A/B, 2175A/B, 2176A/B, and 2177A/B. Note that the 59310B 
interface may also be used with H P  2100A/S computers. 

tP 2176UB 
2177A/B tP 2100AIS 

Yes wo 
RTE-II: I Y a No Yes Yes 

HP-I6 Interface ordering information Price 
59310B Interface, RTE-II/IV for HP 1000 $600 
98034A Interface for 9825A, 9835A/B or 9845A $400 
98135A Interface for 9815A $600 

RTE-IV I Yes 1 wo VeS Na 



Fp AMPLIFIERS 
! General purpose amplifiers 
I Model 461A1 465A1 467A 

461A 

465A 

467A 

Description 
This general purpose amplifier can be used as a preamplifier to 

The solid-state HP amplifier Model 461A provides stable 20 and 40 
raise the level of a signal or as a buffer. 

dB gain over a wide frequency range with fast rise time. 

461A Specifications 
Frequency response: f 1 dB, 1 kHz to 150 MHz when operating 
into a 50Q resistive load (500 kHz reference). 
Gain at 500 kHz: 40 dB f 0 . 5  dB or 20 dB 5 1.0 dB, selected by 
front panel switch (inverting). 
Input impedance: nominal 50Q. 
Maximum input: 1 V rms or 2 V p-p pulse. 
Maximum dc input: f 2 V. 
Maximum output: 0.5 V rms into 50Q resistive load. 
Equivalent wide-band input nolse level: t 4 0  pV in 40 dB position 
when loaded with 5OQ. 
Distortion: <5% at maximum output and rated load. 
Overload recovery: < 1 ps for 10 times overload. 
Dimensions: 76 mm H x 130 mm W x 279 mm D (3" x 5%" x 11"). 
Weight: net, 1.8 kg (4 Ib). Shipping, 2.7 kg (6 Ib). 

465A Description 
HP's 465A amplifier provides 20 dB or 40 dB gain (X10 or XIOO) 

with flat frequency response from 5 Hz to 1 MHz with floating in- 
puts. 

465A Specifications 
Voltage gain: 20 dB (X10) or 40 dB (XlOO), open circuit. 
Gain accuracy: f 0.1 dB, (f 1%) at 1 kHz. 
Frequency response: f O . 1  dB, 100 Hz to 50 kHz; (2 dB down at  
5 Hz and 1 MHz. 
Output: >IO V rms open circuit; >5 V rms into 50Q (0.5 W). 
Distortion: e l % ,  10 Hz to 100 kHz; (2%. 5 Hz to 10 Hz and 100 
kHz to 1 MHz. 
Input impedance: 10 MQ shunted by <20pF. 
Output impedance: 500. 
Noise: t 2 5  pV rms referred to input (with 1 MQ source resistance). 
Dimensions: 76 mm H x 130 mm W x 279 mm D (3" x 5%" x 11"). 
Weight: net, 1.8 kg (4 Ib). Shipping, 3.2 kg (7 Ib). 

467A Description 
HP's 467A Power Amplifier/Supply is a 10 watt peak power ampli- 

fier and -20 V (to +20 V) dc power supply. The wide bandwidth 
offers low dc drift from dc to 1 MHz and 0.3% gain. With continuous- 
ly variable gain and floating inputs, HP's 467A can also be used as a 
power supply. 

467A Specifications 
Power amplifier 
Voltage gain (non-inverting): fixed steps: X1, X2, X5, X10. Vari- 
able: 0-10. resolution is better than 0.1% of full output. 
Accuracy: +0.3% from dc to 10 kHz f1.0% from 10 kHz to 
100 kHz; f 10% from 100 kHz to 1 MHz with load of >40Q. 
Output: f 20 V p at  0.5 A p. 
Distortion: (0.01% at 1 kHz; (1% at 100 kHz; (3% at 1 MHz. 
Input impedance: 50 kQ shunted by 100 pF. 

DC power supply 
Voltage range: > f 20 V, f 10 V, f 4 V, f 2 V, f 1 V with adjust- 
able vernier. Resolution: better than 0.1% of full output. 
Current: f0.5 A p. 
Load regulation: (front panel) (10 mV, no load to full load. 
Line regulation: (10 mV for a f 10% change in line voltage. 

General 
Output impedance: (front panel): 5 mQ in series with 1 pH. 
Current limit: e800 mA. 
Dimensions: 159 mm H x 130 mm W x 279 mm D (6%" x 5Ih" x 
11"). 
Weight: net, 4.5 kg (10 Ib). Shipping, 6.8 kg (15 lb). 

Ordering information 
461A Amplifier 
465A Amplifier 
467A Power Amplifier/Supply 

Price 
$495 
$400 
$920 



AMPLIFIERS 
Wide band amplifiers 

Models 8447A/C/D/E/F 

Wide Band 
Flat Response 
Low Noise 

uses: to improve the sensitivity of counters, spectrum analyzers 
voltmeters, EM1 meters, power meters and other devices withou 
tortion or degradation of amplitude accuracy; to increase the r 
mum power available from a signal generator or sweeper. 

,~ , \. 

.. ~ ., , ~ ,  _, . , . .2‘. 

844713 

The H P  8447 series of general purpose amplifiers combines high 
reliability and convenience. 

High performance 
The performance of these amplifiers qualifies them for a number of 

Spec 
ir D-- a- 

Broadband frequency coverage 
The 8447 series offers an amplifier for nearly every applicati 

the 100 kHz to 1.3 GHz frequency range. The wide bandwidth 
compatible with other wideband instruments and accommodate 1 

band spectra. 

Options 
A variety of options are available: a 75Q impedance model (0 

002) for applications such as television/FM broadcasting and Ci 
two dual channel versions (Option 001-BNC connectors and 0 
01 1-Type N connectors) which operate with dual channel sys 
such as oscilloscopes or network analyzers (or the channels m; 
cascaded for increased gain); Type N connectors rather than the 
dard BNC connectors (Option 010). 

. -  .^. .  . ---. I- General __. . .. . . _ _  . ,̂  weignl: net, 1.3b Icg (3 pounas, I ounces). shipping, 2.30 Icg (3 Ib, 1 

Size: 85.8 H x 130 W x 216 mm D (3%” x 5%” x 8%”). 
Power requirements: 110 or 230 V ac f lo%, 48-440 Hz, 15 watts. 

oz) . 

Ordering information 
8447A Preamp 
8447C Power Amp 
8447D Preamp 
84473 Power Amp 
8447F Preamp-Power Amp 

I 

20 dB kO.5 dB 30 dB k 1 dB 
at l n  MH7 

on in 
IS are 
wide- 

ption 
ITV; 
ption 
items 
1y be 
stan- 

:if ications 

i, RF 
t dis- 
naxi- 

1 84471) Pream I W 7 E  Power Am 

1-1300 MHz 

Reverse lsolatio 
Maximum DC 
Voltage Input 

Options Availab 

Option Prices 
le 001 002 001, 010, 011 010 

add $415 add $10 I addS515, 35, $570 I add $35 

Price 
$700 
$625 
$765 
$815 

$1365 

8447F Preamp-Power Anp 
100 ~Hz-1.3 GHz 
50 ~Hz-1.4 GHz 

010 
add $70 
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Frequency 
range ( G H r )  

Gain variation with 
freq. 

at rated output 
small signal 
across any 

10% of band 

across full 
band 

I I Microwave power amplifiers 
Models 489A, 491C, 493A 81 495A 

4891 

1-2 

1 6  dB 

5 5  dB 

4 2  dB 

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 I-milliwatt input-a gain 
of a t  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 
dc to 500 kHz when 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 minimum of 
100 kHz: a 20-volt change at the MOD INPUT produces a minimum 
of 20 dB off/on 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. And 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 

programming. 

lems. 

Applications 

DC coupled modulation circuitry allows power leveling and remote 

Periodic-permanent-magnet focusing means fewer alignment prob- 

Antenna efficiency and pattern measurements. 
Extends attenuation measuring systems capability by at least 30 

RFI susceptibility tests. 
dB. 

489A-495A Specifications 
Output power: 1 watt for an input of 11 mW. 
Gain: 30 dB at rated output. 
Input/output: impedance, 50Q; connectors, type N female. 
Noise figure: 130 dB. 
Amplitude modulation: 

Sensitivity: modulation input of >-20 V peak reduces R F  output 
by 1 2 0  dB from dc to 50 kHz. 
Frequency response: dc to 500 kHz (3 dB). 
Pulse response: < 1 ps 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). 

Ordering information 

491C I 4931 I 4951 
I I 

2-4 I 4-8 I 7-12.4 
I I 

5 6  dB 

5 5  dB 
for 300 MHz 

Price 
489A 1 t o 2  GHz TWT Amplifier 
491C 2 to 4 GHz TWT Amplifier 
493A 4 to 8 GHz TWT Amplifier 
495A 7 to 12.4 GHz TWT Amplifier 

$3400 
$3400 
$3700 
$3700 

add $10 Opt 908: Rack Flange Kit (for all models) 
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Figure 1. Four different types of meter scales available. (a) Lin- 
ear 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 communications applications. 

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 (Figure 2) usually have 
nonlinearities and/or offsets present in the 
attenuators and amplifiers. The meter move- 
ment itself can have nonlinearities/even with 
individually calibrated meter scales. Nonlin- 
earities cause percent of reading errors, and 

offsets cause percent of full scale errors. Per- 
cent of reading errors are constant no matter 
where the meter pointer is. Percent of full- 
scale error increases as the pointer goes fur- 
ther down scale. 

Looking a t  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. 

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. 

VOLTMETERS 
General information 

Non-linearities Non- 
Linearity 

/Offsets \ + 
Meter 

Figure 2. Non-linearities cause o/o of read- 
ing errors. Offsets cause % of full scale er- 
rors. 

For a thorough evaluation of accuracy, the 
following should be considered: Does it apply 
at all input-voltage levels up to the maximum 
overrange point? (Linearity specifications 
may be added to qualify this point.) Does it 
apply to all frequencies throughout its speci- 
fied bandwidth? Does it apply on all ranges? 
Does it apply over a useful temperature 
range for the application? If not, is tempera- 
ture coefficient specified? 

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 (<lo%), 
the average-responding voltmeter can per- 
form over a bandwidth extending to several 
megahertz. 3. For high-frequency measure- 
ments (>lo 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. In general, true- 
rms meters reveal only the rms value of an ac 
signal. Because they are ac coupled, most 
voltmeters have a frequency cut-off around 
20 Hz. This restriction keeps the true-rms 
voltmeter from accounting for any low fre- 
quencies or dc components in a signal. 

The 3403C RMS Digital Voltmeter 
meaures dc plus ac from 2 Hz to 100 MHz. 
See page 54. 

For very wide bandwidths (up to 1 GHz) 
and high-sensitivity measurements of sinu- 
soidal or nonsinusoidal waveforms, the H P  
3406A is the proper choice. Although the 
3406A is average-responding, it has a sample 
hold output which makes analysis of wave- 
forms possible. 

For applications requiring monitoring sig- 
nals with large excursions and in applications 
requiring log values to be plotted on a graph- 
ic recorder, the H P  7562A and H P  7563A 
log voltmeters provide a large dynamic range 
(1 10 dB) and displays the input on a single 
meter range while providing an output volt- 
age that is the log of the input. 



ANALOG VOLTMETERS 

(Accuacy) 
OC: k 100 mV to 
1ooov (+2%) 9 

General information (cont.) 

(Accuracy) (Accuracy) Model 
10Q-10 MQ mid- 427A 

scale ?5%: from 0.3 

Table 1. HP analog instruments 

O C  ? 1.5 pA to 
?150mA(?3%) 11 

ranges 

DC VOLTMETERS 

DC NULL VOLTMETER 

109-10 MQ (center 410C 
scale) 0 to midscale: 

2 5 %  or *2% of 
midscale (whichever 
IS greater) 7 ranges 

DC VOLT-AMMETER 

Current Range 
1 mA-10 A FS 

(9 ranges) 

AC VOLTMEmRS 

RECHARGEABLE BATTERY AC VOLTMETER 

Accuacy Frewmcy Range Model 
k 3% dc-400 Hz 4288 

FAST-RESPONSE AC VOLTMETER 100 kHz lowpass filter ac 
amplifier 
HIGH ACCURACY dB VOLTMETER 20 dB log scale (0 dB = 1 V) 

HIGH ACCURACY AC VOLTMETER has dc output (?0.5%) for 
driving recorder 
RMS VOLTMETER provides rms readings of complex signals. 
Has dc output for driving DVM's or recorders 
SAMPLING RF VOLTMETER provides true rms measurements 
when used with 3400A. Many accessories 

Voltale 
Range 

80 dB (2 ranges) 
1 mV-10 V or 
10 mV-100 V 

VECTOR VOLTMETER phase and amplitude measurements 

0.5 Hz-100 kHz de mode. 100 k Q / t 1 0 0  pF 7562A 
k 0 . 5  dB--3, +1 dB 

dc = k 0 . 2 5  dB 
ac mode: 1 M Q / t 1 0 0  pF 

I MuLTI-FUNCTIo1( METERS 
BATTERY-OPERATED MULTI-FUNCTION METER has 10 
mQ dc input impedance and 10MQ/20 pF ac input impedance 

Voltale 
Range 

80 dB (2 ranges) 
1 mV-10 V or 
10 mV-100 V 

VERSATILE VOLTMETER has 100 MQ dc input impedance 
and 10 MQ/1.5 pF ac impedance 

Accuacy 
Frequency Input 
Response Impedance Model 

0.5 Hz-100 kHz de mode: 100 k Q / t 1 0 0  pF 7562A 
k 0 . 5  dB--3, +1 dB 

dc = k 0 . 2 5  dB 
ac mode: 1 M Q / t 1 0 0  pF 

CURRENT METERS 
DC MILLIAMMETER with clipon probe eliminates direct connection 

I h e d a n c e  1- I Model LOG v 0 L m  
LOGARITHMIC VOLTMETER/CONVERTER 
true RMS responding 

110 dB (1 range) 
316 UV-100 V dc 

LOGARITHMIC VOLTMETER/AMPLIFIER dc = k0.25 dB 100 kQ/100 pF 7563A 
- ? 1.5 dB 

0.5 MQ to 2 x 1016Q Voltage: ? 10% Max. output Voltage: 4329A 
FS (7 ranges) 0.05 pA Current: ?5% 1 kV 

-20 uA 

to 3 on the meter 
scale (7 ranges) 

Accuacy 
Frequency 
Resaonse 

See 
Page 
37 
- 

See 
Data 
Sheet 

See 
Pale 
41 

42 

42 

42 

43 

- 
- 
- 
- 
- 
- 

44 

- 
470 

81 
- 
- 

a2 

- 
See 
Pale 
39 
- 

- 
40 

See 
Page 

38 
- 

See 
Pape 
45 
- 

- 
45 

*For exact accuracy refer to paoe desiQnated. 
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Description 

1 

Eighteen voltage ranges with 0.1 pV resolution on the lowest range. 
Accuracy of this rechargeable battery-operated instrument is rt 2% 
of end scale f 0.1 pV on all ranges. Noise is less than 0.3 pV 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, H P  419A functions as 
a zero-center scale 3 pV to 1000 V dc voltmeter. 

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

Voltaic ran;c 
3 pV - 3 mV 

10 mV - 30 mV 
100 mV - 300 mV 

1 v - 1000 v 

Specifications 
D C  null voltmeter 
Ranges: r t3  pV to f 1000 V dc in 18 zero-center ranges. 
Accuracy: k(2% of range +0.1 p V ) .  
Zero control range: > f 15 pV. 
Zero drift: (0 .5  pV/day after 30 min warm-up. 
Zero temperature coefficient: (0.05 pV/"C. 

hput resistance 
100 kR 
1 MO 
10 Ma 
100 MR 

ANALOG VOLTMETERS I ,r 

DC null volt-ammeter 
Model 419A 

ResDanse rime: 5 s IO wirnin Y ~ O  or rinai reaaine on J u v  ranue; 1 s 
to within 95% of final reading on 10 pV to 10007 ranges. 
Noise: (0.3 pV p p ,  input shorted. Noise amplitude approxima 
Gaussian distribution. RMS value (standard deviation) is <O.( 
pV, p-p noise value is (0.3 pV 95% of the time. 

- 

- _ -  . . --- _ _  Input characteristics _ _  .. . - . 

)wer line-ground.. 
ff null 

.tes 
175 

I- t- 
I- 
I- 
L 

I 
I 
I 

Negative input terminal can De rloatea up to 2 XJU v ac  mom 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. 

D C  ammeter 
Ranges: f 30 pA to iz 30 nA in 7 zero-center ranges. 
Accuracy: f (3% of range + 1 PA). 
Zero control range: > f 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 M on all ranges. 

Amplifier 
Gain: 110 dB on 3 pV range, decreases 10 dB per range. 
Output: 0 to iz 1 V at 1 mA maximum for end-scale reading. Output 
level adjustable for convenience when used with recorders. 
Output resistance: depends on setting of output level control. (359  
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 to instrument. 

1 V to loo0 V range: 1200 V dc. 
1 0  mV to 300 mV range: 500 V dc. 
3 pV 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 f lo%, 48 Hz to 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 7%" x 8"). 
Weight: net, 3.7 kg (8.3 Ib). Shipping, 5.4 kg (12 Ib). 

419A D C  Null Volt-Ammeter $1 175 



c ANALOG VOLTMETERS ' "h*,d 1 mA to 10 A clip-on dc milliammeter 
Model 428B i 

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 H P  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 dc 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: 1 mA to 10 A full scale, nine ranges. 
Accuracy: +3% of full scale k0.15 mA, from 0°C to 55°C (when 
instrument is calibrated to probe). 
Probe inductance: t 0 . 5  pH. 
Probe inducted voltage: < 15 mV p (worst case a t  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 

max. into open circuit in uncalibrated position. 0.73 k .01 V into 1 kQ 
in calibrated position. 
Noise: 1 mA range, < 15 mV rms across 1 kO; 3 mA range, t 5  mV 
rms across 1 kQ; 10 mA through 10 A ranges, t 2  mV rms across 1 
kQ. 
Frequency range: dc to 400 Hz (3 dB point). 
AC rejection: signals above 5 Hz with p value t f u l l  scale affect me- 
ter accuracy (2% (except a t  40 kHz carrier frequency and its har- 
monics). On the 10 A range, ac p value is limited to 4 A. 
Power: 1 15 or 230 V k 10%. 50 to 60 Hz, approx. 75 V A max. 
Operating temperature range: -20°C to +55"C. 
Storage temperature: -40°C to +65"C. 
Probe insulation: 300 V maximum. 
Probe tip size: approximately ' / z "  by 21/32" aperture diameter 5 / Q 2 " .  

Size: cabinet: 292 mm H x 191 mm W x 368 mm D (1 11/2" x 71/2" x 
14'""). 
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: 1 mG to 10 G full scale, nine ranges. 1 mG = 1 mA conver- 
sion factor. 
Accuracy: + 3% of full scale (0°C to +5SoC) after calibration. 
Frequency range: DC to 80 Hz (3 dB point). 
Weight: net 0.45 kg (Ilb). Shipping 0.91 kg (2 Ib). 

Ordering information Price 
3529A Magnetometer Probe $1 19 
4286 Analog Milliammeter (cabinet) $1 110 
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Frequency 

HEWLETT PACKARU 0 427A VOLTMETLR 

RANGE 

Range 

0.01 V to 30 V 100 V to 300 V 

427A 

Opm circuit short circuit 
Ranle Vdtale Curent 
x 10 0.1 v 10 mA 
x 100 0.1 v 1 mA 
X l k  1 v  1 mA 
X 10 k 1 v  100 pA 

x 100 n 1 v  10 pA 

X I M  1 v  1 PA 
X 10 M 1 v  0.1 pA 

--- 

1 10968 

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 a t  frequencies up to 1 MHz (>SO0 MHz with the 
1 1096B High Frequency Probe); and resistance from 10Q to 10 MR 
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: f 100 mV to f lOOOV in 9 ranges in 10 dB steps. 
Accuracy: k 2% of range. 
Input resistance: 10 MQ. 
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. 

Low-cost multi-function meter 
Model 427A 

2% of range 
2% of range 

10 Hz to 100 kHz 
100 kHz to 1 MHz 

Input impedance: 10 mV to 1 V range, 10 MR shunted by (40 pF; 3 
V to 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 1 V range. 

Ohmmeter 
Ranges: lOQ to 10 MQ center scale in 7 decade ranges. Accuracy 
(from 0.3 to 3 on scale): f 5% of reading. 

Source current (ohms terminal positive) 

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. 
H P  427A Option 001: battery operation or ac line operation, selecta- 
ble on rear panel. 115 V or 230 V f 20%, 48 Hz to 440 Hz, 2 V A 
max. 
Size: (standard B module): 159 mm H (without removable feet), 130 
mm W, 203 mm D (6%” x 5%” 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 f 1 dB accuracy. Usable relative measure- 
ments can be made up to 1 GHz (3 dB point a t  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 
1 l O O l A  45“ test lead, dual banana plug to male BNC $17 
11002A 60“ test lead, dual banana plug to alligator $12 
clips 
1 1003A 60” test lead, dual banana plug to pencil probe $12 
and alligator clip. 
101 11A BNC female to dual banana adapter $17 
11067A Test lead kit $5 
Ordering information 
427A Multi-function Meter (includes batteries) $600 
427A Option 001 AC power supply & battery Add $630 



ANALOG VOLTMETERS 
1 b General purpose multi-function voltmeter 
I Model 410C 

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, direct current from l .5 p A  to 
150 mA full scale, and resistance from 0.2Q to 500 MQ. With a stan- 
dard 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 
D C  voltmeter 
Voltage ranges: f 15 mV to f 1500 V full scale in 1 5 5 0  sequence 
(1 1 ranges). 
Accuracy: f 2% of full scale on any range. 
Input resistance: 100 MQ f 1% on 500 mV range and above, 10 MQ 
f 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: f 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; k 10% from 20 Hz to 100 Hz 
and k 1.5 dB 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 l&s. 
Safety: the probe body is grounded to chassis at all times for safety. 
All ac measurements are referenced to chassis ground. 

- 

D C  ammeter 
Current ranges: f 1.5 pA to f 150 mA full scale in 1.5,5 sequence 
(1 1 ranges). 
Accuracy: f 3% of full scale on any range. 
Input resistance: decreasing from 9 kQ on 1.5 pA range to approxi- 
mately 0.39 on the 150 mA range. 
Special current ranges: f 1.5, f 5 and f 15 nA may be measured 
on the 15, 50 and 150 mV ranges using the dc voltmeter probe, with 
f 5% accuracy and 10 MQ input resistance. 

Ohmmeter 
Resistance range: resistance from lOQ to 10 MQ center scale (7 
ranges). 
Accuracy: zero to midscale: f 5% of reading or f 2% of midscale, 
whichever is greater; f 7% from midscale to scale value of 2; f 8% 
from scale value of 2 to 3; f9% from scale value of 3 to 5; f 10% 
from scale value of 5 to 10. 

Amplifier 
Voltage gain: 100 maximum. 
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 pF. 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, 1 mA. 
Output impedance: (30 at  DC. 
Noise: <OS% of full scale/on any range (p-p). 
DC drift: <OS% of full scale/yr at  constant temperature. <0.02% of 
full scale/"C. 
Overload recovery: recovers from 1001 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: 115 V or 230 V f lo%, 48 Hz to 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%" x 11") behind panel. 
Weight: net, 4 kg (8 Ib). Shipping, 5.44 kg (12 Ib). 
Accessories furnished: detachable power cord, NEMA plug, 
11036A AC probe. 
Accessories available: see Pages 552-55 

Ordering information Price 

41OC Option 002 (less ac probe) less $44 
410C with H P  11036A Detachable AC probe $1110 
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HP Model 

5 Hz to 2 MHz AC solid-state voltmeters 
Model 4038 

4038 4038 Option 001 

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 a t  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 front-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 r 

Range 

Specifications 

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. 

Input 
Impedance 

2 MSl; shunted by 4 0  pF; 0.001 to 0.03 V ranges: t 3 0  pF, 
0.1 to 300 V ranges. 

Meter 1 Responds to average value of input waveform, calibrated in the rms value of a sini 

Maximum 
Input 

Frequency 
Range 

Fuse protected (signal ground can be 2 5 0 0  V DC from chassis). 

5 Hz to 2 MHz 

Power 

Size 

Accuracy 

4 rechargeable batteries. 40 hr. operation per recharge, 
up to 500 recharging cycles, self-contained recharging 
circuit functions during operation from AC line. 

159 H (without removable feet) x 130 W x 203 mm D (6%” x 5%” x 8”). 

Within 5 2 %  of full scale from 10 Hz to 1 MHz: within 2 5 %  
of full scale from 5 to 10 Hz and 1 to 2 MHz, except f 10% 
1 to 2 MHz on the 300 V range (0 to 50°C). 

Price $535 

Weight net, 2.9 kg (6% Ib). Shipping, 3.6 kg (8 Ib). 

ave 

5 Hz to 2 MHz 

Within 20.20 dB of full scale from 10 Hz to 1 MHz; within 
k 0.4 dB of full scale from 5 to 10 Hz and 1 to 2 MHz, 
except f0.8 MHz on the 300 V range (0 to 5O0C)? 

same as 4038 

same as 4038 

same as 4038 

same as 4038 

same as 4038 

add $30 

‘Use 1000iA 101 Divider and 1 0 l l l A  Adapter to retain i 5 %  (i0.4 dB) accuracy while measuring up to 425 V rms at 1 to 2 MHz. 
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40Of/EL* 
1 mV to 300 V F.S. 12 ranges 

10 MR on all ranges 
t 2 5  pF to t 1 2  pF depending 

on ranges 
f (% reading + % range) 

3 mV-300 V ranges 

2 MHZ-4 MHZ; f (1.5 + 1.5) 
4 MHZ-10 MHz 

3 mV range: 5 (2.5 + 2.5) 

Voltage range 

Input impedance 
Frequency range 10 Hz-10 MHz 

Accuracy' 

10 HZ-40 Hz; f (2.5 + 2.5) 
40 Hz-2 MHz; f (1 + 0) 

10 mV-3 V range: f (3.0 + 2.0) 
10 V-30 V: ? (3.5 +3.5) 

1 mV range 
10 Hz-40 Hz: k (2.5 + 2.5) 
40 Hz-5ORkHz: f (1 + 0) 

500 kHZ-4 MHZ: f (2.5 + 2.5) 

i 
I 
I 

AC voltmeter, 10 Hz to 10 MHz 
Models 400E, EL, F, FL, GL 

400F/FL* 400 GL 
100 pV to 300 V F.S. 14 ranges 

10 MR on all ranges 
t 2 5  pF to t 1 0  pF depending 

, (% reading + % range) 
300 pV-300 V ranges 

100 Hz-1 MHz; f (H + H) 
1 MHz-2 MHz; k (1 + 1) 

-80 dB to +60 dB F. S. 8 ranges 

10 MR on all ranges 
4 0 0  pF to t 1 5  pF depending 

20 Hz-4MHz 20 HZ-4 MHz 

on ranges on ranges 

+60 dB range 
20 Hz-40 Hz; f (2 + 2 )  

40 Hz-100 Hz; f (1 + 1) 
20 HZ-40 kHZ; f 0.4 dB 

40 kHZ-100 kHZ; * 0.2 dB 

-60 dB thru + 40 dB ranges 

40 Hz-500 kHz: f 0.2 dB 
2 MHZ-4 MHz; * ( 2  + 2) 20 HZ-40 Hz; f 0.4 dB 

500 kHZ-2 MHz; f 0.4 dB 
2 MHZ-4 MHz; +0.2-0.8 dB 

-80 dB range 
30 HZ-60 Hz; 2 0.4 dB 

60 Hz-100 kHz; kO.2 dB 
100 kHz-500 kHz; + 0.2 -0.8 dB 

100 pV range 
30 HZ-60 HI; f ( 2  + 2 )  

60 Hz-100 kHZ: f (1 + 1) 
100 kHZ-500 kHZ; f 1 +(+O-7) 

i 

Recovery 
Overload 

Calibration 

Weight 
Size 
Power 

Price: 
* NOTE: 400 EL same as 

HEWLETT . PACKARO 0 400F AC VOLTMETER 

IN, I O O K H Z  L.P FILTER rOUT 

oe MV RANGE VOLTS ns 

t 2  s for 80 dB overload 
"500 V rms ac, 300 V dc 

Scale -10 to +2 dB between ranges, 100 divisions on 0 to 1 scale. 
The dB scale reads -10 to +2 dB: 10 dB between ranges. 

**1200 V rms max. input; 
1000 V dc max. input 

Linear d8 scale, 100 divisions 
from -20 to 0 dB. Long voltage 

scale 0 dB = 1V. 
Net, 2.7 kg (6 Ib). Shipping, 4.1 kg (9 Ib) 

159 H (without removable feet) x 130 W x 279 mm D (6%" x 5%" x 11") 
AC: 115 or 230 V +lo%, 48 t6 440 Hz, 6 VA max. 

D C  External batteries: + and - voltages between 35 V and 55 V 
400E. $550; 400 EL $565 I 400F. $545; 400 FL, $550 I 400 GL, $575 

400E, and 400FL same a8 400F, except lor calibration. Linear dB scale 

- .- 
INPUT -20 I O 0  3 -IO 

I O  

3 +IO 

io +20 

30 +30 

100 +40 

400E 

Specifications 

-BO .I -.---j L300 +SO 

'i 

400F 
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10 MHz bandwidth 
High crest factor for accurate pulse measurements 
Stable, linear DC output 

RANGE 
00 VOLTS VOLTS 08 

Description 
The Hewlett-Packard Model 3400A is a true root-mean-square 

(rms) voltmeter, providing a meter indication proportional to the dc 
heating power of the input waveform. 

Six-decade frequency coverage makes the 3400A extremely flexible 
for all audio and most R F  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 1O:l 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. 

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

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

RMS current 
True rms current measurements can be made conveniently by using 

the H P  Model 456A Current Probe with the Mode 3400A. See page 
555. 

Specifications 
Voltage range: 1 mV to 300 V full scale, 12 ranges. 
DB range: -72 to +52 dBm (0 dBm = 1 mW into 6009). 
Frequency range: 10 Hz to 10 MHz. 
Response: responds to rms value (heating value) of thb input signal 
for all waveforms. 
Meter accuracy: % of full scale (20°C to 3OoC)* 

10k 5 0 k  1Mk rn 3MH2 1OMH2 
f5% I f l %  I fZ% I +3% I +5% 1 

AC-to-DC converter accuracy: % of full scale (20°C to 30°C). 

108 5oHz 1MHZ rn Mil loMHz 
I *5% I *0.75% I *Z% I f3% I +5% 1 

Crest factor: (ratio of peak to rms amplitude of input signal): 10 to 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  1 kHz on all 
ranges; 600 V dc on all ranges. 
input impedance: from 0.001 V to 0.3 V range: 10 M9 shunted by 
(50 pF. From 1.0 V to 300 V range: 10 M9 shunted by (20 pF ac 
coupled input. 
Response time: for a step function, 4 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. 1 mA maxi- 
mum; nominal source impedance is 10009. Output noise < 1 mV rms. 
Power: 115 or 230 V k lo%, 48 to 66 Hz, 15 VA max. 
Size: 159 H (without removable feet) x 130 W x 279 mm D (6%” x 
5%’’ x 11“); ‘h module. 
Weight: net, 3.3 kg (7% Ib). Shipping, 4.5 kg (10 Ib). 
Accessories furnished: 101 10A Adapter, BNC to dual banana 
jack. 

Accessories available 
11 001A Cable, 45 in. long, male BNC to dual banana 
P b  
11 170A Cable, 12 in., male BNC connectors 
11 1708 Cable, 24 in., male BNC connectors 
11 170C Cable, 48 in., male BNC connectors 
11002A Test lead, dual banana plug to alligator clips 
11003A Test Leads, dual banana plug to probe and 
alligator clip 
11076A Carrying Case 

Ordering information 
3400A Opt 001 spreads out the dB scale by making it 
the top scale of the meter. Rear terminals in parallel 
with front panel terminals and linear log scale upper- 
most on the meter face are available on special order. 

3400A RMS voltmeter 
T C  f0.1% from O°C to 2O’C and 30% to W C .  

Price 
$17 

$17 
$17 
$17 
$12 
$12 

$135 

add $30 

$950 



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 H P  3406A 
has extremely wide bandwidth (1OkHz to 1.2 GHz) with high input 
impedance. Signals as small as 50 pV 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 H P  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: 1 mV to 3 V full scale in 8 ranges; decibels from -50 
to +20 dBm (0 dBm = 1 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 1.2 
k k  k k  k k  kk M k  MM GHz G k  
I +13 I +8 I + 5  I + 3  I f5 I f8 I +13 I 
input impedance: input capacity and resistance will depend upon 
accessory tip used. 100,OOOQ 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 kQ load with (1000 pF). Output is 0.316 V at 
f.s. on any range. 
Noise: < 175 pV rms referred to input. 
Accuracy (after calibration): 0.01 V range and above: same as full 
scale accuracy of instrument. 0.001 V to 0.003 V range: value of input 
signal can be computed by taking into account the residual noise of 
the instrument. Jitter: meter indicates within f 2% pk of reading 95% 
of time (as measured with HP 3400A True RMS Voltmeter). 
RMS crest factor: 0.001 V to 0.3 V, 20 dB; 1 V, 13 dB; 3 V, 3 dB. 
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: 
t- 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"s (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 MILd181D 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, +lO°C to 
+40°C. 
Power: 115 or 230 V * lo%, 48 Hz to 66 Hz, 25 VA max. 
Size: 159 H (without removable feet), x 197 W x 279 mm D (6.25" x 
7.75" x 11"); 'h module. 
Weight: net, 5.4 kg (12 Ib). Shipping, 6.8 kg (15 Ib). 
Accessories: refer to data sheet. 
3406A RF Voltmeter $1670 
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f 0.5 dB * 0.25 dB 

I 
1 Logarithmic voltmeters, ac or dc log scaling 

Models 7562A and 7563A 

f 1.0 dB * 1.5 dB 

and a low output impedance (less than 5Q) 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 a minimum of rack space. 

7562A Specifications 
Performance specifications 
AC and DC modes 
Input 

Dynamic range: 80 dB. 
Voltage range: 1 mV to 10 V or 10 mV to 100 V selectable by front 
panel switch. Accepts either ac or positive signals. 

Voltage: 0 to 800 rnV dc cormponding to 10 mV/dB. 
Output impedance: 100 ohms. 

output 

DC mode 
Accuracy: f 0 . 2 5  dB at 25°C. 
Input impedance: 100 kQ, shunted by less than 100 pF; single ended. 
Temperature coefficient: f 0.02 dB/"C maximum. 
Zero stability: k0.25 dB. 

Accuracy: (ar L J - L J .  
316 uV 1 mV 10 v 31.6 V 100 v 

Temperature coefficient: k0.02 dB/"C maximum and f. 3 
pV/"C referred to input. 
Zero stability: f0 .25  dB a t  constant temperature. 
Rise Time 

Maxinm Rise Tihe 
Signal level 

316 j lV-1 mV 2000 j l s  
1 mV-10 mV 400 ps 

10 mV-100 mV 
100 mV-1 V 
1 v-inn v 2 us 

1 mV-10 V R a q e  

General specifications 
Operating temperature: 10°C to 40°C. 
Warm-up time: 20 minutes nominal. 
Connectors: front and rear input and output 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 734'' x lly,"). 
Weight: net, 3.6 kg (8 Ib). Shipping, 5.4 kg (12 Ib). 
Ordering information Price 
7562A Logarithmic Voltmeter/Converter $1800 
7563A Logarithmic Voltmeter/Amplifier $1350 



e DIGITAL VQLTMETERS 

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 a hand- 
held unit where the reading is at  the point of 
measurement to powerful new systems volt- 
meters which can measure at  thousands of 
readings per second. 

New technology was developed to meet to- 
day’s expanding measurement needs. For ex- 
ample, hybrid technology has allowed many 
functions to be placed on a single substrate. 
This has made possible instruments such as 
the 970A probe where the complete instru- 
ment is in a hand-held unit. 

Other instruments such as the 3476A/B, 
3435A, 3438A, 3465A/B, 3466A and the 
3467A have benefited by another new pro- 
cess-tantalum nitride on sapphire. Most digi- 
tal voltmeter designs require a precision 
attenuator to scale the input voltage. Now a 
single chip replaces the attenuator which 

used up to 20 precision wirewound resistors. 
The benefits are lower cost, improved reli- 
ability, 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 heart of these voltmeters is a 
high-speed microprocessor tailored especial- 
ly to system instrument requirements. An ex- 
ample of the resulting capability is automatic 
calibration that compensates for tempera- 
ture changes and aging. Other benefits are 
self-test, self-diagnosis, and internal math 
capability which allows direct display in en- 
gineering units. 

Abuse testing 
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 > lOKV to any 
exposed metal. Input circuits should be 



accident proof. H P  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. 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). Industry ac- 
ceptance is widespread for there are current- 
ly 200 Bus compatible instruments from 56 
manufacturers and the list is growing. 
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 DVM: 
normal mode and common mode. 

Normal mode noise enters the DVM 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 1 shows 
typical noise rejection for filtering and inte- 
grating methods. 

Common mode noise appears between the 
DVM’s input terminals and ground. It is usu- 
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Figure 1. Normal mode noise rejection for 
two DVM’s. one using filtering and the oth- 
er using integration. 

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. 

“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 
Resolution and sensitivity 

DVM’s are generally classified according 
to the number of full digits. An overrange 
digit is an extra digit added to allow the user 
to read beyond full scale. This overrange dig- 
it is often called a “one-half‘ or a “partial” 
digit since it cannot display all numbers 0 
through 9. Overranging greatly extends a 
DVM’s usefulness by maintaining resolution 
up to, and beyond, full scale. For example, if 
a signal changes from 9.999 V to 10.012 V, a 
four-digit DVM without overranging could 
measure the first voltage as “9.999V,” but 
would require a range change to make the 
second measurement with a resulting reading 
of “10.01V.” The 0.002 V change would not 
be seen. With overranging, the second mea- 
surement could be made as “10.012 V” with 
no loss of resolution. 

Overrange can be expressed as either a per- 
centage of full scale or as part of the range 
itself. A four-digit DVM with 100% over- 
range would have a maximum display of 
“19999.” Alternatively, the range can be de- 
scribed as 2 V, 20 V, etc., with no overrange 
specification. The maximum display remains 
“19999.” A specification of 20% overranging 

would have a maximum reading of “1 1999.” 
This can also be expressed as 1.2 V, 12 V, 
etc., range with no overrange. 

Resolution is the ratio of the maximum 
number of counts that can be displayed to the 
least number of counts. Full-scale resolution 
of a five-digit DVM is 100,000 to 1, or 
0.001%. Overranging is generally ignored in 
resolution. 

Sensitivity refers to the smallest incre- 
mental voltage change that the DVM is able 
to detect. Mathematically, it is the lowest 
full-scale range multiplied by the resolution 
of the DVM. Sensitivity of a five-digit DVM 
with resolution of 0.001% and a 100 mV low- 
est full-scale range is 0.001% x 100 mV = 
1pV. 

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. Accuracy specification 
equals errors involved in traceability to 
N.B.S. as well as errors made by the instru- 
ment. 

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 humidity. 
Conditions specified should be realistic rela- 
tive to intended use. For example, a DVM 
specified with a temperature range of 25°C 
+ 1 “C  would require a highly controlled en- 
vironment, whereas k 5 ” C  would cover the 
majority of environments. 

The period of time over which accuracy 
holds is especially important since it indi- 
cates the DVM’s stability and how often it 
will have to be calibrated. 

Accuracy is usually expressed as + X% of 
reading, +Y% of range, or preferably, as 
+ X% of reading +N digits. To be meaning- 
ful, accuracy specifications must always con- 
sider the effects of time, temperature and 
humidity. 

FLOATING 
POWER SUPPLY GUARDED VOLTMETER 

r--------- 

BEST CONNECTION 

NO COMMON MODE CURRENT GOES 

L ---------- 

Figure 2. Best CMR connection-guard 
connected to low at source. 
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DIGITAL VOLTMETERS 

110.0 v 
1100 v 

I Low-cost autoranging 3% digit DMM 
Model 3476A/B 

f (0.4% of reading + 1 digit) 

Description 
If you measure current, voltage or resistance, you can use the 

3476A/B to make these measurements faster and with fewer reading 
errors. This versatile instrument incorporates 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 to 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 meBures 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 easy-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: fO.l lOOV Maximum display: f0.1098 V 
f 1.100 v f 1.098V 
f 11.00 v f 10.98 V 
f 110.0 v f 109.8 V 
f1100V f 1098 V 

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

1 Rana I mccuacr* 
0.1100 V [ f (0.3% of reading + 2 digits) 

I I 1.100 v + (0.3% of reading + 1 digit) 
11.00 v I - 

'90 day cal. cycle. Add (0.2% of reading) tor one year cnl. cycle. 

Common mode rejection: (1 M unbalance) > 100 dB @ 50 Hz, 60 
Hz. 
input resistance: 10 MQ f 5%. 
Input protection: (1100 V peak. 
Temperature coefficient: f (0.05% of reading +0.2 digit)/"C. 
AC Voltmeter 

Ranges: 0.1 100 V Maximum Display: 0.1098 V 
1.098 V 1.100 v 

11.00 v 10.98 V 
110.0 v 109.8 V 
1100 v 1098 V 

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

'90 day cal. cycle. Add (0.2% ot reading + 1 digit) for one year cal. cycle 
"Ranges usable trom 3% ot range to full acala. 



Common mode rejection: (1 kR unbalance)> 80 dB @ 50 Hz, 60 
Hz. 
input resistance: 10 MQ f 5%. 
input capacitance: (30 pf. 
input protection: < I  100 V peak. 
Temperature coefficient. f (0.05% of reading + O S  digit)/C". 
DC ammeter 

Ranges: f0.110 A Max. display: f 0.109 A 
f 1.098 A f 1.100 A 

Accuracy: (20°C to 30°C) f (0.8% of reading +2 digits).* 
impedance: 1 - 1 5  ohm constant. 
Current protected: 1.5 A fuse. 
Temperature coefficient: f (0.05% of reading +0.2 digit)/"C. 

AC ammeter 
'90 day cal. cycle. Add (0.2% of reading) for one year cal. cycle. 

Ranges: 0.1 10 A Max. display: 0.109 A 
1.100 A 1.098 A 

Ranla 
110.0 kfl. 1100 k f l  

11000 kf l .  1.100 kQ 

Accuracy (20°C to 3OoC)* 

Accuacy. 
* (0.3% of reading + 1 digit) 
f (0.5% of reading + 1 digit) 

Ranges** I 4 5 k t o 2 k k  I 2 k# to 5 k# 
1.100 A I k (2% of reading I 2 (3.5% of reading I +4 digits) I +6 digits) 
0.110 A I 2 (2.5% of readinn I 2 (5.5% of reading 

I I +6 digits) I +6 digits) 
'90 dey al. cycle. Add (0.21 of reading + 1 digit) for one 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: f (0.05% of reading + O S  d ig i t ) /T .  
Ohmmeter 

Ranges: 1.100 kR Max. display: 1.098 kR 
1 1 .OO kR 10.98 kR 
1 10.0 kR 109.8 kR 
1100 kR 1098 kR 
11000 kR 10980 kR 

Accuracy (20°C to 30°C) 

- .  
11 kfl 

'90 day cal. cycle. Add (0.2% of reading) for one year cai. cycle. 

Open circuit voltage: t 4  V. 
input voltage protection: (30 V rms continuous, fuse protected 
from 30 V to 250 V rms. 
Temperature coefficient: k (0.05% of reading + 0.2 digit)/%. 
General 
Ranging: Automatic, Range Hold. 
Common to ground. 4 0 0  V (peak). 
Sample rate: -3/second. 
Overload indication: horizontal bars. 
Operating environmental conditions 

Temperature range: 0°C to 40°C. 
Humidity: t 9 5 %  RH. 

Standard, 104-127 V ac; 54-66 Hz 
Option 001,86-I06 V ac; 54-66 Hz 
Option 002,86-I06 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. 

Power: 3476A AC line, 3476B AC line and batteries, t 6  VA 

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 Ib 1 1 02); shipping, 1.68 kg (3 Ib 11 
02.) 3476B - net, 0.97 kg (2 Ib 2 02); shipping, 1.88 kg (4 Ib 2 02). 

Size: 3476A/B: 5.8 H x 16.8 W x 20.6 cm D (2.3" x 6.6" x 8.1"). 

3476 A 

11068 A 

11067 A 

Accessories"' 
11096B R F  probe 10 kHz to 700 MHz (with adaptors) 
11067A Test Lead Kit 
11068A Soft Carrying Case 
Opt 910 Extra Manual 
Opt 005 3476A/B, Test Lead Kit, and Soft Carrying 
Case 
Ordering information"' 
3476A Digital Voltmeter 
3476B Digital Voltmeter 
"'Domestic US. prices only. Data subject to change. 

Price 
$9(' 

$ 5  
$20 

add Y 
add ' 



DIGITAL VOLTMETERS 
1 
i 

3% 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 341 12A 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: f 200 mV Maximum display: 5 199.9 mV 

f 2  v f 1.999 V 
f 2 0  v f 19.99 V 
f 2 0 0  v f 199.9 V 
f 1200 v f 1 1 9 9 V  

Maximum input: 1200 V (DC + Peak AC). 
Ranging: automatic or manual. 
Sensitivity: 100 pV on 200 mV range. 
Polarity: automatically sensed and displayed. 
Accuracy: 1 year, 15 to 30°C. 

Ranre Specificatiwn 

200 mV I f (0.1% of reading + 2 digits) 
f (0.1% of reading + 1 digit). 2 v to 1200 v I 

Temperature coefficient: (0 to 15°C and 30 to 55°C) +(0.018% 
of reading + 0.1 digit)/"(=. 
input resistance: 10 MQ f 1%. 
Input type: floating, 500 V maximum com. to ground. 
Normal mode rejection: 40 dB at 50 Hz/60 Hz kO.l Hz. 
Response time: t0.7 second to within 1 digit of final value on one 
range. Add 1 second for each range change. 
Effective common mode rejection: (1 kQ unbalance) > 120 dB at 
50/60 Hz k0.1%. 

D C  Current 
Ranges: f 200 pA Maximum display: f 199.9 pA 

f 1.999 mA 
f 19.99 mA 
f 199.9 mA 
f 1999 mA 

f 2  mA 
-t20 mA 
f 200 mA 
f 2000 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. 

Specifications Range 

200 pA to 200 mA I f (0.3% of reading + 2 digits) 
2000 mA I (0.6% of reading + 2 digits) 

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

Maximum Rurden 
Range at Full Scale 

I 200 UA to 20 mA I 1 2 2 0  mV 
I 71111 mA I 4 4 0  mV I 
1 2000 mA I 1 4 0 0  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 

2 v  1.999 V 
20 v 19.99 V 
200 v 199.9 V 
1200 v 1199 V 



Temperature coefficient: (0 to 15°C and 30 to 55°C) 
Range Specifications 

I 2OQ-2000 kQ 1 2 (0.04% of reading +0.2 digit)/”C 

7 
L J . O I  cm ( Y Y ~  I wiue 

9.84 cm (3’r) high 
27.62 cm (lo7/,”) long 

LU.YO Lm \ov4 I wiue 

8.57 cm (33/,”) high 
26.67 cm (loy,”) long 

20Q 
200R-2000 kQ 

20 MQ 

200 mA range 
2000 mA ranee 

t240 mV rms 
t400 mV rms 

~ 

270 5% of reading +10 digits) 
2 (0 2% of reading + 2 digits) 
* (0 8% of reading + 2 digits) 

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: 20R Maximum display: 19.990 

200R 199.90 
2 kR 1.999 kR 
20 kR 19.99 k 0  
200 kR 199.9 kR 
2000 k0 1999 kR 
20 MR 19.99 M0 

Input protection: 250 V rms. 
Ranging: automatic or manual. 
Sensitivity: 10 milliohm on 20R range. 
Accuracy: 1 year, 15 to 30°C. 

Range Specifications 

tS2, 20 MR. 
00 nA, 50 nA. 
0.8 second for each 

I for 1 year. 
ction and range an- 

{el. 

and ohms. Manual 

t0 to +75”C: with 

guration). Battery: 
IOUS operation with 
2 hours nonoperat- 
, consult operating 
only; 3 watts; with 

Weights: 3435A 2.41 kg (5 Ib 5 oz) 
3435A Opt. 001 1.84 kg (4 Ib 1 02) 

3435A Opt. 002 1.81 kg (4 Ib) 
Configuration 
3435A, streamlined portable case with handle, AC line 
power. Batteries and charger included. 
3435A Opt. 001, streamlined portable case, AC line 
power only. 
3435A Opt. 002, Rack and Stack case, AC line power 
only. (Rack mount kit not included.) 
Al l  orders must include one of the power options: 86- 
106 V Opt. 100; 190-233 V Opt. 210; 104-127 V Opt. 

‘Accessories 
1 lOOOA Test leads, dual banana both ends. 
11002A Test leads, dual banana to dual alligator. 
11003A Test leads, dual banana to probe and alligator. 
110966 R F  Probe, 10 kHz to 700 MHz. 
341 10A Soft vinyl carrying/operating case. 
341 11A High-voltage probe 40 kV DC. 
341 12A Touch-Hold Probe. 
11067A Test I.:* 
5061-0072 y 
Opt 002 only) 
Ordering in 
3435A 
3435A Opt 00 
3435A Opt 00 

115; 208-250 V Opt. 230. 

*Domestic US.  pricc 

Price 
$400 

less $65 

less $35 

N/C 

$17 
$12 
$12 
$90 
$25 
$75 
$40 



! DIGITAL VOLTMETERS 
True RMS voltmeter 
Model 3403C 

DC and 2 Hz to 100 MHz 
3% digit 

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 dlspiay: 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. 

Response time 

Instrument reads final reading +0.1% of input change in stated re- 
sponse time. 
Display rate 

Fast response: 1 s. 
Slow response: IO s. 

Fast response: 4 readings per s. 
Slow response: 2 readings per s. 

R E A D I N G = * % O F  R A N G E  
A C C U R A C Y  

RANGE 

-I - f % OF R E A D I N G  ** 

C A U T I O N :  frequencies and  ranges i n  this area m a y  result i n  
invalid readings w i t h o u t  ranging indicat ion.  

* D C  + A C  f u n c t i o n  and  slow response t i m e  o n l y  

** %of reading specification is representative o f  typical  flatness. 



System &dance 
(source and load) 

50R 
750 

Frequency 
10 MHz 100 MHz 

1% 10% 
2% 20% 

Maximum input voltage 
High to low: 1000 V rms, 1500 peak or lo8 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 (600Q) by adjusting front panel dB calibration adjust- 
ment. 
Variable dB reference: reference level may be shifted downward 
from calibrated position > 13 dB. 

'Data from accuracy charts. 

2 Hz to 25 Hz 

dB recorder output: output voltage: 200 mV for 20 dB. Output r ~ .  

sistance: 1 kQ f 5 0 0  Q. 
Accuracy: 90 days (25°C +5"C, <95% RH). 

ACCURACY - READING- (;t dB) 4- ( * d e ) * *  

FREQUENCY (Hz) 
RANGE 

IWM i*l I DC 12 25 IWK 1M 10M 

21 at full range input. 

@ 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 

Recorder output 

Temperature range: 0°C to 5OOC. 
Humidity: (95% RH. 

Output voltage: 1 V dc open circuit for full range input. 
Output resistance: 1 kQ f 10%. 

Power: 115 V or 230 V f lo%, 48 Hz to 440 Hz, 35 VA max. (ic 
cluding all options). 
Input terminals: BNC front 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 (1 1 Ib). Shipping, including 
all options: Net, 7.2 kg (16 Ib). 
Size: 127 mm H x 234.9 mm W x 196.8 mm D (5" x 9%" x 7%"). 
Accessories furnished: floating adapter-banana to BNC. 

3403C True RMS Voltmeter $2760 
Opt 001 autoranging add $156 
'Opt 003 remote control + digital output + autorang- add $355 
ing 
'Opt 006 dB display add $315 
'Options 003 and 008 are available only a8 factory initalled options. 



DIGITAL VOLTMETERS 
High speed 3% digit system voltmeter 
Model 3437A 

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 

There are thr& DC floating input ranges: O.lV, 1.OV and 1O.OV 
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 . 1 ~ ~  to 1 .O second and the number of readings 
can be set from 0 to 9999 readings. 

BUS (HP-IB). 

Typical operation 
Example: set Delay to 1 ms and Number of Readings is set to 1000. 
The 3437A will now take 1000 readings spaced 1 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-IB to 
send the complete reading). 

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 to 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. 

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



-.,-....,.,-.,r- ....,r...,. ...- .-.. -=' -. ...- r-.... -. ....-.-.,. .- ..-.. 
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- 
ment accuracy. 

Data-sheeted systems 
The 3437A is part of the 3052A Data Acquisition System. (Refer 

to page 74). The 3052A includes the 3437A, 3455A 5%/6% digit 
DVM, 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 pV sensitivity and high speed 
DC measurements with greater than 60 dB normal mode noise rejec- 
tion. 

Specifications 
DC volts 

Ranges Max. Dirplay 

0.1v k.1998 

Ranging: Manual or Remote. 

Performance 
Static accuracy (90 days, 23°C f 5%) 

10 V range: f 0.05% of reading f 1.6 digits. 
1 V range: fO.O3% of reading * 1.6 digits. 
0.1 V range: +0.06% of reading f 1.8 digits. 

10 V range: fO.O5% of reading f 2 digits. 
1 V range: f 0.03% of reading f 2 digits. 
0.1 V range: f 0.06% of reading f 2.2 digits. 

Static accuracy (1 year, 23°C f 5°C) 

Static accuracy temperature coefficient (O"C-50"C): f 0.002% 
reading/"(= f 0.05 digits/"C. 

0.1 V range: 

Settling timt 
10 V range: 1I - .. 

menslons: 88.9 mm H x 212.7 mm P 

eight: net, 5.6 kg (12 Ib 4 oz). Shipp 
1%"). 

137A System Voltmeter 

.. .."J-. ~ " ". . 
DELAY (setting): 0 to 0.999 999 9 sec. in 0.1 ps steps. 

N Rdgs. > 1 (Remote and a zero delay listener) 
ASCII: 0.0002778 s 5 DELAY I 0.9999999 s. 
PACKED: 0.0001754 s I DELAY I 0.9999999 s. 
Minimum delay is a function of listener delay related by: 

ASCII: 277.8 ps + listener delay. 
PACKED: 175.4 ps + listener delay. 

Accuracy (EXT. TRIG to DELAY OUT, 0°C to 50°C) 
Delay offset: 100 ns f 2 5  ns (with (150 pF cable capacitance) 
Delay accuracy: f0.008% DELAY Setting + Delay offset. 
Delay repeatability (jitter) for N Rdgs = 0 or 1 
DELAY of 0 or 0.1 ps: 2 ns 
DELAY of 0.2 ps to 50 ms: 10 ns + 0.0002% DELAY setting. 
DELAY of >50 ms: f 110 ns. 

input bandwidth (3 dB) 
10 V range: 1.0 MHz. 
1 V range: 1.1 MHz. 

40 kHz. 

3: 
0 V Range with 10 V step input: 

Keadlng settles to within 30 mV of final value in 7.5 ps or to within 
200 mV of final value in 700 ns. 
1 V range: 1 V Range with 1 V step input: 
Reading settles to within 3 mV of final value in 1.5 ps 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 ps. 

General 
Operating temperature: 0 to 55°C. 
Storage temperature: -40°C to 75°C. 
Humidity range: t 9 5 %  R.H., 0°C to 40°C. 
Power: 100 V, 120 V, 220 V, 240 V +5%, -lo%, 48 Hz to 440 HZ 
line operation, (42 VA with all options. 
Di I'x527.1 mmD(3%"x8H"x 
2c 
W ling, 7.6 kg (16 Ib 12 oz). 

3r $2 100 



I DIGITAL VOLTMETER 
! "- a HP-IB 5 Function DMM 
I Model 3438A 

Description 
The 3438A is an autoranging 3% digit Multimeter with 5 functions 

of ACV, DCV, ACI, DCI, and Q. It interfaces to the HP-IB providing 
both addressable and talk-only modes. 

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

Specifications 
3C Voltmeter 

Ranges: f 200 mV Maximum display: f 199.9 mV 
f 2  v f 1.999 V 
f 2 0  v f 19.99 V 
f 2 0 0  v f 199.9V 
-t 1200 v f 1 1 9 9 V  

Maximum Input: 1200 V (DC + peak AC). 
Ranging: Automatic or manual. 
Sensitivity: 1OOpV on 200 mV range. 
Polarity: Automatically sensed and displayed. 
Accuracy (1 year, 15 to 30°C) 

Range Specifications 
200 mV 

2 v to 1200 v 
f(O.l% of reading + 2 digits) 
f(O.l% of reading + 1 digit) 

I wrature caefficlent: (0 to 15°C and 30 to 55OC) f (.018% 

d t  resistance: 10 meg Q +  1%. 
*g + 0.1 digit)/"C. 

put Type: floating, 500 V maximum com. to ground. 
lvormal Mode Rejection: 40 dB at 50 Hz and 60 Hz f .1 Hz. 
Response time: (0.7 seconds to within 1 digit of final value on one 
range. Add 1 second for each range change. 

Effective common mode rejection: (1 kQ unbalance) > 120 dB a t  
50/60 Hz fO.l%. 

DC Current 
Ranges: f 200 pA Maximum display: +- 199.9 pA 

f 2  mA f 1.999 mA 
f 2 0  mA 5 19.99 mA 
f200  mA f 199.9 mA 
f 2000 mA -t 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 pA to 200 mA 

2000 mA 
Temperature coefficient: (0 to 15°C and 30 to 55OC) f(.O28% of 
reading + 0.1 digits)/%. 
Voltage burden: 

f (0.3% of reading + 2 digits) 
-t (0.6% of reading + 2 digits) 

Maximum Burden 
Range at Full Scale 

< 220 mV 
200 mA < 240 mV 

2000 mA (400 mV 

200 pA to 20 mA 

Response time: 0.7 seconds on any range to within 1 digit of final 
value. 

AC Voltmeter 
AC Converter (average responding RMS calibrated) 

Ranges: 200 mV Maximum Display: 199.9 mV 
2 v  1.999 V 
20 v 19.99 V 
200 v 199.9 V 
1200 v 1199 V 



Maxlmum Input: 1700 V (DC + Peak AC), lo7 Volt-Hz max. 
Ranging: Automatic or manual. 
Sensitivity: 100 pV on 200 mV range. 
Accuracy (with display of 120 digits) 1 year, 15 to 30°C 

Range Specifications 
30 HZ-50 HZ 
50 Hz-20 kHz 

20 kHz- 100 kHz 

. f (1.5% of reading f 3 digits) 
f (0.3% of reading f 3 digits) 
f (1.5% of reading f 10 digits) 

Temperature coefficlent: (0 to 15°C and 30 to 55OC) f (0.04% of 
reading +0.2 digit)/"C. 
Input impedance: resistance: 5 meg Q; 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 Maxlmum display: 199.9 pA 

2mA 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. 
Accuracy (With display of 120 digits) 1 year, 15 to 30°C 

k (1.2% of reading 
reading +4 digits) 

+4 digits) 

reading +4 digits) 

Curmt 
Rante 200 mA 

30 Hz 50 Hz 10 kHz 
Frequency of Input Signal 

Temperature coefficient: (0 to 15°C and 30 to 55OC) f (0.05% of 
reading +0.2 digits)/"C. 
Voltage burden 

Maximum Burden 
Range at Full Scale 

200 pA to 20 mA 
200 mA range 

2000 mA range 

(220 mV RMS 
(240 mV RMS 
(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: 203 Maximum display 19.99Q 

200Q 199.9Q 
2kQ 1.999 kQ 
20 kQ 19.99 kQ 
200 kQ 199.9 kQ 
2000 kQ 1999 kQ 
20 MQ 19.99 MQ 

Input protection: 250 V RMS. 
Ranging: automatic or manual. 
Sensitivity: 10 milliohm on 20Q range. 
Accuracy (1 year, 15 to 30°C) 

Range Specifications 
20Q 

200Q to 2 MQ 
20 MQ 

*(0.5% of reading +IO digits) 
f (0.2% of reading +2 digits) 
f (0.8% of reading +2 digits) 

Temperature coefflclent (0 to 15°C and 30 to 55OC) 
Range Speciflcatlons 

203-2 MQ 
20 MQ 

f (0.04% of reading + 0.2 digits)/"C 
+(.18% of reading + 0.2 digits)/"C 

Configuration: 2 wire. 
Open circuit voltage: ( 5  V. 
Current through unknown 

Range: 20Q, 200Q2, 2kQ,20 kQ, 200 M, 2 MQ, 20 MQ. 
Current: 5 mA, 5 mA, 500 pA, 50 MA, 5 FA, 500 nA, 50 nA. 

Response time: 0.8 seconds to within 1 digit. Add 0.8 seconds for 
each range change. 

HP-IB 
Data output format: 

fX.XXX E k X ,  Fn CR LF (13 byte, fixed) 
DISPLAY EXPONENT FUNCTION 

Function Code: DCV, 1; ACV, 2; DCI, 3; ACI, 4; Q, 5 
Overload Indication: f 1.XXX E + 9 

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 cantroller) 
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, kfk Add 1 second for each range change. After arrival 
on proper range, the first reading is always discarded. Allow 3 IO ms 
additional for first reading on Bus. 

Talk Modes (Selected by Internal switch) 

General 
Callbration: data sheet specifications guaranteed for 1 year. 
Display: 7 segment red 0.3 inch high LEDs. Function and range an- 
nunciation. 
Reading rate: 2.4-4.7/sec. depending on input level. 
A-D Converslon: dual slope. 
integration tlme: 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 59°C .  
Humidity: 95% RH at +40°C. 
Power: 48-440 Hz, 12 watts; 86-106 V Opt 100; 104-127 V Opt 115; 

Size: 85.7 mm H x 209.6 mm W x 292.2 mm D (38/" x 8'4" x 1 lv). 
Weight: 2.8 kg (6 Ib 5 02). 

190-233 V Opt 210; 208-250 V Opt 230. 

Ordering information 
llOOOA Test leads, dual banana both ends 
11002A Test leads, dual banana to dual alligator 
11003A Test leads, dual banana to probe and alligator 
11096B R F  Probe 10 kHz to 700 MHz 
341 10A Soft vinyl carrying/operating case 
34111A High-voltage Probe 40 kV DC 
34112A Touch-Hold Probe 
11067A Test lead kit 
5061-0072 14 module rackmount kit 
10631A 1 m (39.37") 
10631B 2 m (39.37") 
10631C 4 m (39.37") 

3438A 
Opt 100, 115, 210, 230 

Price 
$17 
$12 
$12 
$90 
$25 
$75 
$40 

$5 
$25 
$60 
$65 
$75 

$875 
N/C 



a DIGITAL VOLTMETERS 

Range 
2000 thru 2 MR 

20 MR 

1 1 pv Sensitivity, 41/2-ciigit,  unction multimeter 
Models 3465A/B Digital Multimeters 

specifications 
f0.0015% of reading/% 
f 0.004% of reading/% 

3465A 

Description 
The 3465A and Bare 4% digit multimeters providing five functions 

of ACV, DCV, ACI, DCI and 0. 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 341 12A touch-hold probe for 
"eyes-on" measurements of AC and DC voltage. 

Specifications 
DC Voltmeter 
Voltage ranges: f 20.000 mV 

f 200.00 mV 
f 2.0000 v 
f 20.000 v 
f 200.00 v 
2 1000.0 v 

Maximum input: 1000 VDC and peak AC. 
Sensitivity: 1 microvolt on lowest range. 
Polarity: automatically sensed and displayed. 
Accuracy (1 year, 23°C f 5OC). 

Temperature coefficient: (OOC to 50°C): f0.003% of read- 
ing/"C. 
Input resistance: 

I Rame I Soecificahs 
20 mV thru 2 V I L10'0R 
2OV thru 1000 V I 10 MR f 1% 

Normal mode rejection: >60 dB at 50/60 Hz f0.1%. 
Effective common mode rejection: (1 kQ unbalanced) AC: > 120 
dB at 50/60 Hz f0 .1%.  

DC Current 
Current ranges f 200.00 pA 

f 2.0000 mA 
f 20.000 mA 
f 200.00 mA 
+. 2000.0 mA 

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 f 5 " C )  

Ranm I Saecifications I Specificatim 

f0.11% of reading k 1 digit 
f0.6% of reading f 1 digit 

200 PA, 2 mA 

200 mA, 2000 mA 

Temperature coefficient (0°C to 50°C) 

200 PA, 2 mA 
20 mA 

200 mA, 2000 mA 

kO.078 of reading k 1 digit 
f0.11% of reading k 1 digit 
f0.6% of reading f 1 digit 

Temperature coefficient (0°C to 50°C) 

Specificatii 

2000 mA 

Voltage burden 
Highest range: (700 mV FS. 
Ail other ranges: (250 mV FS. 

Ohmmeter 
Ohms range: 200.00 Q 

2.0000 kQ 
20.000 kQ 
200.00 kQ 
2000.0 kQ 
20.000 MQ 

Protection: 350 V (DC + peak AC); 250 V rms. 
Sensitivity: 10 milliohm on lowest range. 
Accuracy: (1 year, 23°C f 5°C) 

Range Specifieatanr 
f 0.02 of reading k 2 digits 
* 0.02% of reading f 1 dtgit 
kO.18 of reading f 1 digit 

2 kQ thru 2 MR 

Temperature coefficient (OOC to 5OOC). 

Configuration: 2 wire. 



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

Range 

20 kQ 10 pA 
200 kQ 10 pA 

20 MQ 0.1 pA 
2000 kQ 

AC voltmeter 
Voltage range: 200.00 mV 

2.0000 v 
20.000 v 
200.00 v 
500 V 

Maximum input: full scale to 10 kHz decreasing linearly to 50% of 
full scale at  20 kHz; except on 500 V range, 2 kHz. 
Overload protection: 600 V DC max. 

500 V AC rms 

Temperature coefficient: (OOC to 50°C): 50.01% of reading /'( 
Voltage burden: 

1A range: t700 mV FS. 
Ail other ranges: ( 2 5 0  mV FS. 

General 
integration time: 100 ms. 
Reading rate: 2'4 readings per second. 
Display: light-emitting diodes. 
Overload indication: display blanks. 
Humidity range: 95%, 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 (3a/" X 8'4" X 

34658 98.4 mm H X 238.1 mm W X 276.2 mm D (3'/8. X 93/gc X 
1014") 

Sensitivity: 10 pV on I 
Accuracy: converter is + 23°C k5"C)  

Voltage 
l k k  

200 mV 2oov 500V 
Voltage range 

Temperature coefficient: (0% to 50°C): ?0.005% of reading + 
0.2 digit. 
input impedance: resistance: 1 MQ, (100 pF shunt. 

AC current 
Current range: 200.00 pA 

2.0000 mA 
20.000 mA 
200.00 mA 
2000.0 mA 

Maximum input: full scale to 10 kHz decreasing linearly to 50% of 
full scale at  20 kHz. 
Maximum input: 2 A from < 250 V source (fuse protected). 
Sensitivity: 10 nA on lowest range. 
Accuracy: (1 year + 23°C 5 5OC) 

-+ 5 digits 
200 PA 20 mA 200 mA 2000 mA 

eUrent range 

recnarge Darreries IUIIY (instrument 011). iviust uiuei uiie ~ W G I  iiiic 

option. 

Options, accessories 81 parts (3465A) 
Opt 001: AC operation only (no battery packs sup- 
plied; battery charger built-in) 
Opt 002: 4 type D alkaline dry cells, in lieu of 
82001A's, provide 60 hours continuous use at  23°C; has 
receptacle for HP 82002A battery eliminator, 82002A 
not included 
82001A battery pack (uses 2 packs) 
82002A Battery eliminator (hand-held calculator 
charger) 
1420-0224 Type D Alkaline cell (equal to U-2); 4 re- 
quired 

34658 options (must specify One) 

100: 86 to 106 VAC line; 48 to 440Hz 
115: 104 to 127 VAC line; 48 to 440Hz 
2 1 0  190 to 230 VAC line; 48 to 440Hz 
2 3 0  208 to 250 VAC line; 48 to 440Hz 

Ordering information 

3465A DMM with two 82001A's & charger 
3465B DMM with batteries and charger* 
'Must order one power line option 

Price 

less $20 

less $100 

$10 ea. 
$20 

$1.05 ea. 

N/C 
N/C 
N/C 
N/C  

Price 

$550 
$525 



BmPq 

TlGlTAL VOLTMETERS 
digit autoranging DMM 

el 3466A 

dc sensitivity True-Rms (DC -I- AC) 
lliohm sensitivity Diode Test 

Description 
The 3466A is a 414 digit Multimeter with autoranging volts and 

ohms. Functional capability includes ACV, DCV, (AC + DC) V, 
LiCI, DCI, (AC + DC) I, Q ,  and diode test. AC measurements are 
true-rms with selectable AC or DC coupling. Available with rechar- 
reable batteries or AC power only, it has 1 pV DC and 1 mQ sensitiv- 
ity with zero adjustment on lowest ranges to compensate for external 
offsets. 

Specifications 
’ *  > Voltmeter 
Voltage Range Maximum Display 

? 20mV 19.999 mV 
k 200mV 199.99 mV 
f 2 v  1.9999 V 
f 2 0  v 19.999 v 
f 2 0 0 v  199.99 v * 1200v 1199.9 v 

Maximum Input: f 1200 V maximum DC and peak AC. 
Ranging: automatic or manual. 
Sensitivity: 1 pV on 20 mV range. 
Accuracy: (1 yr., 18 to  28°C assuming rear panel zero adjust- 
ment on lowest two ranges) 

Specification 
f (% of reading + # digits) Range 

20 mV (.05 + 3) 
200 mV (.04 + 2) 

(.03 + 1) 
1200 v (.035 + 1) 

2 v .-. 200 v 

input resistance: 10 meg Q f 0.5% all ranges. 
Normal mode rejection: 2 60 dB @ 50/60 Hz f 0.1%. 
Effective common mode rejection (1 KQ unbalance): L 120 dB 
@ 50/60 Hz * 0.1%; 2 140 dB @ DC 
input type: floating, 500 V maximum common to ground. 

DC Current 
Current Range 

f 200pA 
f 2 m A  
f 20mA 
f 200mA 
f 2000mA 

Maximum input: 2 amp from < 
Ranging: manual only. 

Maximum Display 
199.99 pA 
1.9999 mA 
19.999 mA 
199.99 mA 
1999.9 mA 

250 V source (fuse protected). 

Sensitivity: 10 nA on 200 pA range. 
Accuracy (1 yr., 18 to  28°C): 

Specification 
Range f (% reading + # digits) 

200 pA through 20 mA (.07 + 2) 
(0.15 + 2) 200 mA 

2000 mA (0.5 + 2) 
input type: floating 500 V maximum Common to ground. 



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

AC Voltmeter 
AC Converter: True-rms Responding True-rms Calibrated 

Range Maximum Display 
200 m V 199.99 mV 
2 v  1.9999 V 
20 v 19.999 V 
200 v 199.99 V 
1200 v 1199.9 V 

Maximum input: (AC + DC): f 1700 V (DC + Peak AC), lo7 V- 
Hz, AC: +600 V DC; 1700 V (Peak AC + DC), 107 V*Hz. 
Ranging: automatic or manual. 
Sensitivity: 10 pV on 200 mV range. 
Crest factor: 4:l at  Full Scale. 
Accuracy (with display of 2 1 0 %  of range): 1 yr., 18 to 28°C sinus- 
oid waveform. 
AC TRMS (20 Hz to 100 kHz) 

Specification 
+(% of reading + # digits) 

(2 + 50) 
(1 + 30) 

(0.3 + 20) 
(1 + 40) 
(2 + 150) 

Frequency Range 
20 Hz to 30 Hz 
30 Hz to 50 Hz 
50 Hz to 10 kHz 
10 kHz to 20 kHz 

20 kHz to 100 kHz 

DC + AC TRMS: DC + (20 Hz to 100 kHz). 
(Accuracy applies after 10 minute warmup) 

Specification + (% of reading + # digits) DC + Frequency Range 
20 Hz to 50 kHz 

50 kHz to 100 kHz 
(1 + 80) 
(2 + 200) 

input impedance: resistance 2 MQ, f 1% Shunt Capacitance (50 

input type: Floating, 500 V Maximum common to ground. 
PF. 

AC Current 
Current Range 

200 pA 
2 mA 
20 mA 
200 mA 
2000 mA 

Maximum Display 
199.99 pA 
1.9999 mA 
19.999 mA 
199.99 mA 
1999.9 mA 

Detector: true RMS. 
Crest factor: 4:l at  Full Scale 
Maximum input: 2 Amp RMS from (250 V source (fuse protected). 
Ranging: manual only. 
Sensitivity: 10 nA on 200 pA range. 
Accuracy: (with display 1 10% of range) 1 yr., 18°C to 28"C, sinus- 
oid waveform. 
AC TRMS: 20 Hz to 10 kHz. 

Specification 
f(% of reading + # 

Range Frequency digits) 

2000 mA 20 HZ-30 HZ 2 + 50 

200 pA-200 mA 20 Hz-30 Hz 2 + 50 1 

30 Hz-10 kHz 

30 Hz-10 kHz 

0.9 + 35 

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). 

Ohms 
Range 

20 Q 
200 Q 
2 kQ 
20 kS2 
200 M 
2000 kQ 
20 MQ 

Maximum Display 
19.999 Q 
199.99 Q 
1.9999 kQ 
19.999 kQ 
199.99 kQ 
1999.9 kQ 
19.999 MQ 

Specification 
+(% of reading + # 

Range digits) 
.08 + 2 
.03 + 1 

2000 kQ .04 + 1 
20 MQ .15 + 1 

20 Q-200 0 
2 kQ-200 kQ 

input protection: 250 V RMS or 350 V (DC + peak AC). 
Ranging: automatic or manual. 
Sensitivity: 1 milliohm on 20 ohm range. 
Accuracy: 1 yr., 18 to 28°C (assuming use of front panel zero on 
lowest two ranges). 
Configuration: 2 wire. 
Zero adjustment: range of 700 mQ. Use on 2012, and 20012 ranges. 
Open circuit voltage: <5 V maximum. 
Current through unknown: 

Range: 20Q 2000 2kQ 20kQ 200kQ 2000kQ 20MQ 
Current: 5 mA 5 mA 1 mA 100pA 10pA 1 pA 100nA 

Diode Test 44- 
Function: 44- (M). 
Current source: 1 mA f 1.5%. 
Diode voltage drop displayed in volts: 1.9999 volts maximum. 
Open circuit voltage: t 5  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)OC. 
Humidity: 95% RH at +40°C. 
Power: AC line; 4 8 4 4 0  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 watts. I 
Size: 3466A: 98.4 mm H x 238.1 mm W x 276.2 mm D (3%" x 9'4" x 
10%"). 3466A Opt. 002: 81 mm H x 215 mm W x 279 mm D ( 3 % ' ~  
8%" x 10%") 
Weight: 3466A: 2.9 kg (6 Ib 5 02). 

Configuration: 3466A streamlined portable case with handle, AC 
line power, batteries and charger included-$650; 3466A Opt 001, 
eliminate battery and charger, AC line power only-less $75. Opt 
002 Rack and Stack case, AC line power only-less $35 (rack mount 
kit not included). All orders must include one of these line power op- 
tions: Opt 100,86-106 V; Opt 115,104-127 V; Opt 210,190-233 V; 

Options 
opt 001 less $15 
opt 002 less 35 

N / C  Opt 100, 115,210,230 

3466A $650 

3466A Opt 001: 2 kg (4 lb 7 02). 
3466A Opt. 002: 2.6 kg ( 5  Ib. 11 02). 

Opt 230,208-250 V. 



DIGITAL VOLTMETERS 
1 4% digit logging multimeter 

Model 3467A 

DC voltmeter, true-rms voltmeter, ohmmeter 

Digital thermometer 

Four channel scanner 

Math functions 

Printer & timer 

Diode test 

3467A 

Hewlett-Packard's 3467A Logging DMM is a total measurement 
station, doing jobs that used to require several instruments. The H P  
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 OF. 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 
20mV 
200mV 
2 v  
20v 
200v 
350V 

Maximum Reading 
19.999mV 
199.99mV 
1.9999v 
19.999V 
199.99V 
349.9v 

Maximum input: f 350 V from any terminal to ground and between 
any two terminals 

Ranging: Automatic or Hold/Step 
Sensitivity: 1 pV 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 
20mV 0.05 + 10 

200mV 
2V - 200V, 350V 

f(% of Reading + Number of Counts) 

0.04 + 2 
0.03 + 1 

Temperature coefficient: (0' to 18"C, 28" to 50°C): f(.OO3% of 
reading + 0.15 counts)/°C 
Input resistance: 10 MQ f 5% on all ranges 
Normal mode rejection: > 60 dB at 50/60 Hz fO.1% 
Effective common mode rejection (1 KO unbalance): >I20 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 

200Q 199.99Q 5 mA 
2KQ 1.9999Q 1 mA 
20KQ 19.999KQ 100 pA 
200KQ 199.99KQ 10 pA 
2MR 1.9999MQ 1 PA 
20MQ 19.999MQ 100 nA 
input Protection: 250 V RMS or 350 V (DC + peak AC) 
Ranging: Automatic or Hold/Step 
Sensitivity: 10 mQ on 200Q range 
Configuration: 2 wire with front panel pushbutton zero adjustment. 
Lead resistance of up to 20Q 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 

Unknown 

f (% of Reading + Number of Counts) 
200Q 0.08 + 10 
2KR 0.03 + 3 

20KQ-200KQ 0.03 + 1 
2MQ 0.04 + 1 

20MQ 0.15 + 1 

Range 
200Q 

2KQ-2MQ 
20MQ 

Temperature coefficient: 
(0% to 18"C, 28°C to 5OOC) 

f (0.002% of reading + 1 count)/"C 
+(0.002% of reading + 0.1 count)/"C 
f ( O . O I %  of reading + 0.1 count)/OC 

Open circuit voltage: t 5 V  
Single channel response time (no print): (1.1 seconds to within 1 
count of final value on one range. Add 0.8 
change. 

Diode test 
Function: +(kQ) 
Range: 2 kQ 
Current source: ImA +4% 
Diode voltage drop displayed in volts: 
measurable voltage 

AC Voltmeter 

seconds for each range 

1.9999 volts maximum 

AC converter: True RMS Responding and calibrated in true RMS; 
AC coupled 

Range Maximum Reading 
200mV 199.99mV 

2 v  1.9999V 
20v 19.999V 

200v 199.99V 
250V 249.9V 

Maximum input f 350V (DC + peak AC), IO' V*Hz from any ter- 
minal to ground and between any two terminals 
Ranging: Automatic or Hold/Step 
Sensitivity: 10 pV on 200 mV range 
Crest factor: 4:1 at  full scale 
Accuracy: Accuracy applies with readings of 1 9 %  of full scale 
(11800 counts on 250 V range): 6 months, 18°C to 28°C; sinusoid 
waveform 

Frequency 
45 Hz-100 HZ 

100 HZ -10 kHz 
10 ~ H z - 2 0  kHz 

20 kHz-100 kHz 

Frequency 
45 Hz-100 HZ 
100 Hz- 10 kHz 
10 kH2-20 kHz 

20 kHz-100 kHz 

k (% of Reading + Number of Counts) 
1 + 40 

0.2 + 40 
1 + 40 

2 + 200 

(0°C to 18OC, 28OC to 50OC) 
f (O .O5% of reading + 2 counts)/"C 
f (0.03% of reading + 2 counts)/°C 
4 (0.05% of reading + 2 counts)/°C 

f (O .OS% of reading + 15 counts)/°C 

Temperature coefficient: 

input impedance: 2MQ f 5% in parallel with (100 pF 
Single channel response time (no print): t 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 OF, selectable by an internal switch. 
Thermistor linearization is included for the following thermis- 
tors: YSI 44007, OMEGA UUA 3553, FENWAL UUA 3551 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 +llO°C: f0 .5"C 
+llO°C to +150°C: f 1.3"C 

-80°C to + 80°C: fO.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 1 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 Q >lo0  dB >60 dB 
10 KQ > 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 0O:OO:OO (HH:MM:SS). A time offset can be manually en- 
tered to synchronize the timer with the time of day. 
Timer accuracy: Within 1 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 510  seconds may be shorter than the actual time required to completely measure 
and print the selected channels. 

General 
Reading rate: Depends on input signal level. 2 to 4% readings/ 
second. 
Operating temperature: 0°C to +5OoC 
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 

Power: 100/120/220/240 +5%, -10% 

Dimension: 190.5mm high X 212.9mm wide X 304.8mm deep (7%" 
X 8 %" X 12") 
Weight Net: 4.77 kg (10.5 Ibs.); Shipping: 5.44 kg (12 Ibs.) 

60% R.H., +15"C to +30°C with thermal paper 

48 to 440 Hz line operation, t 2 5  VA 

Accessories 
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 

Ordering information Price 
$2200 

paper and a thermistor) 
3467A Logging Multimeter (includes 1 roll of thermal 



I DIGITAL VOLTMETERS 
L 
i I  ‘5-J 5%/6%-digit DVM with Auto Cal 

Model 3455A 

0 AutoCal 
Self test 

0 Bench / system 

AC/ DC /OHMS 
High speed 
Removable reference 

Description 
Hewlett-Packard’s 3455A Digital Voltmeter is a microprocessor 

controlled 5%- or 6%-digit integrating voltmeter for bench or systems 
applications. The standard instrument measures DC volts, AC volts, 
and resistance. HP-IB 1 / 0  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 1pV 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 1 MHz. Complex signals with crest factors of up to 7:l at full 
scale can be measured. 
Math 

The math functions provide the user with unique computational ca- 
pability. The Scale mode (y) allows the user to offset, take ratios, 
or scale readings to give readouts in physical units. The % Error mode 
(+ x 100%) converts readings into percentage change from Y 
which 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 dc 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 H P  accessory 
number 1 1  177A. 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 H P  for calibration and have it back in time to calibrate the 
3455A next time. 
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. 



3052A Automatic data acquisition system 

The 3052A Automatic Data Acquisition System has been designed 
to solve your data acquisition, control and automatic testing Fob-  
lems. 

The 3052A consists of 

3455A DVM 
3437A System Voltmeter 
3495A Scanner 
9825A, 9835A/B, or 9845A System Controller & ROMs 

These 3052A features give you a wide range of problem solutions: 
Signal digitizing (>5000 readings/second) 
High speed scanning (5 1000 channels/second) 
System timing 
Vectored interrupt system for simultaneous control and 

High speed data access and storage 
Alphanumeric CRT display for easy operator interaction 

Typical applications are: 
Process control development 
Signal analysis 
Thermocouple measurements 

For further information on this system, refer to page 74-75 or con- 
tact your local H P  field engineer. 

processing of multiple tasks 

Ranier 

HP Technology 

H P  has developed an instrument oriented microprocessor to provide 
the high performance of the 3455A. The microprocessor has a paral- 
.le1 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. 

Auto cal is a process by which the 3455A internally checks its DC 
and ohms operating circuits against internal references and corrects 
for errors. The benefits of auto cal are high accuracy and simplified 
calibration. Only four adjustments for calibration of DC and ohms 
are required and these are in the removable reference assembly. The 
microprocessor is also used to control the auto cal process and com- 
pute the correction factors. 

The HP-developed fineline tantalum nitride resistor technology 
used in several H P  digital voltmeters is also used in the 3455A. This 
technology provides accurate temperature tracking resistors that re- 
sult in excellent long term DC accuracy. 

Maximm Disdav 

Specifications 
DC Voltage 

Off on Off On 
0.1 - I f0.149999 V I - I 
1 1 f 1.49999 V f 1.499999 V 

+ 14.99999 V 

1000 1000 * 1000.00 v f 1000.000 v 
+ 14.9999 V I lb0 1 lb00 1 g149.999 V I T149.9999 V I 

Performance 
(High Resolution Off) 
Accuracy 
24 Hours: 23°C k 1°C 

10 V range: f(O.O02% of reading + 1 digit). 
1 V range: f (0.003% of reading + 1 digit). 
0.1 V range: f(O.O04% of reading + 4 digits). 
100 & 1000 V range: A (0.004% of reading + 1 digit). 

10 V range: 2(0.005% of reading + 1 digit). 
1 V range: k (0.006% of reading + 1 digit). 
0.1 V range: 2(0.007% of reading + 4 digits). 
100 & 1000 V range: +- (0.007% of reading + 1 digit). 

10 V range: f (0.008% of reading + 1 digit). 
1 V range: f (0.009% of reading + 1 digit). 
0.1 V range: k(O.OlO% of reading + 5 digits). 
100 & lo00 V range: +-(O.OlO% of reading + 1 digit). 

10 V range: f(0.013% of reading + 1 digit). 
1 V range: 2 (0.014% of reading + 1 digit). 
0.1 V range: f ( O . O 1 5 %  of reading + 6 digits). 
100 & 1000 V range: +.(0.015% of reading + 1 digit). 

90 days 23°C 2 5 ° C  

6 months 23°C ? S a c  

1 year 23°C +5"C 

(High Resolution On) 
Accuracy 
24 hours 23°C + 1 "C 

10 V range: f(O.O02% of reading + 3 digits). 
100 & 1000 V range: + (0.004% of reading + 3 digits). 
1 V range: f(O.O03% of reading + 4 digits). 

10 V range: f (0.005% of reading + 3 digits). 
100 & 1000 V range: +(0.007% of reading + 3 digits). 
1 V range: 2 (0.006% of reading + 4 digits). 

10 V range: f (O.OOS% of reading + 3 digits). 
100 & 1000 V range: +(0.010% of reading + 3 digits). 
1 V range: f (0.009% of reading + 5 digits). 

10 V range: f(0.013% of reading + 3 digits). 
100 & 1000 V range: f(O.O15% of reading + 3 digits). 
1 V range: f(0.014% of reading + 6 digits). 

90 days 23°C f 5 " C  

6 months 23°C t 5°C 

1 year 23°C +5"C 

Input characteristics 
Input resistance: 0.1 V through IO V range: > 10'O ohms. 100 V and 
1000 V range: IO megohm + O . l %  with Auto Cal." off ". 
Maximum input voltage 

High to low input terminals: 2 1000 V peak. 
Guard to chassis: 2 500 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 20.1%: >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 kS1 unbalance in low lead at 
DC: > 140 dB. 
50 Hz or 60 Hz +0.1%: >I60 db. 

Maximum reading rate 

60 HZ Gate LMgth 50 k Gate LMfth 

local 5 rdgls 3 rdgls 3.5 rdgls 2.5 rdgls 

Remote 24 rdgls 6 rdgls 22 rdgls 5 rdgls 



DIGITAL VOLTMETERS 

ACV I FAST ACV 

51//6%-digit DVM with Auto Cal 
Model 3455A (cont.) 

ACV I FASTACV 

AC Voltage (rms converter) 
(High Resolutlon 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 Fact ACV. 

Input characteristics 
Input impedance 

Front terminals: 2 MQ f 1% shunted by less than 100 pf. 
Rear terminals: 2 MQ f 1% shunted by less than 75 pf. 

High to low terminals: f 1414 volts peak. 
Subject to a 107 volts-Hz limitation. 
Guard to chassis: f 500 V peak. 
Guard to low terminal: f 200 V peak. 

Maximum input voltage 

Maximum reading rate 

60 k Gate 1- SO k Gate LG@I 

Ranges 
High High 

Resolution Resolution 
Of1 On 

1.00000 kR 1.000000 kR 
10.0000 kR 10.00000 kR 
100.000 kR 100.0000 kR 
1000.00 kR 1000.000 kR 
10000.0 kR 10000.00 kR 

- 0.100000 kR 

local  
Remote 

M a x h  Display 
High High 

Resolution Resolution 
Off On 

0.149999 kR - 
1.499999 kR 1.49999 kR 
14.99999 kQ 14.9999 kR 
149.9999 kR 149.999 kR 

1499.99 kQ 1499.999 kQ 
14999.9 kQ 14999.99 kQ 

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). 

AC voltage (average converter) Opt 001 
(High Resolution On or Off) 

24 hn: 23OC f l0C 0.04% + 40 digits 0.4% + 80 digits 
90 days: 23OC f 5 O C  0.05% + 50 digits 0.5% + 100 digits 
6 m: 2 3 I  f 5°C 0.06% + 60 digits 0.6% + 130 digits 

0.7% + 160 digits 1 year: 23'C f 5OC 0.07% + 70 digits 

1.8% + 200 digits 
2.0% + 250 digits 
2.1% + 300 digits 
2.2% + 350 digits 

4% + 400 digits 
5% + 500 digits 

5.1% + 600 digits 
5.3% + 700 digits 

Ranges: 1 V Maximum Display: 1.49999 V 
IO v 14.9999 V 

5% + 2600 digits 
6% + 3100 digits 

6.3% + 3500 digits 
6.6% + 3900 digits 

100 v 
1000 v 

Range selection: Manual, Automatic or Remote. 
Function selection: ACV or Fast ACV. 

24 ht. 2 3 s  f l 0 C  
90 days: 23OC k 5'C 

6 m: 23% f 5'C 
1 yr.: 23OC f 5°C 

0.47% + 70 digits 
0.50% + 70 digits 
0.50% + 70 digits 
0.50% + 70 digits 

0.32% + 50 diRits 
0.35% + 50 digits 
0.40% + 60 digits 
0.40% + 70 digits 

0.09% + 25 digits 
0.1% + 25 digits 
0.1% + 30 digits 
0.12% + 35 digits 

149.999 V 
1000.00 v 

0.70% + 60 digits 
0.75% + 60 digits 
0.75% + 70 digits 
0.75% + 80 digits 

Ohms 

Range selection: Manual, Automatic, or Remote. 
Function selection: 2-wire kQ or 4-wire kQ. 
Performance 
(High Resolution Off) 
Accuracy: 4-wire kQ (1 digit = .001% of range) 
24 hours: 23°C f 1°C. 

0.1 kQ range: f(O.O03% of reading + 4 digits). 
1 kQ range: k (0.003% of reading + 1 digit). 
1 0  kQ range: f(O.OOS% of reading + 2 digits). 
100 kQ range: f(0.002% of reading + 2 digits). 
1000 kQ range: f(O.O12% of reading + 5 digits). 
10 000 kQ range: f (0.1% of reading + 5 digits). 

0.1 kQ range: f (0.005% of reading + 5 digits). 
1 kQ range: f (0.005% of reading + 1 digit). 
10 kQ range: f (0.007% of reading + 2 digits). 
100 kQ range: f (0.004% of reading + 2 digits). 
1OOO kfl range: +(0.014% of reading + 5 digits). 
1 0  OOO kQ range: f (0.100% of reading + 5 digits). 

90 days: 23°C +5"C 

Performance (rms converter) 
Accuracy f (% of reading + digits) 

Crest Factor: 7:l at Full Scale 



6 months: 23°C f 5 ” C .  
0.1 kQ range: f (0.005% of reading +6 digits). 
1 kQ range: f (0.005% of reading +1 digit). 
10 kQ range: f (0.007% of reading +2 digits). 
100 kQ range: f (0.004% of reading +3 digits). 
1000 kQ range: f(O.O14% of reading +5 digits). 
10,000 kQ range: f(O.lOO% of reading +5 digits). 

0.1 kQ range: f (0.006% of reading +7 digits). 
1 kQ range: f (0.006% of reading +2 digits). 
10 kQ range: f (0.008% of reading +3 digits). 
100 kQ range: f(O.O05% of reading +4 digits). 
1000 kQ range: k (0.015% of reading +6 digits). 
10,OOO kQ range: f(O.lOO% of reading +6 digits). 

1 year: 23°C &5”C 

4-wire kQ (1 digit = .0001% of range) 
High Resolution On 
24 hours: 23°C f 1°C 
1 kQ range: f (0.0025% of reading +4 digits). 
10 kQ range: f (0.0045% of reading +4 digits). 
100 kQ range: f(O.O020% of reading +5 digits). 
1000 kQ range: f(O.O120% of reading +4 digits). 
10,OOO kQ range: f (O . lOOO% of reading +4 digits). 

1 kQ range: f (0.0035% of reading +5 digits). 
10 kQ range: k (0.0060% of reading +5  digits). 
100 kQ range: f (0.0035% of reading +6 digits). 
1OOO kQ range: f(O.O135% of reading +5 digits). 
10,000 kQ range: f (0.1000% of reading +5 digits). 

1 kQ range: f (0.0040% of reading +6 digits). 
10 kQ range: k(O.O065% of reading +6 digits). 
100 kQ range: k (0.0040% of reading +7 digits). 
1OOO kQ range: zk (0.0140% of reading +6 digits). 
10,000 kR range: k(O.lOOO% of reading +6 digits). 

1 kQ range: f (0.0045% of reading +7 digits). 
10 kQ range: f(O.O070% of reading +7 digits). 
100 kQ range: k(O.O045% of reading +8 digits). 
1000 kQ range: f (0.0145% of reading +7 digits). 
10,000 kQ range: f(O.lOOO% of reading +7 digits). 

90 days: 23°C k 5°C 

6 months: 23°C 2 5 ° C  

1 year: 23°C f 5 ” C  

2-wire kQ: all accuracy specifications are the same as 4-wire kQ ex- 
cept add 0.0004 kQ to all readings. 

Input characteristics 
Maximum voltage generated across unknown: t 5  volts for open 
circuit; (4.7 volts for valid reading. 
Signal source driving unknown (nominal): 0.1 kQ, 1 kQ & 10 kQ 
ranges. 

Overload protection 
Nan-destruction: f 350 V peak. 

Equivalent ohmmeter circuits: 
0.1 kQ, 1 kQ & 10 kQ RANGES 

i Runknown 

Lo 

1 k a  

100 kQ 

1 M a  

1 MQ & 10 MQ RANGES 

? Run known 

<5  volts 

”4 <“jZS 
Lo - 

1 M a  

Maximum reading rate 

60 Hz Gate Lendh 
Rerduti i  Resdutii 

50 HZ Gate length 

Local -1 
Remote 

Math x - z 
Scale (7): 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): f 199,999.9. 
Accuracy: k (Accuracy of X reading & 1 digit of displayed answer). 
This assumes no “Y” or “ Z  error. 
%Error (w 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): f 199,999.9. 
Accuracy: k (Accuracy of X reading f 1 digit of displayed answer). 
This assumes no “Y” error. 
How to enter numbers in “Y” or “2” 

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: 100 V, 120 V, 240 V +5% -lo%, 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%” x 16%” x 20%”). 
Weight: net, 9.38 kg (20 Ib 11 oz). Shipping, 11.79 kg (26 Ib). 

Options Price 
00 1 : Average converter less $200 

$3400 3455A Digital Voltmeter 



DIGITAL VOLTMETERS 
’.* Five-digit digital multimeter with self test 

Model 3490A 

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 dc ranges. Ranging is automatic over all ranges on all func- 
tions. DC measurements can be made with lpV 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 1OpV of ac voltage resolu- 
tion. Ohms measurements can be made, utilizing the four-wire con- 
version technique which eliminates errors due to test lead resistances. 
Six ranges of ohms, including a lOOQ range, are provided. All func- 
tions and ranges include 20% overranging except the 1000 V range. 

Display 
The 3490A uses Hewlett-Packard’s light emitting diodes (LEDs). 

These display digits are the seven segmenf type. The extremely high 
reliability of this LED display assures maximum life. 

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’OQ 
on 100 mV, 1 V, and I O  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 ohms 
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. 



Serviceability 
HP‘s 3490A has been “designed for serviceability.” Inside, the 

3490’s low parts density provides easy access for servicing. Test points 
and jumpers are keyed to detailed diagnostics. 

Several diagnostic aids are available to further minimize 3490A re- 
pair time. A service video tape, Accessory No. 1 1 128A. will demon- 
strate use of self-test and front panel symptoms to isolate failures. 
The 11 126A accessory provides a set of IC reference boards with 
most of the 3490A logic IC’s for use with H P  10529A Logic Compa- 
rator. Using these boards with the Logic Comparator, a faulty IC can 
be isolated in seconds without removing it from the circuit. Also, 
spare parts set, Accessory No. 11 127A, containing most critical com- 
ponents of the 3490A, will be available. 

Options 
Systems applications 

Model 3490A offers built-in flexibility for systems applications. 
HP‘s 3490A offers both HP-IB interface and a bit parallel (BCD cod- 
ed) interface. This combination provides the necessary versatility to 
configure the lowest cost instrument system. 

Ratio, opt 080 
DC/DC and AC/DC three-wire ratio measurements can be con- 

veniently added to the 3490A. This capability offers both autopolar- 
ity and a selection of two reference ranges. The 1 V and 10 V ranges 
are specified from 10% to 120% of selected range. Ratio function is 
not programmable. 

50 Hz operation, opt 050; 60 Hz operation, opt 060 
Maximum noise immunity is achieved when power line frequency is 

harmonically related to the sample period of the integrating DMM. 
Option 050 will maximize normal and common mode rejection for 50 
Hz power line frequency, and Option 060 will provide this rejection 
for 60 Hz. 

Sample/hold, option 040 and 045 
Sample/Hold provides HP‘s 3490A with extra and unique mea- 

surement capability. 
The Sample/Hold option has two modes of operation to solve diffi- 

cult measurement problems. 
Track and hold: in this mode, input voltage is held instantly upon 

receiving an external command. This mode is useful in digitization of 
repetitive or transient waveforms. 

Acquire and hold: in this mode, a known delay is inserted to permit 
the input amplifier to settle to a specified accuracy. This is useful in 
measuring pulse height or any similar step input. 

BCDIremote 
Both Option 021 and 022 require Option 020, BCD/Remote Ex- 

pand. This option provides the required internal and external connec- 
tors to permit user installation of Digital Output, Opt 021 and/or 
Remote Control, Opt 022 and should be ordered as an initial option 
on HP’s 3490A. This option includes rear terminals in parallel 
(switchable front/rear terminals are available as a special - H19). 

HP-IB data input/output, opt 030 
The HP-IB option permits H P  Model 3490A to operate on a single 

data/control bus with up to 14 other instruments. This serial code is 
an eight-bit byte typically using an ASCII-type coding. A unique 
“talker/listener” address structure makes the system’s hardware 
more economical and associated software much simpler. The HP-IB 
is compatible with Hewlett-Packard Models 9825A, 9835A/B, and 
9845A system controllers, as well as Hewlett-Packard computers. 

Specifications 
DC voltage ranges 
Full range display: k.100000 V, f 1.00000 V, +10.0000 V, 
f 100.000 v, f 1000.00 v. 
Overrange: 20% on all ranges except 1000 V range. 
Range selection: manual, automatic, or remote (optional). 

DC voltage performance 
Accuracy f (% of reading + % of range) 

24 hrs 

DC voltage input characteristics: fully guarded with 140 dB 
ECMR at dc and 60 Hz +0.1% with 1 kQ imbalance between guard 
and low. 
Maximum input voltage 

0.1 V to 1000 V ranges: f 1500 V peak. 
Guard to chassis: f 500 V peak. 
Guard to low: f 200 V peak. 

0.1 V to 10 V ranges: >2 x 1Olo Q.  ((70% R.H.). 
100 V and 1000 V ranges: 10 MQ +0.15%. 

Input resistance 

Maximum reading rate: 5 readings/s. 
Normal mode rejection ratio: 50 Hz fO.l%; 60 Hz +0.1%, >50 
dB. 
Notes: 
1. On the 1000 V range, add 0.04 ppm/volt to the % of reading speci- 
fication. 
2. Thermal EMps external to the DVM may be cornpen- 
sated to achieve the % of range accuracy by utilizing the 
rear panel 

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). 

Digital output, opt 021 and remote control, opt 022 
These options provide digital control and data output in the parallel 

BCD code 8-4-2-1, either negative or positive true logic. Selection is 
accomplished by positioning an internal switch. The remote control 
option provides complete control of all functions, ranges, and external 
trigger commands. The digital output option provides nine columns of 
information which include function, polarity, data, and range. These 
options may be purchased separately to meet specific application re- 
quirements. Either of these options require Option 020 Systems Ex- 
pand. 

ad,ust provided in the 3490A. 



DIGITAL VOLTMETERS 
Five-digit digital multimeter with self-test 

24 hrs (23% + l a c )  
30 days (23°C k5OC) 
90 days (23°C k5OC) 
6 months (23°C k5OC) 
1 year (23°C k5OC) 

Model 3490A (cont.) 
,pc=. -1 

20 HZ-50 HZ 50 Hz-100 kHz 100 kHz-250 kHz 

f (0.32 + 0.05) f (0.09 + 0.025) IT (0.7 + 0.06) 
k (0.35 + 0.05) f (0.1 + 0.025) k (0.75 + 0.06) 
f (0.35 + 0.05) f (0.1 + 0.025) f (0.75 + 0.06) 
k (0.40 + 0.06) f (0.1 + 0.03) f (0.75 + 0.07) 
k (0.45 + 0.07) k (0.75 + 0.08) f (0.12 + 0.035) 

AC voltage performance 
Accuracy & (% of reading + % of range) 

High level 
+3.9 V f 1.5 V, 

100pA max 
+3.9 V f 1.5 V, 

400 pA max 

DVM Inputs 

DVM Outputs 

low level 

+0.3 f 0 . 3  V, 
2 mA max 

+0.3 V kO.3V. 
15 mA max 

AC voltage input impedance 
Without rear terminals: 2 MQ k 1% shunted by < 65 pF. 
With rear terminals: 2 MQ f 1% shunted by <90% pF. 
AC voltage maximum reading rate: 1 reading/s. 
AC voltage response time: < 1 s to within rated accuracy for a step 
input applied coincident with encoder trigger. 
AC maximum input voltage: 1000 V rms; f 1500 V peak. 
Notes: 
1. Guard must be connected to low. 
2. On the 1000 V range, add 0.01 ppm/(volt-kHz). 
3. Frequencies >IO0 kHz specified on 1 V and 10 V ranges only. 
4. Specifications are for input levels above 1/100th of full scale. 

Ohms ranges 
Full range display: .IO0000 kQ, 1.00000 kQ, 10.0000 kQ, 100.000 
kQ, 1000.00 kQ, 10000.0 kQ. 
Overrange: 20% on all ranges. 
Range selection: manual, automatic, or remote (optional). 

90 dais 
6 months 
1 year 

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 

h o c  f 5 9 3  f (0.012 + o.oo5j (0.012 + o.oozj f io.oi5 + o.oozj k (0.035 + o.oozj 
(23°Cf50C) f (0.015 + 0.005) f (0.015 + 0.002) k (0.020 + 0.002) f (0.040 + 0.002) 
(23°Ck50C) f (0.018 + 0.005) f (0.018 + 0.002) k (0.025 + 0.002) f(0.050 + 0.002) 

Ohms performance 
Accuracy: f (% of reading + % of range) 
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. 
I I I O.lkQ I 1 kQ-100 kQ I 1000 kQ I 10.000 kQ 

% r d ~ .  % mg. % rdg. % mg. % rdg. % mg. % rdg. % mg. 
24 hrs (23"Cf 1°C) f (0.006 + 0.001) k (0.005 + 0.001) f (0.007 + 0.001) k (0.025 + 0.001) I I 30 davs 123OCf 5°C) f (0.012 + 0.005) k (0.010 + 0.002) f (0.012 + 0.002) k (0.035 + 0.002) I 

Ohms terminal characteristics 
Maximum voltage generated across unknown: 20 V for overload: 
13 V for valid reading. 
Ohms current thru unknown 

0.1 kQ to 10 kQ range: 1 mA. 
100 kQ to 1000 kR range: IOWA. 
10,000 kQ range: 1 PA. 

Ohms overload protection 
Nondestructive: 250 V rms. 
Fuse destructive: & 1000 V peak. 

Ohms maximum reading rate 
0.1 kQ to 100 kQ range: 5 reading/s. 
1000 kR range: 4 readingls. 
10,000 kQ range: 2 reading/s. 

General 
Data output (BCD), option 021 

Data output is 1-2-4-8 TTL output which is compatible with H P  
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: 100 V, 120 V, 220 V, 240 V +5%, -IO%, 48 Hz to 400 Hz 
line operation 1 6 0  VA with all options. 
Size: 85.7 mm H x 425.4 mm W x 466.7 mm D (3%'' x 16%" x 18%"). 
Weight: net, 9.38 kg (20.7 Ib). Shipping, 11.79 kg (26 Ib). 
Options Price 
020: BCD/remote expand, includes rear terminals in $310 
parallel 
021: BCD*-full parallel, 1-2-4-8 code $305 
022: Remote*-full parallel, 1-2-4-8 code $265 
030: HP-IB remote control and data output $1045 
040: Sample-and-hold* $545 
045: Sample-and-hold (without Opt 020 or 030) $700 
050 or 060: 50 Hz or 60 Hz operation N / C  
0 8 0  Three-wire ratio $245 
908: Rack mounting kit $10 

3490A Digital Multimeter $2450 
(includes ac, dc, 8c ohms) 

Opt 050: Noise Rejection for 50 Hz 
Opt 060  Noise Rejection for 60 Hz 

N I C  
N / C  

*These options require BCD/Remote Expand Option 020 or HP-IB Opt 030. 
Note: Rack mounting requires support in rear 01 instrument. 



10007B Straight-thru probe 
+ --- 

+lO°C to +30°C 

11067A Test lead kit 

? 0.5 d0 f 1.2 dB 

341 11A 
Hi-voltage probe 

341 10A Soft vinyl carrying case 

100078, 100088 Probe 

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

Voltage Capacitance Lendh Nl 100076 

100086 60 pF 1.8 rn (6 ft.) 

11067A Test lead kit 

various applications. 
1 1068A 

zippered opening for instrument and accessory pouch. 
11096B High frequency probe 

meter. Works with any dc voltmeter with 10 MQ input impedance. 

Includes two leads with many interchangeable tips to accommodate 

Soft carrying case for 3476A and B DMM. Has shoulder strap and 

Converts dc voltmeter with 10 MQ input to high-frequency ac volt- 

1 1096B Specifications 
Voltage range: 0.25 to 30 V rms. 
Transfer accuracy (when used with 10 MQ ? 10% dc volt- 
meter) 

DIGITAL VOLTMETERS 
Voltmeter accessories 

Probes, dividers, carrying cases 

1 1096B 
High frequency probe 

341 12A Touch-hold probe 

Accessories furnished: High-Frequency Adapter; Straight Tip; 
Hook Tip; Ground Lead. 
Accessories available: H P  10218A BNC Adapter; H P  10219A 
Type 874 Adapter; HP 10220A Microdot Adapter; H P  11063A 50Q 
Tee. 
341 10A 

Carrying case for ‘h rack size instruments. Inside dimensions of 
25.4 cm x 22.9 cm x 10.2 cm or 10” deep x 9” wide x 4” thick. Zipper 
flip top lid and zippered accessory pouch. Has shoulder carrying 
strap. 
341 11A DC Hi-voltage probe 

1OOO:l divider will accept up to 40 kV. Input Z = 10%. Divider 
accuracy meets specifications when connected to 10 MQ input resis- 
tance instrument. 

0-20 kV 

30-40 kV 
20-30kV <2% and pointed tip. 

341 12A 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 $32 
lOOO8B Probe $32 
11067A Test Lead Kit $5 
11068A Soft Carrying Case for 3476A and B DMM $20 
11096B High Frequency Probe $90 
34110A Carrying Case for ‘h Rack Size Instruments $25 
34111A DC Hi-Voltage Probe $75 
34112A Touch-Hold Probe $40 

<4% 
Divider has interchangeable hook 



DIGITAL VOLTMETERS 
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 I 
control 

I 

3052A with 98458 

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 
Must order option 400, 500,600 or 700 

Two digital voltmeters in the 3052A provide a unique combination of 
high speed and high accuracy measurements. 

Monitor pilot and production processes 
Perform on-line data analysis and processing 
Measure DC, AC, and Ohms 

sment and control 
asurement rates up to 19 channels/second are possible with 
ilution on the 100 mV range. This sensitivity and dynamic 
required, for example, in thermocouple measurements with 

ir better resolution. 
nt noise rejection and very low thermal uncertainty make 
\ particularly suited for accurate, repeatable, low-level mea- 
s even in the presence of noise. The > 120 dB effective com- 
le rejection of the 3455A/3495A effectively cancels out 
1 offsets or superimposed noise signals. 
asurements can be made up to 1 MHz with the standard AC 
[S converter or up to 250 kHz with the optional average con- 
programmable Fast AC mode provides an AC measurement 
o to IO channels/second for inputs about 300 Hz. 
.ive waveforms up to 1 MHz or low frequency transients (be- 
Iz) can be digitized by the 3437A High Speed Sampling 
5th this DVM and 98458 Calculator, more than 4500 read- 

,--md 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 pV resolution and 3 Yi 
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: 

0 Real time information - calendar and time of day 
Interrupts at  a specified time, after a time delay and at  periodic 

Counters incremented every millisecond to time events 
An integral NiCd 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 

intervals 

Power and performance in calculator controllers 
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-IB). 

The HP-IB (Hewlett-Packard’s implementation of IEEE Std. 488- 
1975 and ANSI Standard MC1.l) not only allows simple interfacing 
with the system voltmeters and scanner, but other HP-IB 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. 



to suit his particular application. An “auto-loader’’ routine configures System software 
Usuallv auolication 

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 

software is expensive and time consuming to 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 to 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. 
Once 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. 

Option 9835A 

1 
_ _  

L ,  

Option 98356 
Option 98453 

Standard System Controller Options 
(Standard Features With Each Controller) 

FEATURE 9825A 9835A 9835B 9 8 4 5 s  
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 
16 Character Thermal 16 Character Thermal 80 Character Printout 16 Character Thermal 

Memory (Std.)* 23 K 49K 56K 62K 

Additional Contact local HP Il5K 122K Contact local HP 
Memory Field Engineer 
Options 246K 253K 
Standard ROMS 98210A String-Advanced 98332A 1/0 98332A 1/0 98432A 1/0 

Strip Printer Strip Printer Strip Printer Thermal Line Printer 

180K 187K Field Engineer 

Programming 98437A Graphics 
98216A 9872A Plotter-General 

1/0 - Extended 1/0 
Tape Cartridge 250K bytes 217K bytes 
Storage 

217K bytes 217K bytes** 

‘Memory given as user read write memory in %bit bytes “98455 has dual tape cartridge drives. therefore. total storage on tape IS 434K bytes 

Scanner and Mainframe 
102: Ten Channel Low Thermal Assembly 
104: Twenty Channel Low Thermal Assembly 
106: Nine Channel Reference Assembly with Thermo- 
couple Compensation 
108: Nineteen Channel Reference Assembly with 
Thermocouple Compensation 
110: Ten Channel Relay Actuator Assembly 
1 2 0  Additional 3495A Scanner with High Speed Con- 
trol Board and 10631A HP-IB Cable 
System Controllers 
400: 98258 System Controller with 24K bytes total 
RWM (23K bytes user RWM) 98210A String-Ad- 
vanced Programming ROM; 9821 6A 9872A Plotter- 
General I/O-Extended 1/0 ROM 
500: 9835A System Controller with 65K total bytes 
RWM (49K bytes user RWM); CRT, 98332A 1/0 
ROM,16 Character.ASCII Thermal Printer 
520: 128KtotalbytesRWM(IISKbytesuserRWM) 
522: 192K total bytes RWM (180K bytes user RWM) 
524: 256K total bytes RWM (246K bytes user RWM) 
600: 9835B System Controller with 65K total bytes 
RWM (56K bytes user RWM); 98332A 1/0 ROM, 16 

Price 
$600 
$700 
$700 

$800 

$400 
$1560 

$7700 

$ 1  1,150 

$3,200 
$6.080 
$8,640 
$9,950 

Character ASCII Thermal Printer; 32 Character LED 
D i s p I a y 
620: 128K total bytes RWM (122K bytes 9835B user 
RWM) 
622: 192K total bytes RWM (l87K bytes 9835B user 
RWM) 
624: 256K total bytes RWM (253K bytes 9835B user 
RWM) 
700: 98458 System Controller with 64K total bytes 
RWM (62K bytes user RWM); CRT, Graphics Pack- 
age, 2nd Tape Cartridge Drive, 98432A 1/0 ROM 
910: Extra set of Standard System Documentation 
(Does not include special option documentation) 
Ordering information 
(Select one system controller from option blocks 400, 
500, 600, or 700. Select scanner relay assemblies and 
additional 3495A Scanner Mainframes from options 
102 through 120; each scanner mainframe requires at 
least one relay assembly and will hold up to four assem- 
blies.) 

3052A Automatic Data Acquisition System 

$3,200 

$6,080 

$8,640 

$20,750 

$350 

from 
$10,250 



DIGITAL VOLTMETERS 
Multiplexer Scanner 
Model 3495A 

Low level switching 
Multichannel closure 

Switched guard 
Relay actuation 

3495A 

Description 
General 

The 349514 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-IB) 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 require 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; dc volts and resistance 

scanning. 
Transducer sensing: thermocouples, thermistors, strain gauges, pH 

meters. 
1. Ten Channel Low Thermal Relay Assembly (Opt. 001). This as- 
sembly provides ten 3-wire input channels for switching voltages up 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 a t  a time is closed, 
which prevents connecting two inputs simultaneously. 

OPTION 004 

Maximum’ contact ratings: Voltage: 200V peak; Current: 200 mA 
(non-inductive); Maximum input voltage: 230V peak Thermal Off- 
set: <2pV differential EMF; Isolation: > 10’OQ Switching Time: 10 
msec. max. 
2. Twenty Channel Low Thermal Relay Assembly (Opt. 004). De- 
signed for switching voltages below 42V peak, this assembly contains 
twenty 3-pole input channels. Very low thermal offset voltages are 
maintained in the assembly for low level switching. When used in con- 
junction with the High Speed Controller Board (Opt. 100) and the 
3437A System Voltmeter, switching speeds of up to 1000 channels/ 
sec. with lOOpV resolution can be obtained. 
Maximum contact ratings: Voltage: 42V peak; Current: 40mA 
(non-inductive); Maximum input voltage: 42V peak; Thermal Offset: 
< 1 pV differential EMF; Isolation: > 10‘0; Switching Time: 1 msec. 
max. 



3. Nine Channel Reference Assembly with Thermocouple Compen- 
sation (Opt. 003). An isothermal block, which replaces the standard 
terminal connector, acts as a reference junction for up to nine thermo- 
couples. The remaining channel measures the temperature of the ref- 
erence 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/sec. with 100 pV resolution 
can be achieved. 
Maximum contact ratings: Voltage: 42V peak; Current: 200 mA 
(non-inductive): Maximum input voltage: 42V peak: Thermal offset 
<2/rVdifferential EMF;isolation: > IO'L2; Switching time: I O  msec. 
max. 

4. Nineteen Channel Reference Assembly with Thermocouple Com- 
pensation (Opt. 005). Similar in operation to Option 003 except 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 
<IpV differential EMF; Isolation: > 1O'Q; Switching time: 10 msec. 
max. 

5. Relay Actuator Assembly (Opt. 002). 
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 between 5 mA and 2 A rms. Any combination of channels on 
this assembly may be closed or opened simultaneously. 
Maximum contact ratings: voltage: lOOV rms; Current: 2 A rms; 
Maximum input voltage: 230V peak; Thermal offset: < 30 pV differ- 
ential EMF; Switching time: 40 msec. max. (Caution: For use in cir- 

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/sec. with 100 pV 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% 

Dimension: 190.5 mm H x 428.6 mm W x 520.7 mm D (7%" x 16%" 

Weight: Depends on options. Net: 18 kg (39.6 Ibs.) maximum with 
four relay assemblies. Shipping: 22 kg (48.4 Ibs.) maximum. 
Options, accessories and field installation kits 
Order one or more optional relay assemblies to obtain desired number 
of channels. Up to a total of four assemblies may be used in any com- 

48 to 66 Hz line operation, < lOOVA 

x 20%"). 

bination in each scanner mainframe. 

Option 
001: Ten Channel Low Thermal Relay Assembly 
002: Ten Channel Relay Actuator Assembly 
003: Nine Channel Reference Assembly with Thermo- 
couple Compensation 
004: Twenty Channel Low Thermal Relay Assembly 
005: Nineteen Channel Reference Assembly With 
Thermocouple Compensation 
100 High Speed Control Board 

Field Installation kits 
44401A Ten Channel Low Thermal Relay Assembly 
44402A Ten Channel Relay Actuator Assembly 
44403A Nine Channel Reference Assembly With 
Thermocouple Compensation 
44404A Twenty Channel Low Thermal Relay Assem- 
bly 
44405A Nineteen Channel Reference Assembly With 
Thermocouple Compensation 
44413A High Speed Control Board 
In addition, options 001 or 004 can be field modified 
to include thermocouple compensation by ordering the 
appropriate terminal connectors. 
Additional terminal connectors for: 
Ten Channel Low Thermal Relay Assembly 03495- 
64101 
Ten Channel Relay Actuator Assembly 03495-64102 
Nine Channel Thermocouple Reference Assembly 

Twenty Channel Low Thermal Relay Assembly 

Nineteen Channel Thermocouple Reference Assembly 

3495A Scanner 

03495-64 103 

03495A-64114 

03495-641 15 

Price 
+$600 
+$400 
+$700 

+$700 
+$800 

+$250 

+$600 
+$400 
+$700 

+$700 

+$800 

+$350 

+$ 65 

+$ 95 
+$I25 

+$ 95 

+$I35 

$1 250 



~ . COMPONENT MEASUREMENT 
1 A General information 

C, R, L, D, Q, 2, 0 and IC’s 



Impedance/Z/O, C, R, L, D 81 0 
Hewlett-Packard’s family of component 

measurement instruments covers the imped- 
ance range from less than one milliohm to 
greater than 1Ol6 ohms. Instruments range 
from the traditional manual null measure- 
ment technique to the completely automatic, 
microprocessor controlled, systems oriented 
type. 

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 yields automatic, digital readout 
bridges with accuracy exceeding the less so- 
phisticated manual bridges. 

The manual H P  4265B Universal Bridge 
offers the traditional laboratory oriented ad- 
justment procedures ideal for tutorial envi- 
ronments. It also allows the use of an 
external oscillator input for special test fre- 
quencies or test signal levels. It offers excel- 
lent accuracy a t  low cost. 

The H P  4260A Universal Bridge is a semi- 
automatic bridge that eliminates the tedious 
balancing operation by automatically nulling 
the loss component of the device under test 
(DUT). A unique circuit using semiconduc- 
tor diodes permits bridge balancing of com- 
plex impedances with only one simple 
reference component adjustment. This fea- 
ture yields speed and convenience a t  a nomi- 
nal cost. 

Several fully automatic digital bridges are 
available from Hewlett-Packard, each with 
special features. The H P  427 1B 1 MHz LCR 
Meter uses a state-of-the-art four terminal 
pair terminal arrangement in a bridge con- 
figuration. This technique virtually elimi- 
nates the mutual inductance of the test leads 
- a principle consideration at 1 MHz. The 
HP 4272A 1 MHz Preset C Meter has an in- 
ternal comparator for automatic sorting op- 
eration. The H P  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 

HP 9872A 
GRAPHIC 
PLOTTER 

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 4261A. It offers 
fully automatic L, C, Rand D measurements 
a t  two test frequencies with excellent ac- 
curacy. The H P  4262A is the first of a new 
generation of microprocessor-based instru- 
ments, featuring three test frequencies, pre- 
defined initial turn-on conditions and auto- 
matic self-test capability. The addition of the 
H P  4274A and 4275A will allow the user to 
test components under actual operating con- 
ditions. Both instruments feature variable 
test signal levels, ten spot frequencies, self 
test capability, digital offset to compensate 
for test leads and fixtures, and vector/phase 
angle measurements (Z L e). 

Other impedance measuring instruments 
utilizing analog meter readouts are available 
from Hewlett-Packard offering measure- 
ment speed a t  a nominal cost. The H P  4328A 
Milliohmmeter features a 1 milliohm full 
scale range using a four-terminal Kelvin lead 
arrangement. Resistances of up to 2 x 1OI6 
ohms are measured by the H P  4329A High 
Resistance Meter. The 4332A LCR meter 
measures L, C and R at two test frequencies. 

The H P  4342A Q Meter features good ac- 
curacy over a wide range of frequencies, indi- 
cating Q directly. Inductance, capacitance 
and resistance can also be easily determined. 

Integration into HP-IB system 
Adding the HP-IB 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. 

The HP-IB option (Opt 101) for LCR 
measuring instruments is available for H P  
models 4262A, 4271 B, 4272A, 4274A, 
4275A and 4282A. 

The system controller may be an H P  model 
9825A Computing Controller with an HP-IB 
interface card (98034A), a model 9830A 

HP 59301A 
ASCII- 

PARALLEL 
CONVERTER 

HP 3455A 
DIGITAL OPT. 101 

98034A 

9825A 
CALCULATOR 

Calculator with a bus interface kit (HP 
59405A Opt. 030), or an H P  System 45 with 
HP-IB interface (98034A, Opt. 445). 

If other system components such as a plot- 
ter, printer, scanner or measurement instru- 
ment are added to the system, the integrated 
system reaches a high level of usefulness. For 
example, it would provide a component man- 
ufacturer with inspection/reliability test ca- 
pabilities in the quality control or in-process 
test/inspection departments. In semiconduc- 
tor device measurements, the combination 
can process the especially needed complex 
arithmetic manipulation of the measured 
data to determine various device characteris- 
tics. 

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 cost constraints. 

Hewlett-Packard’s impedance measuring 
instruments have been used in numerous 
diverse applications. If you have an unusual 
application or need assistance, contact your 
nearest Hewlett-Packard sales office for in- 
formation. 

DIGITAL 
VOLTAGE 
SOURCE 



COMPONENT MEASUREMENT 
LCR meter 
Model  4332A 

Touch and read operation 
Widerange 
Low test voltage 
Guarded measurement 

w 

4332A 

.P 
16138A 

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 pH to 1 H full scale, 12 ranges. 
Measuring frequency 
3 pH to 1000 pH ranges: 100 kHz f5%. 
3 mH to 1000 mH ranges: 1 kHz * 5 % .  

Voltage across sample: < 1.5 mV rms. 
Accuracy (at 25°C): T [ 1% reading +(1.5 +3/Q)% of full scale + 
0.03 pH]. 

Capaci tance measurement 
Measurement equivalent circuit: parallel. 
Range: 3 pF to 1 pF full scale, 12 ranges. 
Measuring frequency 
3 pF to lo00 pF ranges: 100 kHz f5%. 
3 nF to 1000 nF ranges: 1 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: 3 0  to 1 M 0  full scale, 12 ranges. 
Measuring frequency: 1 kHz f 5%. 
Voltage across sample: ( 1  m V rms. 
Accuracy (at 25°C) 

30 to 30 k 0  ranges: f (0.5% reading +2% full scale +0.033). 
100 k0 to 1000 k 3  ranges: ? ( I %  reading + 2% full scale). 

Analog outputs: 1 .O V dc full scale, independent of range in use and 
1.0 V or 0.3 V dc full scale, corresponding to the range in use. 
Output impedance: approximately 5003. 
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 .O s 
for meter. 
Operating temperature: 0°C to 50°C. 
Temperature coefficient: f0.05% of full scale/"C (0°C to 50°C). 
DC bias: 100 V dc maximum can be applied from external source. 
Power: 1 1 5  V/230 V f IO%, 48 Hz to 66 Hz, 8VA. 
Size: 130 mm H x 155 mm W x 279 mm D (5 l/81 x 6 3/." x 11"). 
Weight: net, 3.5 kg (7 Ib 1 1  oz). 
Accessories furnished: 16138A Test Leads, Power Cord 8120- 
1348. 

16019A 

Accessories available: 1601 9A Test Fixture 

4332A LCR Meter 
Opt 910: extra manual 

$1490 
$9.00 



COMPONENT MEASUREMENT 
Milliohmmeter 

Model 4 3 2 8 ~  

20 r;R resolution on 1 niD range 
Four terminal measurement 

0 Low test voltage 

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. 

4328 (with 16005A Probes included) 

Specifications 
Range: 0.001 to 100 ohms full scale in a 1, 3 sequence. 
Accuracy: & 2% of full scale. No additional error is caused by series 
reactance of samples up to two times full scale. 
Measuring frequency: 1000 Hz k 100 Hz. 
Voltage across sample: 200 pV peak at full scale. 
Maximum voltage across sample: 20 mV peak in any case. 
Superimposed dc: 150 V dc maximum may be superimposed on 
samples from an external source. 
Recorder output: 0.1 V dc output a t  full scale meter deflection, out- 

16006A Probe (2 each included) 

General 
Power requirements: 115/230 V switch selectable k lo%, 50 to 60 
Hz, 1.5 VA. 
Weight: 3.2 kg (7 Ib). 
Size: 155.1 mm H x 130 mm W x 279 mm D (6?/32" x 5%" x 11"). 
Accessories furnished: Model 16005A Probe, 16006A Probe and 
16007A/B Test Leads. 16143A Probe Cable. Detachable Power 
Cord. 

16007AIB Test leads (1 each included) 

Ordering information 
4328A Milliohmmeter 
Opt 001: Rechargeable battery operation 
Opt 910 extra manual 

Price 
$1315 

$85 
$12.50 



COMPONENT MEASUREMENT 

Tat vottage 10 v 25 V 50 V 100 v 250 V 
Available resistance 5 x 10% 1.25 x 10% 2.5 x 10% 5 x l W  1.25 x 107n 
readings to 2 x l o l a  to 5 x low to 1 x 101% to 2 x 10% to 5 x 101% 

Meter scale .5 to 20 ,125 to 5 .25 to 10 .5 to 20 ,125 to 5 

Upper limit 5 1.25 2.5 5 1.25 

L High resistance meter 
Model 4329A 

500 v 1000 v 
2.5 x io7a 5 x 1 0 7 ~  

to 1 x 1 0 ’ 0  
2 5  to 10 

to 2 x 10% 
.5 to 20 

2.5 5 

Wide range: 500 kfl to 2 x 1016fl 

Description 
The H P  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 H P  16117A Low Noise Test Leads; 
these are used in most types of measurement. 

4 3 2 9 A  Specifications 
Resistance measurement 
Range: 500 ks2 to 2 x 10%. 
Accuracy: total accuracy is determined by test voltage and range 
used. At low resistance end of each scale, accuracy is -t 3%, near cen- 
ter scale f 5%, and near the specified upper limit on the meter scale 
(see table below), accuracy is f 10%. Accuracy is not specified above 
these limits. On all voltage ranges, if multiplier is set to Rmax., an 
additional f 3% is included. 

Selectable test voltages: 10 V to 1000 V 

Current measurement 
Range: 5 x 10-1‘ to 2 x A in 8 ranges. 
Meter scale: 0 to 20 in 40 linear divisions. 
Input resistance: lo4 to 10% f I%, depending on range. 
Accuracy: 2 5% of full scale deflection (there can be an additional 
f 3% error at the top decade). 

General 
Recorder output: 0 to 100 mV dc, proportional to meter deflection; 
1 kQ output resistance. 
Power: 115/230 V f lo%, 50-60 Hz, approximately 3 VA. 
Size: 166 mm H, 198 mm W,224 mm D (6‘4” x 7z5&” x 82y3z“). 
Weight: 3.5 kg (7.7 Ib). 
Accessory furnished: H P  16117A Low Noise Test Leads. 
Accessory available: Model 16008A Resistivity Cell. 

16008A Description 
The H P  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 H P  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 101% (on samples 0.1 cm thick)-and surface resistivity 
up to approximately 4 x 10% 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: 49 mm H, 198 mm W, 152 mm D (2” x 713/6” x 6’4,”). 
Weight: 1.8 kg (4 Ib). 

Ordering information 
16008A Resistivity cell 
4329A High resistance meter 

Opt 910: extra manual 

Price 
$610 

$1795 
add $12.50 



COMPONENT MEASUREMENT I cF;-i, 
Universal bridge 

Model 4260A 

Electronic autobalance-single control null 
Digital readout for C, R, L 
Direction indicators for fast range selection and balance 

4260A UNIVERSAL BRIDGE 

RANGE 4 C R L  

Description 
Measurements of C, R, L, D (dissipation factor of capacitors), and 

Q are easily made with Hewlett-Packard’s Model 4260A Universal 
Impedance Bridge. 

Readout for C, R, and L is digital with the decimal point automati- 
cally positioned. Units of measurement and equivalent circuit auto- 
matically appear with a twist of the function switch. There are no 
multipliers or confusing nonlinear dials which need interpolation. 

Operation is simple. Set the function knob for the parameter to be 
measured, adjust range switch for an on-scale indication, and obtain a 
null with CRL control. There are no interacting controls to adjust and 
readjust, nor any false nulls. A unique electronic autobalance circuit 
solves all these problems. Components with low Q or high D are as 
easy to measure as those without loss. 

For D or Q measurements, switch out of auto and turn DQ control 
until another null is obtained. Only one adjustment is needed for each 
measurement. 

Five bridge circuits are incorporated in HP’s 4260A; each is com- 
posed of stable, high-quality components for good accuracy and lin- 
earity. An internal 1 kHz drives the bridge. 

Nulling is easy. Illuminated pointers ( t C R L > )  automatically tell 
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. 

Specifications 
Capacitance measurement 
Range: 1000 pF to 1000 pF, in 7 full scale ranges (1 pF resolution). 
Accuracy: + (1% + 1 digit), from 1 nF to 100 pF. f (2% + 1 digit), 
from 1 pF to 1 nF and 100 p F  to 1000 pF. All accuracies are stated as 
% of reading. 

Dissipation factor 
Range 

Low D-(of series C): 0.001 to 0.12. 
High D-(of parallel C): 0.05 to 50. 

Accuracy: for C > 100 pF. 

%. 2 
J D  of reading 

Low D . .. . . . . f 

High D . . . . . . . + (10 D of reading + 4)% 

- ( l O J D  of reading + 2)%. 

Add t- 1 dial division for frequencies other than 1 kHz. 

Inductance measurement 
Range: 1000 pH to 1000 H, in 7 full scale ranges (1 pH resolution). 
Accuracy: f (1% + 1 digit), from 1 mH to 100 H. ? (2% + 1 digit), 
from 1 pH to 1 mH and 100 H to 1000 H. 

Quality factor 
Range 

Accuracy: for L > 100 pH. 

Low 0-(of series L): 0.02 to 20. 
High 0-(of parallel L): 8 to 1000. 

Low Q .. . . .. . . + 
Q of IO reading + 4 ) %  

lo + 2 %. - ( J Q  of reading ) 
High Q . . . . . . . f 2 JQ of reading %. 
Add * 1 dial division for frequencies other than 1 kHz. 

Auto-balance 
Eliminates need for DQ adjustments in parallel C and series L mea- 
surements at l kHz. 
Accuracy: for D < 1 and Q> 1 add f 0.5% to C and L accuracy 
specifications. 
Resistance measurement 
Range: lOQ to 10 MQ, in 7 full scale ranges (10 mQ resolution). 
Accuracy: 10 ma  to IOQ +(2% + 1 digit). lOQ to 1 MQ * ( I %  + 1 
digit). 1 MQ to 10 MQ +(2% + 1 digit). 

Oscillator and detector 
Internal oscillator: 1 kHz +2%, 100 mV rms +20%. 
Internal detector: tuned amplifier a t  1 kHz; functions as a broad- 
band amplifier for measurements with external oscillator. 

General 
Power: 115 or 230 volts + lo%, 5 M O  Hz, approx. 7 VA. 
Size: 166 mm H x 198 mm W x 279 mm D (617/2” 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 $1425 



. I  COMPONENT MEASUREMENT 
Universal bridge 
Model 4265B 

High accuracy: 0.2% 
Widerange 
C: 0.1 pF to 1 1 1 1  pF 
L:O.1 pHto 1 1 1 1  H 
R0.1 mQto 1 .111 MQ 

42658 

m 

L 

16029A Test Fixture 

Description 
Hewlett-Packard’s Model 4265B Universal Bridge provides an eco- 

nomical way to make high precision measurements of L, C, or R and 
D or Q. Components can be measured in ranges of 0.1 pH to 11 11 H 
in inductance, 0.1 pF to 11 11 p F  in capacitance and 0.1 mR to 1.1 11 
MQ in resistance. L and C measurements are performed over a wide 
range of loss with either series or parallel equivalent circuits selected 
by the function switch. Basic measurement accuracy is 0.2% of read- 
ing for L, C, and R. 

Measurement frequency range is 50 Hz to 10 kHz with an external 
oscillator, and 1 kHz with internal oscillator. A dc measurement for 
resistance is also available with external dc power supply and null 
detector. 

The front panel design provides appropriate space and convenient 
positioning of knobs for easy balancing. The rugged handle is used as 
the tilt stand a t  angles of 0, 40, or 60 degrees. 

Specifications 
Resistance measurement 
Full scale range: 1000.0 mR to 1 .OOOO MR, 7 ranges. 
Overrange: 1 1 . 1 % .  
Minimum resolution: 0.1 mR. 
“Accuracy (at 1 kHr): f (0.2% of reading +0.01% of F.S.), k (0.4% 
of reading +0.01% F.S.) for 1000.0 mQ range. 
Residual resistance: 1 ma. 

Inductance measurement 
Full scale range: 1000.0 pH to 1000.0 H, 7 ranges. 
Overrange: 1 1.1% 
Minimum resolution: 0.1 pH. 
“Accuracy (at 1 kHz): f (0.2% of reading +0.01% of F.S.), * (0.4% 
of reading +0.01% F.S.) for 1000.0 pH range. 
Residual inductance: 0.04 pH (in series with 1 mR). 
Loss factor range: (at 1 kHz). 
Q of series L: 0.001 to 10, accuracy ?(5% of reading +2 minor 
divisions). 
Q of parallel L 1 to 1000. accuracy 2 (5% of reading +2 minor divi- 
sions) for 1/Q. 

Capacitance measurement 
Full scale range: 1000.0 pF to 1000.0 pF, 7 ranges. 
Overrange: 1 1.1 % 
Minimum resolution: 0.1 pF. 
“Accuracy (at 1 kHz): f (0.2% of reading +0.01% of F.S.), f (0.4% 
of reading +0.01% F.S.) for 1000.0 p F  range. 
Residual capacitance: 0.4 pF. 
Loss factor range: (at 1 kHz). 
D of series C: 0.001 to 1, accuracy *(5% of reading +2 minor divi- 
sions). 
D of parallel C: 0.1 to 1000, accuracy f (5% of reading +2 minor 
divisions) for 1/D. 
*‘For temperature of 25’C k IO’C. 

General 
Internal oscillator 

Frequency: 1 kHz f 15 Hz. 
Output: continuously variable with front panel control. Maximum 
voltage is 0.4 V rms. 

External oscillator 
Frequency range: 50 Hz to 10 kHz or dc for resistance measure- 
ment; 1 4  V rms. 

Internal detector: tuned amplifier at 1 kHz. In 1 kHz position, 
maximum sensitivity of 10 p V ,  selectivity better than 26 dB. In “flat,” 
operates as a broad band detector from 50 Hz to 10 kHz. 
External dc bias: capacitance measurements in Cs mode, maximum 
bias voltage of 250 V dc. Inductance measurements in Lp mode, 
maximum bias current of 10 mA. 
Operating temperature: 0” to 55°C. 
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 (14lY,,” x 15VM’’ x 4 V  ”) 
Weight: net, 5.5 kg (12.1 Ib). Shipping, 7.1 kg (15.7 Ib). 
Accessories furnished: power cord, 2.3 m (7% ft). Crystal ear- 
phone. 
Accessories available: 16029A Test Fixture. 

3 2 .  

Ordering information 
16029A Test Fixture 
Opt 910 Extra Manual 
4265B Universal Bridge 

Price 
$130 

add $9 
$1375 



COMPONENT MEASUREMENT 
Capacitance bridge 

Frequency 1 kHz & 10 kM 
* (0.1% + 1 digit 
+0.01 pF) 

C Basic Accuracy ? (0.2% + 1 digit 
0.1 tDt0 .899  +0.01 pF) 

D<0.1 

Model 4270A 

100 kM 1MH2 
2 (0.3% + 1 digit 
+0.01 pf)  +0.02 pF) 
2 (0.5% + 1 digit 
+0.01 pf)  +0.01 pF) 

2 (1% + 1 digit 

2 (2% + 1 digit 

Fully automatic 
1 kHz to 1 MHz 
Measure from 10.000 pF to 1.0000 pF Full Scale 

G 
D 

Description 
A unique instrument from Hewlett-Packard, the 4270A Automatic 

Capacitance Bridge provides a wide variety of high speed measure- 
ments of both active and passive capacity values. Five-digit readout of 
capacitance from 18.000 pF to 1.2000 p F  is complemented by .001 pF 
resolution and measurement speed of 0.5 seconds. In addition, a sec- 
ond in-line 4-digit Nixie@ display of capacitor loss is given simulta- 
neously in terms of parallel conductance (G) or dissipation factor 
(D). In the laboratory, HP’s 4270A will be extremely useful for ex- 
amination of semiconductor junction capacities, input capacitances 
of amplifiers and other active devices, as well as analysis of stray ca- 
pacity values, cables and simple capacitors. DC biasing, four frequen- 
cies from 1 kHz to 1 MHz and a fully guarded measurement will add 
to laboratory flexibility. 

Specifications 
Measuring circuit 
Float: guarded terminals of unknown are floated from ground. 
L-GND: one side of known terminals is grounded; guard is retained. 
Parameters measured: capacitance, equivalent parallel conduc- 
tance and dissipation factor. 
Measuring frequency: 1 kHz, 10 kHz, 100 kHz and 1 MHz f 1%. 

Range modes 
Auto: range selection and balance performed automatically. 
Hold: range is held on fixed position, balance begins with most sig- 
nificant digit. Range determined by previous auto or track range se- 
lected or by manually stepping range step. 
Track: range held on fixed position, balance begins with last digit. 
Balancing time: typically 0.5 s. 
Measuring rate: measurement cycle equals balance time plus dis- 
play time. Balance time typically 0.5 s; display times selected by meas 
rate are 70 ms, 2 secs, 5 secs, and manual. 

Basic Accuracy 
Basic Accuracy 2 [ l %  + ( l o  + cs/Cx) 

If. (1% + 10 digits) 5 (3% t 10 digits) 

digits] r [ 3 %  + ( l o  + CS/CX) 
digits] 

Test voltage across unknown 
Normal: 1 V rms constant in pF or nF a t  1 kHz, 0.1 V rms constant, in 
p F  a t  1 kHz. 0.5 V rms constant a t  10 kHz, 100 kHz and 1 MHz. 
Low: V, of normal. 
Repeatability: f 2  digits a t  normal test voltage, f 10 digits a t  low 
test voltage. 
DC bias: Internal or external to f 200 V, in hold and track mode. 

Internal bias at  float measurement 
Voltage: 0 to 20 V dc; 0 to 200 V dc; continuously variable on front 
panel, monitored on rear panel. 
Dial accuracy: & 5% of full scale. 
Source resistance: 100 kQ. 
Polarity: low unknown terminal (-), high unknown terminal (+) in 
float position of meas. ckt. control. 
Remote: programmable by resistor with 25osZ/V rate a t  20 V range, 
25Q/V rate a t  200 V range. 
Remote accuracy: f 2% of full scale. 
Internal bias at L-ground: an additional connection using a blocking 
capacitor and a coaxial cable is necessary for internal source. 

Available measurement ranges 
Dissipation 

Facta 

Available measurement ranges 

,8999 

Options and accessories 
Opt 910 Extra Manual 
Opt 101: HP-IB Data Output 8t Remote Control 
16011A Test Fixture 
16012A Test Fixture 
16013A Test Fixture 
16411A HP-IB Interface Kit 
11143A BNC Cable 

Price 
add $35 

add $2890 
$80 

$135 
$100 

$2890 
$45 

4270A Automatic Capacitance Bridge $9035 



' Digital LCR Meter 
Model 4262A 

1M (100) a 1000 pF 10.00 lf 100.0 nF 1000 d 10.00 pf 100.0 pF 1000 pF 
C 1 kHr 100.0 pf 1000 pF 10.00 nF 100.0 nF 1000 nF 10.00 pF 100.0 pF 

10 hlb 10.00 pF 100.0 pF 1000 pF 10.00 nF 100.0 nF 1000 nF 10.00 pF b e  

Automatic balancing, ranging & circuit mode selection 
Test frequencies of 120 (100) Hz, 1 kHz and 10 kHz 

0 HP-IB, BCD and Comparator options available 
Microprocessor control features self test and deviation 
measurement capabilities 

10.00 mF 
1000 pF 
100.0 pf 

0 

Q *1 
.f" t -  
-4G.- 

T o t  

1 I 
Same as cT Mode Same as plcwa Mode AUTO 

* I. Calculated from D value as a reciprocal number. 
-2. Typical data, varies with value of D and number 01 COUIIIS. 

'3. f (96 of reading + counts) Cx is capacitance readout in counts. Accuracies in this table apply 

'4. 5% + 2 counts at 1 kM. 
when D < 1.999. 

,001-19.9 (2 Ranges) 

.050-1000 (4 Ranges) 
1 V or 50 mV I I 10pA I 100pA I 1 mA I 10 mA I 40 mA 



b d 
I 

! 

L-D and L-Q Measurement 

10.00 Q 100.0 R 1000 R 10.00 kQ 100.0 kR 1000 kQ 
120 (100) A 

10 kHz 
Rawe 1 kHz 1000 InQ 

'1 Calculated from D value aa a reciprocal number 
'2 Typical data varies with value of D and number of COUPtO 

'32 (%of reading t counts) Lx is inductance readout in counts. Accuracies in this table apply when D <1.999. 

R/ESR" Measurement 

10.00 m 

40 mA I 10mA I 1 mA 100 pA 
Tat -c3 

clw - Signal 
Level 

"1 AUTO Same as Mode 

* 1  Typical date, varies with number ot counts 
'2 2 (% of reading t counta) 
'3 f (5% t 2 counts) on 10.00 MR range at 10 kHz test bequency. 

Parameters measured: C-D or C-Q (l/D),  L-D or L-Q (I/D), R 
(ESR). 
Display: dual 3'4 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 standard 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 the 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: 0 to 10 pF. L: 0 to 1 pH. 
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 fS%,externaI: Provision for external DC bias (0 to+40V). 

Measurement time (typical) for a 1000 count measurement on a 
low loss component on a fixed range; 
1 kHz, 10 kHz: C/L 220-260 ms, R 120-160 ms 
120 (100) Hz: C/L 900 ms, R 700 ms 
When autorange is selected, the following times per range step must 
be added to the above time: 
1 kHz, 10 kHz: 45 ms/ 180 ms per range step 

General 

1 v  

1 0 p A  I 
Same as a Mode 

'' The measurement range for ESR ia from 1 mR to 19 kR (typical). These values vary depending on 
the series capacitance or inductance value of the device under test. 

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 

lccuacy 423 
plhva - 

*2 AUTO 

input. 
Operating temperature and humidity: 0°C to 55°C; to 40°C at  

0.3% + 2 counts *3 
0.2% + 2 counts 1 

Same as Mode Same as a Mode 

95% RH. 
Power requirements: 100/120/220 VAC f lo%, 240 Vac +5% - 

Power consumption: 1 5 5  VA with any option. 
Size: 147 mm H x 426 mm W x 345 mm D (5%" x 16%" 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-IB Data Output and Re- 
mote Control. Not compatible with Opt 001 and 004. 

10%; 48-66 Hz. 

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 
16061A Test Fixture 
16062A Test Cables 
16063A Test Cables 
4262A Digital LCR Meter 

Price 
$315 
$760 

nc 
$510 

$10 
$15 

$130 
$65 
$65 

$2625 



COMPONENT MEASUREMENT 
Digital LCR Meter 
Model 4261A 

120 Hz or 
RANGE 1 kHz 1000 mfl 10 om 1oo.os7 l O O O f l  

Fully automatic-autoranging 
Wide range C = 0.1 pF t o  19 mF, L = 0.1 KH to 1900 H, 

Low cost with high performance 
Versatile accessories/ options 
High reliability 

R = 1 mRto 19MQ 

10.00 kQ 100.0 kfl 1000.0 k f l  10.00 Ma 

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 426 1A 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), 
higlrspeed measurement (typically 4 per second), 120 Hz or 1 kHz 
measurement frequencies, 1 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 

c%2- 

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. 

- 
1 v  

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 k 3% and 1 kHz f 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 f 5°C (at 0°C to 
55°C. error doubles). 
DC Bias 
Internal source: 1.5 V, 2.2 V, 6 V (selectable on front panel). 
Accuracy: f 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 1 
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 -t IO%, 48 to 66 Hz. 
Power consumption: 125 VA with any option. 
Altitude: 15,240 m (50,000 ft.). 
Size: 132.6 H x 213 W x 422 mm D (5%” x 8%” x 16%’). 
Weight: approx. 7.5 kg (16.5 Ib). 

Tat 
Siprl 

k l e  1 
level 

R 
kCUsCy 
Note 2 

I 
70 mA 10 mA 1 mA 100 pA 1 0 p A  I 4n-W- - AUTO I I  Same as -c~,!z+ Mode 1 

1 

AUTO I 

Same as Mode 

r 0 3% + 2 counts -=..D- 

4 n - W - I  0.2% + 2 counts 1 - Same as W Mode Sameas Mode 



: j 
5 

C-D Measurement 

1. Typical data, varies with value of D and number of counts. 
2. k(% of reading + counts +a). Cx is capacitance readout in counts. 
$ (5% + 2 counts) at 1 kHr. 

L-D Measurement 
120 m 

RANGE 1 1 k k  -- 
0.001 to 1.900, c o m m  to all 1 ranges. D 

I 1 v  I 

I I I  

I 70mA 10 mA 1 mA 100 pA 10 rJI 

I 

I 

I 
I 

eo 

eo 

eo 

Test sigma1 Level 
Note 1 oTitP=- I 

Note 2 cJmT+-- I 

Same as W Mode Same as dE% Mode I 
0 3% + 2 counts 

Same as Mode Same as ~ E P  Mode [ 
03% + (3 + Lx/500) counts 1 I 1% + (3 + Lx/500) counts I 

Same as Mode Same as 0 Mode I 

AUTO 

1% + 2 counts 

0 2% + 2 counts + 0.2 pH 
1 Accuacy 

AUTO 

I 
0.2% + (3 + 2OO/Lx) counts D Accvacy 

Note 2 oTitP=- 
AUTO 

1. Typical data, variea with value of D and number of counts. 
2. +(%of reading + counts +a). Lx in Inductance readout in counts. 

Accessories available 
16061A: Test Fixture (direct coupled type), 5-terminal 
16062A: Test Leads with alligator clips, 4-terminal 
(for low impedance measurements) 
16063A: Test Leads with alligator clips, 3-terminal 
(for high impedance measurements) 

Options available 
Opt 001: BCD Output of C/L/R and D (simulta- 
neous) 
Opt 002: BCD Output of C/D, L/D and R (alter- 
nately) 

Price 

$65 

$65 16061A Test Fixture 

Opt 003: BCD Remote Control (except for DC bias 
$130 function) 

Ordering information 

16062A Test Leads 
36063A Test Leads 
Opt 001: BCD Output (Simultaneous) 
Opt 002: BCD Output (Alternately) 
Opt 003: BCD Remote Control 

4261A Digital LCR Meter 

add 

add $155 

add $15 

Price 
$130 
$65 
$65 

add $175 
add $155 

add $75 

$2060 



I COMPONENT MEASUREMENT 
1 MHz Digital LCR Meter 
Model 427 1 B 

Automatic high-speed measurements of low value com- 
ponents 
Precision LCR and loss measurements 
HP-IB interface for easy systems integration 

Wide measurement range (resolution to overrange): 
C: 0.001 pF to 19.000 nF 
L: 0.1 nH to 1900.0 pH 
R: 0.001 !2 to 19.000 k!2 

, 2  

PF 

PS 

Descript i 
The HP 42 , Iu  1 I V L I I L  L L ~  lv1ctcl LIICCLS LIK requirements 01 rne 

laboratory, manufacturing and quality assurance where speed and ac- 
curacy are essential. Fully automatic inductance, capacitance and 
loss measurements can be made at the rate of up to 5 readings per 
second. 

The four-terminal pair measurement technique used in the 4271 B 
reduces errors due to electromagnetic coupling of leads as well as re- 
ducing residual inductance and stray capacitance. Offset adjustments 
are provided to cancel the residuals of the test fixtures. 

Typical applications for the 4271B include microcircuit measure- 
ments, capacitance-voltage characteristics of semiconductor devices 
and passive component tests on devices such as ceramic and mica ca- 
pacitors, reed relays and pulse transformers. 

Specifications 
Parameters measured: capacitance and conductance (C-G) or ca- 
pacitance and dissipation factor (C-D) using parallel equivalent cir- 

RANGE 3 RANGE 4 

1000.0 pF 10.000 nF 

10.000 mS 100.00 mS Fd Scale Display 

lest Signal Levd 

'Accuac y * (% of reading 
+ counts) 

Ovmaqe 

1 LOW 1 0 . 3 +  ( 7 +  g)  I HIGH 1 1.0+ (lo+ y )  
D I Low I i n +  f i s +  -> 30,000 

r inductance and 
ICSISL~IIGC \L.-K) ubirig series equivalent circuit. n IS equivalent series 
resistance. 
Display: dual 4% digit LED displays. 
Overrange: 90% on C, G, L, and R; 60% on D. 
Test frequency: 1 MHz +O.Ol%. 
Ranging: automatic and manual. Remote control with Opt 101. 
Measurement terminals: four-terminal pair construction. 
Offset adjustment: offset adjustment compensates for (a) stray ca- 
pacitance and residual conductance of text fixture; variable ranges 
are 1 pF and 1 pS, or (b) residual inductance and residual resistance 
of text fixture. Variable ranges are 100 nH and 100 ma. 

DC Bias (optional) 
Internal source: DC bias is available as Opt 001 with the following 
specifications: 

Range: 00.0 V to 39.9 V, variable in steps of 0.1 V. 
Accuracy: k 0.2% of setting f 5 mV (when ambient temperature 
is at 23°C +5"C and warm-up time is more than 60 minutes.). 

1 nnn / ~ . N c \  u.z + ( """, , 
1.2 + 2 + - \ 1000 ) 

1.0 + (10 + y) 
1.0 + (15 + y )  I 

1 . 0 + ( 1 5 +  y) 

90% all ranges 

90% all ranges 

60% all ranges 

.When conductance readin0 is 1888 than loo0 count8. Nc is the capacitance readout in count8. 



L"J 

L-D and L-R Measurements 

1 
Ful Scak Display R 

D 
MGH 
LOW 

Test Sipat Level 

RANGE 1 RANGE 2 RANGE 3 RANGE 4 
1000.0 nH 10.000 pH 100.00 pH 1000.0 pH 

10.000 a 100.00 n 1000.0 a 10.000 kn 
1.0000 on all ranges when L reading is greater than 1500 counts 

5 mA rms f 10% 
200 pA rms * 10% 

500 pA rms f 10% 
20 pA rms + 10% 

50 pA rms 2 10% 
2 pA rms + 10% 

2 mA rms +20% r *Accuacy 

HIGH 

LOW 

1 

HIGH 
k (% of reading + counts) 

I 
0.2 + 4 

0.3 + 6 
0.6 + 4 

0.6 + 6 1.0 + 15 

2 . N  
0.3 + (2 + d) 

2 . N  
R LOW 1 . 2 + ( 8 + & )  1 . 2 + ( 2 + 2 )  

1.0 + (15 + y) I 1.0 + (15 + y) I 
1.0 +(20 + 30,000) I .. .... 

0.5 + (2 +..".) 1000 

I 1 . 0 + ( 2 0 +  y) 
1 90% All Ranges 
R 90% All Ranges Ovnrange 

I D I 60% All Ranges 

'When resistance reading in le88 than 1000 counts. N, is the inductance reading in counts. 

Conductance and Resistance Measurements 

'When capacitance or inductance is less then 1.000 counts. 

Accuracies listed in the above tables apply over a temperature range of 23°C +5"C. (At 0°C to 50"C, accuracy percentages are doubled.) 
Warm-up Time: One hour minimum required to meet all specifications. 

DC BIAS (cont.) 
Output resistance: 1.5 k51 5 10%. Bias voltage is applied to HcUR 
terminal. 
Short circuit current: less than 6 mA. 
Control: controlled by H P  Model 16023A DC Bias Controller (op- 
tionally available) or by the HP-IB when Opt 101 is installed. 
Control input connector: H P  P/N 1251-0143, 14-pin receptacle 
(Amphenol 57-40 140). 
Mating connector: H P  Part No. 1251-0142 (Amphenol 57- 
30140). 
External source: Provision for external dc bias voltage of k 200 V 
maximum to BNC connector (EXT INPUT) on rear panel. Max 
bias current 20 mA. Input resistance 10.5 k51 + 10%. 
Monitor output: bias voltage monitoring BNC connector (MONI- 
TOR) on rear panel. Output resistance: 480 51 t 10% to HCUR ter- 
minal. 

General 
Measuring Speed 

Fixed range: 100 ms to 250 ms for C-G and L-R measurement. 
160 ms to 400 ms for C-D and L-D measurements. 
Autorange: 100 ms/range step added to above values. 

Operating temperature: 0°C to 50°C. 
Relative humidity: to 95% at 40°C. 
Power: 100/120/220 V + IO%, 240 V + 5% - IO%, 48-66 Hz, 80 
VA max. 

Size: 88 mm H x 425 mm W x 496 mm D (3'54," x 163/," x 199A6"). 
Weight: 10 kg (22 Ib). 
Accessory furnished: 16038A Test Fixture for radial and axial lead 
components. 

Ordering information Price 
16021A Calibration Test Fixture (GR90O connector) $645 
16022A General Purpose Test Fixture $530 
16023A DC Bias Voltage Controller (used with Opt $565 
001) 
16032A Test Leads (BNC) $210 
16033A Test Leads with miniature coaxial connectors 
16034A Test Fixture for chip capacitor measurement 
16039A Test Fixture with "D" offset. 
Opt 001: DC Bias supply; 0.0 V to 39.9 V 
Opt 002: C/L BCD output; may be used with Opt 003 
for simultaneous outputs +8421 Code 
Opt 003: G/R/D BCD output. +8421 Code (see Opt 
002) 
Opt 004: Parameter Serial BCD output 
Opt 010: 4271B Less Test Fixture 16038A 
Opt 101: HP-IB Data Output and Remote Control 

$260 
$465 
$340 

add $3 10 
add $160 

add $160 

add $280 
less $155 
add $895 

$5605 4271B 1 MHz Digital LCR Meter 



I .- COMPONENT MEASUREMENT 

Fd Scale 
Range War Overrange 

10 pF 10.000 pF 90% 
100 pF 100.00 pF on 
1000 pF 1000.0 pF each range 

1 MHz Preset C Meter 
Model 4272A 

Accuracy* 
0.1 + 7 
0.1 + 3  
0.1 + 2 

Simultaneous g o l n o  go check on production line 
0 High accuracy-basically 0.1% of reading 

High speed measurements-8 per second 

Description 
The 4272A 1 MHz Preset C Meter is a unique instrument in which a 

5 digit “in-house” comparator is combined with 1 MHz capacitance 
measurement capability. Capacitance can be measured from 10 pF 
full scale (resolution 0.001 pF) to 1000 pF full scale (maximum dis- 
play 1900 pF). 

With the comparator capability, the instrument can be set to high 
and low limits with the built-in thumbwheel switches. Limit indica- 
tions include panel lamp display, relay contact and TTL outputs for 
HI, IN and LO comparisons. 

The combination of measurement and comparator capability 
makes this instrument very applicable for production line GO/NO 
GO checking. When relatively small capacitors such as ceramic or 
mica are checked for quality in the production process, there is no 
necessity to read the digital display. A GO/NO GO check requires 
only a glance a t  the HI-IN-LO lamp display. Decision type outputs 
can be utilized in an automatic selection system. 

BCD data output for data processing of variable is optionally avail- 
able. An HP-IB option is also available. 

TTL level: 3 open collector circuits to H I  level (open) for HI, I N  or 
LO output (Fanout max 30 mA). 
Measuring time: (120 ms. 
Reading rate 

Internal: t 3 0 0  ms between start of measurement and start of next 
measurement. 
External: a new cycle may be started by pushing manual trigger 
button or by remote trigger input to remote trigger connector. 
Remote trigger input: a measurement cycle may be initiated at 
remote trigger connector by changing logic level state from “0” 
(zero volts or connection to ground though less than 25R) to “ I ”  
(TTL high level or open), pulse width > 1 fis. 

General 
Operating temperature & humidity: 0°C to 50”C, relative humid- 
ity to 95% a t  40°C. 
Power requirements: 100/120/220/240 V k IO%, 48-66 Hz. 
Power consumption: 1 6 0  VA with any option. 
Dimensions: 88 mm H x 426 mm W x 467 mm D (315/32” X 1634” X 
1 99/1<). 
Weight: approximately IO kg (22 Ibs). 
Accessories furnished: 16032A Test Leads with BNC Connectors. 

16032A 

Accessories available Price 
16021A: Calibration connector $645 
16022A: Test Fixture, General Purpose $530 
16033A: Test Leads with Miniature Coaxial Connec- $260 
tors 
16034A: Chip Capacitor Test Fixture $465 
16038A: Test Fixture $21 5 
Note: The above accessories are the same as for the 
4271B. 

Options available 
002: BCD and Decision Outputs 
006: BCD Remote Control 
101: HP-IB Data Output and Remote Control 

4272A 1 MHz Preset C Meter 

add $100 
add $145 

add $2915 

$5290 



COMPONENT MEASUREMENT F 
bl 1 kHz Preset C Meter 

Model 4273A 

Simultaneous Go/No-Go check on production line 
High Accuracy-basically 0.1% of reading 
High speed measurements-6 per second 

Description 
Most components are measured and their characteristics are evalu- 

ated a t  1 kHz. The model 4273A 1 kHz Preset C Meter is a 4 digit 
capacitance meter which, combined with a 5 digit comparator, pro- 
vides Go/No-Go information on medium range capacitors in produc- 
tion line testing or incoming inspection. 

The 4273A measures capacitance from 100.00 pF full scale (0.01 
pF resolution) to 10.000pF full scale in six decade ranges with an 
overrange of 20%. The instrument’s two test signal levels (1 Vrms and 
300 mVrms) and wide measurement range covers most capacitor 
types, including plastic film, mica and ceramic capacitors. The 300 
mV test level is especially useful when measuring the capacitance of 
semiconductor devices. 

The 5-digit comparator allows upper and lower comparison limits 
to be set by thumbwheel switches on the front panel. The measured 
capacitance values are compared with the limit switch settings and 
the results are displayed on the front panel. This information is simul- 
taneously applied to relay contact and TTL outputs on the rear panel 
connector for use with an automatic sorting machine. BCD output of 
measurement data is also provided. 

Measurement time is important, especially in automatic sorting ap- 
plications. The 4273A can typically make 4 measurements per second 
(assuming a transfer time of 100 ms). For higher sorting speeds, a 
high speed version, Option H01 is available. 

The 5 terminal configuration of the unknown terminals and the ca- 
pacitance offset capability insures accurate measurements and easier 
test fixture design for connection to the device under test. 

Specifications 
Capacitance measurement 
Parameter measured: capacitance-equivalent parallel by four ter- 
minal method. 
Test slgnal: frequency: lkHz +2%; test level: lVrms f 10% and 
300 mVrms k 10% 
Measurement range: 100.00 pF - 10.000pF in 6 decade ranges, 
manually selectable. Remote ranging is optionally available. 
Overrange: 20% 
Accuracy: f (0.1% of reading + 3 counts); conditions: accuracy ap- 
plies over a temperature range of 23°C f 5°C a t  dissipation factors of 
D(0.1. At O0C-5O0C, error doubles. Warm-up time is 30 minutes. 
Offset adjustments: compensates for stray capacitance of 0 to 10 
PF. 

Comparator 
Function: compares measured value with HI and LOW LIMIT set- 
tings and provides HI, IN and LO comparison outputs. 
HI and LOW LIMIT setting ranges: 00000-11999 at each limit 
switch 
Comparison outputs: visual, relay contacts and TTL level 
Visual: 3 LEDs indicate HI, IN or LO 
Relay contacts: 3 SPST contacts to circuit common for HI, IN or 

TTL level: 3 open collector circuits to high level (open) for HI, IN or 
LO output (Fanout max. 40 mA). 

General 
Measuring time: < 150 ms. 
Reading rate: internal: (300 ms between start of measurement and 
start of next cycle; external: after completion of a measurement cycle, 
a new cycle may be started by pushing the manual trigger button or 
by remote trigger input to the remote trigger connector; remote trig- 
ger input: a measurement cycle may be initiated at the remote trigger 
connector by changing the logic level state from “0” (zero volts or 
connection to ground through less than 25Q) to “1” (TTL high level or 
open), pulse width; 220ps. 
BCD output: connector: 50 pin, P/N 1251-0087 (Amphenol 51- 
40500-375). Mating connector is P/N 1251-0086 (Amphenol 57- 

Output level: TTL. “0” 0-0.4V, “1” 2.4-5V. Max. sink current 16 
mA (8 mA for ‘out of range”), output impedance 300Q. 
Operating temperature 81 humidity: 0°C to SOT,  relative humid- 
ity to 95% at 40°C. 
Power requirements: 100/120/220/240 V f lo%, 48-66 Hz. 
Power consumption: 1 2 5  VA with any option. 
Size: 147 H x 426 W x 349 mm D (5%” x 16%” x 13%”). 
Weight: approx 8 kg (17.5 Ib). 
Accessories furnished: 16045A Test leads with BNC connectors. 
Options available: 006: BCD remotecontrol. H01: Hi speed version. 
3 digit display with 4 digit comparator. Accuracy: 0.2% of reading. 
Measurement time: t75 ms. 

LO output. 

30500-375). 

Ordering information 
Opt 006: BCD Remote Control 
Opt H01: Hi Speed Version 
4273A 1 kHz Preset C Meter 

Price 
$70 

add $195 
$3205 



t i ' P  COMPONENT MEASUREMENT 
Multi-Frequency LCR Meters 
Models 4274A & 4275A 

0 Measure L I C  - D I Q I E S R I G  
R - X I B I L I C  
2 - 8  

4274A 
0 Test fi 

0 Test s 
0 0.1%1 

^^ .. ^^ . . .  requencies - iuu HZ to iuu KHZ 
iignal level - 1 mV to 5 V rms 
basic accuracy 

4275A - . -  - .  .. . .- .... 
0 I est trequencies - i u  KHZ to i u  MHZ 

Test signal level - 1 mV to 1 V rms 
0 0.1010 basic accuracy 

4275A 

Description 

The 4274A and 4275A Multi-Frequency LCR Meters are the most 
recent additions to the new generation of microprocessor controlled 
LCR meters from Hewlett-Packard. Both instruments offer many 
unique features such as multi-spot frequencies, continuously variable 
test signal levels, multi-parameter measurements and basic accuracy 
of 0.1% with 4% or 5% (high resolution mode) digit resolution. These 
features, plus many others, allow the 4274A and 4275A to cover a 
wide variety of measurement requirements on most electronic materi- 
als and devices over a frequency range of 100 Hz to 10 MHz. 

The 4274A operates over a frequency range of 100 Hz to 100 kHz 
and is ideally suited for such applications as impedance measure- 
ments on aluminum electrolytic capacitors used in switching power 
supplies and audio magnetic heads. The eleven spot frequencies allow 
the user to measure the frequency characteristics of the ESR of tanta- 
lum capacitors and make conventional measurements on discrete de- 
vices as specified in MIL and IEC specifications. L-Q measurements 

on most inductors are easily made at specific frequencies and test cur- 
rent levels. 

The 4275A meets the relatively high frequency measurement re- 
quirements of the electronic component and semiconductor industry, 
covering a frequency range of 10 kHz to 10 MHz in 10 spot frequen- 
cies. Applications include the L-Q measurement of magnetic compo- 
nents such as ferrite cores and filter coils as well as the capacitance, 
equivalent series resistance or impedance of tantalum, film or ceram- 
ic chip capacitors. Measurements such as impedance vs. frequency 
characteristics of VTR magnetic heads and high frequency C-V char- 
acteristics of semiconductor materials or devices can be made man- 
ually or under HP-IB control. 

Both the 4274A and 4275A will contribute to the quality of compo- 
nent measurements in laboratory, quality control and production line 
applications. The selectable frequency, test signal level and optional 
dc bias capability allow the user to test a device under conditions simi- 
lar to its intended use. The high resolution mode may be selected to 
give 5% digit measurements without loss of accuracy. 



Systems integration is easily accomplished with the two available 
HP-IB options (isolated and non-isolated). These interfaces offer the 
improved efficiency of total automation of complex measurements 
and arithmetic manipulation of measurement data. Two dc bias op- 
tions are available covering the range of 0 to f 100 Vdc to eliminate 
the need for external dc power supplies. 

Together the 4274A and 4275A provide 17 discrete frequencies be- 
tween 100 Hz and 10 MHz - wide enough to cover most impedance 
measurement applications. Additional spot frequencies are optionally 
available in the operating range of each instrument for unique cus- 
tomer applications. 

Specifications (Tentative) 
Common specifications (4274A & 4275A) 
Parameter measured: L/C - D/Q/ESR/G 

Display: 4% digit, max. display 19999; ( 5 %  digit, max. display 
199999 in High Resolution mode). 
Circuit Mode: Series, parallel or auto 
Terminal configuration: 4-terminal pair 
Trigger: INT, EXT and HoldJManual 
Range Mode: Auto or manual (up/down) 
Deviation measurement: Difference from stored reference dis- 
played as absolute value or per cent 
High resolution mode: 5% digit display (measurement speed times 
10) 
Zero adjustment: Compensates for residuals of test fixtures and ca- 
bles (C<20 pF, G<lOpS, L<lpH, R < l Q )  
Self test: Automatic operational check 
DC bias: internal: 0- f 35V. 1 mV resolution (option 001) 

R - X/B/L/C 
z - 0  

- 

internal: 0- f 99.9V, 100 mV resolution (option 002) 
Bias control: HP-IB or 16203B Bias Controller 
External: 0- f 200 V 

FrequencyITest slgnai level check: Monitors frequency, test sig- 
nal level or current at UNKNOWN terminals. 

4274A Specifications (only) 
Measurement frequencies: 100 Hz - 100 kHz in 1-2-4 steps (100 
Hz, 120 Hz, 200 Hz, 400 Hz, 1 kHz, 2 kHz, 4 kHz, 10 kHz, 20 kHz, 
40 kHz, 100 kHz fO.Ol%) 
Test signal level: 1 mV - 5 Vrms continuously variable 
Measurement range’ and basic accuracy: 

Inductance (L): 100.00 nH - 1000.0 H, 0.1% 
Capacitance (C): 1 .OOOO pF - 1 .OO F, 0.1% 
Resistance (R), Impedance (Z),  Equivalent Series 
Resistance (ESR) and Reactance (X): 100.00 mQ - 10.000 MQ, 
0.1% 
Dissipation factor (D): .0001 - 9.999, k 0.001 
Quality factor (0): 0.100 - 1000 (I/D) 

Conductance (0) and Susceptance (B): 1.0000 pS - 100.00 S, 
0.1% 
Phase angle (e): 0 - f 180.00 degrees, 0.1 degree 

4275A Specifications (only) 
Measurement frequencies: 10 kHz - 10 MHz in 1-2-4 steps (10 
kHz, 20 kHz, 40 kHz, 100 kHz, 200 kHz, 400 kHz, 1 MHz, 2 MHz, 4 
MHz, 10 MHz f 0.01%) 
Test signal level: 1 mV - 1 Vrms, continuously variable 
Measurement range‘ and basic accuracy: 

L: 100.00 nH - 1.0000 H, 0.1% 
C. 1.0000 pF - 100.00 pF, 0.1% 
R, 2, ESR & X: 1.OOOOQ - 10.000 MQ, 0.1% 
D: .0001 - 9.999, f 0.001 
0 (1ID): .lo0 - 1000 
G & B: 1.0000pS - lO.OOOS, 0.1% 
0 : 0 - 2 180 degrees, 0.1 degree 

General 
Measurement time: Approx. 200 ms (< 1 kHz); 4274A only 

ADDrOX. 130 ms (1 kHz - 10 MHz); 427444 & 
4i j5A 

Power: 100/120/220 Vac f lo%, 240 Vac +5%-lo%, 48 - 66 Hz 
Size: 177 mm H x 425.5 mm W x 574 mm D (6.969” x 16.7” x 22.6”) 
Weight: Approx. 18 kg (39.7 Ibs) 
Accessories available 
16047A Test Fixture; general purpose, direct coupled 
160478 Test Fixture; safety guarded with extension cables 
16048A Test Leads; BNC connectors 
160488 Test Leads; RF connectors 
16048C Test Leads; alligator clips 
160348 Test Fixture; for chip capacitors 
160238 DC Bias Controller 
Options 
001: Internal DC Bias Supply, 0- k 35V, 1 mV steps 
002: Internal DC Bias Supply, 0- +99.9V, 100 mV steps 
003: Battery Backup for Memory Circuits 
004: Frequency steps in 1-3-5 sequence 
101: HP-IB data output and remote control 
102: HP-IB with isolation 
Special options 
H01: High speed version (3 digit display); 1-2-4 steps 
H02: High speed version (3 digit display); 1-3-5 steps 
Additional specific frequency options (no option number as- 
signed): 

Selectable arbitrarily from 100 Hz thru 100 kHz on 4274A, 10 kHz 
thru 10.7 MHz on 4275A. 

Price 
4274A Multi-Frequency LCR Meter $7930 
4275A Multi-Frequency LCR Meter $8720 
‘Varies with test frequency and test slgnal lev61. Range for minor parameter8 01 ESR, 0. X. B. L and C 
depends upon range of major L, C and R parameters. 



COMPONENT MEASUREMENT 
Digital high capacitance meter I 

Model 4282A 

Wide range-10nF to 1 F full scale 
Dissipation factor or ohm-farad measurements 

16035A 

Internal bias supply 
Digital and analog outputs for recording 

D.escription 
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 types of leads are supplied with the H P  4282A. One is the 
standard four-wire alligator clip style, and the other comprises two 
specially designed clips that maintain the Kelvin four-wire measure- 
ment. 

Two unique features of the H P  4282A are: alternating mode al- 
ternately displays either capacitance and dissipation factor, (C-D), or 
capacitance and the product of ohms and farads, (C-OF) and the ca- 
pability to double as a three-digit DVM. 

Both digital and analog outputs are available for making perma- 
nent recordings. 

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 filters in power sup- 
plies and are operated at these frequencies. If your application 
requires tests at other frequencies, please refer to Models 4260A2, 
4261A, 4262A, 4265B, 4270A and 4271B on the adjoining pages. 

16037A 

Specifications 
Measuring functions: capacitance, dissipation factor, *ohm-farad 
and dc voltage. Selectable by function switch. 
Ohm-farad: the product of the capacitance and equivalent series re- 
sistance of the capacitor. 

settint 

D 
QF 
C-D 

C-OF 

v 

~~ ~ 

F u ~ t i o n  and display 

Capacitance measurement 
Dissipation factor measurement 
Ohm farad measurement 
Capacitance and dissipation factor 
measurements (alternately) 
Capacitance and ohm farad 
measurements (alternately) 
DC bias voltage or external voltage 
measurements 

Note 
All measurements are continuously 
repeated as long as unknown IS 
connected 



Measuring ranges: 

l o w  
High 

(capacitance) 

0.3 V t 0 . 3  V 
3.9 V t 1.5 V 

Max sink current 15 mA 
Max load current 300 pA 

D 
(dissipation factor) 

OF 
(ohm-farad) 

100 nF 
1 pF to 1 mF 

10 mF 
100 mF 

I f  

V 
(de voltage) 

0.5 + 0.5 Drdg 0.1 
0.05 
0.05 
0.5 
1.0 

0.4 + 0.5 Drdg 
1.0 + 0.5 Drdg 
1.5 + 0.5 Drdg 
2.5 + 0.5 Drdg 

Full-scale d d a v  

C Range % of rcadint 
10 nF 

100 nF to 1 mF 
10 mF 

100 mF to 1 F 

1.5 + 0.5 Drdg 
1.5 + 0.2 Drdg 
1.5 + 0.2 Drdg 
1.5 + 0.2 Drdg 

10,000 nF to 1,0000 F, four 
full digits, 9 ranges in 
decade steps, manual selection. 
1,000 to 10.00, three full 
digits, 2 ranges, auto selection. 
1.OOOQ mF to 1O.OOQ mF three 
full digits, 2 ranges, auto 
selection. 
10.00 V to 1.000 kV, three full 
digits, 3 ranges, in decade steps, 
manual selection (maximum voltage 
is 600 V). 

% of M-scale 
0.2 Cfs/Crdg + 0.3 
0.2 Cfs/Crdg + 0.3 
0.2 CIslCrdg + 0.5 
0.2 Cfs/Crdg + 3 

- 4 j  ranging 

Function 
C 

D, QF 
V 

18% 

18% 

Temperahre coefficient 
?0.02% of reading/% 
+0.03% of reading/% * 0.01% of reading/% 

Measuring circuit: series equivalent circuit using four-terminal 
method. 
Measuring frequencies: 50 Hz, 60 Hz, 100 Hz and 120 Hz (50 Hz 
and 60 Hz synchronized by line frequency). Accuracy: f 1.5%. 
Measuring voltages 

10 nF to 10 mF ranges: (1 V rms. 
100 mF range: (0.1 V rms. 
1 F range: (10 mV rms. 

Accuracy: (+23"C f 5 " C  after half hour warm up): f(% of read- 
ing +% of full-scale). 
Capacitance 

t C Range % of readmg I % of M-scale I -  
10 nF 1.0 + 0.9 Drde I 0.2 

Ohm-farad 

10 nF 
100 nF to 1 mF 

1.0 + 0.5 - QFrdg 
1.0 + 0.2 QFrdg 

0.2 - Cfs/Drdg + 0.3 
0.2 CWCrdg + 0.3 1 10mF 1.0 + 0.2 QFrde 0.2 Cfs/Crde + 0.5 

100 mF. 1 F I 1.0 + 0.2 QFrdg 1 O.Z*Cfs/Crdi + 3 1 

Option 001 Leakage Current Measurements adds 
following capabilities to standard model 
Leakage current measurement (IL) 

Range: 1.000 pA to 10.00 mA, 5 ranges, three full digits. 
Overranging: 18%. 
Accuracy: 1 pA range: f (2% of reading +2.0% of full-scale). 10 
pA to 10 mA ranges: f (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 over each range. Maximum current is 100 mA for 
10 V range and 60 mA (for 1 minute) for 100 V range. 
External source: usable up to 600 V dc across ext bias terminals on 
rear panel. 
Protective resistor: 1kQ for 100 V range and for external bias, 1Q 
for 10 V range. 

General 
DC bias voltage: 0 to 10 V, continuously adjustable with DC bias 
control. Maximum charging current is 100 mA. 
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). 
Reading rate: continuously variable from 0.3 to 2 seconds with rate 
control. 
Reset: initiates one reading by depressing Reset Int pushbutton or 
contact closure to ground or TTL low level a t  reset ext line. Mating 
plug for reset test jack H P  part No. 1251-0918. 
Digital output: output signals: BCD + 1-2-4-8, data parallel, deci- 
mal point, function and unit, overload and unbalance, and polarity. 
Level 
I State I Levd I Characteristics I 

Accessories furnished 
16035A test leads: four alligator clips. 
16036A test leads: two alligator-jaw clips. 
Power cord: 230 cm (7% ft), HP Part No. 8120-1378. 

Accessories available 
16037A: Test Fixture 
16413A: HP-IB Interface Kit 

Options 
00 1: Leakage current measurement 
101: HP-IB Data Output and Remote Control 
908: Rack Flange Kit 
9 1 0  Extra Manual 

4282A Digital High Capacitance Meter 

Price 
$215 

$3020 

add $385 
$3020 

add $10 
add $35 

$4485 



COMPONENT MEASUREMENT 
i 

Q Meter 
Model 4342A 

0 Frequency range: 22 kHz to 70 MHz 
Q range: 5 to 1000 

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. 
R F  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 of 
meter scales, frequency dials and frequency multipliers are featured, 
adding to simplicity and reading speed. 

RF characteristics 
RF range: 22 kHz to 70 MHz in 7 bands: 22 to 70 kHz, 70 to 220 
kHz, 220 to 700 kHz, 700 to 2200 kHz, 2.2 to 7 MHz, 7 to 22 MHz, 
22 to 70 MHz. 
4342A Opt 001: 10 kHz to 32 MHz in 7 bands: 10 to 32 kHz, 32 to 
100 kHz. 100 to 320 kHz, 320 to 1000 kHz. 1 to 3.2 MHz, 3.2 to 10 

Specifications 

MHz, 10 to 32 MHz. 
RF accuracy: + 1.5% from 22 kHz to 22 MHz; f 2% from 22 MHz 
to 70 MHz; k 1% at "L" point on frequency dial. 
4342A Opt 001: A 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 to 
1000. 
Q accuracy: % of indicated value: (at 25°C) 

. 

434211 C 434211 Opt. 001 
22 kH2-30MH2 30 MH2-70 MM 

% 10 

300-600 f 10 % 15 

600-1000 f 15 % 20 

Q increments: upper scale: 1 from 20 to 100; lower scale: 0.5 from 5 
to 30. 
A 0  range: 0 to 100 in 4 ranges: 0 to 3, 0 to 10, 0 to 30, 0 to 100. 
A 0  accuracy: -C 10% of full scale. 
A 0  increments: upper scale: 0.1 from 0 to 10; lower scale: 0.05 from 
0 to 3. 

Inductance measurement characteristics 
L range: 0.09 pH to 1.2 H, direct reading at 7 specific frequencies. 
L accuracy: 

Resonating capacitor characteristics 
Calpacitor range: main dial: 25 to 470 pF; vernier dial -5 to +5pF. 
Capacitor accuracy: main dial: f 1% or 1 pF, whichever is greater; 
vernier dial f O . 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 

3% after substitution of residuals (approx. 10 nH). 

Frequency monitor: 170 mV rms min. into 50Q. 
Q analog output: 0 to 1 V f 50 mV dc after 15 minutes warmup, 
proportional to meter deflection. Output impedance approximately 
1 kQ. 
Over limit signal output: contact closure at the rear panel. Relay 
contact capacity 0.5 A/ 15 VA. 
Over limit display time: selectable, 1 s or continuously on, after 
limit exceeded. 

Temperature range: 0°C to 50°C. 
Power: 115 or 230 V f lo%, 50-400 Hz, 25 VA max. 
Size: 129 mm H x 425 mm W x 414 mm D (5x6" x 1634" x 16546") 
Weight: net, 14 kg (31 Ib). Shipping, 18.45 kg (41 Ib). 
Accessories available: 
HP 16014A: Series Loss Test Adaptor is designed for measuring low 
impedance components, low-value inductors and resistors, and also 
high-value capacitors. Using the adaptor adds convenience in con- 
necting components in series with the test circuit of the 4342A Q Me- 
ter. This adaptor consists of a teflon printed-circuit base on which are 
mounted binding posts, to accept the Reference Inductors, and a pair 
of low-inductance series terminals for the unknown. 
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 of 20 inductors, any of 
which can be supplied separately, is available for use with the 4342A 
Q Meter for measuring the RF characteristics of capacitors, resistors, 
and insulating materials. These inductors have three terminals. One 
terminal is connected to the case to stabilize measurements. 
Options & accessories Price 
Opt 001: Frequency Range add $210 

add $1 7.50 Opt 910: Extra Manual 
$75 

16462A Auxiliary Capacitor $360 
16470A Reference Inductors, set of 20 $1050 

or $53 ea. 

16014A Series Loss Test Adaptor 

4342A Q Meter $3080 



4800A 

Model 4800A 
H P 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 %a, as marked on the frequency 
dial, L and 1 /C  are read directly if the phase is approximately f 90°, 
respectively. R is equal to the impedance magnitude a t  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: k 2%, 50 Hz to 500 kHz; f 4%, 5 to 50 Hz; f 1% at 15.92 
on frequency dial from 159.2 Hz to 159.2 kHz; -t2% a t  15.92 Hz. 
Impedance measurement characteristics: 1 ohm to 10 megohms 
in seven decade ranges from XI to XIOM. Accuracy is f 5% of read- 
ing. 
Phase angle measurement characteristics: 0" to 5 90" in 5" 
increments. Accuracy is f 6". 
Direct capacitance measurement capabilities: 0.1 pF to 10,000 
u F  direct reading a t  decade multiples of 15.92 Hz. Accuracy f 7% of 
reading for D less than 0.1 at 159.2 Hz to 159.2 kHz, f 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: f8% of 
reading for Q greater than IO a t  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 k 20% into 20 kQ 

Recorder outputs 
Frequency: level: 0 to V nom.; source impedance: 0 to 1 kQ nom.; 
proportional to frequency dial rotation. 
impedance: level: 0 to 1 V nom.; source impedance: 1 kQ nom. 
Phase angle: level: 0 f 0.9 V nom,; source impedance: 1 kQ nom. 
Accessories furnished: 13525A Calibration Resistor, 006 10A Ter- 
minal Shield, Vector Impedance Calculator. 
Size: 426 mm W x 133 mm H x 467 mm D (16%" x 5%" x l8W).  
Weight: net, 10.8 kg (24 Ib); shipping, 13.5 kg (30 Ib). 
Power: 115 or 230 V f IO%, 48 to 440 Hz, 29.7 VA. 

COMPONENT MEASUREMENT 
Vector impedance meters 

Models 4800A, 4815A 

48 15A 

Model 4815A 
The R F  Vector Impedance Meter offers these significant advan- 

tages: 
0 Direct reading of impedance and phase 
0 Convenient probe for in-circuit measurements 
0 Self calibration check provides measurement confidence 

Analog outputs for data recording 
0 Low-level test signal minimizes circuit disturbance 

The H P  4815A R F  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, a t  the frequency of interest. 

Frequency 
Range: 500 kHz to 108 MHz in five bands: 500 kHz to 1.5 MHz, 1.5 
to 4.5 MHz, 4.5 to 14 MHz, 14 to 35 MHz, 35 to 108 MHz. 
Accuracy: f 2% of reading; f 1% of reading at 1.592 and 15.92 
MHz. 
RF monitor output: 150 mV minimum into 50 ohms. 

Impedance magnitude measurement 
Range: 1 ohm to 100 kQ; full-scale ranges: 10,30,100,300,1 K, 3 K, 
10 K, 30 K, 100 kR. 
Accuracy: f 4% of full scale f (f/30 MHz + 2/25 kQ)% of read- 
ing, where f = 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° k90".  
Accuracy: k ( 3  + f/30 MHz + Z/50 kQ) degrees where f = 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 1 kQ source, proportional to setting. 
impedance magnitude: 0 to 1 volt from 1 kQ source. 
Phase angle: 0 k0.9  volt from 1 kQ source. 
Size: 426 mm W, 185 mm H, 476 mm D (16%" x 7%'' x 18%"). 
Weight: 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, 00601A Component Mounting Adapter, 2 probe 
center pins, probe ground assembly. 

Specifications 

Options 
908: Rack Flange Kit 

Model number and name 
48 15A R F  vector impedance meter 
4800A Vector impedance meter 

Price 
add $10 

$4100 
$2500 



COMPONENTMEASUREMENT 
Digital IC Tester 
Models 5045A, 5046A 

0 Tests CMOS, ECL, TTL, DTL 
0 Printed record of IC failures 

Magnetic card programmable 
Tests IC’s to 16 pins-24 pins optional 

5045A Digital IC Tester 
The H P  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 H P  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 eliminated. 

H P  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. 

Range (15 Volts) 

Pri 
I 

tell 
it I 
fai 

I 
inf 
ma 

Accuacv 

inter gives permanent copy of test results 
1 built-in thermal printer provides useful test information: a)  it 
Is whether a program is loaded correctly and what program it is, b) 
mecords the number of failed and passed IC’s, and c) it provides 
lure analysis information for each failed IC. 
n its failure analysis modes, the printer can provide very detailed 
ormation; a special voltage/current printout, for example. This 
ikes 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 driv- 
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. Thesg 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 H P  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 

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) 

Test patterns derived using algorithmic techniques or from stored 

-7.5 VSto t -1 .875 V ?25 mV 
?15 mV 

+1.875 V<toS+7.5 V 2 2 5  mV 
-1.875 V s t 0 5  +1.875 V 

Current applied to the device under test (Supply Current, Inpi 
Current, and Output Current) 

Ranee I Accwacv. 

I -200 mA <to<-2.5 mA I r 0.4 mA or 2 6% 
-2.5 mA 5 t o 5 2 . 5  mA ? lOpA or +6% 
2.5 mA <to5200 mA ? 0.4 mA or 6% 

*whichever is greater 
Slew rate: 30 ns/volt. 
Rear panel outputs 

Automatic handler interface: 14 pin Amphenol connector prc 
vides +5 V @ < 100 mA, “End of Test”, “Pass”, “Fail”, and “Fa 
Continuity” signals, accepts “Start Test”. All signals are negatik 
true TTL levels. 

General 
Power: 100/120/200/240 V (+5%, -IO%), 48-66 Hz, 240 VA. 
Size: 19 H x 42.5 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 103. 

5046A Digital IC Test System 
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COMPONENT MEASUREMENT 
1 'b -' Digital IC Test System 
i Models 5045A, 5046A (cont) 

Modify existing device programs 
Generate one-of-a-kind device programs 

Change test parameters quickly, simply 
In-house programming-on your own schedule 

Description 
The H P  5046A Digital IC Test System gives you capability pre- 

viously available only a t  the factory: the ability to write or change IC 
test programs to meet your special needs. Also, the 5046A consists of 
the same equipment used a t  the factory to generate all of the standard 
device programs listed in our IC Program Catalog. 

Built around the 5045A IC Tester, 9825A Desktop Computer and 
9866B 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 system 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 lieu of the 9866B by ordering the HP-IB to RS-232 
interface (opt 002). 

Software 
The 5046A system software is stored on one standard 9825A 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: 
1. Enter IC test programs from the 9825A keyboard. 
2. Read in source program from the 9825A cartridges. 
3. Modify source programs. 
4. Store source programs on 9825A cartridges. 
5.  Provide on-line editing. 
6. Print-out listing of source programs. 
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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- 

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 each test in the pro- 

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. 

gram. 

gram. 

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 9825A 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 H P  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- $9,500 
cludes self-check and diagnostic cards, 16 and 24 pin 
dummy IC‘s and socket adapter. 

5046A Digital IC Tester System: basic system includes 
5045A IC Tester, 9825A Option 001 Desk Top com- 
puter with 98210A and 98213A plug-in ROM’s, Pro- 
gramming Interface, 98034A HP-IB Interface and 
Model 9866B, Option 025 Thermal Printer, Program- 
ming Manual and 40 blank magnetic program cards. 

$25,000 

Price 
$2,000 

$225 
$1 

$25 

$2 

$2 

$2.70 ea. 

$1 1.50 ea. 

Options and accessories, 5045A15046 
Opt 024: expands 5045A capability to 24 pins 
Opt 025: Flat-Pack adapter for 14, 16 and 24 pin IC 
05045-90003: Card Holder, One Each 
05045-90027: Card Holder 50 ea of 05045-90003 
5952-7499: Program Catalog N/C 
9164-007 1: blank magnetic PASS/FAIL program 

9 164-0072: blank magnetic DIAGNOSTIC program 
card 

card 
9281-0401: 250 foot roll of thermal printer paper for 
5045A (minimum order, six rolls) 
92704488: 250 foot roll of thermal printer paper for 
9866B (minimum order, six rolls) 
10845A: preprogrammed magnetic card for any device 
listed in the Program Catalog H P  Publication Number 1-9 $40 ea. 
5952-7499) 10-500 $35 ea. 
10846A book containing ten coupons, each redeem- $350 
able for one IC program listed in the IC Program Cata- 
log (HP Publication Number 5952-7499). Coupons are 
mailed to factory, programs sent by return mail. Cou- 
pons expire after two years 

Automatic Handler Options, 5045A15046A 
Opt 004$: interface package for IPT Model 806 auto- 
matic IC handler 
Opt 005$: interface package for Sym-Tek model 
7191ND automatic IC handler and other related mod- 
els 
Opt 006*: interface package for Daymarc 952/3 auto- 
matic IC 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 IC handler 
ODt 010t: interface Dackage for PAE Model 3033LP 

$1,000 

$1,000 

$1,000 

$1,000 

$1,000 

$1.000 . -  
naked DIP handler 
Opt 013$: interface package for TRIGON Model 
T2000 multi-size Ambient Test Handler 

$1,000 

t :  All interface packagea include a test head extender cable, an interface board 
unique to the particular handler, and a cable to supply control signals to the 
handler. 

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 -$275 
9866B and 98226A 
Opt 002: Substitute 98036 HP-IB to RS-232 interface -53,275 
for 9866B and 98226A 
Opt 125#: Delete Model 9825 desk top computer, -$9,150 
98034A, 98210A, and 98213A 
Opt 145#: Delete Model 5045A IC Tester from sys- -$9,500 
tem 
Opt 166’: Delete Model 9866B, Option 025, and -$3,875 
98226A cradle from system 

$2,475 

# Only one of these options can be on any one order. 
‘The 5048A system should have a 9888AlB or 9871 (Opt 001) printer. or 98038 (Opt 002) HP-IB to 
RS-232 interface. 



COMPONENTMEASUREMENT 
Decade capacitors and attenuators i Models 4440B14436A, 4437A1 3500 

4436Al4437A Description 
The Hewlett-Packard Models 4436Al4437A 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 and amplifiers, and similar equipment. 

4436A Specifications 
Maximum attenuation: 119.9 dB. 

I Attenuation increments: 0.1 dB. 
input/output impedance: 6009, balanced. 
Freauencv range: dc to 1.5 MHz (0 to 110 dBk dc to 1 MHz (0 to - -  ,. 
119.9 dB). 
Accuracv: 

I 

110 to 119.9 dB f 0.3 dB 

44408 

*Typical value 

Maximum input power: +30 dBm. 
DC isolation: signal ground may be k 300 V dc from external chas- 
sis. 

i 
I 

4437A 

44408 Description 
The Hewlett-Packard 4440B Decade Capacitor is a high accuracy 

instrument providing usable capacitances from 40 pF to 1.2 pF. Its 
0.25% accuracy makes it an ideal aid for circuit design or as a work- 
ing standard. 

Use of silvered-mica capacitors in four decades of 100 pF provides 
higher accuracy, lower dissipation factors and good temperature co- 
efficient. 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 pF in steps of 100 pF with a 40 pF to 140 
pF variable air capacitor providing continuous adjustment to better 
than 2 pF between steps. 
Direct reading accuracy: k (0.25% +3 pF) a t  1 kHz for three-ter- 
minal connection. 
Resonant frequency: typical values of the resonant frequency are 
450 kHz at 1 pF, 4 MHz a t  0.01 p F  and 40 MHz a t  100 pF 
Dissipation factor: for C >IO40 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 GQ minimum, after 5 minutes a t  500 V dc. 
Maximum voltage: 42 V dc or 30 V rms. 
Weight: net 2.5 kg (5lh Ib); shipping 3.6 kg (8 Ib). 
Dimensions: 76 mm H x 264 mm W x 152 mm D (3" x 11" x 6"). 

Size: 76 mm H x 198 mm W x 177 mm D (3" x 7 %" x 6 ys"). 
Weight: net, 1.7 kg (3V5 Ib). Shipping, 2.9 kg (6 yZ Ibs). 

4437A Specifications 
The Model 4437A is a 600 ohms unbalanced type, and its specifica- 

tions are identical to the 4436A. 

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, 1 dB and 10 dB steps. 
Power capacity: 6009 unbalanced; 5 W (55 V dc or rms) max, con- 
tinuous duty. 
DC isolation: signal ground may be k 500 V dc from chassis. 

Accuracy 
10 dB section 

I dc to 100 kHz I < +0.125 dB/at anv steo I 
0 dB 10 dB 

100 dB section 
O d B  70 dB 100 w 

dc to 100 kHz 
100 kHz to 1 MHz 

I <+0.25dB 
I < f 0 . 5 d B  

I < f 0.5 dB/at any step 
I < f 0 . 7 5  dB/at any step. 

Dimensions: standard H P  
mm W x 203 mm D (6%" x 5Y,. x 8"). 
Weight: net, 1.8 kg (4 Ib). Shipping, 2.7 kg (6 Ib). 

module (system I) 159 mm H x 130 

Ordering information 
4440B Decade Capacitor 
4436A Attenuator 
4437A Attenuator 
350D Attenuator 

Price 
$740 

$1085 
$740 
$250 



All electronic production processes are 
similar. Each step of the production process 
is subject to a level of testing. These major 
steps are parts receiving, printed circuit 
board assembly, final product assembly, and 
customer incoming inspection. The level of 
testing is a function of philosophy, problems 
encountered, costs, and resources. There is a 
very high incentive to catch faults as early in 
the production process as possible because 
the cost of finding a fault escalates by a fac- 
tor of 10 for each step. 
Production environment 

The desired end product of any electronic 
product manufacturer is a high turn-on rate 
for the final assembly when all of the ele- 
ments and PC boards are installed. The key 
to high turn-on rates in the final product is 
high yield at printed circuit board assembly. 
The probability of good PCB’s depends on 
two factors: 

1. selecting all good parts. 
2. installing these parts without introduc- 

ing process problems, such as misloaded 
or damaged parts. 

How much testing and where? 
The big question facing the production en- 

gineer is how much testing and where to 
catch faults early. The good parts are the 
first step to a good PCB, but is 100% incom- 
ing inspection needed? The probability of se- 
lecting all good parts for a PCB is Pn = (P)” 
where P is the probability of a good part. For 
example, if incoming inspection is performed 
on all lots of incoming parts to screen defects 
to less than 1% for each lot, and a typical 
PCB assembly contains 100 arts, then, P = 
0.99, n = 100, Pn = (.99) Too = .37. The 
yield at the end of the assembly line, if no 
other manufacturing defects were intro- 
duced, is 37%. This is a strong incentive to 
increase incoming parts inspection to in- 
crease production yield. The following set of 
curves reflect the severe demand electronic 
PCB production places upon incoming parts 
inspection. 

In-Circuit 

CIRCUIT TEST SYSTEMS 
Production testing of electronic printed circuit board assemblies 

X I 
NUMBER OF PARTS PER PC ASSEMBLY 

Edge Connector 
Several other variables become important 

as soon as the components are placed togeth- 
er to form the PCB assembly. Experience at 
HP indicates that defective parts only ac- 
count for 40% of the reasons why PCB’s fail 
after assembly. A new set of problems must 
be dealt with at the board assembly level and 
cannot be eliminated by 100% incoming in- 
spection. Some of these typical problems are 
handling breakage, misloaded parts, incor- 
rect parts loaded, soldering problems, PC 
board problems such as shorted traces, and 

I x  

heat damage to the parts as they are being 
assembled. It is mainly this factor that deter- 
mines the amount of cost and manpower that 
should be devoted to incoming parts inspec- 
tion. 

The objective of these activities is to maxi- 
mize the probability of system turn-on. Good 
parts and PC test reduce the problem level a t  
final product test. Of course, the same statis- 
tical relationship that held for parts assembly 
also holds for final assembly. It is here that 
the need for effective board testing becomes 
apparent. The only way to improve final 
product yield is to improve the quality of the 
PCB assembly. This is directly related to the 
quality of the test being applied to the PCB. 

.98% BOARD TEST + 
NUMBER OF PCB’S IN SYSTEM 

Ideally, if there are one hundred potential 
faults that could occur on a PCB, the test for 
that board should be able to exercise the PCB 
in such a manner that all 100 faults could be 
discovered if they occurred. The set of statis- 
tical curves for final assembly look identical 
to those of PCB assembly. 

It is easy to deduce that increased system 
complexity places a great demand upon the 
quality of the board and the test being ap- 
plied to the PCB. 

There are many different approaches to 
testing PCB assemblies commercially avail- 
able. Each method has advantages and disad- 
vantages and are being improved on an 
ongoing basis. Certain techniques are better 
suited for specific types of boards. As a gen- 
erality, testing analog and mixed analog and 
digital circuitry is a hardware intensive activ- 
ity. That is, a collection of sophisticated pro- 
grammable stimulus response units and 
power supplies are needed to examine and 
test analog and hybrid circuitry. 

Complex digital circuitry requires a good 
deal of computational capability. The prob- 
lem here is to determine the bit stream that 
should be applied to adequately test the 
board and what the proper response bit pat- 
tern should be. Also, if the response is differ- 
ent from what is expected, what information 
does that difference convey? 

In-circuit versus functional testing 
The distinction between these two methods 

of testing is easily understood. In-circuit test- 
ing can be defined as a power-off automatic 
inspection system. Functional testing applies 
power to the board and discerns if it is oper- 
ating as it was designed. 

Analog 
Functional 

Digital 
Sinnature 1 Analysis I : 1 ~ I Board 

Simulator 
HP-IB 
Controller I HP 9825A ]System 1000 



, CIRCUIT TEST SYSTEMS 
DIGITAL PC BOARD TEST SYSTEM 
Model DTS-70 

High Speed, High Volume Digital Testing 
Isolate Faults Quickly and Easily 
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 1000 System computer and a complete software 
package. The 9571A 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 1000 System includes the 
21 MX Series E compuier and 7906A disc. The H P  1000 System 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- 
able 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-lime 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. 
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Model Your Designs in R 81 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 
a t  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 koduction Bottlenecks 
The DTS-70 can test those complex boards that are so hard to 

troubleshoot a t  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 H P  worldwide support. H P  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 s u p  
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, H P  

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 H P  field engineer. 

Ordering Information 
DTS-70 

(Depends Upon Test Configuration) 

Price 
Complete 

System 
Starts At 

$90,000 



CIRCUIT TEST SYSTEMS 
In-circuit /functional test system 
Model 3060A 

Increase PCB yields 
Advanced in-circuit testing 

Board level analog/digital functional testing 
Reduce production costs 

3060A 

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 H P  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 

Board test sequence. 
The H P  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. 

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-andlog converter using both analog and digital 
functions. 

Combining board level functional testing with in-circuit tests can 
significantly increase yields. 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 1 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 onthe 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. 

3 0 6 0 ~  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 
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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; Le., accu- 
rate measurements of voltage directly a t  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 test 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 $74,000 
Standard system including 384 analog pins, 32 digital 
driver pins, and 32 digital receiver pins 



1 DIGITAL CIRCUIT TESTERS 
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 field as large computer systems. In or- 
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osts, manufacturers are including such ser- 
ice-oriented features as test points, self 
heck modes, circuit partitioning and thor- 
ugh service documentation. Now a new 
ieasurement technique, Signature Analysis, 
nables digital designers to develop products 
rhich are field serviceable to the component 
:vel. Incremental design and production 
osts for including SA are negligible, and re- 
ult in significant service support cost sav- 
1gs. 

iignature analyzer 
The new Model 5004A Signature Analyzer 

i an economical tool for field troubleshoot- 
ig of complex logic circuits. It detects and 
isplays digital signatures unique to the bit 
treams present at data nodes of a circuit un- 
er test. By comparing these actual signa- 
ires to the correct ones, a service technician 
an isolate a faulty component and replace it. 
‘he technique is especially useful in checking 
iicroprocessor-based products and high- 
peed state machines, where data streams are 
)ng and complex and where there are no 
onventional means of component-level 
‘oubleshooting. 
By designing the digital portion of a prod- 

ct with the 5004A in mind, you can set up a --.:..- L c.- .. . .  * sti VIGG support program ror componenr-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 

Inventory carrying 
ious stages of float 
ber of products ins1 
Administrative an1 
high, especially for 
obsolescence. 
Overseas support 
transit times, high 
lays. 
System-related, “so 
to detect on indivic 
faulty boards are re 
change loop. 
Signature Analysis 

costs on microproces 
enabling field repair 1 

and by testing fullj 
without board removi 

Decreased cost of c 
(parts, downtime, t 
Reduced warranty 
manufacturers. 
Increased confidenc 
Experience shows t 

opment costs for desi] 
sis into a product run 
hardware costs are 
creases in other mat’ 
longer a need to divid 
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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: 

costs for boards in var- 
increase with the num- 
.ailed. 
d handling costs are 
products approaching 

bogs down with long 
duties, and import de- 

ft” failures are difficult 
h a 1  boards, and some 
:introduced into the ex- 

can reduce these repair 
isor-based products by 
to the component level, 
I assembled products, 
31. The results are: 
bwnership for end users 
raining, etc.) 
and support costs for 

:e in field repair results. 
hat incremental devel- 
gning Signature Analy- 
about 1%. Incremental 
largely offset by de- 

erial, since there is no 
e the hardware into re- 

placeable modules. The 5004A and H P  Ap- 
plication Note 222, A Designer’s Guide to 
Signature Analysis, can help you take ad- 
vantage of the technique. 

The IC Trobleshooters 
General 

The IC Troubleshooters have become the 
“digital screwdrivers” for 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. H P  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 IC 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 a t  any cir- 
cuit point and display them via a light a t  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 Pulserl 
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 IC 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. 
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0 Dynamic multi-family logic indicators 
0 Pulse stretching for narrow pulses 
0 Bad level/open circuit detection 

Logic probes 
Logic Probes greatly simplify tracing logic levels and pulses in IC 

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 test’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 LOWS as well. 

545A TTLICMOS Logic probe 
The H P  Model 545A Logic Probe contains all the features built 

into other H P  probes, plus switch-selectable, multi-family operation 
and built-in pulse memory. Employing 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 unique new 
power supply connectors that enable you to probe using several differ- 
ent methods. 

545A Specifications 
Input current: 5 1 5  pA (source or sink). 
Input capacitance: 5 1 5  pF. 
Logic thresholds 

‘TTL: Logic one 2.0 + 0.4, -0.2 V dc. Logic zero 0.8 + 0.2, -0.4 V 
dc. 

Logic one: 0.7 x Vrupply k O . 5  V dc. 
Logic zero: 0.3 x Vsup ,y f O . 5  V dc. 
CMOS: 2 10- 18 V 8c supply. 
Logic ONE: 0.7 x VsuWly k 1 .O V dc. 
Logic ZERO: 0.3 x Vsupply k 1 .O V dc. 

CMOS: 3-10 V dc supply 

Input minimum pulse width: 10 ns using ground lead (typically 20 
ns without ground lead). 
‘t5+ 10% V dc power supply; usable to t 15 V dc with slihtly increased logic low threshold. 

Logic probes 
Models 545A, 10525T, & 10525E 

One lamp, finger-tip display 
Pulse memory capability 
Overload protected 

Input maximum pulse repetition frequency: 
TTL, 80 MHz. CMOS, 40 MHz. 

Input overload protection: f 120 V continuous (dc to 1 KHz); 
It_ 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 1  ps wide. 
Power requirements 

TTL: 4.5 to 15 V dc*. 
CMOS: 3 to 18 V dc. 
Maximum current: 70 mA. 
Overload protection: f 25 V dc for one minute. 

Accessory included: Ground Clip (HP Part No. 00545-60105). 

10525T Logic probe 
The Model 10525T Logic Probe 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 kQ in both the high and low state ((1 low 
power TTL load). 
Logic one threshold: 2.0 V +0.4, -0.2 V. 
Logic zero threshold: 0.8 V 4-02 V, -0.4 V 
Input minimum pulse width: 10 ns. 
Input maximum pulse repetition frequency: >50 MHz. 
Input overload protection: It_ 70 volts continuous, k 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 to 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 kQ in both the high and low state. 
Logic one threshold: -1.1 V f0.1 V. 
Logic zero threshold: -1.5 V k0.1 V. 
Input minimum pulse width: 5 ns. 
Input maximum pulse repetition trequency: 50 MHz (typically 
100 MHz at 50% duty cycle). 
Input overload protection: f 70 volts continuous, 200 volts inter- 
mittent, 120 V ac for 30 seconds. 
Power requirements: -5.2 V f 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, 105267 PulSer $40 
10525-60015 Pulse Memory for 10525T Probe $80 

Ordering information 
545A Logic Probe 
10525T Logic Probe 
10525E Logic Probe 

$125 
$90 

$150 
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Family Output Current Pulse Width 
TTL/DTL 5650 mA 20.5 ps 

CMOS 5 1 0 0  mA 2 5 . 0  ps 

Logic pulsers I 

I 
Models 546A & 10526T 

Typical Output Voltale 

HIGH LOW 
2 3  V dc 

V(supply) -1  V dc 
50.8 V dc 

5 0 . 5  V dc 

In-circuit stimulation without unsoldering 
Greatly simplifies digital troubleshooting 
High current, low duty cycle output 

Logic pulser 
The Logic Pulser solves the old problem of pulsing ICs on digital 

logic boards 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 opposite 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 IC 
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 a t  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 IC 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 enable exact location of faulty 
gates on a node, solder bridges, or stuck devices on bus structures. 
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 either 
1, IO, 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 

546A Specifications 
output 

10526T Logic pulser 
The economical 10526T 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 typical a t  V ps = 
5V, 25°C). 
Output low pulse voltage: (0.8 V at 0.65 A (1 A typical at V ps = 
5 V, 25°C). 
Output impedance, active state: (2 ohms. 
Output impedance, off state: > 1 Megohm. 
Pulse width: 0.3 ~s nominal. 
Input overload protection: +. 50 volts continuous. 
Power supply input protection: k 7 volts (includes power lead re- 
versal protection). 
Power requirements: 5V f 10% at 25 mA. 
Accessories included: BNC to alligator clips, ground clip. 

Accessories available 
00545-60104: Tip Kit for 546A Pulser 
10525-60012: Tip Kit for 10526T Pulser 
10526-60002: Multi-Pin Stimulus Kit 

Ordering information 
546A Logic Pulser 
10526T Logic Pulser 

Price 
$30 
$40 
$25 

$175 
$115 
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DIGITAL CIRCUIT TESTERS 
Digital current tracer 

Model 5 4 7 A  

Pinpoints supply-to-ground s h o r t s  
All family: 1 mA t o  1A 
Finger-tip indicator 

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 ICs 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 i s  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 to 
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: 1 mA to 1 A. 
Frequency response: light indicates single-step current transi- 
tions; single pulses 250 ns in width; pulse trains to 10 MHz (typi- 
cally 20 MHz for current pulses 2 1 0  mA). 
Risetime: light indicates current transitions with risetime 1 2 0 0  ns 
at 1 mA. 

Power supply requirements 
Voltage: 4.5 to 18 V dc. 
Input current: 1 7 5  mA. 
Maximum ripple : _t 500 mV above 5 V dc. 
Overvoltage protection: + 25 Vdc for one minute. 

5 4 7 A  Digital Current Tracer $350 
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Logic clips 
Models 548A 8, 10528A 

Displays IC logic states at a glance 
Self-powered, self-contained 

Sees up to 16 pins at a glance 
Easily verifies device truth table 
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desired, using a simple power connector. 

Logic clips 
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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 
be set, needs no power connections, and requires practically no expla- 
nation as to how it is used. The clip has its own gating logic for locat- 
ing the 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 a logic designer or service engineer is interested in 
whether a circuit is in the high or low state, rather than its actual 
voltage. The Clip, in effect, is 16 binary 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 1 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 Ordering information Price 
Fully automatic, protected to 30 V dc, and employing bright new $125 

LEDs in its display, the 548A brings multi-family operation to the $90 

The Logic Clip 

Maximum current consumption: 120 mA. 

548A Logic Clip 
10528A Logic Clip 

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 Vor >7 V must be current limited 
to 10 mA. 
Supply voltage: 5 V f 10% across any two or more inputs. 

5 4 8 A  Specifications 
Input threshold: (20 .4  x Supply Voltage) = Logic High. 
Input impedance: 1 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 2 1.5 V dc more positive than any pin of IC under test. 
Supply current: t50 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 a t  the circuit rather than having to shift his attention toward test 
equipment. 



DIGITAL CIRCUIT TESTERS 

0 

0 

0 

Finds faulty n o d e s  
Dramatically c u t s  troubleshooting time 
Performs in-circuit IC tes t ing 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 IC, 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 IC’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. Outputs of the particular IC to 
be tested are selected via 16 miniature switches which tell the Compa- 
rator which pins of the reference IC 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 IC 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. 

Logic comparator 
Model 10529A 

Easy- to-use  comparison technique 
Versatile “ s o c k e t  board”  included for se ldom-tes ted  
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 up to ten times faster than 
conventional signal tracing techniques. At its low price, the Logic 
Comparator can pay for itself in days. 
10541A: 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. 
105416: 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 f lo%, 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; 1 
programmable socket board; 1 carrying case. 

Accessories available Price 
$95 

Comparator 
10541B Twenty Pre-programmed Boards for the Logic $195 
Comparator 

$525 10529A Logic Comparator 

10541A Twenty Blank Reference Boards for the Logic 



DIGITAL CIRCUIT TESTERS 
Logic Troubleshooting Kits 
Models 5011T, 5015T, 5021A, 5022A, 5023A & 5024A 

Complete multi-family kits 
Stimulus-Response capability 
In-circuit fault finding 

0 In-circuit analysis 
0 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 a t  one voltage level. Used with the 546A 
Pulser, stimulus-response testing is now also possible in the current 
domain. 

10529A 

547Al546A 
RESPDNSE FAULT 

Shorted Node’ 

Stuck Data Bus 

STIMULUS 

Pulser2 

PuIser2 

TEST METHOD 
0 Pulse shorted node 
0 Follow current pulses to 

0 Pulse bus Iine(s) 
0 Trace current to device 

holding the bus in a 
stuck condition 

0 Pulse and probe test point 
simultaneously 

0 Short to Vcc or Ground 
cannot be overridden by 
pulsing 

0 Pulse test point, and 
follow current pulses to 
the short 

0 Remove power from circuit 
under test 

0 Disconnect electrolytic 
bypass capacitors 

0 Pulse across Vcc and ground 
using accessory connectors 
provided 

0 Trace current to fault 

short 
Current Tracer 

Current Tracer I .- I 

Signal Line Short 
to Vcc or Ground 

Pulser 

Pulser 

PuIserz 

Probe, 
Current Tracer 

Current Tracer 545Al546A Supply to Ground 
Short 

Probe 0 Pulse device input(s) 
0 Probe outout for resoonse 

Internally 
Open IC 

Solder Bridge 

0 Pulse suspect Iine(s) 
0 Trace current pulses to 

0 Light goes out when solder 

0 Circuit clock deactivated 
0 Use Pulser to enter desired 

number of pulses 
0 Place Clip on counter or 

shift register and verify 
device truth table 

the fault 

bridge passed 

Pulserz Current Tracer 

Sequential Logic 
Fault in Counter 
or Shift Register 

Pulser Clip 

1. A node is an interconnection between two or more IC’s. 
2. Use the Pulser to provide stimulu8 or use normal circuit signnis. whichever in most convenient. 548Al546A 



105418 10541A 

Ordering Information 
5021A lTL/CMOS Troubleshooting Kit 
Includes: 
545A Logic Probe 
546A Logic Pulser 
548A Logic Clip 
Size: 64 H x 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 02). 

5022A TTL/CMOS Troubleshooting Kit ’ 

Includes: 
545A Logic Probe 
546A Logic Pulser 
547A Current Tracer 
548A Logic Clip 
Size: 64 H x 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 
02). 

5023A TTL/CMOS Troubleshooting Kit 
Includes: 
545A Logic Probe 
546A Logic Pulser 
547A Current Tracer 
548A Logic Clip 
10529A Logic ComParator 
Size: 225 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 
Ib 12 02). 

5024A TTL/CMOS Troubleshooting Kit 
Includes: 
545A Logic Probe 
< “ L A  r --I- n..,.- 

$ 725 

$ 1225 

$ 625 

54511 54611 54711 54811 10525T 105261 1052811 1052911 

Probe Pdrer Curent Clip Probe Pdser Clip Comparator 
TTL/CMOS TTL/CMOS TTL/CMOS TTL/CMOS TTL TTL TTL TTL 

5OllT TTL Troubleshooting Kit 
Includes: 
10525T Logic Probe 
10526T Logic Pulser 
10528A Logic Clip 
10529A Logic Comparator 
Size: 82.6 H x 203 W x 311.2 mm D (3.25” x 8” x 
12.25“). 
Weight: net, 1.36 kg (3 Ib). Shipping, 2.27 kg (5 Ib). 
5015T TTL Troubleshooting Kit 
Includes: 
Model 10525T Logic Probe 
Model 30526T Logic Pulser 
Model l0528A Logic Clip 
Size: 64 H x 133 W x 286 mm D (2.5” x 5.25” x 11.25”). 
Weight: net, 0.63 kg (1 Ib 6 02). Shipping, 0.74 kg ( 1  Ib 
I O  oz). 
Accessories Available 
00545-60104 Tip Kit for 545A Probe, and 546A Pulser 
10525-60012: Tip Kit for 10525T Probe, 10526T Pulser 
10525-60015: Pulse Memory for 10525T Probe 
10526-60002 Multi-pin Stimulus Kit for Logic Pulsers 
10529-60006 External Reference Kit for 10529A 
Comparator 

$750 

$275 

Price 
$30 
$40 
$80 
$25 

$175 



DIGITAL CIRCUIT TESTERS 
Signature Analyzer, a pP service solution 
Model 5004A 

Field troubleshoot microprocessor-based products to 

Improve the confidence level of field service 

Reduce warranty and service support costs 
the component level Reduce the end-user’s cost of ownership 

5004A 

The product 
The HP 5004A 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 

2, with the register feedback. The resulting probability of detecting 
an erroneous 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 

ture Analysis, troubleshooting typically consists of: 
For a product which has been designed and documented for Signa- 

Switching the product to be tested into a test mode of operation. 
Attaching the 5004.4’s START, STOP, CLOCK, and GND 
leads to the test points of the product to be tested (no board or 
component removal required). 
Probine circuit nodes and observing the signatures displayed on 
the 5064A. 
Comparing them to correct signatures preprinted on a schematic 
or troubleshooting procedure in the service manual of the product 

- 

under test. 
Isolating 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, a t  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 should be stored in the pro- 

duct's ROM. The routine simulates circuit nodes, generating signa- 
tures detectable by the 5004A. 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. 

H P  Application Note 222, A Designer's Guide to Signature Analy- 
sis, provides examples and advice on designing products to be serviced 
by the 5004A. 

Operational features 
The active DATA PROBE is also a TTL Logic Probe, similar to the 

H P  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 

GATE, UNSTABLE SIGNATURE indicators: 

Probe-tip indicator: light indicates high, low, bad-level and pulsing 
states. 

Signature: four-digit hexadecimal. 
Characters: 0,1,2,3,4,5,6,7,8,9,A,C,F,H,P,U. 

Panel lights 
Stretching: 100 ms. 

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 kQ to 1.4 V, nominal. Shunted by 7 pF, nomi- 
nal. 
Threshold 
Logic one: 2.0 V +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 a t  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. STOP, AND CLOCK 

I 

Gating Input Lines 
START, STOP, CLOCK inputs 
Input impedance: 50 Q to 1.4 V, nominal. Shunted by 7 pF, nomi- 
nal. 
Threshold: 1.4 V f 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. k250 V in- 
termittent. 250 V ac for 1 minute. 
Operating Environment 

Temperature: O"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. 
Weight: net, 2.5 kg (5.5 Ib.) Shipping 5 kg (1 1 Ib.) 
Size: 90 H x 215 W x 300 mm D (3.50" x 5.50" x 12"). Dimensions 
exclude bale, probe and pouch. 

Opt 910. Extra manual 
Orders must specify one of these power line options. 
Opt 100. 100 V ac line, +5%, -lo%, 48-440 Hz 
Opt 1 2 0  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%, -lo%, 48-66 Hz 

5004A Signature Analyzer $990 
add $10 



DIGITAL CIRCUIT TESTERS 
Digital Education Courses ! Models 5035A, 5035T Logic Labs 

5035T Complete Logic Lab 
Learn logic. . . the practical way. HP’s Model 5035T Logic Lab 

combines theory and lab so you’ll learn digital logic quickly, enjoy- 
ably, 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 

10525T Logic Probe 
10526T Logic Pulser 
10528A Logic Clip 

32 TTL, MSI, LSI ICs 
285 Pre-stripped Wires 
4 Large LED numerical displays 
IC Remover 

TTL/DTL Test Instruments 

Wire and Component Kit 

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 $750 

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-volt 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 circuit 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, 31 1 H x 89 W x 267 mm D (3%” x 12%” x 10%”). 
Breadboard assembly: 165 H x 114 W x 13 mm D (61/21 x 4%’’ x %”). 
Weight: net, 5.9 kg (13 Ib). 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 $425 



DIGITAL CIRCUIT TESTERS 
Microprocessor Lab 

Model 5 0 3 6 A  

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 partially due to its 
complexity, but also because it is used in many diverse products. Re- 
pair of microprocessor products is currently a challenge to manufac- 
turers. Little imagination is required to sense problems in repairing 
great quantities 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 people who will benefit from learning 
about both the hardware and software in microprocessor systems, but 
there is a virtual army of technical people of all kinds who need to 
learn to troubleshoot those same microprocessor systems. The 5036A 
Microprocessor Lab provides both the hardware and software basics 
and vital troubleshooting information needed to solve the micro- 
processor 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. 

C 1 . l  .'.JYL"'J ll"... --.. ....,.. __.- -1-- -------- ---- - - - -  

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 IC Troub- 
leshooters such as 545A Probe, 546A Pulser, 547A Current Tracer 
and 5004A Signature Analyzer. 
Plug-in jumpers create hardware faults allowing realistic trouble- 
shooting experiments. 
Complete resident software. 
- Easy program entry and modification. 
- Extensive program debugging aids. 
- Interesting sample programs. 
- Built-in signature analysis and self-test routines. 
- 1 K-Byte of user program space. 
Large, easy-to-read displays. 
Dual 5-Volt power supplies, plus edge connectors for expanda- 

Software-controlled speaker. 
LED monitors on all data, address, status and output lines. 

Ordering Information Price 
5 0 3 6 A  Microprocessor Lab and Power Supply mount- $800 
ed in briefcase, plus Practical Microprocessors text and 
lab book. 
Recommended Accessories for 
Troubleshooting Experiments: 
5 0 2 4 A  Logic Troubleshooting Kit; includes 545A 
Probe, 546A Pulser, 547A Current Tracer and vinyl 
case. 
5 0 0 4 A  Signature Analyzer $990 

bility. 

$625 



LOGIC ANALYZERS 
Real time analysis of digital systems 

8 ' 

Introduction 
The increasing number and complexity of 

digital systems in business and industry has 
created a concurrent need for analysis equip- 
ment for use in the design, production, and 
service of these systems. The measurement 
problems encountered are numerous and di- 
verse, and do not lend themselves to solution 
by conventional instrumentation. Regardless 
of the complexity of digital systems, which 
can vary from simple Algorithmic State Ma- 
chines to complex processor-based systems, 
they represent a combination of hardware 
circuits that decode and respond to software 
or firmware instructions. With the proper 
digital analysis instruments, solutions to 
complex problems become straightforward 
and comparatively easy. 

Hewlett-Packard has set the pace in devel- 
opment of logic analyzers to meet modern 
digital instrumentation needs, utilizing new 
concepts in logic state and logic timing anal- 
ysis. The wide selection of analyzers offered 
allows discrimination in choosing the best in- 
strument to meet particular digital analysis 
requirements. 
In choosing a logic analyzer, one of the 

first distinctions to be made is whether the 
requirement is for timing analysis or state 
analysis. Timing analysis primarily depicts 
multichannel, low repetition rate, or single- 
shot timing events, in addition to negative 

time analysis which i s  not possible with an os- 
cilloscope.. The lattef'capability permits cap- 
ture of the events preceding a specified 
trigger condition. Timing analysis along with 
glitch triggering also uncovers hardware 
problems such as glitches and race condi- 
tions. State analysis records logic state se- 
quences which are often complex and require 
sophisticated recognition techniques. The 
logic state analyzer can resolve both hard- 
ware and software problems by tracing im- 
proper state sequences. 

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 or uncertainty is deter- 
mined by the sampling clock period and any 
skew on input channels adds to the uncertain- 
ty. 

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, 1/0 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 to show timing relationships needed to 
troubleshoot the controller. Sampling rates 
of five times the data usually provide more 
than adequate resolution for functional dis- 
plays. 

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 a p  
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 distinctively display it on the 
CRT. 

Another essential feature of a timing ana- 
lyzer is triggering capability. If data recogni- 
tion (or nonrecognition) is sufficiently 
definitive, it often provides answers directly, 
eliminating the need for large memories and 
high sampling rates. There are several ways 
to trigger logic timing analyzers. 



Asynchronously, with any Boolean expres- 
sion of up to three ORed terms existing for a 
minimum selectable time. 
Synchronously, with an ANDed condition 
on the inputs of highs, lows, and "don't 
cares" at  the instant of sampling. This tech- 
nique has limitations, Le., the timing analyz- 
er may trigger on a transient state, or, when 
the sample period is increased, may miss the 
trigger word entirely. 
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 latched 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, not an internal refer- 
ence clock, to synchronously sample system 
data. It monitors the word (state) parameters 
and the word (state) sequence of the system 
under test and must read data exactly the 
same as the system hardware. This implies 
that a state analyzer should require no hold 
time, i.e., there should be no period during 
which the data must remain stable after the 
strobe edge. If the analyzer hold time is posi- 
tive, the state clocked into the analyzer be- 
comes ambiguous, with three possibilities 
(figure 1). The state recorded may be (1) the 
present state (2) the next state or (3) a tran- 
sitional 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 1Qbit 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 
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Figure 1. The data captured by a synchro- 
nous analyzer may be ambiguous, if the 
hold time is positive. 

even perform inverse assembly to reconstruct 
the microprocessor mnemonics. To allow for 
different data formats, a state analyzer 
should offer flexible formatting so that data 
can be grouped in the format that fits the ap- 
plication. 

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.). I t  should also be able to op- 
erate properly within common communica- 
tions protocols. 

Another specific state analysis application 
example is the real time tracing of stack op- 
erations on a microprocessor system. A state 
analyzer in "trace triggers" mode can record 
successive stack pushes (writes) and pulls 
(reads) as they occur. Such measurements 
are readily performed with a state analyzer, 
and can rapidly track down lost programs 
caused by stack overflows. 
Selective tracing 

Because of the quantity of data present in a 
typical digital system, it is essential that any 
monitoring instrument window on the de- 
sired activity, select the desired portions of 
the activity, and then display only the activ- 
ity that highlights desired features. To 
achieve this, state analyzers should contain 
extensive qualification and triggering capa- 
bilities. 

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. Digital delay, when combined 
with "trace triggers," gives a "trace events" 
mode and the nth word beyond the trigger is 
traced into memory. In most problems, a pri- 
or analysis will show that only a small frac- 
tion 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 
to trace the Nth pass of the J loop on the Mth 
pass of the K loop etc. 
The map 

To provide an overview or "global" presen- 
tation the state analyzer may present data in 
pictorial form. The map is essentially a dot 
matrix with each dot corresponding to a 
word, the most significant portion of the 
word plotted vertically, the least significant 
horizontally. The map shows those states in 
which system activity occurs. Each system 
activity has its own unique map and digres- 
sions are readily recognizable by the opera- 
tor. The map helps answer the following 
types of questions. Does the system respond 
to a stimulus? Does state XXXX ever occur? 
Does the system ever make excursions across 
certain bounds? The last question in particu- 
lar may only be addressed effectively with a 
dynamic map or range trigger. 
The graph 

Another pictorial presentation is the graph, 
which plots state magnitude as a function of 
sequence. Any discontinuity in the state se- 
quence, such as program jumps or branches, 
are visible as discontinuities on the graph. In 
practice the operator will look for any unex- 
pected discontinuities to quickly point to pro- 
gram problems. 

Menu control of logic analyzers 
The extensive functions of most logic ana- 

lyzers would result in a complicated key- 
board if a conventional key per function 
arrangement were used. To reduce complex- 
ity, most HP logic analyzers use a "menu" 
concept with directive displays and simpli- 
fied keyboards. To use the menus the opera- 
tor selects the display of interest which 
presents all operator defined parameters in 
inverse video. A movable flashing cursor is 
positioned to one of the parameters which in- 
dicates that this parameter may be modified 
by use of a field select key. In some cases new 
alphanumeric data may be programmed di- 
rectly; to change other parameters the opera- 
tor presses the field select key which steps the 
parameter through a number of alternatives 
preprogrammed into the analyzer. Once sat- 
isfied, the operator moves the cursor to the 
next parameter. The cursor moves automati- 
cally on entering alphanumeric data. 

Matching the analyzer to the appli- 
cation 

With an understanding of logic analyzer 
basics as discussed in the preceding sections, 
selecting an analyzer becomes easier. To en- 

= sure selection of the best analyzer for a par- 
ticular application, a thorough knowledge of 
the features,and intended use of individual 
instruments is also necessary. The following 
discussion and illustrations are to assist in 
this final selection process. 



LOGIC ANALYZERS 
Real time analysis of digital systems (cont.) 

If the desired feature set is already known, 
selection may be made directly from the logic 
analyzer selection chart on page 127 (figure 
7). If, however, the feature set is not known, 
the overall measurement should be reviewed. 
First identify the measurement environment. 
Then describe the system's architecture 
which determines where to look, the number 
of channels, and the type of connections. 
Once the measurement environment and sys- 
tem architecture are determined, the re- 
quired measurements become apparent for 
expected problem sets. These determine both 
the features that are necessary and those that 
are desirable. 
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 2 represents the design cycle 
for a typical digital system. This may be a 
microprocessor or a minicomputer-based sys- 
tem, or even a 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 1/0 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 not unlike the production environ- 
ment, particularly depot service, however, 
there is less emphasis on speed, with portabil- 
ity becoming an important criteria for on-site 
service. 
System architecture 

Figures 3, 4, and 5 are generalized digital 
system block diagrams that localize the key 
areas where problems can be detected and 
measurements applied. Knowing the archi- 
tecture 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 systems. 
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Figure 2. Flow diagram of typical microprocessor controlled digital system development 
cycle. 

And 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 
and obtain a time domain presentation of the 
problem. A logic analyzer with its trigger 
output may be used to synchronize the oscil- 
loscope display with the problem state se- 
quence. 

A summary of features that should be 
available on any logic state analyzer in order 
to perform simple tracing on a bus is listed: 

1. 16 or more input channels 
2. Internal storage 

a. Negative time 
b. Digital delay 

3. Clock (display) and trigger qualifiers 
4. Pattern trigger 
5. Proper setup and hold specifications on 

both trigger and data 
a. Setup time minimum 
b. Hold time of zero 

a. Miniature connectors 
b. Square pin connectors 
c. 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 1/0 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 
1/0 buses is listed: 

1. 8 channels 
2. Internal storage 

a. Negative time 
b. Time and state delay 

tion filter 

6. Probing to provide easy access to buses. 

3. Asynchronous trigger with time dura- 

4. Glitch triggering 
5.  Probing to provide easy access to buses 

a. Miniature 
b. Special purpose interfaces 

A combination analyzer would require 
the features of both state and timing analy- 
zers and include cross-triggering (Le., state 
triggers time, time triggers state) and cross- 
arming. 
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Figure 3. Typical digital system showing which buses are monitored to isolate different types of problems. 
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LOGIC ANALYZERS 
Real time analysis of digital systems (cont.) 
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Figure 6. Charts show features required to make single bus and multibus measurements. 

Relating Features to Measurements 

been identified: 
At this point, the following should have 

1. The working environment 
2. The system architecture 
3. Types of problems encountered 
4. The measurements required to solve the 

5. The basic features needed to trace activ- 

The purpose of the charts in figure 6 are 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 7). 

problems 

ity on buses 

Selecting the analyzer 

chart with three possible branches: 
The selection chart begins with a flow 

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. If a particular micro- 
processor is being used, the 1611A feature 
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. 
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Figure 7. Logic analyzer selection flow diagram. 

3. Software and hardware: If 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 if 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 5952-2080D. 



I LOGIC ANALYZERS 
System debugging in microprocessor based operating systems 
Model 161 1A Opt A68 ,  A8O1OF8,  280, A65 ,  A 1 8  i? A85 

161 1A 

Description 
The Hewlett-Packard Model 161 1A keyboard controlled Logic 

State Analyzer is dedicated to the design and troubleshooting of mi- 
croprocessor based systems. For ease-of-use, a special probe offers 
two methods of connection to 40-pin microprocessors, a 40-pin clip 
and a 40-pin connector for interfacing with microprocessors in sock- 
ets. Measurements of system activity are displayed on the analyzer’s 
CRT screen in selectable mnemonic or absolute codes of the micro- 
processor’s own instruction set. The display is divided into three dis- 
tinct fields of address, data, and external information. The events and 
activity displayed in the address and data fields are collected directly 
from the system microprocessor’s address and data buses with an ad- 
ditional eight bits of binary information gathered by auxiliary probes 
for display of activity on control or other functional lines. 

The relational triggering capabilities of the Analyzer permit the 
framing of real-time data window around virtually any event, or set of 
related events-any desired sequence of system operations. With the 
161 1A you can selectively trace only those events of interest, elimi- 
nating irrelevant data. The Analyzer also accurately measures execu- 
tion time, or counts selected events between two keyboard selected 
events. At a desired point, defined from a keyboard entry, the Analyz- 
er can be commanded to halt microprocessor operation; then, if de- 
sired, the 1611A can control the following transactions in single or 
multiple steps. Keyboard entry of address or data bus trigger words 
may be made in either octal or hexadecimal notation and the external 
trigger information is entered in binary format. 

To increase operator confidence in the instrument, it performs a 
self-test during the turn-on period and indicates the results on the 

CRT. The microprocessor probe data gathering circuits may also be 
checked by connecting the probe to the front panel probe test socket 
with the test results displayed on the CRT. 

Inverse assembly of the data on the data buses is possible with 
personality modules. This mnemonic display is in the familiar as- 
sembler format for easy interpretation. 



able trigger conditions allows direct measurements of execution 
time in loops, subroutines, and responses to interrupts. The 
1611A can record the time for one measurement or provide the 
minimum and maximum values along with the last measurement 
from repeated measurements. 

Connection to the system microprocessor is with a 40-pin dual-in- 
line package clip or the microprocessor may be relocated to the 
probe body and the probe connected to the system with a 40-pin 
connector. 

Configuration 
The convenience of a dedicated probe and mnemonic instruction 

decoding is possible only by configuring the Analyzer for specific mi- 
croprocessors. On initial order, the 161 1A is specified to fit a particu- 
lar microprocessor. Option A68 for the 6800, Option A80 for the 
8080, Option OF8 for the F8, Option 280 for the Z80, Option A65 for 
the 6502, Option A18 for the 1802, Option A85 for the 8085. 

All of the specialization is contained within two printed circuit 
boards, a removable section of front panel, and the dedicated micro- 
processor probe. A personality module containing the parts to config- 
ure the 161 IA to another microprocessor may be ordered separately, 
and easily exchanged in about 15 minutes. 

Option A68 (6800 Microprocessors) 
Note: Model 10257B personality module may be ordered separately 
for installation in a 161 1A to provide Opt A68 capability. 
Microprocessor compatibility 
Motorola: 6800, 68A00,68B00. 
Motorola: 6802. 
AMI: 6800. 
Note: The 1611A Opt A68 is designed to be compatible with any 
microprocessor that meets specifications of the Motorola 6800. 
Clock and data inputs 
Clock rate: 70 kHz to 2.0 MHz; (70 kHz to 1.66 MHz with 10257B 
installed in 1611A with serial prefix below 1723A). 
Input loading 

&-A,,, R/W, VMA: = 1 MQ shunted by = 40 pF, including capaci- 
tance of 30.4 cm (12") cable; = 30 pF with 7.6 cm (3") cable. 
D,,-D,, BA: 20 pA max with Vi, = 2.7 V; -0.2 mA max with Vi, 
=0.4 V. 

Opt A68 

Upt ACIU 

Halt: 120 pA max with Vi, =2.7 V; -0.2 mA max with Vi, = 0.4 V. 
@2: 0.2 mA max with Vi, = 5 V; -0.4 mA max with Vi, = 0.4 V. 

Threshold: 2.4 V to 5.5 V, logic 1 (high); -0.8 V to 0.8 V, logic 0 
(low). 
Halt output: TTL open-collector compatible output capable of sink- 
ing at least 8 mA when active. 

Option A80 (8080 microprocessors) 
Note: Model 10258B personality module may be ordered separately 
for installation in a 161 1A to provide Opt A80 capability. 

Microprocessor compatibility 
Intel: 8080,8080A, 8080A-2,8080A-l. I 

AMD: 9080A, 9080A-1,9080A-2,9080A-4. 
NEC. pPD8080, pPD8080A-E. 
TI: TMS8080, TMS8080A. 
National: INS8080A. 
Note: The 1611A Opt A80 is designed to be compatible with any 
microprocessor that meets specifications of the Intel 8080A. 

Clock (92 only) 
Repetitlon rate: 300 kHz to 4 MHz. 
Width: 75 ns min for either high or low state. 
Input resistance: = 12 kQ. 
Input capacitance: = 25 pF, includes capacitance of 30.5 cm (12") 
cable, = 15 pF with 7.6 cm (3") cable. 
Threshold: 9 to 13 V, logic 1 (high); -1 to 0.8 V, logic 0 (low). 

Data, Address, Wait, Ready, HLDA, INTE, SYNC 
Input resistance: = 1 MQ. 
Input capacitance: = 25 pF, includes capacitance of 30.5 cm (12") 
cable, = 15 pF with 7.6 cm (3") cable. 
Threshold: 3 V to 6 V, logic 1 (high); -1 to 0.8 V, logic 0 (low). 
Ready output: TTL open-collector compatible output capable of 
sinking at least 8 mA when active. 



LOGIC ANALYZERS 
Model 161 1A (cont.) 

Opt OF8 
*_I " 

opt 280 

Option OF8 (F8 microprocessors) 
Note: Model 10259A personality module may be ordered separately 
for installation in a 161 1A to provide Option OF8 capability. 

Microprocessor compatibility 
Fairchild: F8 (3850). 
Mostek: F8 (3850). 
Note: The 1611A Opt OF8 is compatible with any microprocessor 
that meets specifications of the Fairchild F8. 

Clock and write 
Clock rate: 100 kHz to 2 MHz. 
Width: 180 ns min for either high or low state. 
Input cufrent: c 50 pA, logic 0 (low) and logic 1 (high). 
Input Capacitance: e 25 pF, includes capacitance of 30.4 cm (1 2") 
cable; = 15 pF with 7.6 cm (3") cable. 
Threshold: 2.4 V to 5.5 V, logic 1 (high); -0.8 to 0.8 V, logic 0 (low). 
Write period: either 4 or 6 times the clock period. 
Write pulse wldth: max = clock period, min = clock period -100 ns. 
ROMC 
Input current: = 22 pA, logic 0 (low); = 40 pA, logic 1 (high). 
Input capacitance: c 25 pF, includes capacitance of 30.4 cm (1 2") 
cable; = 15 pF with 7.6 cm (3") cable. 
Threshold: 2 V min, logic 1 (high); 0.7 V max, logic 0 (low). 

Data, 1/00, m, EXT RES 
Input current: e 200 pA, logic 0 (low); e 20 HA, logic 1 (high). 
Input Capacitance: e 25 pF, includes capacitance of 30.4 cm (12") 
cable; = 15 pF with 7.6 cm (3") cable. 
Threshold: 2 V min, logic 1 (high); 0.7 V max, logic 0 (low). 

Halting 
The F8 CPU must be placed in the 1611A Probe socket to halt or 
single-step the F8 microprocessor. 

opt A65 

Option 280 (280 microprocessor) 
Note: Model 10260A personality module may be ordered separately 
for installation in a 161 1A to provide Option Z80 capability. 
Microprocessor compatibility 
Zilog: 280, Z80A. 
Mostek: 280,Z80A. 
Note: The 161 1A Opt 280 is compatible with any microprocessor 
that meets specifications of the Zilog 280. 
Clock, data, address, and control inputs 
Clock rate: 500 kHz to 4 MHz. 
Input current: e 200 pA, logic 0 (low); e 20 pA, logic 1 (high). 
Input capacitance: = 25 pF, includes capacitance of 30.4 cm (1 2") 
cable; = 15 pF with 7.6 cm (3") cable. 
Threshold: 2 V min, logic 1 (high); 0.7 V max, logic 0 (low). 
Wait output: TTL open-collector compatible output capable of sink- 
ing a t  least 8 mA when active. 

Note: Model 1026 1 A personality module may be ordered separately 
for installation in a 161 IA to provide Option A65 capability. 

Microprocessor compatibility 
Rockwell: R6502A, R6502, R65 12A, R65 12. 
MOS Technology: MCS6502, MCS6502A. 
Synertek: SY6502. 
Note: The 1611A Opt A65 is compatible with any microprocessor 
that meets specifications of the MOS Technology MCS6502. 
Clock and data inputs 
Clock rate: 70 kHz to 2.0 MHz. 
Input loading 

Option A65 (6502 microprocessors) 

AO-A15, R/W, Sync: e 1 MQ shunted by c 40 pF, including ca- 
pacitance of 30.4 cm (12") connecting cable, c 30 pF with 2.6 cm 
(3") cable. 
DO - D7: 20 pA max with Vin = 2.7 V; -0.2 mA max with Vin = 
0.4 V. 
Rdy: 120 pA max with Vin = 2.7 V; -0.2 mA max with Vin = 
-0.4 V. 
+2: 0.2 mA max with Vin = 5 V; -0.4 mA max with Vir! = 0.4 V. 

Threshold: 2.4 to 5.5 V, logic 1 (high); -0.8 V to 0.8 V logic 0 (low). 
RDY output: TTL compatible open collector output capable of sink- 
ing at least 8 mA when active. 

Note: Model 10262A personality module may be ordered separately 
for installation in a 161 1A to provide Option A18 capability. 

Microprocessor compatibility 
RCA": CDPl802D, CDP1802CD. Example of RCA acceptable oper- 
ating conditions at +25"C with a shunt capacitance of 50 pF are: 

Option A18 (1802 microprocessors) 

V., V U  CLOCK SPEED 
5 5 2 MHz 
6 i n  d MH, ." . .... .- 

10 10 5 MHz 



Opt A18 

Clock and data inputs - 
Input loading, MA 0-MA 7, Bus 0-Bus 7,  TPA, TPB, XTAL, 
SCO,SCl,MRD,MWR, NO, N1, N2, WAIT, CLEAR = 32 kQshunted 
by = 25 pF including the capacitance of a 30.5 cm (12") cable or e 
15 pF with a 7.6 cm (3") cable. 
Threshold: automatically adjusted internally to c V,,/2. 
Wait output: series current limit. Open collector output series with 
current limited to 10 mA. 
Waiting: with the Test Mode Switch in TRACE THEN WAIT or 
TRACE SINGLE STEP with the CPU in the 1611A probe socket, 
the 161 1A will cause the CPU to wait. If the CPU is not in the probe 
socket, waiting cannot be guaranteed. 

-- -- 

Option A85 (8085 microprocessors) 
Note: Model 10263A personality module may be ordered separately 
for installation in a 161 1A to provide Option A85 capability. 

Microprocessor compatibility 
Intel: 8085,8085A, 8085A-2. 
AMD: AM9085. 
Siemens: 8085. 
NEC: pPD8085. 
Note: The 1611A Opt A85 is compatible with any microprocessor 
that meets specifications of the Intel 8085. 

Clock, data, address, status, and control inputs 
Clock rate: 300 kHz to 5 MHz. 
Threshold: 2 V to 5.5 V. logic 1 (high); -0.5 V to 0.8 V logic 0 (low). 
Input current 

Clock and Control: e 50 pA max with Vin =2.7 V; -0.4 mA max 
with Vin = 0.5 V. 
Data, Address, and Status: = 20 pA max with Vin = 2.7 V; -0.2 
mA max with Vin = 0.4V. 

Input capacitance: = 25 pF including capacitance of 30.5 cm (1 2") 
cable; e 15 pF with 7.6 cm (3") cable. 
Ready output: TTL compatible open-collector output capable of 
sinking at  least 8 mA when active. 

General 
Connection between pP and 1611A Input buffers: one 40 pin 
dual in-line package connector with 30.5 cm (12") cable, one 40 pin 
male socket with 30.5 cm (12") cable, or one 40 pin male socket with 
7.6 cm (3") cable. 
External probe Inputs 

Current: c 50 pA logic 0 or logic 1 
Capacitance: e 25 pF at  probe tip. 

ADRS-DATA EXT TRIGGER QUALIFIER 0 Oh 

OCTAL VROBF O"COO€ mtOT€ W I I T C  I O  
READ OUs S C H ' A L  I O  

OFF G f F  i,Fi OFF HEXADECIMAL PP 3BE 

USER SYSTEM MICROPROCESSOR 
I'TERRJPT 

NO CLOCK HALT HOLD w n r  W A ~ T  $ 0 ~ 3  ~ L Y  

0 0 . 0 0 .  
BY h i lA  

E S T  MODE 

Opt A85 

P R O B E  TEST 

Note: The 16 1 1 A Opt A 18 (Model 10262A) is designed to be com- 

RCA 1802. Microprocessor operating conditions (clock rate, supply 

up and hold specifications. 
@Registered Trade Mark RCA Corp. 

Threshold: 2.4 V to 5.5 V logic 1 (high); -0.8 to 0.8 V logic 0 

Hold time: zero, relative to appropriate strobe edge. 

Low: < 0.4 V into 50Q. 
High: > 2.0 V into 500 (nominally 3.9 V into an open circuit). 
Trigger: duration e 75 ns in RZ format; delay c 350 to 400 ns 
after the appropriate strobe edge during the cycle that defines a 
valid trigger. 
Trace Point (I): provides a positive edge = 350 to 400 ns after the 
appropriate strobe edge during the cycle that defines the specific 
valid trigger to be displayed on the 161 1A. If the 161 1A Delay is set 
so that the trigger word is not displayed, Trace Point output occurs 
for the cycle that defines the valid word immediately preceeding the 
first displayed word. 
Trace Point (I): complement of Trace Point (I). 

patible with any microprocessor that is functionally identical to the 

voltages and signal timing) must be compatible with the 10262A set- 

(low). 

outputs 

Memory depth: 64 data transactions; 16 transactions are displayed 
at one time, roll keys permit viewing of all 64 transactions. 
Time Interval: accuracy, 0.1% k 1 ps. Max time, (2''-l) ps (16.7 s). 
Events count: 2"-l events (16.7 million) max. 
Logic probe output power: 5 V dc at 0.1 A max. 
Power: 100,120,220,240 V ac; -10% +5%; 48 to 440 Hz; 120 VA 
max. 
Size: 206 H x 426 W x 522 mm D (8 IN'  x 16 %" x 22 $5"). 
Operating environment: temperature, 0°C to +55"C (+32"F to 
132°F); humidity, to 95% relative humidity at  +40°C (+104"F); al- 
titude to 4600 m (15 000 ft); vibrated in three planes for 15 min. each 
with 0.38 mm (0.015 in.) excursions, 10 to 55 Hz. 
Weight: net, 15 kg (33 Ib); shipping, 19.5 kg (43 Ib). 
Accessories supplied: one microprocessor probe, external 8-bit 
probe; one 40 pin clip with 30.5 cm (1 2") cable, one 40 pin male sock- 
et with 30.5 cm (12") cable; one 40 pin male socket with 7.6 cm (3") 
cable; one 2.3 m (7.5 ft) power cord; and one Operating and Service 
Manual. 

Ordering information 
1611A Opt A68 Logic State Analyzer for 6800 pP 
1611A Opt A80 Logic State Analyzer for 8080 pP 
1611A Opt OF8 Logic State Analyzer for F8 pP 
1611A Opt 280 Logic State Analyzer for 280 pP 
1611A Opt A65 Logic State Analyzer for 6502 pP 
1611A Opt A18 Logic State Analyzer for 1802 pP 
1611A Opt A85 Logic State Analyzer for 8085 pP 
Opt 910: extra set of Droduct manuals 

Price 
$5200 
$5200 
$5200 
$5200 
$5200 
$5200 
$5200 

add $9 

Personality modules for field installation 
10257B for 6800 pP $1250 
10258B for 8080 pP $1250 
10259A for F8 pP $1250 
10260A for 280 pP $1250 
10261A for 6502 NP $1250 
10262A for 1802 p P  $1250 
10263A for 8085 pP $1250 



LOGIC ANALYZERS 
Analysis of mini-microcomputer and random logic systems 
Model 1610A 

1610A 

16 1 OA Description 
The Model 1610A keyboard controlled Logic State Analyzer offers 

general purpose measurements in microprocessor based systems, min- 
icomputers, or virtually any digital circuit. The 1610A synchronously 
performs real time trace and count measurement to 10 MHz with 
powerful triggering capabilities on words up to 32 bits wide to allow 
you to capture the data of interest. 

Measurements of system activity are displayed on the analyzer’s 
CRT screen in selectable hexadecimal, octal, binary, or decimal 
codes. Setup for a measurement is aided with the Format and Trace 
specification menus which indicate the test parameters you are to 
enter. The events and activity that are captured and displayed from 
the system are gathered at clock transitions after the 1610A locates 
the specified trace position and then captures 64 words of data. The 
displayed trace may be a simple breakpoint with the trace position at 
the beginning, end, or center of the captured data; or, in a state se- 
quence where one to seven words must be found in a specified order 
before data is captured. This state sequence permits you to directly 
locate sections of branched, looped, or nested loops of state flow. A 
selective trace of from one to seven words may be OR specified which 
allows only the words of interest to be captured and eliminates data 
that is not necessary for your measurement. 

A count measurement capability allows you to perform a time or 
state count on all 64 traced states in either absolute or relative modes. 
With the count measurement you can determine how much time a 
program spends in loops, servicing interrupts, as well as the time be- 
tween program steps. This measurement is performed simultaneously 
with the trace and all 64 words traced are assigned a count record 
which is displayed as positive or negative time in relation to the loca- 
tion of the trace position (absolute mode), or in relation to the pre- 
viously acquired state (relative mode). 

One complete measurement, including Format and Trace Specifi- 
cations, may be internally stored to be recalled at a later time or for 
use in a trace compare mode. When a trace compare mode is called, 

the display presents an exclusive OR tabular listing of the differences 
between the current and stored measurements. The trace compare 
mode may be also used to direct the Analyzer to continuously rerun a 
measurement until the current and stored measurements are equal or 
not equal and the 1610A automatically halts and retains the current 
measurement. 

The 1610A includes a Trace Graph to provide a display of data 
magnitude versus time sequence for all 64 words in memory. Each dot 
representing a word is given a vertical displacement corresponding to 
its magnitude and is positioned horizontally in the order of its occur- 
rence. The result is a waveform that offers a quick overview of pro- 
gram operation. 

For increased confidence of the instrument’s operation, there are 
self-tests for the keyboard, ROM/RAM, display, a trace test which 
includes all probe pods, an interrupt test, and a printer test. 

Hard copy of both the Format and Trace specifications as well as 
the Trace List and Trace Compare can be obtained by adding a Hew- 
lett-Packard printer (Model 9866A or 9866B). Rear panel printer 
outputs are included in the 1610A for direct interfacing. 

Data entry 
Entries are made in inverse video fields with the entry location indi- 

cated by a blinking cursor. Entry fields (enclosed with brackets) are 
multiple choice with the desired test parameter selected by using the 
Field Select key (e.g. positive or negative edge of clock transition). 
Trace specifications are entered through the keyboard directly in 
octal, hexadecimal, binary, or decimal notation which permits work- 
ing in a familiar format without worrying about base conversions. 

Menu 
The displays which are called up by keyboard commands are re- 

ferred to as menus because they include the selections for setting up 
test parameters and labeling of test results. These menus include For- 
mat Specification, Trace Specification, Trace List, Trace Compare, 
and Trace Graph. 



Format specification 
The formatting capabilities allow you to separate the 32 input data 

channels into the desired test parameters. This allows those data bits 
which act as a unit to be assigned to one of six labels (e.& 16 bits of 
address bus assigned as “ A  and 8 bits of data bus assigned as “D”). 
This labeling capability then permits all trace specifications to be as- 
signed as a unit rather than on individual lines. Each assigned label 
may be independently defined in positive or negative logic as well as 
different bases of binary, octal, decimal, or hexadecimal. Another 
feature of this menu is that active channels are shown as exclamation 
marks (!) for a quick overview of system activity. 

Format specification menu lets you define which group of bits will 
act as a unit by assigning labels which may be separately defined 
as to numerical base and polarity. The allowed selections are de- 
fined on-screen to minimize front panel controls. 

The count measurement may be specified to be either Time or State 
(word) count for all 64 words in memory and may be in either ab- 
solute mode or relative mode. The absolute mode gives you the time 
or count between the trace position and a selected word, while the 
relative mode presents the time or count between each consecutively 
acquired state. This allows you to directly determine the time spent in 
loops, interrupts, or program time between steps. 

Trace list displays the label and numerical bases, as well as the 
sequence requirements and resulting state flow. This example 
also shows time in the relative mode which is the elapsed real 
time between each state and the previously acquired state. 

Trace specification 
After the Format Specifications have been defined, the Trace 

Specification menu is called up and the measurement parameters are 
entered. The Trace measurement may be defined as a single word or 
may be in a sequence of from one to seven words which must be found 
in the specified order. The ability to select a sequence of words allows 
you to locate sections of branched, looped, or nested loops during 
machine operation. To further qualify the sequence, each word in a 
sequence may be specified to occur from 1 to 65 536 times so you can 
capture the nth pass of a loop beginning a t  ~ I -d. 

Trace graph 
Trace Graph is a presentation of data magnitude versus time se- 

quence which provides a display of all 64 words in memory. This 
graph allows you to see at a glance in which part of a program the 
machine under test is operating. Each word is displaced vertically ac- 
cording to its magnitude and positioned horizontally in order of its 
occurrence. The data to be graphed is selected by label with its base 
displayed on screen. 

I 

I I 
Typical trace specification for defining a test sequence that will 
capture a nested loop as well as only selected states in the loop. 

Trace list 
When the Trace key is pressed, the 1610A searches for the word 

sequence defined in the Trace Specification. As the data is captured it 
is displayed on the CRT along with a line number and alphabetically 
formatted into the assigned labels and in their numerical base. The 
display contains 20 words, and Roll keys permit you to view the entire 
64 word listing. To make it easier to locate the Trace position, which 
may be selected to start, be in the center, or end a trace, Start is 
spelled out on the display. Any count information is also presented 
adjacent to each word. 

A trace graph may be selected to give you a view of all 64 states 
in the analyzer’s memory. Each dot’s vertical position is deter- 
mined by its numerical value and its horizontal position is deter- 
mined by its time sequence of occurrence. 

Trace compare 
One complete trace measurement including format and specifica- 

tion may be stored internally which allows comparison between a cur- 
rent and stored measurement. The current and stored measurement 
may also be interchanged which allows you to quickly review the 
stored measurement as well as its specifications. 

Trace Compare presents an exclusive OR tabular listing of the dif- 
ferences between the current and stored measurements. The listing is 
formatted and rolled as a trace list with identical bits displayed as 
zeros and different bits displayed as nonzeros. For example, in the 
octal base, 03 is equivalent to a binary 000 01 1 which means that the 
least significant bits are different in the two measurements. A com- 
pared Trace mode is also available which directs the 1610A to con- 
tinuously rerun a measurement until the current and stored 
measurements are either equal or not equal which makes it much 
easier to capture intermittent problems. 



LOGIC ANALYZERS 
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1 Model 1610A (cont.) 

Probes 
Input data is sensed through 32 high impedance probes at rates to 

10 MHz. Data probes are separated into four 8-bit pods for easier 
connection to a system, with a fifth probe pod for connecting to a 
clock source. To make it easier for connecting to different systems, 
the front section of each probe may be disconnected from its pod. This 
allows the individual probe leads for each probe pod to be wired to 
connectors for specific systems. Additional probe lead kits as well as 
probe tips are available separately as accessories. 

The trace compare mode offers an exclusive OR comparison of 
stored versus active data. In this example, the 1610A stopped 
data acquisition when the active data was not equal to the stored 
data at state +06. 

Trigger outputs 
Once a fault is found, another type of analysis instrument, usually 

an oscilloscope, is oftemrequired to pinpoint the problem. The analyz- 
er's Trigger Output is stable with respect to the system clock so an 
oscilloscope can be used for critical timing measurements. The Mea- 
surement Enable output is useful for gating clocks or interrupting the 
device under test or for added "clock stopper" circuits in other parts 
of the system. 

16 1 OA Specifications 
Clock and data inputs 
Repetition rate: to 10 MHz. 
Input RC: 50 kR shunted by 5 1 4  pF at the probe tip. 
input bias current: 1 2 0  pA. 
input threshold: TTL, fixed at w +1.5 V; variable, f 10 Vdc. 
Max input: -15 V to +I5  V. 
Min input 

Swing: 0.5 V. 
Clock pulse width: 20 ns a t  threshold level. 
Data setup time: time data must be present prior to clock transi- 
tion, 20 ns. 
Hnld timet time data must be nresent after clock transition. 0 ns. 

Trigger and meas enable outputs 
Trigger output (rear panel): a 50 ns k 10 ns positive TTL level trig- 
ger pulse is generated each time the trace position is recognized. If the 
trace position includes a word sequence, the pulse occurs when the 
last word is found. Trigger outputs continue until a new specification 
is traced or the Stop key is pressed. Pulse rep-rate is 0 to 10 MHz 
depending on input data rates. In continuous or compared trace 
modes, the internal display process blanks out pulses for 100 p s  a t  
rep-rates of (20 Hz. 
Measurement enable output (rear panel): the positive TTL level 
measurement enable output goes high and remains high when the 
1610A is looking for a trace position and goes low when a trace posi- 
tion is recognized or if the Stop key is pressed. In continuous or com- 
pared trace modes the transitions repeat each time the 1610A makes 
a new measurement. 
Delay from input clock: 5150 ns. 

General 
Memory depth: 64 data transactions; 20 transactions are displayed 
on screen, roll keys permit viewing all 64 data transactions. 
Time interval: resolution, 100 ns; accuracy, 0.01%. Maximum time, 
429.4 seconds. 
Events count: 0 to 232 -1 events. 
Power: 100,120,220,240 Vac; -10% to + 5 %  48 to 63 Hz; 260 VA 
max. 
Size: 230 H x 425 W x 752 mm D (914s" x 1634" x 295/,"). 
Operating environment 

Temperature: 0°C to +55"C (+32"F to +132"F). 
Humidity: up to 95% relative humidity a t  +40°C (+104"F) 
Altitude: to 4600 m (15 000 ft). 
Vibration: vibrated in three planes for 15 min. each with 0.25 mm 
(0.010 in.) excursions, 10 to 55 Hz. 

Weight: net, 26.5 kg (58.5 lb); shipping, 32.2 kg (71 Ib). 
Accessories supplied: four 10248A data probes, one 10247A clock 
probe, one 2.3 m (7.5 ft) power cord, one Operating manual, and one 
Service manual. 

Accessories 
Probe lead kit: the probe lead kit (HP P/N 10248-69501) provides a 
set of 12 probe lead cables and a ganging bar for one 10248A probe. 
These extra leads provide a convenient method of wiring special con- 
nectors to quickly interface with different systems. 
Probe tips: separate probe tips (HP P/N 10230-62101) available for 
use with extra probe lead kits or as replacement tips. 

Ordering information 
1610A Logic State Analyzer 
Opt 001: adds 9866 Thermal Printer 
Opt 002: adds 9866B Thermal Printer 
10248-69501 Probe Lead Kit 

Price 
$9500 

add $3 145 
add $3350 

$ 30 ea 

Logically arranged Logic State Analyzer keyboard, divided into functional blocks, and an interactive display, allow entry of complex 
measurements with a minimum of controls. 



LOGIC ANALYZERS 

Model 10275A interface plugs directly into the PDP@-ll minicom- 
puter unibus. For maximum measurement flexibility, Model 
10277A general purpose interface connects directly to the logic 
analyzer pods and the 10275A. 

Analyzer interfaces, description 
Three interfaces are available for convenient connecting of HP 

Logic Analyzers to digital systems and minicomputers. Two of the 
interfaces, Models 10275A and 10276A, connect directly to Digital 
Equipment Corporation's PDP-11 and LSI-I I@ minicomputers, and 
the third, general purpose interface Model 10277 (A, B, or C), con- 
nects a logic analyzer to either the special interfaces, or directly to a 
digital system. 

10275A Unibus interface 
Model 10275A Unibus Interface is a quad-height board that plugs 

directly into the PDP-11 Small Peripheral Control (SPC) slots to ac- 
cess the 56 bus signals. Active circuits on the interface board generate 
the analyzer clock signal from asynchronous bus activity. Switches on 
the interface allow selective qualification of unibus activity so that 
reads, writes, interrupt vectors, or DMA transfers can be selectively 
captured for detailed analysis. 

10276A LSI-11 interface 
Model 10276A LSI-11 Q-bus interface is a dual-height board that 

plugs directly into the minicomputer to access Q-bus signals. Active 
circuits are used to demultiplex the address and data bus and gener- 
ate a clock signal for analysis of asynchronous bus activity. Selective 
qualification of Q-bus activity permits capture or exclusion of reads, 
writes, interrupt vectors, refresh activity, or DMA transfers. Control 
of minicomputer operation is made possible by the capability to acti- 
vate the minicomputer Halt input. The Q-bus interface can be used as 
(1) an 1/0 peripheral, (2) an expansion module for connecting to an- 
other mainframe, or (3) by using three DIP Terminators (available 
from Digital Equipment Corporation) as a terminator module. 

10277A, B, C general purpose interface 
Model 10277A, B, or C general purpose interface provides inter- 

connection between H P  logic analyzers and digital systems. The H P  
logic analyzer probe pods plug into the interface, and connection to 
the digital system is through two 40-pin connectors with ribbon ca- 
bles. A quick-change board in the interface contains wire-wrap pins 
so the user can define the system signals which are applied to the 
analyzer. The board also has space for active components for signal 
preprocessing such as serial-to-parallel conversion, latching data, or 
generating ORed  clocks, before entry into the analyzer. Two of these 
quick-disconnect wire-wrap boards are supplied with each 10277 to 
allow quick change from one type of analysis to another. The 10277A 
or 10277B Option 001 replaces one of the supplied wire-wrap boards 
with a quick-disconnect printed-circuit board for immediate connec- 

a i  1 I Interfaces for digital systems, minicomputers 
Models 10275A, 10276A, 10277A, 6, C 

tion to H P  interface boards such as the 10275A and 10276A, without 
having to wire-wrap for state flow. 

Model 10277A is used with the 1610A Logic Analyzer, Model 
10277B with the 1615A Logic Analyzer, and the 10277C with the 
1600A or 1607A Logic Analyzers. 
10275A Specifications 
Bus loading: one unit DEC@ load (P/N DEC 8640 Bus Receiver) 
with 12 pF maximum shunt capacitance a t  the edge connector (nomi- 
nally 6 pF). 
General 

Weight: net, 0.28 kg (10 02); shipping, 0.6 kg (1 Ib 5 02). 
Power: 900 mA maximum a t  5 Vdc (nominally 550 mA), supplied 
by the minicomputer. 

Operating Environment: temperature, +5"C to +40°C; humid- 
ity, to 95% relative humidity at +40°C; altitude, to 4600 m (15 000 
ft); vibration, vibrated in three planes for 15 min. each with 0.3 mm 
(0.015 in.) excursions, 10 to 55 Hz. 

Recommended Accessory: Model 10277A General Purpose Probe 
Interface. 
10276A Specifications 
Bus loading: one unit DEC" load (type 956, P/N DEC 8640 Bus 
Receiver) with 12 pF maximum shunt capacitance a t  the edge con- 
nector (normally 6 pF). 
General 

Size: interface board plugs directly into PDP-11. 

Weight: net, 0.28 kg (10 02); shipping, 0.6 kg (1 Ib 5 02). 
Power: when used as interface, 520 mA nominal, 890 mA max, 
when used as a terminator, 990 mA nominal, 1630 mA max. 
Size: interface board plugs directly into LSI-11. 
Operating Environment: temperature, +5"C to +40°C; humid- 
ity, to 95% relative humidity a t  +40"C; altitude, to 4600 m (15 000 
ft); vibration, vibrated in three planes for 15 min. each with 0.3 mm 
(0.015 in.) excursions, 10 to 55 Hz. 

Recommended Accessories: H P  Model 10277 General Purpose 
Probe Interface. Three DIP Terminators (DEC P/N 13-1 1003) 
available from Digital Equipment Corporation (required to use the 
10276A as a terminator). 

@Registered Trademark of Digital Equipment Corporation. 
10277A, B, C Specifications 
Input connectors: two 40 pin connectors to interface with a system. 
Two BNC connectors are included on the interconnecting board to 
allow external signals such as Measurement Enable from the analyz- 
er, or power to user constructed circuits on the board. 
Output connectors: four data connectors for H P  Logic Analyzers 
with Model 10248 or 10231C data probes. One clock connector for 
H P  Logic Analyzers with 10247, 10248 or 10230C clock probes. 
General 

Weight: net, 0.75 kg (1.7 Ib); shipping, 2 kg (4.4 Ib). 
Size: 36 H x 188 W x 254 mm D (1.4" x 7.4" x 1 0 )  
Accessories supplied: two removable interconnecting wire-wrap 
boards (HP P/N 10277-66501), two 36 cm (14 in.) ribbon cables 
with 40 Din female connectors on each end (HP P / N  10277-61601), 
and tw640 pin male connectors (HP P/N 1251-3004). 

10277A, B, C Accessories 
10277-66501: Interconnecting Wire-wrap Board with 
connectors (two supplied on initial order of a 10277). 
01611-61609 Ribbon Cable, 30.5 cm (12 in.), with a 
40 pin female connector and a 40 pin clip. 
01611-61612 Ribbon cable, 10.2 cm (4 in.), with a 40 
pin female connector and a 40 pin plug. 
01611-61610 Ribbon Cable, 30.5 cm (12 in.) with a 40 
pin female connector and a 40 pin plug. 
Ordering information 
10275A PDP-I 1 Unibus Interface 
10276A LSI-11 Interface 
10277A Interface for 1610A 

Opt 001: replaces one wire-wrap board with print- 
ed-circuit board with 91.4 cm (36 in.) cable for im- 
mediate minicomputer analysis 

Opt 001: same descrip as 10277A Opt 001 
10277B Interface for 1615A 

10277C Interface for 1600A or 1607A 

Price 
$100 

$80 

$26 

$30 

$300 
$375 
$400 
N/C  

$400 

$400 
N/C 
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1602A 

1602A Description 
Hewlett-Packard‘s extremely easy-to-use Model 1602A keyboard 

controlled Logic State Analyzer is for use in the design and trouble- 
shooting of digital systems. The 16-bit wide and 64-word deep mem- 
ory operates a t  clock speeds to 10 MHz allowing the instrument to 
capture virtually any 64-word sequence in a system. The data may be 
registered with versatile pattern recognition trigger and digital delay. 
Measurements of system activity are displayed on the Analyzer’s 
LED readout in hexadecimal, octal, or binary format, which elimi- 
nates the need for base conversions by the operator. Keyboard entry 
of the desired trigger is in the same base as selected for the display. 

A Hewlett-Packard Interface Bus option (HP’s implementation of 
IEEE Standard 488) allows you to make automated functional tests 
of digital systems. This means more consistent and repeatable mea- 
surements as well as more thorough testing because the test speed of 
the automated system allows more measurements in a shorter time in 
both production and service environments. 

Ease of use 
The 1602’s keyboard with its key-per-function layout is basically 

self-teaching. Entry of triggering and display conditions is a series of 
self-explanatory keystrokes with all entries displayed as they are en- 
tered enabling you to check their accuracy every step of the way. 

Data Probe 
The simplicity of the Analyzer starts with the probe which is a sin- 

gle pod containing all 16 data lines, clock, qualifier, and ground. At 
the front of the pod is a standard edge connector which allows you to 
quickly move the test connection from an address bus to the data bus, 
control lines, or 1/0 structures. You need only incorporate a few sim- 
ple mating printed circuit board connectors in your system. 

Tracing data flow 
Capturing data flow is also easy and only requires a logical se- 

quence of key strokes. The first item to define is the Logic Polarity of 
your system by pressing the Logic Polarity key. The panel LEDs  in- 
dicate your selection, positive for high true and negative for low true. 
Next select the clock edge on which you want to gather data which is 
also indicated by panel LEDs. 

Now select the display format that you want to use for the test. If 
you are running tests on an address or data bus, you would most likely 
select either hexadecimal or octal display format. However, if the test 
is on an 1/0 bus with numerical data, decimal may be preferred. For 
activity on control lines, binary is a meaningful base. In all cases the 
display indicates the selected format with a base (b) notation on the 
right. Many times all of the input lines are not used and if you want to 
blank the more significant bits, just press the Word Width key and 
enter the number of bits to be displayed from 2 to 16. 



The desired data window is entered from the Trace Specification 
section of the keyboard. If you want to view data after the desired 
trigger point, press Trigger Plus Delay Starts Trace which directs the 
1602A to start collecting data as soon as the Trace Specification is 
satisfied. If you are more interested in’data preceding the trigger 
point, select Trigger Plus Delay Ends Trace. For either mode, Start or 
End, an LED indicates the selected mode. 

To define a trigger point, press the Trigger = key and enter the 
desired trigger point, e.g. 2805, in the same format previously select- 
ed for the display. The selected trigger word is displayed for verifica- 
tion. 

To enter a delay that will position the start or stop of data collection 
a specific number of clock pulses from the trigger word, press the 
Delay = key and enter the number of desired clock pulses. The delay 
count is entered and displayed in decimal format. Delays of up to 
65 535 clock pulses after the trigger point may be entered and used to 
either start or end data collection. 

The trace specification is now complete and the 1602A is ready to 
capture data. Pressing the Trace key instructs the Analyzer to start 
looking for the trigger word. Once the trigger word is recognized, the 
Analyzer captures and stores 64 words in memory as defined by the 
preset trace specifications. 

Two words are normally displayed in the viewing window. The num- 
ber a t  the far left (0 in this example) is the memory location of the 
word 2805,,. The word on the far right is in the next higher location of 
the Analyzer’s memory. 

The data in the Analyzer’s memory may be viewed on the display 
using the four keys in the display block. The Prior Word and Next 
Word keys permit you to view the memory contents one word at a 
time, or if you hold a key, the memory contents will sequence rapidly 
through the display. The Word Number = key allows you to quickly 
address any memory location and the At Trigger Word key automati- 
cally restores the display to the trigger point. 

Measurement flexibility 
This Analyzer, with all its operating simplicity, has the power re- 

quired to capture more than basic data lists. For example, to deter- 
mine if a data line is stuck in one state, a Trace Continuous mode 
permits the suspected line to be monitored for activity. The mode is 
entered by pressing TRACE followed by C and may be used with any 
number base. 

To capture data on the ninth pass of a loop, a Delay By Events mode 
is available. Delay By Events is entered by pressing in sequence Delay 
=, E, and then entering in decimal format the desired number of 
events to 65 535. The display then shows that the Analyzer is set to 
Delay By Events with an E, and also the selected number of events, 
352. When Trace is pressed the 1602A will count the selected number 
of Events (trigger points) before capturing data. 

For viewing consecutive occurrences at specific points, such as data 
being sent to a peripheral, a Trace Events Mode is provided. This 
mode is entered by pressing Trace followed by E which directs the 
1602A to capture only the data that is described by the trigger word 
plus delay. 

When additional qualification is needed for data collection, such as 
restricting the data to only reads, writes, or outputs, the rear panel 
trigger and clock qualifiers are available. These inputs are compatible 
with the H P  Model 10250A TTL trigger probe allowing expansion to 
four qualifier inputs. 

Once a functional fault is located in execution of the program, an- 
other form of analysis instrument, usually an oscilloscope, is fre- 
quently desired to pinpoint the problem. The Analyzer’s trigger 
output is stable with the system clock which allows an oscilloscope to 
be used for critical timing measurements. 

A Trace Point Output is available for generating interrupt signals 
or for added “clock stopper” circuits in other parts of the system un- 

der test. The rear panel outputs can also be used to cascade 1602A’s 
or other analyzers. 

And, for those occasions where the data being gathered are mix- 
tures of information from buses and control lines, a mixed mode of 
binary and either hex, decimal, or octal bases can be easily entered 
with a few keystrokes. Pressing Word Width = 16 and Hex 8 gives 
the display shown. 

IT 

I 
The resulting trace then displays the captured data in the format 
lost convenient for analysis. 

The Analyzer also interacts with message codes which assist the 
operator in gathering and sorting data. The definitions of these mes- 
sage codes are included inside the storage compartment top cover for 
easy reference. 

For increased confidence of the Analyzer’s operation, it performs a 
self-test during turn-on and indicates the results on the display. In 
addition, there is a multi-level diagnostic software which allows the 
Analyzer to identify virtually any internal fault. 

Automatic testing 
In addition to stand-alone operation the Analyzer can be con- 

figured for use with the Hewlett-Packard Interface Bus (IEE 488) 
family of interactive instruments. An optional HP-IB interface is 
available which when combined with a computing controller and suit- 
able stimulus allows the data captured by the programmable 1602A 
to be transferred to the controller for analysis, providing fast, easily 
repeatable checkout and troubleshooting in production and service 
environments. Now, the engineer who designs a system can establish 
proper vs improper operating characteristics and provide an automat- 
ic test sequence which will functionally check the system. By develop- 
ing the tests in an HP-IB configuration, he can print out a complete 
data record for each test, greatly simplifying documentation of test 
procedures. 

The biggest benefit of automated testing is that each instrument is 
tested identically; a QA inspector can functionally test the system 
with the same parameters used in final test. System failures that oc- 
cur during testing can be readily defined and documented, and since 
they are stored in an automated test routine, the failure test condi- 
tions can be duplicated at will. Libraries of faults can be rapidly gen- 
erated using these automated test procedures, with each fault 
documented and stored in a data cartridge file for use in automated 
debugging in production or field service. 
Programming 

A learn mode feature provides an easy way for a designer to pro- 
gram the Analyzer with an H P  Model 9825A Computing Controller 
without using the formal HPL language. A few special function keys 
are all that is needed for most test programs, and the procedure for 
using them is also easy. Just make the measurement once manually 
using the 1602A and then press LEARN on the computing controller. 
The system will then become conversational and ask for the test num- 
ber, number of words of 1602A memory to be compared, desired 
measurement time limit, and which test to go to if the present test 
passes or fails. The computing controller then automatically reads the 
Analyzer’s keyboard and memory and transfers this data to its cas- 
sette. The first test of the “test procedure” is now completed and doc- 
umented. A complete test procedure can be rapidly generated and 
documented by using this method. To use the test procedure, simply 
connect to the system or device under test and press the special func- 
tion “Run” key on the Computing Controller. Your “Automated” test 
system then sets up each test in the procedure, compares the data 
collected to the reference data stored on the cassette, and indicates 
where functional errors exist. This means that all your devices can be 
functionally tested in minutes, automatically, with identical proce- 
dures eliminating variations due to differences between operators. 
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Debugging HP-IB (IEEE 488) systems 
Hewlett-Packard's Models 10050A and 10051A HP-IB Adapter 

and Test Probe offer a convenient method of Monitoring HP-IB 
(IEEE 488) lines with a 1602A Logic State Analyzer. These accesso- 
ries connect directly to the interface system, do not interfere with op- 
eration, and are capable of monitoring activity a t  full operating 
speeds. The 1602A's mixed display mode allows decoding of bus in- 
formation to match the bus format of eight data, and eight control 
and handshake lines. With a few keystrokes, the display may be 
configured with eight lines in binary and the remaining eight in either 
hexadecimal, octal, or decimal format. 

HP-16 adapter 
For basic monitoring of an HP-IB system, the Model lOO5OA 

Adapter is quickly connected to the 1602A probe and HP-IB piggy- 
back connector. There are no time consuming problems of connecting 
individual probe leads to an HP-IB connector. 
HP-I6 test probe 

More complete tests of an HP-IB system can be performed by using 
the model 10051A Test Probe in conjunction with the 10050A Adapt- 
er. Connection to the system under test is simply accomplished by 
plugging in the test probe, adapter, and connecting to the HP-IB con- 
nector. 

With the 10051A, you automatically check for protocol violations 
on three handshake wires. Any time one of the eight possible states 
occurs out of sequence the LED on the probe flashes to indicate a 
possible problem and also supplies a pulse for triggering the 1602A or 
external instrumentation so that a problem can be quickly located. 
The timing diagram shows the normal sequence on the three hand- 
shake lines. 
SEQUENTIAL REQUIREMENTS OF THE THREE WIRE TRANSFER 

1602A Specifications 
Probe Inputs 
Repetition rates: to 10 MHz. 
Input load: one low power Schottky gate ((400 pA source). 
Input threshold: TTL, fixed a t  m1.5 V. 
Max input: <+5.5 V. 
Min Input 

Level: >-0.5 V. 
Swing: from 6+0.4  V (low) to 2+2.4  V (high). 
Clock pulse width: 1 2 5  ns a t  threshold. 
Data setup time: time data must be present prior to a clock transi- 
tion, 35 ns at threshold. 
Hold time: time data must be present after a clock transition, zero. 

Trigger and clock qualifier inputs (rear panel) 
Input load: 8 mA max source. 
Max input: <+5.5 V. 
Min Input 

Level: >-OS V. 
Swing: from 1 + 0 . 4  V (low) to 1 + 2 . 5  V (high). 
Setup time: time data must be present prior to a clock transition, 
40 ns with 10250A probe, 10 ns without probe. 
Hold time: time data must be present after a clock transition, 15 ns 
with 10250A probe, 30 ns without probe. 

Trigger and trace point outputs 
High: 2 2  V into 50Q. 
Low: 1 0 . 4  V into 50Q. 
Pulse duration (width) 

Trigger: high for = one clock period. 
Trace point: sets low when Trace key is pressed, returns high when 
the Trace Specification is met. 

Delay from input clock: < 150 ns. 
General 
Power: 100,120,220, and 240 Vac; -10% +5%; 48 to 66 Hz; 50 VA 
max. 
Size: 107 H x 275 W x 421 mm D (41/Jz" x 
Operating environment 

x 16'4,"). 

Temperature: 0°C to +55"C (+32"F to +132"F ). 
Humidity: up to 95% relative humidity a t  +40°C (+104"F). 
Altitude: to 4600 m (15 000 ft). 
Vibration: vibrated in three planes for 15 min. each with 0.38 mm 
(0.015 in.) excursions, 10 to 55 Hz. 

Weight: net, 4.5 kg (10 Ib); shipping, 5.9 kg (13 Ib). 
Accessories supplied: one external probe pod, one connector with 
individual clock, ground, and data probe leads with tips, three display 
labels (HP P/N 01602-94302). one 2.3 m (7.5 ft) power cord, one 
Operating and Service Manual. 
Probe interface: the probe interface is a standard, two row, edge 
connector which may be easily added to instruments during develop- 
ment, providing easily accessed test points for production and field 
service requirements. 

Options 
001: HP-IB Interface 

Operating instruction labels are available in five additional lan- 
guages. On initial order of a 1602A, one special language label may 
be ordered as an option. Additional labels must be ordered by part 
number. 
400: French (HP P/N 7 120-6467) 
401: Spanish (HP P/N 7120-6468) 
402: Italian (HP P/N 7120-6469) 
403: German (HP P/N 7120-6960) 
404: Japanese (HP P/N 7120-6697) 

Accessories 
10250A TTL trigger probe: Model 10250A Trigger Probe offers a 
convenient method of expanding the qualification capabilities of the 
1602A. With the 10250A connected to the 1602A rear panel Trigger 
or Clock Qualifier inputs, you have an additional four bits of qualifi- 
cation. The four inputs may be switched to HI, LO, or OFF (don't 
care) for selection of the desired qualification pattern. Power for the 
trigger probe is obtained from the circuit under test. 



EXEC UTE 

ISPLAY 

The keyboard of the Model 1602A Logic State  Analyzer is easy  to use with its key-per-function layout. Entry of triggering and display 
conditions is a series of self-explanatory keystrokes with entries displayed as they are entered, permitting a quick check of input accura- 
CY. 

Probe Interfacing 
01602-68701: connector with leads (without slip-on probe tips). 
01602-68702: connector kit (without leads). 
10230-68702: package of ten slip-on probe tips. 

The probe interface is a standard two row, edge connector which 
may be easily added to instruments during development, providing 
easily accessed test points for production and field service require- 
ments. 

HP-IB controllers and accessories 
The following computing controller and accessories combined with 

a 1602A Option 001 provide a complete HP-IB Test System. 
Model 9825A computing controller: Opt 002 with a 23 000 byte 
memory is recommended for maximum flexibility. Accessories re- 
quired are Model 98210A String and Advanced Program ROM, 
Model 98213A General and Extended 1 / 0  ROM, and a Model 
98034A HP-IB Interface Card. 
Software: the Model 10060A Automatic Logic State Analysis Ap- 
plication Program for the 9825A controller is available and virtually 
eliminates the need to learn controller or HP-IB language. 

10050A/ 1005 1 A Specifications 
Specifications apply with the 10050A/10051A connected to the 
1602A. 
Adapter, 10050A:  when used as passive connection to the 1602A, 
loads each HP-IB signal line with one Schottky TTL gate ( t 4 0 0  pA 
source) except DAV which is loaded with two low power Schottky 
TTL gates ((800 pA source). 
Test  probe, 10051A 

IflDUt Load: one low Dower Schottky TTL gate (t400 pA source) 
on. each HP-IB signai line. 
Input threshold: TTL fixed a t  = 1.5 V except DAV, NRFD, 
NDAC, ATN, EO1 which are buffered with low power Schottky 
TTL hysteresis gates (positive going threshold = 1.7 V, negative 
going threshold = 0.9 V). 
Max Input: < 5 5 . 5  V. 
Min Input: > -0.5 V. 
Differential signal delay: signals on the ATN and EO1 lines are 
delayed approx 30 ns more than DIO 1-8, SRQ, IFC, REN which 
are applied to the 1602A data inputs without buffering. 
Data s e t u p  time: data must be present 35 ns prior to a clock transi- 
tion. 
Data hold time: data must remain stable 50 ns after a clock transi- 
tion. 

Ordering information 
1602A Logic State Analyzer 

Opt 001: HP-IB Interface 
10250A TTL Trigger Probe 
10050A HP-IB Adapter 
10051A HP-IB Test Probe. (includes 10050A) 
10060A Automatic Logic State Analysis Applications 
Program for 9825A 
01602-68701 Connector with leads (without slip-on 
probe tips) 
01602-68702 Connector Kit (without leads) 
10230-68702 Slip-on probe. tips (10) 

Price 
$1800 

add $300 
$125 

$35 
$185 
$58 

$65 

$21 
$22.50 
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i ’ Parallel or serial analysis of digital systems 
Models 1600s and 10253A 

1600s 

1600s Description 
The 1600s Logic State Analyzer is a versatile, general purpose data 

domain instrument for use in design and troubleshooting of minicom- 
puter and microprocessor based systems as well as other digital sys- 
tems. Parallel data is captured at  clock speeds to 20 MHz and 
presented in an easy-to-read one’s and zero’s display format for fast 
functional analysis of digital data flow. The ability to capture and 
display words up to 32-bits wide lets you observe, in real time, micro- 
codes or addresses with resulting data, saving time in system design 
and development, hardware troubleshooting, software evaluation, 
and service and maintenance. Convenient and flexible functional 
analysis is provided by features such as sequential triggering, dual 
clock, separately configured data tables, display qualification, exclu- 
sive OR comparison of Tables A and B, dynamic mapping, and halt 
when A is not equal to B. 

The 1600s consists of a 1600A Logic State Analyzer, a 1607A 
Logic State Analyzer, a 10236A Trigger Bus Cable, and a 10237A 
Data Cable. The Trigger Bus Cable logically AND’s the trigger reg- 
isters of both the 1600A and 1607A for a trigger word up to 36 bits 
wide (four qualifiers not displayed). The Data Cable connects the 
1600A Table B memory to the 1607A to enable the display of words 
up to 32 bits wide, to display two 16-bit data sequences at  the same 

time-such as addresses and instructions, to display 32 consecutive 16- 
bit words, or for dual clock application. When the full system capa- 
bilities are not needed, the 1600A or 1607A may be used separately. 
The 1600A by itself is a complete logic state analyzer with 16-bit 
triggering plus two qualifiers, and a 32-bit wide table display as well 
as dynamic mapping. The 1607A needs only the proper oscilloscope 
or X-Y display for another complete analyzer, also with 16-bit trig- 
gering plus two qualifiers. Both the 1600A and 1607A have a pattern 
trigger output to trigger an oscilloscope for electrical analysis. 

Mapping program flow 
The map display provides a dynamic overview of a system’s oper- 

ation-a pattern of dots interconnected with vectors that are unique 
for each area of program implementation. Each dot represents a spe- 
cific word; its location indicates binary magnitude and its brightness 
indicates relative frequency of occurrence. The vectors between each 
dot allow you to observe the sequence of data transactions. The vector 
gets brighter as it moves toward a new point to show the direction of 
data flow. 

.With the map you can identify program loops, improper data flow, 
as well as lost portions of a program. You can also map single-shot 
events such as those in turn-on sequences. 



The map display offers an overall view of machine operation, with 
each dot representing one input word. The real time display al- 
lows you to identify program loops, improper data flow, as  well as  
lost portions of a program. 

Table display 
In the Table display mode you can display up to sixteen 32-bit 

words which allows you to view address and resultant data flow at the 
same time. You can look at events leading up to, surrounding, or fol- 
lowing the trigger word; and delay up to 99 999 clock cycles beyond 
the trigger point toview events anywhere in a program. Two 16-bit by 
16-bit table displays, A and B, can be used separately or in various 
combinations to satisfy a wide variety of applications. 
Exclusive OR mode 

An exclusive OR mode, A & (A (B B), makes comparison of Table 
A and Table B data easy by displaying any differences as intensified 
one’s on Table B. This display mode allows you to quickly compare 
active data to known stored data, or to compare data from two active 
systems simultaneously. 

Another useful mode is the halt when A does not equal B mode (A 
# B), which automatically halts and stores the data in the A memory 
when it does not equal the data in the B memory. Used in conjunction 
with the A & (A (B B) mode, this mode frees you from the tedious 
waiting and watching for intermittent malfunctions. 
Display qualification 

The 1600s has a total of four qualifier channels which in the Dis- 
play Mode allow only selected data to be captured, greatly expanding 
the effectiveness of the memory since irrelevant or extraneous data is 
not strobed into memory. The 1607A pattern trigger output (PTO) 
can be used as a qualifier input to the 1600A which permits very so- 
phisticated analysis of multiplexed buses in minicomputers. 
Sequential triggering 

The 1600s permits you to define two events which must occur in 
sequence to trigger a data acquisition cycle. The trigger output of the 
1607A can be used to arm the 1600A on a selected event, enabling it 
to look for the second event. Sequential triggering is useful for analyz- 
ing branch operations. 
Dual clock 

The 1600A and 1607A may be clocked a t  different rates which per- 
mits you to examine simultaneously up to 16 bits on both sides of an 
1 / 0  port even though state flow is from two different sources running 
at different speeds. You can also easily relate bus activity to events 
occurring elsewhere a t  different clock rates, such as system peripher- 
als. Dual clock capability can be particularly useful in determining 
design incompatibilities between hardware and software in micro- 
computer-controlled systems. 

In the exclusive OR mode, A & (A (B B), A memory data is dis- 
played on the left while the table on the right displays logic differ- 
ences between A and B memories. This provides very fast “at-a- 
glance” comparisons. 

Start and End display triggering 
Both the 1607A and the 1600A may be operated in the Start Dis- 

play or End Display modes. In Start Display, the Analyzer triggers on 
a unique word established by the trigger word switches and displays 
that trigger word and the fifteen following words as they are clocked 
in. This is a valuable mode for paging through a system while follow- 
ing an algorithm to trace data flow. 

End Display triggering captures events leading up to and including 
the trigger word, providing a “negative time” display. This is ex- 
tremely helpful for troubleshooting, since you can trigger on an unal- 
lowed state or a fault and see where the machine malfunctioned 
rather than the end results of the error. In addition, delay may be 
combined with the End Display trigger to capture both positive and 
negative time data, allowing you to see events before and after the 
trigger event and reduce analysis time. 

Digital delay 
When the data you want to see does not immediately follow the 

desired trigger word, delay can be used to position the sixteen word 
“window” an exact number of clock pulses from the trigger word. The 
1600A and the 1607A each permit selection of up to 99 999 clock 
cycles of delay. Digital delay is used with the start and end display 
modes for precise paging through data, or indexing. It is useful for 
moving the display window past loops and measuring lengths of sub- 
routines while maintaining a desired pattern trigger point. 

Trigger outputs 
The 1600A and 1607A have trigger outputs that extend trouble- 

shooting capabilities in digital curcuit analysis by windowing oscillo- 
scopes to the proper digital point in time for electrical analysis of cir- 
cuit operation. 
Versatile miniature probes 

The 1600.3 acquires data through six, 6-channel high impedance 
probes. Two separate clock probes allow connection to the desired 
strobe source. The miniature probe tips are small enough to connect 
to adjacent pins on DIP’S, or can be slipped off the probe wire for 
direct connection to 0.6 mm (0.025 in.) square pins, IC test clips, 
Model 10024A IC clip, and wire wrap pins. 

Individual probes are connected to each data or clock pod through a 
quick disconnect ganging-bar which permits hardwired or semiper- 
manent connections to system nodes that do not need to be disturbed 
when the Logic State Analyzer and its probe pods are removed. 
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Models 1600s and 10253 (cont.) 

10253A Card Reader 

1600s Specifications 
Clock and data inputs 
Repetition rate: 0 to 20 MHz. 
Input RC: 40 kQ f 3 kQ shunted by 1 1 4  pF (at the probe tip). 
Input bias current: 530 PA. 
Input threshold: TTL, fixed at  = + I S  V; variable f 10 Vdc. 
Max input: level, - 15 to + 15 Vdc; swing, 15 V peak from threshold. 
Min input: swing, 0.5 V +5% of p-p threshold voltage; clock pulse 
width, 20 ns at threshold; data pulse width, 25 ns at  threshold; data 
setup time, 20 ns; hold time, zero. 

Pattern and delayed trigger outputs 
High: 2 2  V into 50Q (line driver interface). 
Low: (0.4 V into 5OQ (line driver interface). 
Pulse duration 

Delayed trigger: = 25 ns (RZ format) at 1 V level. 
Pattern trigger: = 25 ns in RZ format at 1 V level, delay zero or 
off. With delay on and not zero, pattern trigger output starts on 
receipt of a pattern trigger signal and ends when delay ends. 

Trigger arm input 
Impedance: 5OQ. 
Level: low state, 0 V to (0.4 V; high state, 2 V to <5 V. 
Pulse width: 15 ns min at  1.5 V level. 
Arming conditions: if the arming pulse positive edge occurs (45 ns 
after a clock, triggering occurs on the same clock cycle that it is 
armed. If the arming pulse positive edge occurs >75 ns after a clock, 
triggering occurs on the next clock cycle. 

1607A X-, Y- and Z-axes outputs 
X-axis: (0.6 V to >6 V p-p, f 8  V max into 1100 kQ 
Y-axis: (0.6 V to >6  V p-p, f 8 V max into 1 1 0 0  kQ. 
Z-axis: 0 to 10 V p-p into L 1  kQ. 
Display interface requirements: the 1607A interfaces with oscillo- 
scope or display with the following input parameters (Not recom- 
mended for storage oscilloscopes or displays). 

X and Y inputs: 0.1 to 1 V/div deflection factors; dc coupled input; 
and >500 kHz bandwidth. 
Z-axis input: dc coupled with positive blanking; full blanking must 
occur with 10 V input at 10 mA. 

General 
Display rate: variable from (200 ms to >5 s (1600A), 4 0  ms to 
>5 s (1607A). 
Power: 100,120,220,240 Vac; -10%. +5%; 48 to 440 Hz; 120 VA 
max. 
Logic probe power: rear panel BNC connector, +5V, 0.1 A. 
Size 

1600A: 197 H x 335 W x 540 mm L with handle (73/," x 133/,," x 
21'/4"); 460 mm (181/8") L without handle. 
1607A: 121 H x 284 W x 460 mm D (4'/," x 11 3 / l s w  x 18 '/g"). 

Operating environment: temperature, 0 to +55"C (+32"F to 
+130"F); humidity to 95% relative humidity at +40"C (+104"F); 
altitude to 4600 m (1 5 000 ft); vibrated in three planes for 15 minutes 
each with 0.254 mm (0.010 in.) excursion, 10 to 55 Hz. 

Weight 
1600s: net, 19.1 kg (42 Ib); shipping, 22.7 kg (50 Ib). 
1600A: net, 12.7 kg (28 Ib); shipping, 15.9 kg (35 Ib). 
1607A: net, 6.4 kg (14 lb); shipping, 8.2 kg (18 Ib). 

1600s: six 10231C data probes, two 10230C clock probes, one 
10236A Trigger Bus Cable, one 10237A Data Cable, two 2.3. m 
(7.5 ft) power cords, one accessory case for each analyzer, one 
1600A and one 1607A Operating and Service Manual. 
1600A or 1607A: three 10231C data probes, one 10230C clock 
probe, one accessory case, one Operating and Service Manual. 

Accessories supplied 

Accessories 
Card reader: 10253A Card Reader plugs directly into the 1600A 
and provides a convenient method of performing repetitive tests on 
digital components or systems. Cards provide a low cost method of 
storing fixed data that may represent a complete system test proce- 
dure or a simple QC test. Applications include incoming inspection, 
production testing, service and maintenance, engineering, and envi- 
ronmental testing. 

Cards: special printed cards are in format required for loading data 
into the 1600A Logic State Analyzer Table B memory; 187 mm 
(7% in.) length cards are loaded into Table B in (2 s. 
Power: supplied by 1600A. 
Weight: net, 1 kg (2.1 Ib); shipping, 1.8 kg (4 Ib). 
Operating environment: same as 1600A except: temperature, 
+1O"C to +40"C (+50"F to +104OF); humidity, to 80% relative 
humidity at  +40"C (+ 104°F) 
Accessories supplied: one drum card, HP P/N 10253-90001; 
one exerciser card, HP P/N 10253-90002; 100 data cards, HP P /N  
9320-3324; one interface box mounting bracket, HP P/N 01 120- 
64701; and one Operating Note. 

Serial-to-parallel converter: 10254A Serial-to-parallel Converter 
acts as the interface between a serial data system and a 1600A or 
1607A. converting serial data to parallel format for full utilization of 
these analyzers in serial data stream analysis. 
Trigger bus cable: 10236A Trigger Bus Cable interconnects the 
1600A and 1607A for 32-bit word capability (supplied with 1600s). 

Data cable: 10237A Data Cable interconnects the 1607A and 
1600A to provide 32-bit data display (supplied with 1600s). 

General purpose probe interface: 10277C provides convenient in- 
terface between 1600A or 1607A (data and clock probes) and digital 
systems through two 40-pin connectors and ribbon cables; includes 
two removable interconnecting wire-wrap boards for signal pre-pro- 
cessing, two 36 cm (14 in.) ribbon cables with 40-pin female connec- 
tors, and two 40-pin male connectors. 
Rack mount adapter: 104918 Rack Mount Adapter, 222 mm (8% 
in.) high and 540 mm (21 1/4 in.) deep; adapts the 1600A to a standard 
483 mm (19 in). rack. 

IC test clip: 10024A IC Clip allows convenient connection of analyz- 
er probe leads to dual in-line packages, reducing the possibility of 
shorting between IC pins. Refer to Probes and Other Oscilloscope 
Accessories for description of 10024A and other probe accessories. 
Ordering information Price 
1600s 32-channel Logic State Analyzer, $7100 
includes a 1600A and 1607A 

add $24 
1600A 16-channel Logic State Analyzer $4200 

add $13 
1607A 16-channel Logic State Analyzer $2900 

add $ 1  1 
$20 

10237A Data Cable (supplied wih 1600s) $60 
10253A Card Reader $800 
10277C General Purpose Probe Interface $400 
10491B Rack Mount Adapter $120 
10024A IC Test Clip $15 
10247-68701 Quick Disconnect Probe $10 
Lead Kit for 10230C Clock Probe 
10231-68703 Quick Disconnect Probe $30 
Lead Kit for 10231C Data Probe 
10230-62101 Probe Tip for use with $2.50 
Probe Lead Kits or as replacement tips 

Weight: net, 0.2 kg (6 02); shipping, 0.5 kg ( 1  Ib). 

Weight: net, 0.23 kg (8 oz); shipping, 0.5 kg ( 1  Ib). 

Weight: net, 1.4 kg (3 Ib); shipping, 2.3 kg ( 5  Ib). 

Opt 9 1 0  extra set of manuals 

Opt 9 1 0  extra Operating and Service Manual 

Opt 9 1 0  extra Operating and Service Manual 
10236A Trigger Bus Cable (supplied with 1600s) 



LOGIC ANALYZERS m 7  

10254A 

1230A 

10250A 

10254A Serial-to-parallel converter 
Specifications (Accessory to the 1600A and 1607A Logic 
State Analyzers.) 
Probe inputs 
Rep rate: 1 1 0  MHz in Edge Sync, I 7 M H z  in Pattern Sync. 
input RC: 40 k0 f 3kQ shunted by 1 1 4  pF (at the probe tip). 
Input threshold: TTL, fixed at 1.5 Vdc; variable f 10 Vdc selected 
a t  the logic state analyzer. 
Max input: level, 
Pulse width: 40 ns rnin a t  threshold. 
Setup time: 50 ns min. 
Hold time: zero. 

Operating modes 
Display format 

15 Vdc; swing, 15 V peak from threshold. 

Bitslbyte: 1 to 16 bits (a byte is displayed as one line on the Ana- 
lyzer.) 
First bit, IeWright: displays most significant bit left or right. 

Data sync 
Pattern: synchronizes on a unique pattern in the serial data stream 
selected with the analyzer Trigger Word switches. 
Edge: synchronizes on input probe sync signal with positive or neg- 
ative edge selectable. 
Byteslsync: permits memory qualification by acquiring 1 to 16 
bytes of data following a sync. 

Delay (bit after sync): selects the number of clock pulses from 1 to 
99 after a sync signal is received before data acquisition begins. 
Sync search: Initiate pushbutton or a positive-going input pulse 
starts a new search cycle. 

Serial data analysis & digital triggering hJ 1 
i Models 10254A, 1230A & 10250A 

Genera I 
Weight: net, 3.2 kg (7 Ib). Shipping, 5 kg (11 Ib). 
Power: +5 Vdc, +12 Vdc and -12 Vdc; supplied by the 1600A or 
1607A Logic State Analyzer. 
Size: 12.1 H x 28.4 W x 41.4 cm D (43/,“ x 11?/,,” x 16y6”). 
Accessorles suppiled: one Model 10236A Trigger Bus Cable, four 
interface cables (HP P/N 10254-61601), and one Operating Note. 
Equipment required: 1600A or 1607A plus a 10231C data probe 
from the 1600A, 1607A or ordered separately, for use as the 10254A 
input data probe (labels supplied with 10254A). 

8 Bit trigger probe with delay 
1230A Specifications 
input 

Frequency: 15 MHz max. 
Logic levels: logic ‘0’; 0 V to 0.8 V; logic ‘1’; 2 V to 15 V. 
Current: -360 pA for logic ‘0” input (-400 pA for GATE input); 
100 pA for logic ‘1’ input. 
Max input: - 1  V to +15 V. 

Logic ‘0’: 0.5 V max (60 mA current sinking capability). 
Logic ‘1’: 2 V rnin into 500 (40 mA source current). 

Output (negatlve-going edge true) 

Operating modes 
Word recognltlon 

Synchronous pattern recognition: trigger word input recogni- 
tion only during pos. or neg. edge of CLOCK input signal. 
Min setup time: 20 ns. 
Min hold time: zero ns. 
Async pattern recognltlon: independent of CLOCK input. 
Max propagation delay after word recognition: 45 ns. 
Min input pulse width: 25 ns. 

GATE input: for strobing or expanding word recognizer. GATE 
switch set to LO, GATE input pulse must be 20 ns longer than ‘word- 
true’ time. Set to HI, GATE input pulse must be 10 ns longer than 
‘word-true’ time. 
Events delay: 1-9998 events start counting on pos. edge or neg. edge 
(selectable) of CLOCK input signal after word recognition. 

General 
Power requirements: 300 mA at 5 V. 
Voltage on power inputs: +4.75 V to +15 V max dc. Protected 
against reverse polarity. 
Weight: net, 454 g (1 Ib). Shipping. 907 g (2 Ib). 

4 Bit trigger probe (TTL) 
10250A Specifications 
input 

Low level: 0.8 V (-0.6 V rnin); -0.8 mA max at 0.4 V (0.5 stan- 
dard TTL load). 
High level: 2 V. (5.0 V max); 100 PA max at 2 V. 

Swing: 0.5 V to 4.5 V rnin into 1 megohm. 
Transition time: 7 ns max from 0.6 V to 1 V; 50 ns rnin to 4 V with 
1 megohm, 20 pF load. 

Propagation: 30 ns max from any input to trigger output. 
Difference: IO ns max between any two inputs. 

Voltage: +5 V -+ 5%; -0.4 V to +7 V max. 
Current: 30 mA max; normal operation, 17 mA. 
Overall length: = 168 cm (66 in.) 
Weight: net, 227 g (8 02). Shipping, 907 g (2 Ib). 

output 

Delay 

Power (supplied by circuit under test) 

Accessories included: six miniature probe tips, one Operating 
Note, and one vinyl carrying case. 
Ordering information Price 
10254A Serial-to-parallel Converter $1275 

Opt 910: extra manual $6.50 
10250A Trigger Probe (TTL) $125 

1230A Logic Trigger $495 
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I Captures time, state & glitch information simultaneously 
, 

Model 1615A 

1615A Description 
Hewlett-Packard’s Model 161 SA Logic Analyzer offers asynchro- 

nous, synchronous, and simultaneous time and state measurements in 
the design and troubleshooting of digital systems. The Logic Analyz- 
er can be configured for three modes of operation with simple key- 
board entries: as an 8-bit timing analyzer 256 words deep; a combined 
8-bit timing and 16-bit state analyzer, each 256 words deep with both 
operating simultaneously; or as a 24-bit state analyzer 256 words 
deep. Powerful triggering capability, six clock qualifiers, sophisticat- 
ed delay and occurrence capabilities assure that the desired timing 
and state information can be captured. 

Setup for measurements is simplified with a menu system which 
reduces the number and complexity of front panel keys. With the For- 
mat Specification called, you select the desired mode of operation, 
timing, state, or a dual-mode with simultaneous operation. The Trace 
Specification menu then allows you to enter the desired test param- 
eters so that the information needed for analysis is captured. 

Asynchronous measurements 
Much of the activity in digital systems is asynchronous in nature 

and interrogation of the non-clocked devices must be accomplished 
using a strobe other than a system clock. The 161 5A makes asynchro- 
nous measurements in its time mode of operation which is selected by 
calling the Format Specification and selecting the 8-bit mode of oper- 
ation. Also selectable a t  this time, is Ext Clock Slope, assignment of 
labels to group the eight lines for convenient interpretation of data, 
logic polarity, and the desired numerical base. The Trace Specifica- 
tion menu (figure 1) is now used to enter the desired trace param- 
eters. The clock period can be selected using increment and 
decrement keys on the panel. Up to three OR’ed trigger fields are 
available for selecting one or a combination of asynchronous trigger 
patterns. In additon, a “NOT” pattern ON NOT for triggering can be 
selected so that status words can be monitored for any changes, or an 
external trigger can be selected. Either time or external clock delay 
can be added to the trigger condition. The recognition of this pattern 
is truly asynchronous and to eliminate triggering on transients, the 
pattern duration may be specified from 15 ns to 2000 ns. 

Tracing now captures and displays a timing diagram of the data on 
the eight timing lines (figure 2). The trigger point selected in the 
Trace Specification menu is indicated by a short vertical bar between 
each timing line. Any part of the timing display, selected with an ex- 

Figure 1. Trace Specifications menu shows the label assigned to 
the timing lines and the numerical base in which to enter data. 
This Trace Specification defines the start of data collection using 
an internal clock running 100 nslclock on any one of three OR’ed 
8-bit patterns but only if a glitch appears on channel four. 

panded indicator, may be magnified by a factor of 10 for higher dis- 
play resolution. A listing of the timing data in the area of the expand 
indicator can be obtained by pressing the list key. For convenience, 
the timing channels may be organized in any order. 

The 161 SA also detects glitches greater than 5 ns wide. In addition 
to recognizing glitches, the 1615A can separate them from data 
which allows glitches to be used as part of a trigger word. A Trace 
Specification can include both pattern and/or glitch requirements 
(figure 1) on any combination of lines-glitches can even be captured 
during data transitions. Glitches on data transitions are displayed as 
brightened edges with those between transitions displayed as bright 
vertical bars (figure 2). 

Relative time measurements between any two points on the timing 
display may be made by using the expand indicator (figure 3). One 
edge of the brightened segment is aligned at the desired point of inter- 
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est (figure 3a) and the relative time field is zeroed using the Field 
Select key. The expand indicator can then be moved to any other 
point of interest to obtain a direct readout of time between the two 
points (figure 3b). As an additional feature, an external clock may be 
used in the timing mode. 

Figure 2. Timing diagram of data collected as defined by the 
Trace Specification in figure 1. The Analyzer displays timing infor- 
mation and glitches which are displayed as brightened edges and 
vertical bars. In addition, the sampling clock period and time per 
division are displayed. The trigger point is indicated at the left of 
the timing display by a short vertical bar on each timing line. 

I 

the 1615A can operate in a mode where simultaneous time and state 
information is captured, it can make this powerful measurement. 

The 1615A i s  configured for time and state operation by calling the 
Format Specification and selecting 16-bit and 8-bit mode of oper- 
ation and assigning the desred labels, bases, and clock slopes. Switch- 
ing to the Trace Specification menu, four interactive modes of 
operation may be selected: the 8-Bit Triggers or Arms I6-Bit, or 16- 
Bit Triggers or Arms 8-Bit. For example, the 8-Bit Triggers 16-Bit 
mode may be selected which directs the 1615A to capture synchro- 
nous data as soon as the asynchronous trigger is recognized. Now you 
can observe state information directly related to a timing event such 
as the activity on an address bus when an interrupt or glitch occurs. If 
you select the 8-Bit Arms 16-Bit mode, the 1615A may be directed to 
capture data at a specific point in program execution but only after an 
asynchronous trigger event is encountered. This allows you to view a 
specific part of program flow, such as an output subroutine, only after 
a specific asynchronous event such as a service request. 

3ynwiiuriuua a b r i r i r y  ieyiaieia a a y i i b i i i u i i u u a  uaia bui- 
lection 

Another problem frequently encountered is the need to display tim- 
ing information only after a specific point in program implementa- 
tion. This is accomplished by selecting either 16-Bit Triggers or Arms 
the 8-Bit mode of operation. A typical application of this would be to 
look at the conditions of lines on an input port for a short time prior to 
reading the port to be sure that the data is valid. Now when a trace is 
accomplished, the state measurement triggers the timing measure- 
ment which, in the end display mode, captures the timing information 
prior to reading the port. 

Synchronous measurements 
The fastest method of locating faults in a state machine is to moni- 

tor program execution because the symptom of a machine failure is a 
deviation from its program sequence. The 1615A is also a powerful 
state analyzer; by calr'lng the Format Specification menu,-a 24-bit 
mode (figure 4) can be selected for monitoring system bus activity. 
For convenience the inputs can be configured in hexadecimal, octal, 
decimal, or binary display formats and the 24 lines can be identified 
with three labels for grouping lines as independent variables. Trigger- 
ing parameters are entered in the Trace Specification menu (figure 5 )  
in the base selected for display. Any bit pattern on the 24 inputs may 
be established as a trigger point. Part of the trigger specification can 
be "Don't Cares" to obtain range triggering. In addition, the type of 
data collected may be further qualified with the six Clock Qualifiers 
presented in two OR'ed fields, trigger occurrence counting, and clock 
delays of up to 999 999, so that only data of interest is captured. Also, 
a Trace All States mode allows collection of qualified sequential ac- 
tivity following or preceding the trigger word; or a trace trigger events 
mode can be specified to capture only specific events, such as data to 
an 1/0 port. 

a I 
I b 

Figure 3. Relative time measurements can be made between 
points of interest on the timing display. In this example, the lead- 
ing edge of the expand indicator (brightened trace segment) is 
positioned at the falling edge of a pulse on line zero (3a) and the 
relative time indicator zeroed: the expand indicator is then posi- 
tioned on the falling edge of a pulse on line one with a direct rea- 
dout of 10.6 CIS (3b) between these two edges. 

Simultaneous asynchronous 
and synchronous measurements. 

Since both timing and state information are captured simultaneous- 
ly, the analyzer is capable of capturing the time sequences that occur 
before or after a specific state has been accessed, or state sequences 
before or after a specific timing condition' has been accessed. This 
interactive capability allows the activity on control lines, address de- 
coder outputs, and asynchronous 1/0 structures to be related to spe- 
cific points in program flow. 

Asynchronous activity registers synchronous data collection 
The cause of a glitch or the source of a timing problem is frequently 

related to the step a system is executing at the time of malfunction. 
These problems can be easily solved by relating the asynchronous 
malfunction in time to the synchronous activity in the system. Since 

Figure 4. To monitor 24 lines of synchronous activity, a 24 Bit 
mode of operation may be selected. Labels, Clock Slope, Logic 
Polarity, and Bases are assigned to obtain the desired Format. 
This Format is selected to display 16 address lines (Label A) and 
8 data lines (Label C) both in hexadecimal. 
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Specification in figure 4) shows the labels assigned and the nu- 
merical base  in which to enter data. This Trace Specification de- 
fines that the trace point will start data collection when address 

3E316 is recognized. 

Figure 6. Resulting Trace list of synchronous activity captur 
using the triggering parameters entered in the Trace Specification 
of figure 5. 

When a trace is performed, the 1615A captures the desired area of 
program execution and presents it on the display in the selected for- 
mat (figure 6). The memory location of the data is recorded on the far 
left of the display with 256 words stored for analysis. Any memory 
location from OOO,o to 255,,, may be called directly by entering the line 
number or the display may be rolled through memory with roll keys. 
Probes 

Input data are sensed through 24 high-impedance probes at rates to 
20 MHz with the probes separated into three 8-bit pods for easier 
connection to a system. A fourth pod is used to connect a clock source, 
six qualifiers, and an external trigger. To make it easier to connect to 
different systems, the front section of each probe may be disconnected 
from its pod. This allows the individual probe leads for each probe pod 
to be wired into connectors for specific systems. Additional probe lead 
kits as well as probe tip kits are available separately as accessories. 

For greater flexibility, the pods may be set for TTL threshold levels 
or adjusted over a -10 V to +10 V range. This variable threshold 
capability allows simultaneous measurements in systems with differ- 
ent logic families, Le., ECL, TTL, MOS, etc. 
Trigger outputs 

Once a fault is found it may be desirable to register other types of 
analysis instruments, such as oscilloscopes, to the problem area. The 
analyzer’s state trigger output is stable with respect to the system 
clock so an oscilloscope can be used for critical timing measurements. 
The timing trigger output is referenced to the pattern recognition 

trigger at  the probe so it too may be used as a stable reference point. A 
trace point output is also available so that interrupt signals may be 
generated or for “clock stopper” circuits in other parts of the system 
under test. 
Self test 

A built-in self test capability provides assurance that the 1615A is 
operating properly. The self test during turn-on checks ROM/RAM 
which is indicated on the display with Power Up Complete on the 
CRT. More extensive self-tests are initiated during turn-on by using 
four keys which permit keyboard and extensive operational checks. 

Clock, qualifier, and data inputs 
Repetltlon rate: to 20 MHz. 
input RC: 50 k 3  shunted by 1 1 4  pF at  the probe tip. 
Input threshold: TTL, fixed, - +1.4 V; variable ic 10 Vdc. 
Maximum input: -15 V to +15 v. 
Minimum input 

Swing: 0.6 V 
Clock pulse width: 20 ns at threshold level. 
Setup time: time data must be present prior to clock transition, 
20 ns. 
Hold tlme: time data must be present after clock transition, zero. 

16 15A Specifications 

Synchronous operation 
Trigger delay: to 999 999 clocks. 
Trigger occurrence: to 999 999. 
Asynchronous operation 
Sample rate: 2 Hz to 20 MHz. 
Data skew: 9 ns max. 
Minimum detectable glitch: 5 ns with 30% peak overdrive or 250 
mV, whichever is greater. 
Glitch trigger: on any selected channel(s), if a glitch is captured, the 
glitch is AND’ed with the asynchronous pattern trigger. 
External trigger pulse width: 5 ns min with 30% peak overdrive or 
250 mV, whichever is greater. 
Pattern trigger: any 8-bit pattern. Trigger duration required is se- 
lectable 15, 50, 100, 200, 500, 1000, or 2000 ns k 15 ns or 15%, 
whichever is greater. 
Delay time: to 1 048 575 x sample period. 
Trigger outputs (rear panel) 
16/24 Bit trlgger output 

Level: high, 2 2  V into 50% low, 10.4 V into 50Q. 
Pulse duratlon: -25 ns. 
Delay from input clock: -85 ns. 

Level: high, 2 2  V into 5(M1; low, 10.4 V into 503. 
Pulse duration: starts at  beginning of trace and ends at trigger 
point (pattern trigger plus delay). 
Delay from input clock: -85 ns. 

Level: high 1 2  V into 50% low 1 0 . 4  V into 503. 
Pulse duration: pattern duration minus asynchronous trigger du- 
ration width. 
Delay from pattern at probe: -75 ns plus synchronous trigger 
duration width. 

16/24 Bit trace point output 

8 Bit pattern output 

General 
Memory depth: 256 data transactions (in timing display mode, 249 
samples are displayed). 
Power: 100,120,220,240 Vac; -10% to +5%, 48 to 66 Hz; 230 VA 
max. 
Size: 189 H x 426 W x 664 cm D (7 74s” x 16 3/4” x 26 ‘/a”). 
Operating environment 

Temperature: 0°C to +55OC. 
Humidity: up to 95% relative humidity at  +4OoC. 
Altitude: to 4600 m (1 5 000 ft). 
Vibration: vibrated in three planes for 15 min. each with 0.3 mm 
(0.015 in.) excursions, 10 to 55 Hz. 

Weight: net, 19.1 kg (42 lb); shipping, 23.6 kg (52 Ib). 
Accessories supplied: three 8-bit Model 10248B data probes and 
one Model 10248B Opt 001 clock probe with probe leads and tips 
(three probes for data and one probe for clock, qualifiers, and exter- 
nal trigger), one 2.3 m (7.5 ft) power cord, and one Operating and 
Service Manual. 

1615A Logic Analyzer $6800 
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L.J i Troubleshooting computer communications networks 

Model 1640A 
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1640A 

1640A Description 
Model 1640A Serial Data Analyzer offers an efficient method for 

locating faulty system components in computer networks or, in gener- 
al, anywhere RS-232C (V24) serial interfaces are used. The network 
may be small, consisting of a minicomputer or microprocessor and a 
few terminals, or a complex, centralized CPU-based communications 
network, either of which require rapid probleni location to minimize 
system downtime. The 1640A can also be used during system design 
for debugging software, during systems integration, and for prevent- 
ive maintenance. 

As a serial data analyzer, the 1640A monitors RS-232C (V24) sta- 
tus information and records serial data in its 2048 character memory. 
This passive monitoring capability makes it possible to locate network 
problems without interrupting communication links other than dur- 
ing initial connection. 

In an active mode, the 1640A can simulate a network component 
and interact with the network by generating specific messages. This 
allows the 1640A to be connected to a terminal and exercise it as if it 
were a computer or it can replace a terminal and, when addressed, 
reply to the computer. 

Easy-to-use 
Operating simplicity is achieved using menus which present listings 

of the possible measurement parameters on the CRT. Menu keys 
across the top of the keyboard are FORMAT, MODE (either Moni- 
tor or Simulate), TX ENTRY, and LIST. Each menu presents a dis- 
play of the parameters and various selections adjacent to each 
parameter. In most cases, selections are already defined and the oper- 
ator simply uses (1) the cursor keys to position the cursor to the de- 
sired parameter and (2) the Field Select key until the desired 
selection is displayed in the inverse video field. 

Format, Mode, and TX Entry menus can be automatically set up 
with an optional PROM (10291A) which is installed in the HP-IB 
board (Option 001). Up to 10 different instrument setups can be 
specified (two per PROM) by setting rear panel switches and pressing 
the “Load” pushbutton. 

One of the distinguishing characteristics of the 1640A is that it is 
completely preprogrammed, yet versatile because of the comprehen- 
sive set of variables which are menu-entered. If additional capability 
is desired, the 1640A’s feature set can be extended with the Hewlett- 
Packard Interface Bus (HP-IB, HP’s implementation of IEEE-488- 
1975). 

Computer network troubleshooting 
The 1640A is much more than a line monitor which observes ser- 

ial data; it is also an analyzer capable of identifying and locating net- 
work problems. Most of these fall into one of three categories: (1) 
software related problems, usually in protocol sequences; (2) errors in 
the data; or (3) interface problems-particularly in the RS-232C 
timing relationships. There are three different internal trigger modes 
and an external trigger mode to help identify these problems. 

With the 1640’s powerful trigger capability and a basic set of pre- 
programmed run modes, common network problems can be quickly 
located, even by semi-skilled personnel, keeping failure costs to a 
minimum. 
Trigger sources: (1) Protocol errors can be detected with character 
sequence triggering where up to eight characters in sequence on 
either the transmit or receive data leads can be specified as the trigger 
event. (2) Errors in the data, either parity or optional LRC/CRC, 
can be used as a trigger source. (3) Time interval violations, particu- 
larly at  the RS-232C (V24) interface, can be detected and used as a 
trigger. In addition to these three internal trigger sources, the 1640A 
can be triggered externally from RS-232C handshake ON conditions, 
or from another source such as a Computer Halt flag output. 

Serial data analysis 
Most network problems can be diagnosed while passively monitor- 

ing the RS-232C (V24) interface. The 1640A’s Monitor MODE 
menu allows selection of Trigger Source and Suppression conditions, 
as well as one of three preprograrhmed RUN modes: Count Triggers, 
Trigger Starts Display, and Trigger Ends Display. In the Count Trig- 
gers mode, data is continuously acquired until the analyzer is manual- 
ly stopped. The last 2048 characters are retained in memory. In the 
Trigger Starts Display mode, data collection starts when the trigger 
event occurs. One complete record of 2048 characters is made and the 
measurement automatically stops. In the Trigger Ends Display mode, 
data is continuously acquired until the trigger event occurs, then an 
additional 64 characters are acquired and the measurement auto- 
matically stops. This allows you to see data sequences leading up to 
the trigger, and the network’s attempt to recover after the trigger. 
After any of the three RUN modes are completed, the 1640A dis- 
plays the results of the most recent time interval measurement and 
the number of trigger Occurrences which took place during the run. 
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SUE INCLUDING 
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Model 1640A (cont.) 

NDRMAL OPERATION HIGH SPEED MOOE* 
Bits Per Second Bits Pn Second 

HDX FDX HDX I FDX 

19200 I 9600 19200 I 9600 

Network component simulation 
Because some network problems cannot be located without interac- 

tive testing, the 1640A can simulate both Data Terminal Equipment 
(DTE) and Data Communications Equipment (DCE) at  the RS- 
232C (V24) interface. Simulation allows loop-back testing so that the 
precise location of a problem can be found after it is isolated to a 
particular link. Also, system components can be checked at  the site to 
determine if they are operating properly. A simple matrix setup es- 
tablishes the proper hardware interface, and the TX ENTRY and 
Simulate MODE menus provide the software interface. 

The TX ENTRY menu allows up to 1024 characters to be sent in 
up to eleven separate blocks. Transmit data can be entered through 
the keyboard, a “copy” or “learn” feature, or remote entry. 

Messages can be composed directly from the 1640A‘s hexadecimal 
keyboard with the characters displayed in any code set during compo- 
sition. A cursor shows the position of the next character to be entered. 
Only information bits have to be entered because parity or optional 
CRC characters are automatically added during transmission. Edit 
keys allow the composer to insert or delete characters during any 
phase of the composition. 

Protocol sequences are often too long and complicated for con- 
venient manual entry. If the 1640A’s monitor mode is used to record 
the actual network protocol, its “Copy Transmit Monitor” or “Copy 
Receive Monitor” feature will automatically transfer appropriate 
data to the transmit message buffer. After transfer, the message can 
be edited, broken into blocks, syncs added, address changed, idles de- 
leted, etc., through the keyboard. 

Messages may be entered remotely using a teletype through the 
current loop interface (HP Model 10284A) or with the optional HP- 
IB interface (IEEE-488-1975) and an H P  Model 9825A Computing 
Controller. 

PROMS (1 0291A) containing user-definable “canned” messages 
can be installed on the HP-IB board and automatically loaded into 
the TX ENTRY buffer with a rear panel pushbutton. This allows fast 
and error-free message entry without an accompanying Computing 
Controller-a feature especially useful in field service applications. 

The 1640A’s Simulate Mode menu allows selection of HDX/FDX 
operation, the choice of Transmit First or Receive First, the Reply 
condition and three different preprogrammed RUN (execute) modes. 
In addition, you can specify any of the three internal trigger sources 
and a suppression condition if desired. 
Preprogrammed run modes: Single and Count Trigger mode di - 
rectsthel640A to send an entire message once. After a total of 2048 
TX and RX characters has been captured the run stops automatical- 
ly. The Repeat and Count Triggers mode causes the message to be 
sent each time the reply condition occurs. The run must be manually 
halted. The Repeat and End on Trigger mode causes the message to 
be sent after each occurrence of the reply condition until the specified 
trigger condition occurs. This allows repetitive testing with a perma- 
nent display of the data at  a suspected fault. At the end of any test, 
the number of trigger events, number of transmit message repetitions, 
and results of the last time interval measurement are displayed. 
Programmable operation 

The 1640A is designed to solve most network problems in a passive 
sense, or when necessary, as an interactive simulator. For more com- 
plex network interaction the HP-IB option, along with a suitable con- 
troller, adds such capabilities as remote control, sophisticated 
programming, mass storage, data manipulation, and hard copy. 

8 
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1640A Specifications 
Note: Specifications describe the instrument’s warranted perfor- 
mance. Supplemental Characteristics provide information useful for 
applying the instrument by giving non-warranted operating param- 
eters. 
Inputs 
Impedance: >30 kQ on all interface connections except ground. 
Connector: mates with RS-232C (V24) interfaces. 
Format 
Framing: 5, 6, 7, or 8 information bits with or without a parity bit. 
Data codes: ASCII, Hex, or EBCDIC. Other optional code sets in 
addition to or in lieu of EBCDIC are available. 

14400 7200 19200 9600 
14400 7200 19200 9600 
9600 6400 14400 7200 
9600 4800 9600 7200 



Message Editing Keys 
CONTINUE: Places a I >  symbol in the message as a block deli 
miter. Up to 10 continue symbols may be entered. The continu 
symbol is recognized only by the 1640A and is not sent as part a 

2. Number of trig: 
3. Number of mes 
Default: returns t 
Display hold: pre 
play from being o 
data of interest w1 
Suppression: all1 
cient use of mema 
idles (all logic one 
and next n charac 

Monitor mode 
Run (execute) mc 

Count Trigger8 
counts trigger oc 
Trigger Starts C 
acters (any comt 
Trigger Ends D 
delay of 64 char: 

ger events counted during the run. 
,sages transmitted by the 1640A (simulate only). 
he displayed menu to its wakeup condition. 
:ssing and holding the RUN key prevents the dis- 
ver-written with new data for extended viewing of 
hile a run is in progress. 
DWS capturing only information of interest for effi- 
ry, easier data analysis. Synchronizing characters, 
's), nulls (all logic zero's), or everything but trigger 
:ten (with n from 0 to 99) may be suppressed. 

>des 
1: continuously monitors and records data and 
currences; record stopped manually. 
)isplay: trigger starts a single record of 2048 char- 
iination of transmit and receive data). 
isplay: trigger stops a continuous record. Built-in 
icters captures 64 characters after trigger event. 
t 

mulate a CPU, terminal, or the digital side of a 

J 3 kQ load. Output rows on the patch panel matrix 
Data), RTS (Request To Send), and DTR (Data 

,I signaling: automatic with additional control 
the matrix. 
+3 V; OFF is < -3 V. Nominal values of driven 

to f 12 v. 
bnrl  i. nn nnlv h r i n o  tmmmiscinn. nata Terminal 

Simulate mods 
The 1640A can si 
modem. 
Output: 1 3  V intc 
are TX (Transmit 
Terminal Ready). 
Interface contra 
available through 

State: O N  is > 
leads are f 8  V 

HDX Request To L. 
Ready is always on. 
FDX: Data Terminal Ready is always on; Request To Send is pro- 
grammable via the matrix, either always on or on only during trans- 
mission. Idle condition between transmissions is a steady mark 
(asynchronous) or the user-entered sync character (synchronous). 
Reply on: similar to, but separate from, trigger. A Reply On se- 
quence of from 1 to 8 characters, including DON'T CARE and NOT 
characters, immediately followed by an internally generated time de- 
lay from 0 to 6553 ms may be entered which enables a message block 
td  be sent only when these two events occur. 
Run (execute) modes 

Single and Count Triggers: a message block is transmitted after 
each occurrence of the REPLY ON condition until all message 
blocks have been sent once. The RUN automatically stops when a 
total of 2048 characters (including the transmitted message) have 
been recorded in the monitor buffer. 
Repeat and Count Triggers: a message block is transmitted after 
each Occurrence of the REPLY ON condition until all message 
blocks have been sent. The process repeats until manually stopped 
with the last 2048 characters retained in memory. 
Repeat and End on Trigger: a message block is transmitted after 
each occurrence of the REPLY ON condition until all message 
blocks have been sent. The process repeats and automatically stops 
when the trigger event occurs with the last 2048 characters prior to 
the trigger event retained in memory. 

Transmit First: the first message block is sent by pressing RUN. 
Succeeding blocks are sent following each occurrence of the RE- 
PLY O N  condition. 
Receive First: a message block is sent after each occurrence of the 
REPLY O N  condition. 

Transmit message entry: a total of 1024 characters including block 
delimiter continue symbols ( I> ) and the end symbol ( +), may be 
entered. The transmit memory may be loaded through the Hex key- 
board, by transferring contents of monitor memory to the transmit 
memory with a single keystroke, or, with Option 001 (HP-IB), 
through a remote ASCII keyboard or user-definable PROMS 
( 1029 1 A). 

Transmit modes 

data. 
END: places a t- symbol as a message terminator. Additiona 
messages may be added after end symbol as user instructions bu 
will not be transmitted. The end symbol is not sent as part of data 
INSERT: inserts a space for an additional character at the poin 
indicated by a moveable cursor by automatically shifting all folloa 
ing characters one cell to the right. 
DELETE: deletes character immediately above a moveable curs01 
All following characters are automatically shifted one space left. 
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General 
Power: 100,120,220,240 Vac; -10% to +5%; 48 to 440 Hz; 150 Vi 
max. 
Size: 251 H x 335 W x 546 mm D with handle (95/," x 13V,< x 21'/,": 
445 mm D without handle (1 7'/2u). 
Operating environment: temperature, 0°C to +55"C; humidity, t 
95% relative humidity at +40"C, altitude, to 4600 m (15 000 ft 
vibration, vibrated in three planes for 15 min. each with 0.3 mr 
(0.015 in.) excursions, 10 to 55 Hz. 
Weight: net 11.4 kg (25 Ib); shipping, 15.9 kg (35 Ib). 
Accessories supplied: one 3 m (10 ft) RS-232C interface cablc 
Model 10289A Mylar overlay kit, shorting pins and Mylar puncl 
front panel cover; one 2.3 m (7.5 ft) power cord; one operator's guidl 
and one service manual. 
Options and accessories Pricc 
001: HP-IB Interface add $47 
002: SDLC (Synchronous Data Link Control)/HDLC add $201 
(High Level Data Link Control) Interface 
003: LRC, CRC-16, and CRC-CCITT Check/Gener- add $15 
ation 

$10 H07: Adds capability for up to seven additional internal . . . ,,., . _. . c ,Ar l .  3 7 7 .  ._ _ _  .L._. 

r. 

coae sets in aaairion 10 NDLII ana nex. Any comoina- 
tion of 5 ,  6.7, or 8 bit codes may be specified with the 
appropriate 10290A option 
10281A HP-IB interface: field installable kit to pro- 
vide Option 001 capability 
10282A SDLC/HDLC Interface: field installable kit 
to provide Option 002 capability 
10283A LRC,-CRC-16, and CRC-CCiTT Check Gen- 
eration: field install kit provides Opt 003 capability 
10284A Current Loop Interface: provides 20/60 mA 
interface to most common teletype units 
10287A MIL 188-C Interface 
10289A Mylar Overlay Kit: consists of 3 prepunched 
matrix overlays for common applications and 20 blank 
overlays for user-definable tests 
10290A Special Code Set ROM: special PROM's for 
displaying data in other codes such as BCD, TRANS- 
CODE etc., in lieu of (or, on special order, in addition 
to) the standard code set 
10291A User-Definable Menu PROM: special 
PROM's that allow up to 2 different user-definable 
tests for fast reconfiguring of the 1640's menus. The 
1640A must have the HP-IB Option. Up to 5 PROMS 
(1 0 tests) may be installed 
10292A Firmware Package for 9825A: application 
programs allow tests to be performed without learning 
1640A Opt 001 (HP-IB) device dependent commands 
and 9825A controller instructions 
10299A Rack Mount Adapter: adapts 1640A to stan- 
dard 483 mm (19 in.) rack. Adapter is 310 mm ( 12x2 
in.) H, 540 mm (21'4 in.) W, and 540 mm (211/, in.) D 
1007A Testmobiie: offers efficient mobility for the 
1640A Serial Data Analyzer which makes it easier to 
move to different test locations. The 1007A is a basic 
testmobile which is configured to your needs through 
add-on options. These options range from trays to 
drawers plus a power strip. 

1640A Serial Data Analyzer 

$475 

$200 

$150 

$40 

$225 

$245 

$5800 



I OSClLLOSCOPES 
General Information 

The oscilloscope-the most general pur- 
pose and basic tool of the electronic indus- 
try-has evolved into a very accurate and 
versatile measurement tool. With the rapid 
growth, in the past few years, of technology 
in integrated circuits, the measuring capa- 
bilities have increased tremendously. New 
capabilities include the Hewlett-Packard de- 
veloped delta time measurements and the 
crystal referenced time base of the 1743A. In 
general, the most versatile test instrument 
has become even more accurate and more 
flexible. 

Hewlett-Packard pioneered many of the 
measurement capabilities that are now taken 
for granted in oscilloscopes. A few of these 
are internal graticule CRT, beam finder, ex- 
pansion mesh CRT, trigger holdoff, mixed 
sweep, general purpose sampling to 18 GHz, 
time domain reflectometry, and rugged vari- 
able persistence storage. 

Selecting an oscilloscope 
When selecting an oscilloscope you will 

need to match your present and future mea- 
surement needs with the oscilloscope feature 
set. Price is always a consideration and incre- 
mental cost must be weighed against incre- 
mental measurement capability. In many 
cases ease-of-use should be considered along 
with measurement accuracy and the overall 
feature set. Some of the major feature deci- 
sions include: 

Bandwidth 
Number of channels 
Rack or cabinet configuration 
Portability 
Plug-in versatility 
Vertical and horizontal accuracy 
Ease-of-use 
Price 
Time interval capability 
Variable persistence storage 
Various combinations of the above. 

Hewlett-Packard manufactures several os- 
cilloscope families. Each family optimizes a 
different combination of the considerations 
previously listed. Refer to the Oscilloscope 
Selection Chart on page 153 for feature sets 
and page references. 

The 180 system for versatility 
The 180 series of oscilloscopes provides up 

to 100 MHz real-time bandwidth in seven 
different mainframes and up to 18 GHz 
bandwidth with a sampling plug-in system. 
The 180 series has 16 plug-ins for measure- 
ment versatility. These include: 

General purpose dual channel verticals, 50 

General purpose time base systems 
Four channel verticals (50 MHz-I00 

18 GHz sampling 

MHz-I00 MHz 

MHz) 

100 p V  deflection factors with differential 

Differential offset amplifier for precise 

TDR systems 
Spectrum Analysis to 1.5 GHz 
Swept frequency analysis to 18 GHz 

In addition, the 180 family is available in 
cabinet or rack mount (5% in.) versions with 
8 x 10 cm CRT display or in a large screen 
cabinet version with a 16.5 cm diagonal CRT 
(8 x 10 div, 1.29 cm/div). 

The 180 family also provides variable per- 
sistence storage mainframes for bright flick- 
er-free viewing of low duty cycle waveforms 
and for capture of single-shot transients and 
glitches in digital systems. 

The plug-in system, 5% in. rack or cabinet 
configuration, plus variable persistence stor- 
age versions, permits the 180 system to be 
configured to satisfy a broad range of mea- 
surement needs for R & D, production, and 
general bench applications. 

The 1700 family for general pur- 
pose applications 

The 1700 family of oscilloscopes provides a 
wide selection of dedicated instruments. It is 
further divided into the 1740 series (dc to 
100 MHz), and the 1715 and 1720 series 
which are dc to 200 MHz and dc to 275 MHz 
respectively. 

input 

peak-to-peak pulse measurements 



Representative plug-in oscilloscopes from Hewlett-Packard's 180 series. 

The 1740 series 
The 1740 100 MHz series offers both gen- 

eral purpose and specialized versions. The se- 
ries consists of the 1740A (HP Journal, 
December 1975) for general purpose work; 
the 1742A and 1743A (HP Journal, Decem- 
ber 1977) for applications requiring easier, 
more consistent and more accurate time in- 
terval measurements; and the 1741A (HP 
Journal, September 1976) and 1744A for ap- 
plications where variable persistence storage 
is required. 

All of the 1740 series are dual channel 100 
MHz oscilloscopes with a third channel trig- 
ger view. The series has 5 mV/div deflection 
factors and a times 5 vertical magnifier that 
increases sensitivity to 1 mV on both chan- 
nels to 40 MHz* without the need to cascade 
channels. Also featured are a main and de- 
layed sweep time base with a 5 ns/div maxi- 
mum sweep speed, and vertical inputs that 
provide a switchable input impedance of 1 
MQ or 50Q for convenience and optimum 
matching of oscilloscope input to source im- 
pedance. 
'The 174iA and 17UA have 30 M k  bandwidth b this mode. 
Variable persistence storage in the 1740 
family 

The 1741A and 1744A provide all of the 
oscilloscope features of the 1740A with the 
addition of a variable persistence storage 
CRT. For general purpose work with digital 
circuits the 1741A provides an excellent solu- 
tion. Its 100 cm/fis writing speed permits 
easy viewing of low repetition rate signals 
and with its light integrating capability can 
display transitions as fast as 3.5 ns over the 
full screen height after only 20 Occurrences 
of the sweep. The 100 cm/M writing speed of 
the 1741A also permits single-shot capture of 
5 MHz events with full screen amplitude. 
Proportionately higher frequency transients 
may be captured and displayed at  a lesser 

amplitude. 
The 1744A variable persistence storage os- 

cilloscope offers a writing speed of 1800 
cm/ps which permits the 1744A to capture 
and display single-shot events from dc to 100 
MHz and display them over a 6 X 8 division 
quality area. 

The Hewlett-Packard developed system of 
expansion storage used in the 1744A has a 
writing speed consistent with the 100 MHz 
oscilloscope bandwidth while providing sharp 
trace quality. This technology provides a 
larger display area of the stored 100 MHz 
transients than any other 100 MHz storage 
oscilloscope available today. 
Delta time means ease-of-use and accu- 
racy 

Many of the 1700 series oscilloscopes pro- 
vide a new time interval capability known as 
DELTA TIME (AT). This capability is pres- 
ently provided on the 1742A, 1743A, 17 15A, 
1722B, and 1725A. The demand for precise 
and consistent time interval measurements 
has expanded with the growth of digital sys- 
tems. System timing is an all important con- 
sideration in the design, manufacture, and 
troubleshooting of digital circuits. The Hew- 
lett-Packard DELTA TIME system uses a 
two marker method with the markers defin- 
ing the start and stop events. The interval 
contained by the two markers can be read di- 
rectly on an LED display. This technique 
eliminates the error prone procedures re- 
quired when using conventional delayed 
sweep where careful readings of a 10-turn 
helidial must be taken for both the START 
and STOP events, and the difference multi- 
plied by thc MAIN TIME base setting. 
These steps are eliminated using the Hew- 
lett-Packard introduced DELTA TIME sys- 
tem. In addition to speed and ease-of-use, the 
DELTA TIME system is more accurate 
since it eliminates the mechanical non-lin- 

earities of a 10-turn potentiometer. The 
DELTA TIME system also permits the oper- 
ator to view two events which are separated 
in time on alternate sweeps with the high res- 
olution of the delayed sweep. This allows the 
operator to measure pulse width and period 
jitter, or compare events separated in time, 
with higher resolution and accuracy than is 
possible without DELTA TIME. 
Precision timing 

Oscilloscopes which rely on a Miller Inte- 
grator ramp for their timing reference can 
approach accuracies of f 1% using delayed 
sweep methods. The 1743A has a crystal re- 
ferenced time base with timing accuracy of 
+0.002% of reading f 1 count. It has a built 
in 5-digit LED readout for time interval with 
resolution up to 100 ps. The 1743A has the 
two marker delta time system and in addition 
offers unprecedented time interval accuracy. 
Sweep speeds can be continuously calibrated 
so that the CRT graticule lines can be cali- 
brated to your system's units. Triggered del- 
ta time measurements mean that the time 
interval readout automatically tracks 
changes in the input signal without operator 
intervention; and delay goes all the way to 
zero to allow the delayed sweep precision to 
be used on low duty cycle and non periodic 
events. The 1743A also provides a precise on- 
screen indication of the trigger level at  which 
the start and stop events are being measured 
without any hysteresis error. 
The high frequency 1700 series 

Hewlett-Packard offers three high speed 
delta time oscilloscopes that are ideal for use 
in the design, manufacturing, and testing of 
high speed computers and peripherals, with 
fast interface logic, high speed digital com- 
munications, and high frequency R F  and 
analog applications. 

The 275 MHz Model 1722B ("A" version 
described in HP Journal, December, 1974) 



OSClLLOSCOPES 
‘ General information (cont.) 

1740A, 100 MHz general purpose. 1741A and 1744A, 100 MHz for measurements requiring variable persistence storage 
and transient capture. 

1743A and 1742A, 100 MHz delta time measurements. 

1222A. 15 MHz for industrial and educa- 
tional use. 

12058, a 500 kHz “workhorse” of industry. 

1 

with its microprocessor and LED display 
provides a measurement set which provides 
ease-of-use and increased accuracy on both 
the voltage and time axes. 

The 1722B incorporates the two marker 
Delta Time System. In addition, a A V sys- 
tem is provided to make voltage measure- 
ments between any two points on a displayed 
waveform. The 17228 also has a vertical 
mode which scales measurements in percent- 
ages so that measurements such as percent 
overshoot can be easily made. Another verti- 
cal mode on the 1722B allows dc voltages to 
be measured through the oscilloscope probe. 
The microprocessor can provide the recipro- 
cal of delta time readings for a direct fre- 
quency readout. The vertical and horizontal 
measurement capabilities of the 1722B make 
it a remarkably versatile test instrument 
which economizes on bench space while pro- 
viding a high quality 275 MHz laboratory os- 
cilloscope with a greatly expanded 
measurement set. 

Models 1725A and 1715A offer 275 MHz 
and 200 MHz bandwidths respectively and 
both have the delta time system advantages. 
These oscilloscopes are available with an op- 
tional built-in DMM for direct readout of 
time interval and the DMM measurement 

set. The 1725A and 1715A have a selectable 
input impedance on both vertical channels (1 
MQ, 11 pF or SOQ). The 11 pF shunt capaci- 
tance of these units is the lowest input ca- 
pacitance presently available on a high 
impedance input oscilloscope. The specified 
bandwidth of the 1725A in the high imped- 
ance input mode is also the highest presently 
available. 

Low frequency 1220 series 
500 kHz 

Low frequency oscilloscopes which have 
500 kHz bandwidth are used in educational, 
medical, system monitors, engineering, pro- 
duction, and in some cases field service. 
These could be classified as the “workhorses” 
of the electronics industry since they are 
most commonly found in system applica- 
tions. The 1200 series oscilloscopes easily fill 
these requirements with their 100 pV and 5 
mV sensitivity, differential inputs, solid-state 
and lightweight construction, and reliable 
and stable operation. Also available are stor- 
age and variable persistence models which 
eliminate annoying flicker from low rep rate 
signals and retain single-shot traces that are 
common in biomedical or electromechanical 
applications. 
15 MHr 

In the dc to 15 MHz range the 1220A and 
1222A dual channel oscilloscopes are de- 
signed for industrial and educational appli- 
cations, and production line testing. Logical 
front panel layout, large 8 X 10 division in- 
ternal graticule, and automatic triggering re- 
duce familiarization time and assure 
maximum efficiency in production and stu- 
dent environments. The 120A and 122214 en- 
vironments. The 1220A and 1222A have TV 
Sync for triggering on video frames. 
Additional measurement features 
Time and state displays 

The Hewlett-Packard 1700 series option 
101 permits one-button switching between 
time domain waveforms and data domain 
state displays. The State display is obtained 
from the 1607A, a 16-channel logic analyzer 
with pattern trigger recognition, digital de- 
lay, variable threshold selection, data qualifi- 
er lines, and pretrigger display. The outputs 
of the 1607A are displayed on the 1700 series 
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OsClLLOsCOPES 
F 100 MHz crystal delta time, storage 
I Models 1740A, 1741A, 1742A, 1743A & 1744A 

17401 

4, 1742A (new), 1743A, 
Description I 
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1740A, 1741r 
1744A (new) 
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scopes offer the high performance necessary to meet the demanding 
requirements of both laboratory and field applications. These oscil- 
loscopes have the performance and features to make accurate mea- 
surements with ease. The front panel includes a large, high-resolution 
CRT with color-coded controls which reduce operator learning time 
and make repetitious measurements easier. Several features that add 
to the versatility of these 100 MHz portable oscilloscopes include a 
third channel trigger view for viewing the external signal with both 
vertical channels; a X5 vertical magnifier for 1 mV/div deflection 
factors on both channels; selectable input impedance (1 MQ/50Q) for 
general purpose probing and precise rise time measurements; and a 
Logic State Display option (except for the 1744A) for convenient 
switching between logic state and electrical analysis. 

8 X 10 cm Display 
1 7 4 0 A ,  1742A,  1 7 4 3 A  Conventional CRT 

The CRT has a crisp, bright trace over the fully specified 8 x 10 cm 
display area. An accelerating potential of 15 kV makes the display 
compatible with the 5 ns/cm sweep speeds for easier viewing of low 
rep rate, fast transition time signals. The small spot size of the lab 
quality CRT along with the no parallax internal graticule makes criti- 
cal and difficult timing measurements easier to perform. An internal 
floodgun uniformly illuminates the CRT phosphor for high quality 
trace photos with a sharp well defined internal graticule. 

3rd Channel trigger view 
In many measurements, especially in digital applications, it is desir- 

able to externally trigger the main sweep using a signal synchronous 
with the displayed waveforms. The third channel trigger view offers 
several measurement conveniences in dual channel timing applica- 
tions. 

- The external trigger signal can be displayed without the need to 
Ihysically connect it to one of the vertical input channels. 

-Trigger threshold can be viewed for either an internal or external 
?rigger source. Trigger threshold is the center horizontal graticule 
line and the trigger point is selected by positioning the trigger wave- 
form vertically using the Sweep Trigger Level control. 
- With the trigger view mode, the shape of the trigger waveform 

can be viewed to verify that the correct signal is used as the trigger 
source. Trigger view also allows you to verify that the trigger thresh- 
old is not set to portions of a waveform containing irregularities and 
reflections. 
- With trigger view, three channels of information are displayed so 

that timing analysis can be accomplished. The trigger channel is dis- 
played with a specified delay of 2.5 ns f 1 ns relative to the two verti- 
cal channels. 

Stable Flexible Triggering 
Stable internal triggering to greater than 100 MHz requires only 1 

cm of vertical deflection. The internal trigger sync take-off is immedi- 
ately after the attenuator which maintains a stable display regardless 
of changes in position, vernier, or polarity controls. The desired trig- 
ger signal conditioning for your measurement application is quickly 
achieved with easy-to-use push-button controls. In the external trig- 
ger mode, signals of only 100 mV trigger the oscilloscope to 100 MHz 
(only 50 mV to 50 MHz). 

Vertical amplifiers 
To meet many measurement requirements, vertical deflection fac- 

tors from 5 mV/div to 20 V/div are provided with 3% accuracy. For 
low level, dual channel measurements, a times five vertical magnifier 
provides 1 mV/div and 2 mV/div capability which allows you to ana- 
lyze both input and output signals such as those on tape and disc 
heads or power supply ripple and its influence on other waveforms. 



Delta time measurements 
Optional built-in DMM for increased accuracy, flexibility 
Dual channel, 5 mV/d iv  to  100 MHz 
3rd Channel trigger view and selectable input impedance 

1742A 
- 

Selectable input impedance 
For maximum measurement flexibility, switchable 5OQ and 1 MQ 

inputs are provided. The internal 50Q input with low reflections is 
useful for measurements requiring a 5OQ termination for accurate 
pulse reproduction. 

Serviceability 
Innovations in circuit design along with custom integrated hybrid 

circuits reduce calibration time because of a minimum of adjust- 
ments. Wire harnesses and interconnection cables between boards are 
reduced with an interface board which connects the main boards to- 
gether. This interface board helps to reduce service time and reassem- 
bly errors normally encountered with instruments containing many 
cables. These oscilloscopes, with the exception of the high writing 
speed 1744A, do not require a fan or ventilating holes for convection 
cooling which reduces the amount of dust and dirt that can accumu- 
late internally. 

General Purpose 1740A 
The Model 1740A contains all of the standard 1740 series features 

described, such as third channel trigger view, flexible triggering, 1 
mV/div deflection factor in the X 5 mode, large 8 X 10 cm CRT, and 
selectable input impedance. The versatility of this 100 MHz oscillo- 
scope simplifies both real-time and data domain measurements. 

Delta Time Measurements 
1 7 4 2 A  time interval measurements 

Model 1742A provides two methods for making time interval mea- 
surements. One is the familiar single marker delayed sweep using the 
helidial delay control for differential time relationship measurements 
or for convenient expansion of selected areas of waveforms. The sec- 
ond method is the Hewlett-Packard developed system of dual intensi- 
fied markers, known as delta time, which greatly simplifies time 
interval measurements while improving the accuracy and resolution. 
In delta time mode, Start and Stop markers are alternately displayed 
on the Main Intensified sweep and the time interval between the 
markers are read directly on the optional DMM or on the calibrated 
ten turn dial, or available as a rear panel scaled voltage output com- 
patible with most DVM's. When the delayed sweep mode is selected, 
the region of the intensified markers is expanded and alternately dis- 
played with the increased resolution of the faster delayed sweep. 
Now, when the waveforms are overlapped, the maximum precision of 
delta time interval measurement is obtained. The delta time measure- 

Precise delta time measurements with crystal timing ref- 

Dual channel, 5 mV/div to 100 MHz 
3rd Channel trigger view and selectable input impedance 

erence 

1743A 

ment system with Option 034 improves the percent of full scale error 
by a factor of two over the single marker delayed sweep method. 
1 7 4 3 A  Crystal accurate timing 

The 1743A incorporates a second generation delta time system 
based on a 100 MHz crystal timing reference rather than the tradi- 
tional analog ramp reference. This internal crystal reference offers 
additional measurement capability and increased accuracy. The time 
between the two intensified marks is displayed on a five digit LED 
readout with an accuracy of 0.002% plus or minus one count. For 
main sweep speeds of five microseconds or less, the one count corre- 
sponds to plus or minus 100 ps. 

First pulse measurements: The 1743A, by using a crystal refer- 
ence, allows you to measure time intervals relative to the leading edge 
of the first pulse in the main sweep display. The first pulse measure- 
ment capability makes high resolution measurements possible on 
asynchronous pulses that are common in digital system interfaces. 

Triggered measurements: The triggered delay mode of the 
1743A offers a major improvement in measurement ease, as well as 
increased capability. Simply select the proper trigger level and slopes 
for the Start and Stop markers and the 1743A will perform the mea- 
surement with minimum operator involvement. The oscilloscope will 
track changes in the signal, making this mode well suited for produc- 
tion test applications. 

There is no need to operate the 1743A in the delayed sweep mode 
when the triggered delta time mode is used. This mode expands the 
measurement window to that of the main sweep. 

Sweep vernier: Crystal timing now allows you to use the sweep 
vernier out of its detent position to calibrate the CRT divisions for 
various measurements without uncalibrating the LED time read- 
out. For example, you can set up the graticule lines to represent clock 
periods and then make tow channel measurements of other signals 
related to the pre-calibrated "clock" signal. 

The sweep vernier also increases the display resolution by up to 
three times. With the vernier in detent, the resolution of a full screen 
display is a maximum of one part in 50 000 and with the vernier full 
ccw, full screen resolution is a maximum of one part in 150 000. 

This increased resolution is obtained by using a faster main sweep 
speed. For example, by switching from a 1 ps/div range to a 0.5 
ps/div range the last digit of the five digit display becomes hundreds 
of picoseconds instead of tens of nanoseconds. The same display of the 
1 ps/div sweep can now be obtained on the 0.5 ps/div sweep by ad- 
justing the sweep vernier. 



Models 1740A, 1741A, 1742A11743A & 1744A (cont.) 

erase, 100 crn/ps writing speed 
Variable persistence storage with auto-store, auto- Dual channel, 5 rnVldiv to 100 MHz 

* 3rd Channel trigger view and selectable input impedance 

1741A 

1741A, 1744A, variable persistence storage 
The Hewlett-Packard variable persistence CRT extends the oscil- 

loscope’s usefulness into areas beyond the capabilities of conven- 
tional CRT technology. The 1741A and 1744A provide well- 
defined, easily viewed traces in applications that otherwise require 
a camera or produce annoying flicker. Applications that require 
sweep speeds slower than 2 ms/div produce a flickering display on a 
conventional CRT and as the sweep speed is reduced further the 
display decays to a moving dot. The variable persistence CRT 
solves these problems by allowing adjustment of the persistence 
control to obtain an easily viewed display. 

Low repetition rate signals a t  fast sweep speeds produce very low 
light output from conventional CRT’s, requiring use of a viewing 
hood or CRT photography to obtain a viewable display. In these 
applications the variable persistence CRT becomes a light amplifier 
by integrating several sweeps to produce bright sharp traces. 

The variable persistence storage oscilloscope allows convenient 
analysis of single-shot events without use of a camera. The 100 
cm/ps writing rate of the 1741A is comparable with that of ASA 
3000 film. The 1800 cm/ps writing rate of the 1744A is higher than 
can be obtained with ASA 10 000 film without special techniques 
such as post fogging. 

Third channel trigger view of the external trigger signal provides 
increased measurement convenience. Center screen is the trig- 
ger threshold which allows you to see which portion of the sig- 
nal is triggering the display. A specified delay of 2.5 n s  * 1 n s  
between the external trigger input and either vertical channel 
offers valid timing meaurements. 

Exceptionally fine trace in the variable persistance mode per- 
mits high resolution timing measurements as  shown with this 
dual trace, alternate sweep display a t  a sweep speed of 5 
nsldiv. 





Models 1740A, 1741A, 1742A, 1743A & 1744A (cont.) 
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174OA, 174 1 A, 17424 17434 1744A 
Specifications 
Vertical display modes 
Channel A; channel B; A and B displayed alternately 
sweeps (ALT); A and B displayed by switching betwee 
~ 2 5 0  kHz rate with blanking during switching (CHC 
(Algebraic addition); and trigger view. 
Vertical amplifiers (2) Bandwidth and Rise Time a. __. _______ 
factors from O°C to +55"C. 
Bandwidth: 3 dB down from 8 div reference sigr 
div reference signal for 1741A, 1744A. 

DC-coupled: dc to 100 MHz in both 5052 anc 
AC-coupled: -10 Hz to 100 MHz. 

Bandwidth limit: limits upper bandwidth to = 
Rise Time: 5 3 . 5  ns measured from 10% to 90' 
div, 1744A) input step. 
Deflection factor 

Ranges: 5 mV div to 20 V/div (12 calibratec 
sequence, attenuator accuracy f 3%. 
Vernier: extends defletion factor to 250 V/d 

Polarity: channel B may be inverted. 
Input coupling: selectable AC or DC, 50Q (dc 
Input RC (selectable): AC or DC, 1 MQ k 2% . 
50Q, 50Q f 3 % .  
Maximum Input: AC or DC, 250 V (dc + peak ac) or 500 V p-p at  
5 1  kHz; 50Q, 5 V rms. 
A + 6 operation 

Amplifier: bandwidth and deflection factors are unchanged; chan- 
nel B may be inverted for A-B operation. 
Differential (A-6) common mode: CMR is at  least 20 dB from dc 
to MHz. Common mode signal 
1744A) with one vernier adjus 

Vertical magnification (X5 
Bandwidth: 3 dB down from 8 UIV (0  UIV, I 144~) rererence signal. 
DC-coupled: dc to =40 MHz; dc to -30 MHz for 1741A. 1744A. 
AC-coupled: -10 Hz to 40 MHz; -10 Hz to 30 MHz for 1741A, 
1744A. 

. , -  r- I 

*Accuacy 
x1 x10 Temp Range 
+3% +4% 0°C to + 15°C 
f2% +3% +15"C to +35"C 
f3% +4% +35"C to +55"C 

litter: <0.002% (1 part in 50 000) of max delay in each step 
rrom t 1 5 " C  to +35"C; (0.005% (1 part in 20 000) from 0°C to 

r-. amplitude equivalent to 8 div (6 div, 
;ted for optimum rejection. 

s t a b l l i ~ ~  
f 0.03%/"( 

. .  P r u d d  r i  
1 
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Rise time: 5 9  ns, 1 1 2  ns for 1741A, 1744A (measured from 10% to 
90% points of 8 div, 5 div 1744A, input step). 
Deflection factor: increases sensitivity of 5 and 10 mV settings by a 
factor of 5 with max sensitivity of 1 mV on channels A and B. 
Trigger source 
Selectable from channel A, channel B, composite, or line frequency. 
Trigger view 

Displays internal or external trigger signal. In Alternate or Chop 
mode, channel A, channel B, and the trigger signals are displayed. In 
channel A or B mode, Trigger view overrides that channel. Internal 
trigger signal amplitude approximates vertical signal amplitude. Ext 
trigger signal deflection factor is 100 mV/div or 1 V/div in EXT i 
10. Triggering point is approx center screen. With identically timed 
signals to a vertical input and the EXT trigger input, trigger signal 
delay is 2.5 ns k 1 ns. 
Horizontal display modes 

tensified, mixed (except 1743A), delayed, mag X 10, and A vs. B. 
Main and delayed time bases 
Ranges 

Main, Atime with channel A or B start (1742A, 1743A), main in- 

Main: 50 ns/div to 2 s/div (24 ranges) in 1, 2, 5 sequence. 
Delayed: 50 ns/div to 20 ms/div ( 1  8 ranges) in 1, 2, 5 sequence. 
Accuracy 

ime measurement accuracy (1742A) 
ual intensified markers) 

Accuracy. ( + 1 5 S  to +35'C) 

+ 0.5% of fs) 

speciticatlon applies alter first cm of main sweep. 
tures from O°C to t15'C and t 3 5 O C  to +55'C. 

I (Atime) 1742A 
runcrion: measures time interval between two events on channel A 
(A display); two events on channel B (B display); or two events start- 
ing from an event on either channel A or B and ending with an event 
on either channel A or B (alt display). 
Time Interval output voltage: varies from 50 V to 100 mV full 
scale. Full scale output voltage can be determined by multiplying the 
number on the Time/Div dial by 10 V (e.g. 0.05 s, 0.05 ms, or 0.05 ps 
w r  rliv vivas 0.5 V output full-scale). 

[O'C to +55"C): short-term 0.005%. Temperature, 
2 deviation from calibration temperature range. 

-. , _.-. . aferenced A time (1 743A) 
Delay time range: 0 to 10 X Main Time/Div settings of 100 ns to 2 s. 
Differential time measurement accuracy 

Accuracy: f0.002% of reading f 1 count from +15"C to +35"C; 
+0.005% of reading -t 1 count from 0°C to +15"C and +35"C to 
+55"C. 
Time resolution of f 1 count 

Sweep Ranges/& Averages 
10 000 0.1 ps. 0.2 p. 0.5 BS 

1 BS. 2 BS. 5 BS 

10 p ~ .  20 p ~ ,  50 CIS 

0.1 ms, 0.2 ms. 0.5 ms * 100 ns direct 
+lo ns 

Readout: 5 digit LED plus exponent. 
Crystal Aglng: 0.0005% per year. 
Delay jitter: same as other 1740 series oscilloscopes. 

Triggering 
Main sweep 

Normal: sweep is triggered by internal or external signal. 
Automatic: baseline displayed in absence of input signal. Above 45 
Hz, triggering is same as normal. 
Single: sweep occurs once with same triggering as Normal. Reset 
arms sweep and lights indicator. (1741A, 1744A) Single sweep is 
also initiated with Erase, sweep is armed after the erase cycle. 
Internal: dc to 25 MHz on signals 20 .3  div vertical deflection, in- 
creasing to 1 div vertical deflection at 100 MHz in all display modes 
(required signal level is increased by 2 when in Chop mode and by 5 
when X5 vertical magnifier is used). 
External: dc to 50 MHz on signals of 50 mV p-p or more, increas- 
ing to 100 mV p-p at 100 MHz (required signal level is increased by 
2 when in Chop mode). 

Auto: delayed sweep starts at end of delay period. 
Trig: delayed sweep armed and triggerable at  end of delay period. 
Internal: same as Main Sweep except 1743A is dc to 25 MHz on 
signals causing 1 div or more vertical deflection, increaing to 2 div 
of vertical deflection at 100 MHz. 
External: same as Main sweep except 1743A is dc to 50 MHz on 
signals 100 mV p-p increasing to 200 mV p-p at 100 MHz. 

Delayed sweep (sweep after delay) 



External input RC: - 1 MQ shunted by = 20 pF; max external input, 
250 V (dc + peak ac) or 500 V p-p a t  5 1  kHz. 
Level and slope: internal, at any point on positive or negative slope 
of displayed waveform; external, continuously variable from + 1 V to 
-1 V on either slope of trigger signal, +10 V to -10 V in + 10. 
Coupling: AC, DC, LF REJ, OR H F  REJ. 
Trigger holdoff (main sweep): increases sweep holdoff in all 
ranges. 

Calibrated mixed time base (except 1743A3 
Dual time base in which the main time base drives the first portion 

of sweep and the delayed time base completes the sweep at the faster 
delayed sweep. Also operates in single sweep mode. Accuracy, add 2% 
to main time base accuracy. 

A vs. B operation 
Bandwidth: channel A (Y-axis), same as channel A; channel B (X- 
axis), dc to 5 MHz. 
Deflection factor: 5 mV/div to 20 V/div (12 cal positions) in 1 ,2 ,5  
sequence; phase difference between channels, <3", dc to 100 kHz 
(75 kHz, 1743A). 

Cathode-ray tube and controls (1740A, 1742A, 1743A) 
Type: 12.7 cm (5 in.) rectangular CRT, post accelerator, -15 kV 
accelerating potential, aluminized P3 1 phosphor. 
Graticule: 8 x IO div (1 div = 1 cm) internal non-parallax graticule, 
0.2 subdivision markings on major horizontal and vertical axes and 
markings for transition time measurements. Internal floodgun grati- 
cule illumination. 
Beam finder: returns trace to CRT screen. 
Z-axis input (intensity modulation): +4 V, 1 5 0  ns width pulse 
blanks trace of any intensity, usable to 5 10 MHz for normal intensi- 
ty. Input R, 1 kQ & 10%. Max input 2 2 0  V (dc + peak ac). 
Rear panel controls: astigmatism and trace align. 

Cathode-ray tube and controls (1741A) 
Type: 12.7 cm (5 in.) rectangular CRT, post accelerator, -7.5 kV 
accelerating potential, aluminized P3 1 phosphor. 
Graticule: 8 x 10 div (1 div = 0.85 cm) internal, non-parallax grati- 
cule, 0.2 subdivision markings on major horizontal and vertical axes, 
with markings for transition time measurements. Graticule illumina- 
tion is achieved with Persistence control set to min. 
Beam finder: returns trace to CRT screen. 
Z-axis input (intensity modulation): same as 1740A. 
Operating modes: write, store, display, auto-store, auto-erase, and 
conventional (rear panel control). 
Persistence: variable, - 100 ms to 1 min; conventional, natural per- 
sistence of P3 1 phosphor (-40 ps). 
Storage writing speed: 1 1 0 0  cm/ps (1 18 divlps) over center 7 x 9 
div (with viewing hood). 
Storage time: display mode, a t  least 10 s at 22OC; store mode, at 
least 30 s a t  22°C. 
Brightness: -170 cd/m2 (50 fl) increasing to -340 cd/m2 (100 fl) 
depending on brightness control setting. 
Erase time: a 3 0 0  ms. 
Rear panel controls: astigmatism, trace align, conventional push- 
button, and view time. 

Cathode-ray tube and controls (1744A) 
Type: 12.7 cm (5 in.) rectangular CRT, post accelerator, -10 kV 
accelerating potential, aluminized P3 1 phosphor. 
Graticule: 8 x 10 div (1 div = 0.72 cm) internal graticule, 0.2 subdivi- 
sion markings on major horizontal and vertical axes, with markings 
for transition time measurements. Graticule illumination is achieved 
with Persistence control set to min. 
Beam finder, Z-axis input (intensity modulation): Same as 
1140A. 
Operating modes: write, store, display, auto-store, and auto-erase. 
Storage writing speed: 21800 cm/ps over center 6 x 8 div (with 
viewing hood). 
Storage time: store mode, a t  least 30 s; view mode, a t  least 10 s; wait 
time, at least 60 s, a t  22°C. 
Persistence: variable (100 ms min). 
Erase time: -300 ms. 
Rear panel controls: astigmatism and trace align. 

General 
Rear Panel outputs: main and delayed gates, 0.8 V to >+2.5 V 
capable of supplying -5  mA. 

output vdtage 1 V p-p into 2 1  MR 
0.1 V D D  into 50Q 

Amplitude callbrator (0°C to +5JoC) 

* 1% 

Rke time 0.1 /Is 
Frequency =1.4 kHz 

I 

Power: 100,120,220,240 V ac k 10%; 48 to 440 Hz; 100 VA max. 
Weight: (1740A, 1742A) net, 13 kg (28.6 Ib); shipping 15.7 kg (34.6 
Ib). (1741, 1743, 1744A) net 13.8 kg (30.5 Ib); shipping 17.7 kg (39 
Ib). 
Operating environment: temperature 0°C to +55OC; humidity to 
95% relative humidity at +40°C; altitude, to 4600 m(15 000 ft); vi- 
bration, vibrated in three planes for 15 min. each with 0.254 mm 
(0.010 in.) excursion, 10 to 55 Hz. 
Size: (1740A) 197 H x 335 W x 597 mm D(784" x 134/,," x 23?/,") with 
handle, 492 mm D(198g) without; (1741A) 616 mm D (24'4") with 
handle, 552 mm D(21S/,") without; (1742A) 570 mm D(22'4,") with 
handle, 502 mm D(193/,") without; (1743A) 613 mm D(24'4") with 
handle, 549 mm D(214/,") without; (1744A) 635 mm D(25") with 
handle; 51 1 mm D (20'/,") without. 
Accessories furnished: one blue light filter H P  P/N 01740-02701, 
one front panel cover, one 2.3 m (7.5 ft) power cord, one vinyl acces- 
sory storage pouch, one Operators Guide and one Service Manual, 
two Model 10041A 101 divider probes -2 m (6.6 ft) long. The 
1741A and 1744A also include one Model 10173A RFI filter and 
contrast screen, and one Model 10140A viewing hood. 

Options and accessories 
Time interval multimeter kit (1742A): H P  P/N 
01742-69501 adapts a standard Model 1742A to an 
Option 034, built-in LED readout, delta time oscillo- 
scope. The kit includes a multimeter, a new top oscillo- 
scope cover, a vinyl storage pouch, and mounting 
hardware for fast installation. 
1112A inverter Power Supply: provides a portable 
power source for 1700 series oscilloscopes (see Probes 
and Other Accessories). 
001: fixed power cord (U.S. only) in lieu of detachable 
power cord. 
005 (1 740A and 174 1 A): TV sync 
034 (1742A): built-in DMM (60 Hz operation) 
035 (1742A): built-in DMM (50 Hz operation) 
091: two 3 m(9.8 ft) 10042A 1O:l probes in lieu of 
10041A probes 
096: two 1.8 m(6 ft) 10006D 1O:l probes in lieu of 
1 004 1 A probes. 
101 (except 1744A): state display, single switch in- 
terface option for operation with the H P  Model 1607A 
Logic State Analyzer. Adds interface circuits for 
switching between front panel logic state inputs. 
9 1 0  extra set of product manuals. 
1740A Opt 910 
1741A Opt 910 
1742A Opt 910 
1743A Opt 910 

Price 
$315 

$900 

add $15 

add $215 
add $325 
add $325 

N/C  

N/C 

add $150 

add $1 1 
add $12 
add $12 
add $12 

Logic state analysis equipment required for Option 101 
1607A 16-Bit Logic State Analyzer including three $2900 
data probes and one clock probe. 
Four 10121A 20 cm (8") cables. Three for X, Y, and Z $1 1 ea. 
interconnections and one for pattern triggering connec- 
tion to the oscilloscope. 

mounting the oscilloscope on top of the 1607A. 

State Analyzer, four 10121A 20 cm (8") BNC inter- 
connecting cables with adapter plate and strap (HP 
P/N 5061-1213) for combining into a single package. 

Ordering information 
1740A 100 MHz Oscilloscope $2250 
1741A 100 MHz Storage Oscilloscope $4250 
1742A 100 MHz ATime Oscilloscope $2650 
1743A 100 MHz ATime Oscilloscope $3300 
1744A 100 MHz Storage Oscilloscope $5250 

Adapter plate and strap: (HP P/N 5061-1213) for 

1740s  includes 1740A Opt 101, Model 1607A Logic 

$2 1 

$5375 

sb i 
I 
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200 MHz & 275 MHz delta time measurements 
Models 17228, 1715A & 1725A 

Microprocessor calculated delta time measurements 
Direct LED readout with 20 ps resolution 

__. . 

1 7 2 2 8  OSCILLOSCOPE . 

17228 Description 
Model 1722B is a 275 MHz bandwidth, 1 ns/div sweep speed, dual 

channel oscilloscope with a built-in microprocessor and five function 
LED display for precise real time measurements. In addition to the 
conventional volts versus time CRT display, the microprocessor gives 
you direct readout of delta time, frequency, dc voltage, instantaneous 
waveform voltage, and percent amplitude. The 1722B's outstanding 
repeatability and 20 ps resolution make it ideally suited for making 
clock phasing measurements in large computer timing applications. 

Delta time measurements 
Delta time measurement, developed by Hewlett-Packard, is used in 

the Time Interval mode for making accurate time interval measure- 
ments including transition time, pulse duration (width), period, and 
propagation delay. Time interval measurements can be made between 
two events on Channel A, two events on Channel B, or between an 
event beginning on Channel A and ending on Channel B. 

The delta time measurement technique is to select Main Intensified 
mode and set the first intensified marker to t,. The second intensified 
marker is positioned by using the DEC ++ INC controls (coarse, medi- 
um, or fine) which causes the microprocessor to develop the voltage to 
position the second marker. While developing the voltage (t2-t,) to 
separate the two markers, the microprocessor drives and updates the 
3 Y2 digit LED display. Time interval measurements are automatical- 
ly scaled for the proper sweep speed and displayed in units of seconds 
(exponent 0), milliseconds (exponent -3); microseconds (exponent 
-6); or nanoseconds (exponent -9). 

Additional precision is obtained by switching to the Delayed Sweep 
mode where the two intensified markers are expanded and displayed 
alternately. Maximum accuracy is quickly obtained by overlapping 
the two expanded sweeps using the DEC- INC controls. Superim- 
posing the start and stop points of the measured time interval provides 
a more accurate digital readout by nulling any amplifier or CRT non- 
linearities. Separate portions of a sweep can be magnified and exam- 
ined simultaneously, enabling you to view two events separated in 
time while maintaining their relative time relationship. 

The microprocessor not only keeps track of the distance between 
the two markers but automatically expands the measurement resolu- 
tion by a factor of 10 whenever the two markers are within 1 div of 
each other. The microprocessor also interrogates the function switch- 
es to help prevent inaccurate measurements. 

1 /Time (frequency) measurements 
The 1722B gives an automatic 3 or 4 digit display of the reciprocal 

of time, eliminating the need for calculations when setting up clock 
frequencies and measuring the frequency or repetition rate of a wave- 
form. 

DC voltage measurements 
The Input (dc volts) mode provides a direct digital display of the 

average value of a waveform a t  the input to channel A. The built-in 
DVM measurement is made using a successive approximation algo- 
rithm controlled by the microprocessor which allows you to establish 
a reference level with respect to any voltage and enables differential 
dc measurements. 



dual trace signals on which timing measurements can be made conve- 
niently and accurately using the Hewlett-Packard developed delta 
time technique. For easier percentage measurements, reference lines 
of 0% and 100% amplitude are 5 divisions apart and markings for 
10% and 90% and 20% and 80% are also provided for easier transition 
time measurements. Vertical deflection factors of 10 mV/div to 5 
V/div over the full bandwidth (5 mV/div to 150 MHz in the 

1725A 

The standard Model 1725A may be converted to an Op 
ordering a Time Interval Multimeter Kit (HP P/N 017154 

t 034 by 
5950 1 ). 

1715A) and a selectable 50 ohm or 1 megohm input offer the high 
performance required for both laboratory and field applications. 

Delta time measurements 
These oscilloscopes offer two methods for making timing measure- 

ments; one is the familiar single marker delayed sweep, using the Cali- 
brated delay control to accurately measure time relationship; the 
second is a system of dual intensified markers which significantly im- 
proves accuracy while conveniently reducing the time necessary to 
make a measurement. The latter, better known as the Delta Time 
measurement method, incorporates a system of two intensified mark- 
ers which are two delayed sweeps displayed alternately. 

The Delta Time measurement technique is to select the Main Inten- 
sified mode and position the first marker at t, with the Time Interval 
Start control and position the second marker a t  t, with the Time In- 
terval Stop control. The difference between the two selected points is 
then read directly on the optional DMM or on the calibrated delay 
time control, or is available as a rear panel scaled voltage output com- 
patible with most DVM’s. Units of seconds, milliseconds, or micro- 
seconds are read on the Main Time/Div control. 

For increased precision, Delayed Sweep mode is selected where the 
two intensified portions are displayed alternately. Maximum accura- 
cy is achieved by superimposing the start and stop points using the 
Time Interval Stop control. Even without an external voltmeter and 
using only the Time Interval Stop control, this optical nulling tech- 
nique reduces the chance of error in time interval measurements. 

The Delta Time technique makes timing measurements such as 
transition times, propagation delay, clock phasing, and other high 
speed digital timing measurements faster and with more repeatability 
than was previously possible with standard delayed sweep oscillo- 
scopes. Time interval measurements can be made between two events 
on channel A, two events on channel B, or between two events on 
alternate channels. 

For added convenience, the Delta Time capability can be selected 
with the time interval start marker on channel A or channel B. 



A 
I , Models 1722B, 1715A 81 1725A (cont.) 

Main Sweep l i i / D i w  
10 ns to 50 ns 
100 ns to 20 ms 
50 rns to 0.5s 

1715A, 1722B, 1725A Specifications 
Vertical display modes 

Channel A, channel B, A and B displayed alternately on successive 
sweeps (ALT); A and B displayed by switching between channels a t  
= 1 MHz rate with blanking during switching (CHOP); A plus B 
(algebraic addition); X-Y (A vs. B). 

Vertical amplifiers (2) 
Bandwidth: (3 dB down from 6 div reference signal). 

DC-coupled: (1 722B, 1725A) dc to 275 MHz, (1 715A) dc to 200 
MHz 10 mV/div to 5 V/div (to 150 MHz a t  5 MV/div, 1715A), in 
both 50 Q and high Z input modes. 
AC-coupled: lower limit = 10 Hz. 

Bandwidth limit: limits upper bandwidth to = 20 MHz. 
Rise time: (1 722B, 1725A) < 1.3 ns; (1 7 15A) < 1.75 ns 10 mV/div 
to 5 Vjdiv, (2.3 ns at 5 mV/div. 
Deflection factor 

Ranges: 10 mV/div to 5 V/div (9 calibrated positions) in 1, 2, 5 
sequence, f 2% attenuator accuracy ( 5  mV/div in 1715A). 
Vernier: extends max deflection factor to 2 12.5 V/div. 

Polarity: channel B may be inverted. 
Input coupling: selectable, AC or DC, 50Q (dc) or ground. 
Input RC (selectable): AC and DC, 1 MQ f 2% shunted by = 11 
pF; 50Q, 50Q f 2%; SWR (1722B, 1725A) 1 1 . 3  on 10,20, and 50 
mVranges, <1:15onallotherranges;SWR(1715A) 51.30115, 10, 
20, and 50 mV ranges and <1:15 on all other ranges. 
Max input: AC and DC, k 250 V (dc + peak ac) at d 1 kHz; 50Q, 5 
V rms. 
A+B Operation 

Amplifier: bandwidth and deflection factors are unchanged; chan- 
nel B may be inverted for A-B operation. 
Differential (A-B) Common Mode: CMR is 1 4 0  dB from dc to 5 
MHz decreasing to 26 dB at 50 MHz. Common mode signal ampli- 
tude equivalent to 12 cm with one vernier adjusted for optimum 
rejection. 

Trigger source 
Selectable from channel A, channel B, or Composite. 

Channel A input-dc volts (1 722B) 
Display: 3V2 digits (LED's). 
Display units: 0 exponent, volts; -3 exponent, milivolts. 
X I  range: 95 mV to 47 V full scale vertical deflection (10 mV/div to 
5 V/div). 
X10 range: 0.95 V to 470 V full scale vertical deflection (100 
mV/div to 50 V/div with X10 probe). 
Accuracy: * 0.5% reading k 0.5% full scale (f.s. = 10 cm), +20°C 
to +30°C. 
Stability: temperature coefficient, < 5 0,02%/"C. 
Input impedance: XI range, 1 MQ shunted by = I 1  pF; X 10 range 
(with X 10 probe) 10 MQ shunted by =IO pF. 
Sample rate: =2/s, response time 5 1  s. 
Reference set: meter may be zeroed permitting dc voltage measure- 
ments with respect to any voltage within selected range. Drift may be 
eliminated by the REF SET control. 
Overrange: flashing display indicates overrange condition. 

Channel A position - volts (1722B) 
(Channel A vernier in CAL detent.) With the following exceptions, 
specifications are the same as Channel A input - DC Volts. 
Measurement: dc substitution method using channel A position con- 
trol to determine voltage of any point on displayed waveform using 
any graticule line as reference. 
Bandwidth: dc to 275 MHz ( 5 3  dB down from 6 div ref signal). 
Dynamic range: f 6 cm from ground referenced to center screen. 
Reference set: meter may be zeroed, permits instantaneous voltage 
measurements with respect to any voltage within selected range. 
Accuracy: f 1% reading f 0.5% of full scale (IOX the volts/div 
range) measured a t  dc. 

Channel A position - TO (1722B) 
(Channel A vernier out of CAL detent.) 
Measurement: dc substitution method using channel A position con- 
trol to determine percent of any waveform point with respect to user 
defined 0 and 100% points. 

Accuracy (O'C to +55'C) 
x1 XI0 
f 3% * 5% 
* 2% f 3% 
* 3% * 3% 

Range: 0 to f 140% (set with vernier so that 100% equals 5 div). 
Accuracy: k 1%. 
Zero reference: meter may be zeroed to permit percent measure- 
ments with respect to any waveform point. 

Vertical Output 
Amplitude: one div of vertical deflection produces = 100 mV output, 
dc to 50 MHz in 1722B, 1725A, dc to 25 MHz in 1715A. 
Cascaded deflection factor: 1 mV/div with both vert channels set 
to 10 mV/div. Bandwidth, dc to 5 MHz (with bandwidth limit). 
Source resistance, = 100Q; selection, trig source set to A selects chan- 
nel A output, to B selects channel B output. 

Horizontal display modes 
Main, main intensified, delayed, mixed, X-Y, and mag X10. In 

main intensified, mixed, and delayed modes, 17 15A and 1725A have 
selectable channel A or B start time interval measurements. 

Main time base 
Sweep 

Ranges: 10 ns/div to O., 
Accuracy 

yL.t rarrgGs, ,, L, -I DGquence. 

Vernier: extends slowest sweep to a t  least 1.25 s/div. 
Magnifier: extends fastest sweep to 1 ns/div. 

Normal: sweep is triggered by internal or external signal. 
Automatic: baseline displayed in absence of input signal. Trigger- 
ing is same as normal above 40 Hz. 
Single: in Normal, sweep occurs once with same triggering as nor- 
mal, reset arms sweep and lights indicators; in Auto, sweep occurs 
once each time Reset is pressed. 

Internal: dc to 50 MHz on signals causing 10 .5  div vertical deflec- 
tion, increasing to 1 div of vert deflection a t  300 MHz (200 MHz, 
17 15A) in all display modes. Line frequency triggering selectable. 
External: dc to 100 MHz on signals 2 5 0  mV p-p increasing to 100 
mV p-p a t  300 MHz (200 MHz, 1715A). Max input, * 250 V (dc + peak ac) a t  1 kHz. External input RC = 1 MQ shunted by = 15 
PF. 

Internal: a t  any point on the vertical waveform displayed. 
External: continuously variable from +1 .O V to - 1 .O V in (f 10) 
mode. 

Sweep mode 

Triggering 

Trigger level and slope 

Coupling: AC, DC, LF REJ, or H F  REJ. 
Trigger holdoff: variable, to > 1 sweep from 10 ns/div to 50 ms/div. 

Main Intensified 
Delta time intensifies two parts of main time base to be expanded to 

full screen in delayed time base mode. 

Delayed Sweep (1715A 1725A): intensifies that part of main 
time base to be expanded to full screen in delayed time base mode. 

Delayed time base 
Sweep 

Ranges: 10 ns/div to 20 ms/div (20 ranges) in 1, 2, 5 sequence. 
Accuracy: same as main time base. 

Triggering 
Internal: same as main time base except there is no Line Frequency 
triggering. 
Starts after delay: delayed sweep automatically starts at end of 
delay period. 
Trigger: with delayed trigger level control out of detent (starts after 
delay) delayed sweep is triggerable at end of delay period. 
Delay time range: 0.5 to 1OX Main Time/Div settings of 20 ns to 
0.5 s (min delay 50 ns). 

External triggering, external input RC, max external input, trigger 
level and slope, and coupling are same as main time base. 



Differential time measurement accuracy (1715A, 1725A) 

Main time base setting 

100 nsldiv to 20 rnsldiv 

50 nsldiv' 

20 ns/div* 

50 msldiv to 0.5 sldiv. 

Main Time Base 

50 ns/div to 

20 nsldiv 

50 msldiv to 

Setting (+ 15OC to +35OC) 
f (0.5% fO.l% 

of full scale) 

of full scale) 

Accuracy (+2OoC to +3OoC) 
?0.5% of measurement 

f O . O 2 %  of full scale (for 
measurements tl cm). 

For measurements 
> 1 cm. * 0.5% of measure- 
ment +0.05% of full scale. 
f 0.5% of measurement 
?0.6% of full scale. 

k 0.5% of measurement 
? O X %  of full scale. 

k 3% 

0.5 sldiv 

Delay jitter: (0.005% of max delay in each step. 
Stability (0°C to +55"C): short term 0.005%. Temperature, zk 
0.03%/ "C deviation from calibration temperature range. 

Time interval (A time mode-l715A, 1725A) 
Function: measures time interval between two events on channel A 
(A display), on channel B (B display), or starting from an event on 
either A or B and ending with an event on either A or B (alt display). 
Time interval output voltage: from 50 V to 100 mV full scale. 
Accuracy: measurement accuracy is the Time Interval Accuracy 
plus the external DVM accuracy. 

Settihg 

20 msldiv 
f 0 5% of reading 

+n 1% nf fr 

Deflection factor: 5 mV/div to 5 V/div, 10 cal positions (10 mV/div 
to 5 V/div, 9 cal positions, 1722B) in 1, 2, 5 sequence. 
Phase diff between channels: <3", dc to 1 MHz (3 MHz, 
1722B). 

Cathode-ray tube and controls 
Type: post accelerator, = 20.5 kV, aluminized P31 phosphor. 
Graticule: 8 x 10 div internal graticule, 0.2 subdiv markings on major 
horiz and vert axes, 1 div = 1 cm. Internal floodgun illum. 
Beam finder: returns trace to CRT screen. 
Intensity modulation (Z-axis): +8 V, 150 ns width pulse blanks 
trace of any intensity, usable to 20 MHz for normal intensities. Input 
R, 1 kQ zk 10%. Max input, zk 10 V (dc + peak ac). 
Auto-focus: maintains beam focus with variations of intensity. 
Intensity limit: limits beam current to decrease possibility of CRT 
damage. Circuit response time ensures full writing speed for viewing 
low duty cycle, fast transition time pulses. 
General 
Rear panel outputs: main and delayed gates, -0.7 V to +1.3 V 
capable of supplying = 3 mA. 
Calibrator: type, 1 kHz '+ 15% (f lo%, 1722B) square wave; 3 V 
p-p zk 1%, (0.1 ps transition time. 
Power: 100, 120,220, and 240 Vac, -10% + 5%; 48 to 440 Hz; 110 
VA max. 
Weight 

1715A, 1725A: net, 12.9 kg (28.5 Ib); shipping, 17.9 kg (39.5 lb). 
17229: net 13.6 kg (30 lb); shipping, 19.5 kg (43 Ib). 

Operating environment: temp, 0°C to +55"C; humidity, to 95% re1 
humidity a t  +40"C; altitude, to 4600 m (15 000 ft); vibration, in 
three planes for 15 min. each with 0.254 mm excursion, 10 to 55 Hz. 
Size: 197 H x 335 W x 570 mm D with handle; 1715A, 1725A, 502 
mm D without handle, 1722B, 510 mm (7a/," x 13 '4; x 22 'AL6"; 18'/,", 

Accessories furnished: one blue light filter; one panel cover; two 
10017A 1O:l divider probes with 1722B, 1725A; two 10018A 1O:l 
divider probes with 1715A, one 2.3 m (7.5 ft) power cord; one vinyl 
storage pouch; one Operating and Service Manual. 

Price Options and accessories 
$375 Time interval multiplier kit: (HP P/N 01715-69501) 

adapts a standard Model 1715A or 1725A to an Opt 
034, built-in, LED readout, delta time oscilloscope. The 
kit includes a multimeter, a new top oscilloscope cover, 
a vinyl storage pouch, and mounting hardware. 
1 11 2A Inverter Power Supply: provides portable 
power source for 1700 series oscilloscopes (see pg 188) 
001: U S .  fixed line cord 
003: probe power supply with two rear panel jacks for 
use with H P  active probes. Provides power to operate 
two 1 120A, 1 124A, or 1 125A active probes. 
034 (1715A, 1725A): built-in DMM (60 Hz oper- 
ation) 
035 (1715A, 1725A): built-in DMM (50 Hz oper- 
ation) 

probes substituted for two 10017A miniature probes 

substituted for two 10018A miniature probes 

for two miniature probes 
101: logic state display interface for operation with 
Model 1607A Logic State Analyzer 
9 1 0  additional set of manuals 
Logic state analysis equip required for Opt 101 
1607A: 16-bit Logic State Analyzer including three 
data probes and one clock probe 
Four 10121A: 20 cm (8") cables. Three for X, Y, and 
Z and one for pattern trigger connections 
5061-1213: Adapter plate and strap for mounting the 
oscilloscope on top of the 1607A 
Ordering information 
1715A 200 MHz Oscilloscope 
1725A 275 MHz Oscilloscope 
1722B 275 MHz Oscilloscope with Microprocessor 

20'4,"). 

$900 

add $15 
add $50 

add $325 

add $325 

091 (17229, 1725A): two 2 m (6.6 ft) 10018A, 1O:l 

091 (1715A): two 1 m (3.3 ft) 10017A, 1O:l probes 

092: two 1.8 m (6 ft) 10016B, 1O:l probes substituted 

N / C  

N/C 

N/C 

add $150 

add $12 

$2900 

$1 1 ea 

$21 

$3195 
$3500 
$5050 



General purpose plug-in oscilloscopes, to 18 GHz 
Model 180 Series 

Introduction 
The 180 plug-in oscilloscope combines high performance, plug-in 

versatility, and operating ease to give you a flexible operating system 
with laboratory quality throughout. Whether you require four chan- 
nel real time measurements to 100 MHz, sampling to 18 GHz, 170 ps 
rise time Time Domain Reflectometry, High Resolution Spectrum 
Analysis, or precision Swept Frequency testing, each of these and 
more are available in a compact package with a large CRT display. 

The focal point for performance is the mainframe with a high qual- 
ity CRT for accurate measurements. Four mainframes, including one 
with a large screen, and a selection of plug-ins allow you to configure 
an oscilloscope for general purpose use through 100 MHz, 18 GHz 
sampling, Time Domain Reflectometry, Spectrum Analysis, and 

Network Analysis. You can meet your present measurement needs, 
selecting only those plug-ins to meet present requirements a t  mini- 
mum cost, yet keep the full capability of the mainframe for future 
requirements. 

Models 180C, 180D, and 182C mainframes have bright, easy-to- 
see displays for maximum resolution and measurement accuracy. 
Models 180C and 180D each have a CRT display with a full 8 x 10 
cm internal graticule and a writing speed of 1500 cm/ps. For multi- 
trace viewing and easy-to-see displays the 182C CRT display has a 
large 8 x 10 division (one division equals 1.29 cm) internal graticule. 

Variable persistence storage 
Variable persistence storage mainframes give you the widest selec- 

tion of general purpose and high speed storage applications. Advances 
in processing and target material have resulted in a very rugged stor- 
age surface as well as extremely high writing speeds. This storage 
surface is so burn resistant that special operating procedures are not 
required, extending the versatility of storage measurements to gener- 
al purpose applications. 

Storage writing speeds of 100 c m / p  and 400 cm/ps are available 
in the 184A and 184A Option 005 respectively, which allows you to 
capture those elusive transients. With these fast writing speeds you 
can easily make pulse timing adjustments, locate noise pulses and 
missing bits from low duty-cycle digital signals. Low duty-cycle pulse 
trains from disc, tape, or drum peripheral units can also be viewed 
through repetitive sweeps by using variable persistence to build up the 
intensity of dim traces. 

For medium speed storage and variable persistence applications, 
Models 18 1 A/AR mainframes are available. Variable persistence 
mode, in both models, allows you to adjust display retention time to 
match the speed of slowly changing signals for maximum viewing 
ease. This allows direct viewing of complete waveforms without clut- 
ter in electromechanical, biomedical, chemical, geological, oceano- 
graphical, and many other areas with slowly changing signals. The 
light amplification capability of the 181A/AR permits easy viewing 
of low rep rate, fast pulses. 

Real time measurements 
A selection of high performance, vertical real time plug-ins assures 

the right plug-in for most measurement applications. Real time, dual 
channel plug-ins are available in 500 kHz, 50 MHz, and 100 MHz 
bandwidths with deflection factors of 100 pV, and 5 mV. Additional 
measurement capability is provided by four channel 100 MHz, and 
50 MHz plug-ins and a differential/dc offset plug-in with 40 MHz 
bandwidth. 

A selection of time base plug-ins gives you a choice of single or main 
and delayed sweeps with magnified sweep speeds to 5 ns/div in 180 
mainframes. Models 1820C and 1825A have triggering capabilities 
to 150 MHz and the 1821A triggers in excess of 50 MHz. Models 
1821A and 1825A have calibrated delayed and mixed sweeps for ac- 
curate timing measurements and detailed examination of selected 
portions of waveforms. 

Sampling 
Models 18 10A and 18 1 1 A sampling plug-ins provide fast, easy, low 

level, high frequency measurements. The 1810A looks and operates 
like a real time plug-in which reduces familiarization time for accu- 
rate, low-level measurements to 1 GHz. Measurements to 18 GHz 
are available with the 1811A and the 1430C remote feedthrough 
sampling head. The remote sampling head reduces measurement er- 
rors at high frequencies by eliminating long high frequency intercon- 
necting cables. The feedthrough method of measurement in the 
sampling head increases accuracy by allowing measurements to be 
made while the system is operating with its own loads. 

Time domain reflectometry 
Time Domain Reflectometry is a fast, convenient technique for 

measuring the electrical characteristics of transmission systems. This 
measurement technique provides a display of the impedance profile of 
a system showing magnitude, nature, and distance of discontinuities. 
Model 1818A is an easy-to-use 170 ps rise time TDR plug-in for de- 
sign and installation evaluation of transmission or interconnecting 
systems. For critical design work or system installation, the 1815B 
with its remote sampling head will display discontinuities as close as 
6.4 mm (0.25 in.) with a system rise time of 35 ps. 
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1 Model No. 

I SAMPLING 
(Time Base S e c f i )  TW 8 1 s  PLUG-INS 

Bandwidth 

Mn. deflection 
lacta/div 
Charnels 

FREQUENCY-DOMLIN 
TDR PLUG-INS 

Differential t 

Model No. 1820C '18211 18251 
Ext Trit 
Freq (M) 150 100 150 

M Trig Freq. Determined by Vert. Amp. Plug-in. 

sweep 5 ns 10 ns 5 ns 
Speedsf die 1 s  1 s  1 s 

Delayed and No Yes Yes 

'18101 ' 4 8 1 5 8  '~218111 '18181 
18 GHz 18 GHz <170 ps 

>1 GHz with trigger with trigger rise time 
countdown countdown TDR system 

1 GHz 

100 ps 10 ps 10 ps Calibrated 

-50 p~ -1 ps and metres 
(expanded) -1 ps (expanded) in feet 

No No No 
mixed sweep I I 

'924815B 

rise time 
TDR 

<35 ps 

Calibrated 
in metres 

175 

NOTES 
1. Double width plug-ins. 4. Includes X10 maimrame magnification 
2. Requires remote sampling head. 5. For  vert ical  plug-ins up to 50 MHz. 
3. Requires Remote Pulse Generator. 6. Requires remote modulator and detectors. 

85571 
Spectrum 
Analyzer 

MHz. 
Measurements 

from 
-117 dBm 

to +20 dBm 

0.1-350 

177,500 

85588 
Spectrum 
Analyzer 
plug-in, 

MHz. 
Measurements 

from 
-117 dBm 

to +30 dBm. 

0.1-1500 

177,502 

'87558 
Swept 

Amplitude 
Analyzer 
plug-in 

measures 
insertion 
gain/loss 
and return 
loss from 
15 MHz to 

18 GHz. 

442 



OSClLLOSCOPES 
180 Mainframes 
Models 180C/D 81 182C 

1 
I 

180D 

180 C/D, 182C Specifications 
Cathode-ray tube and controls 
Type: post accelerator, 15 kV (180 C/D), 21 kV (182C); aluminized 
P31 phosphor. 
Graticule: 8 x 10 div internal graticule, 0.2 div subdivisions on major 
axes; (180 C/D) 1 div=l cm, (182C) 1 div=1.29 cm. Scale control 
illuminates CRT phosphor for viewing with hood or taking photos. 
Beam finder: returns trace to CRT screen. 
Intensity modulation (external input): input, - +2 V, 150 ns 
pulse width blanks trace of normal intensity; input R-50 kR Max 
input, f 20 V (dc + peak ac). 

Horizontal amplifier 
External input 

Bandwidth: dc-coupled, dc to 5 MHz; ac-coupled, 5 Hz to 5 MHz. 
Deflection factor: 1 V/div, XI; 0.2 V/div, X5 (180C/D); 0.1 
V/div, X10; accuracy, f 5%. 
Dynamic range: f 20 V. 
Max input: (1 80C/D) 600 V dc (ac-coupled input); (182 C) f 300 
V (dc + peak ac). 
Input RC: - 1 MQ shunted by - 30 pF. 

Sweep magnifier: X10, X5 (180 C/D); accuracy, &5% (with 3% 
accuracy time base). 
Calibrator: - 1 kHz square wave, <3ps rise time; 250 mV p-p and 
10 V p-p into 1 MQ, +1%. 

Four rear panel emitter follower outputs for main and delayed gates, 
main and delayed sweeps, or vertical and horizontal outputs when 
used with TDR/Sampling plug-ins. Max current available, k 3 mA. 
Will drive impedances 2 1000 ohms without distortion. 

General 
Operating environment: temperature, 0 to 55°C (+32"F to 
+130"F); humidity, to 95% relative humidity at 40°C (104°F); alti- 
tude, to 4600 m (15 000 ft); vibration, vibrated in three planes for 15 
min. each with 0.254 mm (0.010 in.) excursion, 10 to 55 Hz. 
Size 

180C (cabinet): 289 H x 200 W x 540 mm D behind panel (1 13/g. x 

180D (rack): 133 H x 425 W x 543 mm D overall (5'&" x 1634' x 
213/gl); 493 mm (193/8.) D behind rack mount tabs. 
182C (cabinet): 338.1 H x 201.6 W x 498.5 mm Doverall(13'5&" 
x 7 '5&" x 1954"). 

180C (cabinet): net, 10.4 kg (23 Ib); shipping, 15.4 kg (34 Ib). 
180D (rack): net, 11.8 kg (26 Ib); shipping, 17.2 kg (38 Ib). 
182C (cabinet): net, 12.2 kg (27 Ib); shipping, 15.4 kg (34 Ib). 

Power: 115 or 230 V, ? lo%, 48 to 440 Hz; normally (1 10 watts 
with plug-ins at normal line. Max mainframe power, 200 VA. 
Accessories supplied 

180C/D: 2.3 m (7l4 ft) power cord, blue plastic light filter (HP 
P/N 5060-0548). one Operating and Service Manual. A rack 
mount kit (HP P/N 5060-0552) and 2 clipon probe holders (HP 
P/N 5040-0464) are supplied with the 180D rack model. 
182C: 2.3 m (7'4 ft) power cord, blue plastic light filter (HP P /N  
5060-0547). one Operating and Service Manual. 

Ordering information Price 
18OC Cabinet Style Mainframe $1700 

Opt 0 1 0  deletes rear panel outputs for main and less $100 
delayed gates and main and delayed sweeps. 
Opt 910: additional Operating and Service add $8 
Manual 

MOD Rack Style Mainframe $1900 
Opt 0 1 0  (see 180C Option 010) less $100 
Opt 9 1 0  additional Operating and Service Manual add $8 

182C Cabinet Style Mainframe $1850 
Opt 0 1 0  (see 180C Opt 010) less $100 
Opt 9 1 0  additional Operating and Service Manual add $9 

outputs 

77/81 x 21 G"). 

Weight (without plug-ins). 
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181A/AR, 184A Specifications 
Cathode-ray tube and controls 
Tme: mt-accelerator storage tube, 8.5 kV (181A/AR); aluminized 
p5i phosphor. 
Graticule: 8 x 10 div internal graticule, 0.2 div subdivisions on major 
axes; 1 div = 0.95 cm. (184A) 8 x 10 div internal graticule superim- 
posed in center of normal scope graticule (for fast writing speed 
mode); 1 div = 0.475 cm. 
Beam finder: returns trace to CRT screen. 
Intensity modulation (external Input) 
input: FC: +2V, 2 5 0  ns pulse width blanks normal intensity trace. 
Input R ~5 M. Max input, f 20 V (dc + peak ac). 

Persistence, storage, 181A/AR 
Persistence: normal, -40 ps; variable, (0.2 to > 1 min. 
Storage writing speed: write mode, >20 cm/ms; max write mode, 
>5  cmlps. 

180 Mainframes: storage 
Models 181A/AR & 1 8 4 A  

Brightness: >342.6 cd/mP (100 fl). 
Storage time: from Write to Store, trace may be stored at  reduced 
intensity for > 1 hr; to View, traces may be viewed at  normal intensity 
for > 1  min. From max Write to Store, traces may be stored at re- 
duced intensity for >5 min.; to View, traces may be viewed at  normal 
intensity for > 15 s. 
Erase: manual, pushbutton erasure takes -300 ms. 

Persistence, storage, 1 8 4 A  
Writing modes: conventional (non-storage), standard, and fast 
(variable persistence and storage). Pressing STORE and either STD 
or FAST provides max persistence with floodguns off for a ready-to- 
write state. CRT will remain primed for the storage time of > 10 min. 
in STD/STORE and >30 s in FAST/STORE. 
Persistence: conventional, -40 ps;  variable, ( 5 0  ms to >1 min. 
Storage writing weed - - .  
I Model No. I Standard, I Fast** I 



I Models 1805A, 1801A, 1806A & 1803A 

9' 180 Verticals: 100 MHz, 50 MHz, 0.5 MHz, dc offset 

1805A 1801A 

1805A, 1801A Specifications 
Modes of operation 
Channel A; Channel B; A and B displayed alternately on successive 
sweeps (ALT); A and B displayed by switching between channels at 
approx 400 kHz rate (CHOP) with blanking during switching; A plus 
B (algebraic addition). 
Each channel (2) 
Bandwidth: (measured with or without 10014A probe (1805A), 
10004D probe (1 801A), 3 dB down from 8 div ref signal from a termi- 
nated 50Q source.) 

DC-coupled: (1805A) dc to 100 MHz, (1801A) dc to 500 kHz. 
AC-coupled:(1805A) = 1 0 H ~ t o  100MH~,(1801A) = 8 H ~ t 0 5 0  
MHz. 

Rise Time: (1805A) (3.5 ns (measured with or without 10014A 
probes, 10% to 90% points of 6 div input step from a terminated 50Q 
source); (1801A) (7 ns (measured with or without 10004D probe, 
10% to 90% points of 8 div input step from a terminated 50Q source). 
Deflection factor 

Ranges: ( 1  805A) 5 mV/div to 5 V/div (10 cal positions) in 1,2, 5 
sequence; +2% attenuator accuracy. (1801A) 5 mV/div to 20 
V/div (12 positions) in 1 ,2 ,5  sequence; f 3% attenuator accuracy. 
Vernier: extends max deflection factor 1 1 2 . 5  V/div (1805A), 
2 5 0  V/div (1801A). 

Polarity: + up or - up selectable. 
Input coupling: (1805A) AC, DC, 50Q (dc), or ground; (1801A) 
AC, DC, or ground. 
Input RC: (1 805A) AC and DC, 1 MQ f 1% shunted by = 13 pF; 
50Q,50Q 22%; SWR (1.2 at 100 MHz on all ranges. (1801A) - 1  
MQ shunted by e 2 5  pF. 
Max input: (1 805A) AC and DC, f 300 V (dc + peak ac) a t  1 kHz; 
f 150V(dc+peakac)on5mV/divrangeat I 1  kHz.(l801A) DC- 
coupled +-350V(dc+peakac)at  I l O k H z ;  +150V(dc+peakac)  
on 5 mV/div range a t  5 1  kHz; AC-coupled, + 600 V dc. 
Dynamic range (1805A): 6 div a t  100 MHz to 16 div a t  1 1 5  MHz. 
Positioning range (1805A): 16 div. 

+ B operation: amplifier bandwidth and deflection factors un- 
changed; either channel may be inverted for f A  f B  operation. Dif- 
ferential input (A-B) common mode, (1 805A) CMR 1 40 dB dc to 1 
MHz for common mode signals 1 1 6  div, 1 2 0  dB a t  50 MHz for 
(1801A) signals I 6  div; (1801A) CMR 1 4 0  dB a t  5 mV/div and 
1 2 0  dB on other ranges, dc to 1 MHz, for common mode signals 
1 2 4  div. 
Offset (1805A): k200 div of offset. 
Triggering (1805A) 
Source: selectable from channel A, channel B, or a composite 
(Comp) signal from A and B in any display mode. Composite is A and 
B signals switched for Alt and Chop modes and added for A and B 
mode. Vernier and position controls do not affect A, B, or composite 
trigger signals. A and B signals are independent of polarity selection. 

Frequency 
Tim Base Required 

Vertical Deflection Plupin Trigger Frequency. 

1820C, 1825A dc-50 MHz rf dc-100 MHz 
1821A dc-50 MHz 1 div 

'all display modes except Chop, dc to 100 kHz in Chop, 

Triggering (1801A) 
Source: for channel A or B, on signal displayed; Chop selectable 
from A or B; Alt selectable from A, B, or Comp (A and B switched). 
Frequency: dc to >500 kHz on signals causing 20.5 div vert deflec- 
tion in all display modes except Chop which is dc to 100 kHz. 

Vertical signal output (1805A) 
Bandwidth: >50 MHz into 50Q. 
Amplitude: >50 mV for each div of display into 50Q with useable 
amplitudes up to 500 mV p-p. 
Source impedance: 4 0  ohms. 

General 
Operating environment: same as 180 C/D mainframes. 
Weight 

1805A: net 2.3 kg (5 Ib); shipping, 3.6 kg (8 Ib). 
1801A: net 1.8 kg (4 Ib); shipping, 3.6 kg (8 Ib). 

Accessories supplied: (1805A) two 10014A IO:] divider probes 
=l . l  m (3% ft), one Operating and Service Manual. (1801A) two 
10004D, IO:] divider probes, -1.1 m (3% ft),oneOperating andSer- 
vice Manual. 
Recommended probes: (1805A) full performance maintained by 
10014A. 10016B passive probes, 10017A, 10018A miniature passive 
probes, 10026A, 10027A miniature 50 Q probes, 10020A resistive di- 
vider probe kit, and the 1 120A and 1 125A active probes; (1 801A) full 
performance maintained by 10004D. 10005D, and 10006D passive 
probes and 10041A, 10042A miniature passive probes. 

1806A Specifications 
Modes of operation 
Channel A; channel B; A and B displayed alternately on successive 
sweeps (ALT); A and B displayed by switching between channels a t  
approx 100 kHz, in CHOP mode with blanking during switching; A 
plus B, algebraic addition. 
Each channel (2) 
Bandwidth (measured with or without a Model 10001A/B probe, 3 
dB down from 8 div ref signal from a terminated 50Q source.) 

DC-coupled: dc to 500 kHz. 
AC-coupled: =2 Hz to 500 kHz. 
Bandwidth limit switch: limits bandwidth to 4 0  kHz. 



Vo R w ~  DeRectian Facta 
O t o 6 V  
O t o 6 V  

0.001 Vldiv to 0.02 V/div 
0.05 V/div to 0.2 Vldiv 

1803A 
Deflection factor: Ranges, 100 pV/div to 20 V/div (1 7 positions) in 
1, 2, 5 sequence, k 3% attenuator accuracy; Vernier, extends max 
deflection factor to at least 50 V/div. 
input: differential or single-ended on all ranges, selectable. 
input coupling: selectable AC, DC, or OFF for both + and - inputs. 
Input RC: = 1 MQ shunted by =45 pF. 
Maximum input: k400 V (dc + peak ac). 
Input isolation: 180 dB between channels at 500 kHz with shielded 
connectors. 
Noise: <20 pV, measured tangentially at  full bandwidth. 
Common mode: 

Frequency: dc to 10 kHz on all ranges. 
Rejection ratio: 2lOOdB (100 000 to 1) with dc-coupled input on 
100 pV/div range, decreasing 20 dB per decade of deflection factor 
to 2 4 0  dB on the 200 mV/div range; CMR is 2 3 0  dB on the 500 
mV/div to 20 V/div ranges. 
Maximum signal: f 10 V (dc + peak ac) on 100 pV/div to 200 
mV/div ranges; 2400 V (dc + peak ac) on all ranges. 

Maximun hput 
(dc + peak ac) 

? 1 5 V  
f 150V 

Triggering 
Source: for channel A or B, on signal displayed; Chop selectable 
from A or B; Alt selectable from A, B, or Comp (A and B switched). 
Frequency: dc to >500 kHz on signals causing 20.5 div vertical 
deflection in all display modes except Chop which is dc to 100 kHz. 
General 
Operating environment: same as 180C/D mainframe. 
Weight: net, 1.8 kg (4 Ib); shipping, 3.6 kg (8 Ib). 
Accessories suppiled: two BNC to dual banana plug binding post 
adapters (HP P/N 1250-1264), one Operating and Service Manual. 
Recommended probes: 10001A/B, 10002A/B, 10003A passive di- 
vider probes and 10021A. 10022A miniature passive probes maintain 
full performance of the 1806A. 

1803 Specifications 
Bandwidth: (measured with or without 10004D probe, 3 dB down 
from 8 div ref signal from a terminated 50Q source.) 

DC-coupled dc to 40 MHz from O.OOSV/div to 20 V/div; dc to 30 
MHz on 0.001 V/div and 0.002 V/div or when using Vo range of 0 
to 6 V or two most sensitive volts/div settings for other Vo ranges. 
Ac-coupled: lower bandwidth -2 Hz. 

Rise time: < 10 ns for deflection factors of 0.005 V/div to 20 V/div; 
< 12 ns on 0.001 V/div and 0.002 V/div, on Vo range of 0 to 6 V and 
on the most sensitive volts/div settings for other Vo ranges. Measured 
with or without 10004D probe, 10% to 90% points of 8 div input step 
from terminated 509 source. 
Deflection factor 

Ranges: from 0.001 V/div (14 cal positions) in 1, 2, 5 sequence; 
attenuator accuracy rt 3%. 
Vernier: extends max deflection factor to 2 5 0  V/div. 
input coupling: AC, DC, Ground, or Vo for both + and - inputs. 
input RC: - 1 m Q shunted by =27 pF. 

_ _ _ ~  

0 to 60 V 1 0.5 V/div to 20 V/div +600 V 
0 to 600 V !O V/div 

0 to _+60 V 0.01 V/div to 0.2 V/div 
0.5 V/div to 2 Vldiv 
5Vldiv to 20 Vldiv 

0.1 V/div to 2 V/div 
5 V/div to 20 Vldiv 

k (0.4% + 8 mV) 
(0.75% + 8 mV) 

? (0.65% + 0.8 V) 0 to 600 V 

Vo Output: calibrated dc offset voltage at  front panel, variable from 
0 to rt 0.006 V, 0 to k0.06 V, 0 to rt 0.6 V or 0 to +. 6 V. Accuracy of 
6 V range is +0.15% of reading k 8  mV into 210  MQ. 
Triggering: dc to 40 MHz on signals 20.5 div. 

k 6 0 0  V 

General 
Operating environment: same as 180C/D mainframe. 
Weight: net, 2.3 kg (5 lb); shipping, 4.5 kg (10 Ib). 
Accessories supplied: one Operating and Service Manual. 
Recommended probes: 10004D, 10005D, and 10006D passive 
probes and 10040A, 10041A, 10042A miniature passive probes main- 
tain full performance of 1803A. 
Ordering information Price 
1805A Dual Channel Vertical Amplifier $1600 

add $6 
1801A Dual Channel Vertical Amplifier $1050 

add $155 

Opt 910: additional Operating and Service Manual 

Opt 001: channel B output and X5 magnifier 

10004D 

10004D 
Opt 910 additional Operating and Service Manual 

Opt 910: additional Operating and Service Manual 

Opt 910 additional Operating and Service Manual 

Opt 090 1.8 m (6 ft) 10006D probes in lieu of 

Opt 091: 3 m (10 ft) 10005D probes in lieu of 

N / C  

N / C  

add $6 
$1 100 

add $7 
$1725 

add $7 

1806A Dual Channel Vertical Amplifier 

1803A Dual Channel Vertical Amplifier 

Frequency Range CMR 
dc to (100 kHz 

100 kHz to tl MHz 

1 Mhz to t 1 0  Mhz 

2 2 0  0001 ( 2 8 6  dB) 
2 1 0  000:1(280 db) 

5 0OO:l 
2- Freq in MHz 

r2 0OO:l ( 2 6 6  dB)* 
20 MHz r 5 0 : l  ( 2 3 4  dB) 
60 Hz 

Cwmon Mode 
lnpul S i  Wave 

(max P-P) 
10 v 
10 v 
1ov 

Freq in MHz 
1 v  
10 v 
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1821A 

1809A Specifications 
Modes of operation 
Channels A, B, C, or D or any combination displayed alternately on 
successive sweeps (ALT) or chopped (CHOP) with blanking during 
switching; either A and B or C and D may be algebraically added 
( f A -t B) or ( f C f D). Approx chop rate for two channels dis- 
played is 1 MHz, 3 channels is 667 kHz, 4 channels is 500 kHz. 

Each channel (4) 
Bandwidth (measured with or without 10014A probe, 3 dB down 
from a terminated 50Q source.) 

DC-coupled: dc to 100 MHz. 
AC-coupled: a 1 0  Hz to 100 MHz. 

Rise time: (3.5 ns. Measured with or without 10014A probe, 10% to 
90% of 6 div input step from a terminated 50Q source. 
Deflection factor 

Ranges: from 0.01 V/div to 5 V/div (9 cal positions) in 1, 2, 5 
sequence. Attenuator accuracy, f 2%. 
Vernier: extends max deflection factor to 212.5 V/div. 

input coupling: ac, dc, 50Q (dc), or ground. 
input RC (selectable): AC or DC, 1 MQ, f 1% shunted by a 1 2  pF; 
50Q, 50Q +2%. SWR, 1.3 at  100 MHz on all ranges. 
Max input: AC and DC, f 300 V (dc + peak ac) at  5 1 kHz, f 150 
V (dc + peak ac) on 10 mV/div range at  5 1 kHz; 50Q, 10 V rms (dc- 
coupled input). 
Polarity: any channel may be inverted ( *A, _+ B, f C, _+ D). 

Algebraic addition (A + B), (C + D) 
Amplifier: bandwidth and deflection factors are unchanged, any 
channel may be inverted for ( f A +- B) or ( f C f D) operation. 
Differential input (A - B) or (C - D) common mode: CMR is 2 2 0  
dB from dc to 80 MHz on all ranges. 

Triggering 
Source: selectable from channel A, B, C, D, or composite (on dis- 
played signals) in all display modes. 
Frequency 

~ ~~~ 

General 
Operating environment: same as 180C/D mainframes. 
Weight: net, 3.2 kg (7 Ib); shipping, 4.5 kg (10 Ib). 
Accessorles suppled one Operating and Service Manual. 

Recommended probes 
Models 10014A, 10015A, 10016B, 10017A, and 10018A will main- 

tain 1809A bandwidth and rise time in the high impedance (ac or dc) 
mode. Models 10020A, 10026A, and 10027A will maintain band- 
width and rise time in the 503 input mode. 

1804A Specifications 
Modes of Operation 
Channels A, B, C, or D or any combination displayed alternately on 
successive sweeps (ALT) or chopped (CHOP) with blanking during 
switching. Approx chop rate for two channels displayed is 500 kHz, 3 
channels is 333 kHz, and 4 channels is 250 kHz. 

Each channel (4) 
Bandwidth (measured with or without 10004D probe, 3 dB down 
from 8 div ref signal from a terminated 50Q source.) 

Rise time: t 7  ns (measured with or without 10004D probe, 10% to 
90% of 8 div input step from a terminated 5(x2 source). 
Deflection factor 

Ranges: 0.02 V/div to 10 V/div (9  cal positions) in 1, 2, 5 se- 
quence, attenuator accuracy, + 3%. 
Vernier: extends max deflection factor to 1 2 5  V/div. 

input coupling: AC, DC, and Ground. 
input RC: a 1  MQ shunted by =25 pF. 
Max input: DC-coupled, f 350 V (dc + peak ac), f 150 V (dc + 
peak ac) on 20 mV/div at  10 kHz or less; AC-coupled, +400 V dc. 
Trace identification: pushbutton displaces respective trace ~ 0 . 5  
div. 

Triggering 
Source: selectable on signal from any channel in Chop or Alt mode, 
or successively from displayed signal on each channel in Alt mode. 
Frequency: dc to 50 MHz on signals causing 20.5 div vert deflec- 
tion in all display modes except Chop, dc to 200 kHz in Chop. 

General 
Operating environment: same as 180C/D mainframes. 
Weight: net, 2.3 kg ( 5  Ib); shipping, 3.6 kg (8 Ib). 
Accessories supplied: one Operating and Service Manual. 

Recommended probes 
10004D. 10005D, 10006D passive probes and, 10040A, 10041A, 
10042A miniature passive probes, maintain full performance of 
1804A. 

Ordering information Price 
1809A 100 MHz 4 Channel Amplifier $2500 

add $9 
1804A 50 MHz 4 Channel Amplifier $1600 

add $7 

DC-coupled: dc to 50 MHz. 
AC-coupled: a 10 Hz to 50 MHz. 

Opt 910: additional Operating and Service Manual 

Opt 910 additional Operating and Service Manual 
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1820C 

1820C Specifications 
Time base 
Sweep 

Ranges: 0.05 psldiv to 1 s/div (23 positions) in 1,2,5 sequence; 
? 3% accuracy with vernier in CAL position. 
Vernier: extends slowest sweep to a t  least 2.5 s/div. 
Magnifier: (mainframe) expands fastest sweep to 5 ns/div. 

Normal: triggered by an int, ext, or power line signal. 
Automatic: baseline displayed in absence of trigger signal. Trigger- 
ing is same as Normal except low frequency limit is 40 Hz. 
Single: in Normal, sweep occurs once with the same triggering as 
Normal (reset pushbutton arms sweep and lights indicator); in 
Auto, sweep occurs once each time reset is pressed. 

Sweep mode 

Triggering 
Internal: refer to vertical plug-in specifications. 
External: dc to 50 MHz on signals 50 mV p-p or more increasing to 
100 mV a t  100 MHz and 150 mV at 150 MHz. 
Line: power line frequency signal. 
Level 

Internal: at any point on the verjical waveform displayed. 
External: continuously variable from +2V to -2V on either slope 
of trigger signal, from +20V to -2OV in + 10 setting. 

Slope: pushbutton selection of + or - slope of trigger signal. 
Coupling: AC, DC, HF Reject or L F  Reject. 
Trigger holdoff: time between sweeps continuously variable, exceed- 
ing one full sweep on all ranges. 

General 
Operating environment: same as 180C/D mainframe. 
Weight: net, 1.4 kg (3 Ib); shipping, 3.2 kg (7 Ib). 

1821 Specifications 
Main time base 
Sweep 

Ranges: from 0.1 ps/div to 1 s/div (22 positions) in 1, 2, 5 se- 
quence; & 3% accuracy with vernier in CAL position. 
Vernier: extends slowest sweep to a t  least 2.5 s/div. 
Magnifier: (mainframe) expands fastest sweep to 10 ns/div (main 
or delayed). 

Sweep mode 
Normal: triggered by an int, ext, or power line signal. 
Automatic: baseline displayed in absence of input signal. Trigger- 
ing same as normal except low frequency limit is 40 Hz for internal 
or external modes. 
Single: sweep occurs once with same triggering as normal; reset 
pushbutton with indicator light. 

180 Time bases: single and delayed 
Models 1820C & 1821A 

LAYEU 

V F K N I E D  TIME/DIV " F H V I F K  

SWEEP UODE 
NORM AUTO \INGLE 

1821A 

Trace intensification 
In Main sweep mode, intensifies that part of Main time base to be 
expanded to full screen on Delayed time base. Rotating Delayed time 
base sweep switch from Off position activates intensified mode. Front 
panel screwdriver adjustment sets relative intensity of brightened seg- 
ment. 

Delayed time base 
Delayed time base sweeps after a time delay set by Main time base 
and Delay controls. 
Sweep 

Ranges: from 0.1 psldiv to 50 ms/div (18 positions) in 1, 2, 5 se- 
quence; rt 3% accuracy with vernier in CAL position. 
Vernier: continuously variable between all ranges; extends slowest 
sweep to a t  least 125 ms/div. 

Triggering 
(Main and Delayed time base) 
Internal: refer to vertical plug-in specifications. 
External: dc to 50 MHz on signals 0.5 V p-p or more, increasing to 
100 MHz on signals 1 V p-p or more. 
Line: power line frequency signal (main only). 
Level and slope: internal, at any point on the vertical waveform dis- 
played; external, continuously variable from +3 V to -3 V on either 
slope of the sync signal, from +30 V to -30 V in + 10. 
Automatic (delayed only): triggered a t  end of set time delay. 
Coupling: AC, DC, ACF (ac-fast), or ACS (ac-slow). 
Delay (before start of Delayed sweep) 
Time: continuously variable from 0.1 ps to 10 s. 
Accuracy: ? 1% of differential delay ? 2 minor divisions of delay 
dial. Time jitter is 0.005% of max delay of each step. 
Trigger output: (at end of Delay time) =1.5 V with t 5 0  ns rise 
time from 100052 source resistance. 

Mixed time base 
Dual time base in which Main time base drives first portion of sweep 
and delayed time base completes sweep at up to 1000 times faster. 
Also operates in single sweep mode. 

General 
Operating environment: same as 180 C/D mainframes 
Weight: net, 1.8 kg (4 Ib); shipping, 3.6 kg (8 Ib) 

Ordering information Price 
1821A Time Base and Delay Generator $1 150 

add $6 
182OC Time Base $560 

add $6 

Opt 910: additional Operating and Service Manual 

Opt 910: additional Operating and Service Manual 
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180 Time base: delayed 
Model 1825A 

i 

1825A 

Main Sweep 

Intensified 
main sweep 

Multiple exposure shows four modes of operation for 1825A, with 
time relationshio maintained in all modes. 

Delayed 
sweep 

Mixed sweep 

1825A Description 
Model 1825A time base and delay generator provides sweep speeds 

ranging from 0.05 ps/div to 1 s/div in 23 positions. Delay times &e 
continuously variable from 50 ns to IO s and are accurate to 0.75% 
with extremely low jitter of 1 part in 50 000. Also, a calibrated mixed 
sweep mode is provided. A mainframe XI0 magnifier increases 
sweep-speed capability to 5 ns/div with 5% accuracy. 

One knob control makes triggering easy in main, delayed, and 
mixed modes. Stable, accurate time displays are provided in main, 
delayed, and mixed modes with the highly sensitive 50 mV external 
trigger capability at 50 MHz which increases to only 150 mV a t  150 
MHz. Trigger synchronization is maintained when switching be- 
tween main, delayed, and mixed modes, further simplifying use. 

Front panel controls are logically arranged for quick familiariza- 
tion and easy use. Pushbuttons eliminate front panel clutter and re- 
duce the possibility of errors. Easy-to-operate pushbuttons establish 
main, delayed, and mixed modes of operation. 

Trigger level controls on main and delayed sweeps allow selection of 
the triggering point on the desired portion of the signal for almost 
every measurement application. Also, the i- 10 function provides a 
wide dynamic range of triggering in both external and internal modes 
of operation. 

External trigger sensitivity of 50 mV on both main and delayed 
sweeps allows a 10: 1 divider probe to be used to reduce circuit loading 
a t  trigger pick-off points and reduces the possibility of circuit mal- 
function caused by the measuring instrument. 

1825A Specifications 
Main time base 
Sweep 

Ranges: 0.05 psldiv to 1 s/div (23 positions) in 1, 2, 5 sequence; 
f 3% accuracy with vernier in CAL position. 
Vernier: extends slowest sweep to a t  least 2.5 s/div. 
Magnifier: (on mainframe) expands fastest sweep to 5 ns/div, accu- 
racy & 5% (main or delayed). 

Normal: sweep is triggered by an internal, external, or power line 
signal. 
Automatic: baseline displayed in absence of trigger signal. Trigger- 
ing is same as normal except low frequency limit is 40 Hz. 
Single: in Normal, sweep occurs once with same triggering as Nor- 
mal (reset pushbutton arms sweep and lights indicator); in Auto, 
sweep occurs once each time reset pushbutton is pressed. 

Trace intensification 
In Main sweep mode, intensifies that part of main time base to be 

expanded to full screen in delayed time base mode. Rotating time 
base switch from OFF position activates intensified mode. 

Delayed time base 
Delayed time base sweeps after a time delay set by Main time base 

and Delay controls. Delayed time base is triggered on first trigger 
pulse after set delay or automatically triggers after set delay when 
delayed level control is in detent position. 
Sweep Ranges: 0.05 ps/div to 20 ms/div (1 8 positions) in I ,  2, 5 
sequence; f 3% accuracy. 

Triggering 
(Main and Delayed time base) 
Internal: refer to vertical amplifier plug-in specifications. 
External: dc to 50 MHz on signals 50 mV p-p or more increasing to 
100 mV p-p a t  100 MHz and 150 mV p-p a t  150 MHz. 
Line: power line frequency signal (Main only). 
Level 

Sweep mode 

Internal: a t  any point on the vertical waveform displayed. 
External: continuously variable from +2 V to -2 V on either slope 
of trigger signal, from +20 V to -2OV in +IO setting. 

Slope: pushbutton selects either positive or negative slope of trigger 
signal. 
Coupling: AC, DC, H F  Reject, or LF Reject. AC, attenuates signals 
below =20 Hz; LF reject, attenuates signals below =I5 kHz; HF 
reject, attenuates signals above 15 kHz. 
Trigger holdoff: time between sweeps continuously variable, exceed- 
ing one full sweep on all ranges (Main only). 
Delay (before start of delayed sweep) 

Time: continuously variable from 50 ns to IO s. 
Accuracy: -t 0.75% of differential delay f 2 minor divisions of de- 
lay dial. 
Time jitter: f 0.002% of max delay on each range. 

Calibrated mixed sweep 
Combines Main and Delayed Sweeps into one display. Sweep is 

started by the Main time base and is completed by the faster Delayed 
time base. 

General 
Operating environment: same as 180C/D mainframes. 
Weight: net, 1.8 kg (4 Ib); shipping 2.7 kg (6 Ib). 
Accessories supplied: one Operating and Service Manual. 
Ordering information Price 

$1000 
add $8 

1825A Time Base and Delay Generator 
Opt 910 additional Operating and Service Manual 
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1 GHz, 18 GHz sampling, 170 ps tr TDR 

Models 1810A, 18llA, 1430C & 1818A 

l 8 l l A  

1810A Specifications 
Modes of operation 
Channels: A; B; A and B displayed on alternate samples (ALT); A 
plus B (algebraic addition); and A vs. B. 

Vertical channels 
Bandwidth: dc to 1 GHz; rise time, < 350 ps. 
Pulse response: 5 f 5% or 3 mV p-p (overshoot and perturbations) 
in normal display mode. 
Deflection factor 

Ranges: 2 mV/div to 200 mV/div (7 calibrated positions) in 1,2,5 
sequence; t 3% accuracy. 
Vernier: extends min deflection factor to < 1 mV/div. 
Polarity: + up or - up. 

Dynamic range: > 1.6 V. 
Positioning range: L & 1 V on all deflection factors. 
Input R: 50 a, f 2%; max input f 5 V (dc + peak ac). 
SWR: < 1.1 to 300 MHz, increasing to < 1.5 at 1 GHz. 
Reflection coefficient: < 6%, measured with 150 ps TDR. 
Random noise: normal, < 2 mV, observed from center 80% of dots; 
filtered, reduces noise at least 2 to I .  
Isolation between channels: 2 40 dB with 350 ps rise time input. 
Time difference between channels: < 100 ps. 
A + B operation: bandwidth and deflection factors are unchanged; 
either channel may be inverted for k A ? B operation. 

Time base 
Ranges 

Normal: I O  ns/div to 50 ps/div (12 cal positions) in 1, 2, 5 se- 
quence; ? 3% accuracy with vernier in calibrated position. 
Expanded: direct reading expansion to XlOO in seven calibrated 
steps on all normal time scales, extends range to 100 ps/div. Accu- 
racy, f 4 %  (10 ps/div, +- IO%, with mainframe magnifier). 

Vernier: increases fastest sweep to < 40 ps/div. 

Triggering 
Automatic: baseline displayed in the absence of an input signal. 
Normal: can be set to trigger on variety of signals. 
Internal 

Source: selectable; channel A triggers channel A or alternate; 
channel B triggers channel B, alternate, A + B, or A vs B. 
Sine Wave: 30 mV p-p from 1 kHz to 200 MHz, 100 mV p-p from 
200 MHz to 1 GHz for jitter of < 30 ps plus 1% of 1 period. 
Pulse: 30 mV peak, 3 ns pulses for < 30 ps jitter. 

External 
Sine wave: 30 mV p-p from 1 kHz to 1 GHz for jitter of < 30 ps 
plus 1% of 1 period. 
Pulse: 30 mV peak, 3 ns wide pulses for < 30 ps jitter. 

Auto: 50 mV p-p for CW signals from 10 kHz to 200 MHz for < 30 
ps jitter plus 2% of 1 period (to 1 GHz with increased jitter). Pulse 
triggering requires 50 mV peak, 3 ns pulses for < 30 ps jitter. 
Level and slope: variable f 800 mV on t slope of sync signal. 
Coupling: ac coupling attenuates signals below - 1 kHz. 

Either internal or external 

Variable holdoff: variable over a t  least a 3:l range. 
Marker position: intensified marker segment indicates point about 
which sweep is to be expanded. 
Scan: internal, dot density, continuously variable from < 100 to > 
1000 dots full screen or from = 500 to 2000 dots in filtered mode; 
manual, scan is positioned manually. 

General 
Probe power: supplies power to operate two H P  active probes. 
Recorder outputs: vertical, uncal 1 V vert output from each channel 
on rear panel of 180 system mainframes; horizontal, uncal 0.75 V 
signal on rear panel of 180 series mainframes. 
Operating environment: same as 180C/D mainframes. 
Weight: net, 3.2 kg (7 Ib); shipping, 5 kg ( 1  1 Ib). 
Accessories SUDDbd: one Operating and Service Manual. . .  

Specifications 
f operation . - . . - .. . . 

181 1A 
Modes o 
Channels: A; B; A and L) displayed on alternate samples (ALT); A 
plus B (algebraic addition); and A vs. B. 
Vertical channels 
Deflection factor 

Ranges: 2 mV/div to 200 mV/div in 1, 2, 5 sequence; accuracy 
t 3%. 
Vernier: extends min. deflection factor to < 1 mV/div. 
Polarity: + up or - up. 

Positioning range: > f 1 V on all deflection factors. 
A + B operation: either channel may be inverted for *A f B oper- 
ation. 

Time base . 
Ranges 

Normal: 1 ns/div to 5 ps/div (12 cal positions) in 1, 2, 5 sequence; 
t 3% accuracy (vernier in calibrated position). 
Expanded: direct reading expansion to XlOO in seven calibrated 
steps on all normal time scales, extends range to 10 ps/div. Accura- 
cy is ?4% ( 1  ps/div, ? 10% with mainframe magnifier). 

Vernier: increases fastest sweep to 4 ps/div. 

Triggering 
Auto: baseline displayed in absense of an input signal. 
Normal: can be set to trigger on variety of signals. 
CW: 80 mV p-p for sine wave signals from 1 kHz to 1 GHz for jitter of 
< 10 ps plus 1% of 1 period of trigger signal. Triggering to 18 GHz 
with 1104A/1106B trigger countdown. 
-t Slope: triggers on 50 mV/peak, 3 ns pulses, for < 30 ps jitter. 
Level and slope: variable f800  mV on t slope of sync signal. 
Coupling: ac coupling attenuates signals below 
Holdoff: variable over at least a 3:1 range. 
Marker position: intensified marker indicates point about which 
sweep is to be expanded. 
Scan: internal, dot density, continuously variable from < 100 to > 
1000 dots full screen or from = 500 to > 2000 dots in filtered mode; 
manual, scan is positioned manually. 
Triggering output: 1 ns, 1.5 V into 50 a. 
General 
Probe power: supplies power to operate HP active probe. 
Recorder outputs: vertical, uncal 1 V vert output signal each chan- 
nel on rear panel of 180 series mainframes; horizontal, uncal 0.75 V 
signal on rear panel of 180 series mainframes. 
Operating environment: same as 180C/D mainframes. 
Weight: net, 2.3 kg (5 Ib); shipping, 5 kg (1 1 Ib). 
Accessories supplied: one Operating and Service Manual. 

1 kHz. 
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1810A, 181 l A ,  1430C & 1818A (cont.) 
t 

1430C 

1 I .  " 

1818A 

143OC Specifications 
Sampling head 
Rise time: 
erator and 909A Option 012, 50Q load). 
Bandwidth: dc to > 18 GHz. 
Overshoot: ~ 7 . 5 % .  
Noise: = 10 mV observed noise on CRT excluding 10% of random 
dots. Noise decreases to E 2.5 mV on the auto filtered 2 mV/div and 
5 mV/div ranges and all other ranges when display switch (on 
181 1A) is set to filtered position. 
Dynamic range: 1 V p-p. 
Low frequency distortion: < f 5%. 
Max input: * 3 volts. 
input characteristics: mechanical, type N female connectors; elec- 
trical, 5OQ feedthrough, dc-coupled. Sampler reflection = lo%, mea- 
sured with a 40 ps TDR system. Pulses from sampler input are = 10 
mV amplitude and 5 ns duration. 
Time difference between channels: ( 5  ps. 
Isolation between channels: 2 40 dB over sampler bandwidth. 

20 ps ( t 2 8  ps observed with 1105A/1106B pulse gen- 

General 
Weight: net, 1.8 kg (4 Ib); shipping, 4.1 kg (9 lb). 
Accessories supplied: two 5OQ loads, type N male connectors 
(909A Option 012), one 1.5 m (5 ft) sampling head to 1811A inter- 
connecting cable and one Operating and Service Manual. 
'Components required for sampling systems 

1811A S a w  ply4 
S a m 1  to 18 GHz with 1430C Sam Head 
(Type N Female input/output connectors) 
T r i t i r  Acceswks 
t l G H z :  Cable 11500A Type N Male to Type N Male 1.8 rn (6 ft), Adapter 1250-0077 Type N 
Female to BNC Male. 
1 G k  to 10 W: 1104A Trigger Countdown, 1108A Tunnel Diode, Adapter 1250-0847 GR Type 
874 to Type N Male, 11096 High Pass Filter, 11170C Male BNC to Male ENC Trigger Cable 1.2 m 
(4 ft). 
1W to 18 6lk 1104A Trigger Countdown, 11066 Tunnel Diode, 11096 High Pass Filter, 
11170C Male BNC to Male ENC Trigger Cable 1.2 m (4 ft). 
lDR wilh 1430C Samphg Head 
1105A Pulse Generator, 11068 Tunnel Diode 20 ps tr, 11170C Male 8NC to Male ENC Trigger 
Cable 1.2 m (4 ft). 
1105A Pulse Generator, 1108A Tunnel Diode 60 ps tr, Adapter 1250-0847 GR 874 to Type N 
Male, 11170C 1.2 m (4 ft) Male ENC to Male ENC Trigger Cable. 

'Use any 180 series mainframe 

18 18A Description 
The 1818A time Domain Reflectometer plug-in with a 180 series 

mainframe gives you a completely integratkd wide band system for 
testing of transmission lines, strip lines, cables, connectors, and many 
other devices in high frequency systems. The easy-to-use controls pro- 
vide accurate direct distance calibrated displays of up to 300 metres 
or 1000 feet with dielectric materials from e = 1.0 (air) to e = 4.0. 
This allows you to quickly determine the magnitude and nature of 
each resistive or reactive discontinuity in coaxial components such as 
attenuators, cables, connectors, and delay lines in microwave or pulse 
circuits. You can also locate and identify faults such as shorts, opens, 
loose connectors, defective tap offs, splices, and mismatches with 
measurement resolution as close as 2.54 cm. 

18 18A Specifications 
System (in reflectometer configuration) 
Rise time: < 170 ps. 
Overshoot: 5 5 %  overshoot and ringing (down to 'h% in 3 ns). 
internal reflections: < 10% (does not limit resolution). 
Reflectometer sensitivity: 0.001 reflection coefficients observable. 

Signal channel 
Rise time: = 150 ps. 
Reflection coefficient: O.S/div to O.OOS/div in a 1 ,  2, 5 sequence. 
input: 50Q, feedthrough type. 
Noise & internal pickup, peak: 0.1% of step (terminated in 509). 
Dynamic range: & O S  V. 
External signal level: up to 1 V to Sampler output connector. 
Attenuator accuracy: +. 3%. 

Step generator 
Amplitude: m0.25 V into 5OQ (0.5 V into open circuit). 
Rise time: =50 ps. 
Source impedance: 50Q +-la (dc-coupled). 
Droop: (1% in 1 fis. 

Distancdtime 
Distance scale: 3 metres/div and 30 metres/div; 10 ft/div and 100 
ft/div. Accuracy, * 3%. 
Variable dielectrlc: t = 1 to e = 4. 
Time scale: 10 ns/div and 100 ns/div. Accuracy, *3%. 
Magnification: XI to XlOO in a 1 , 2 , 5  sequence provides time scales 
to 0.1 ns/div and distance scales to 0.03 metres/div or 0.1 ft/div. 
Basic sweep accuracy is maintained at  all magnifier settings. 
Delay control: 0 to 10 div of unmagnified sweep. Accuracy, f 3%. 
Jitter: t 2 0  ps. 

General 
Recorder outputs: vertical, - 1  V vert output signal is provided at  
rear panel of 180 series mainframes; horizontal, w 1V horiz output 
signal provided a t  rear panel of 180, 181, 182 or 184 mainframe. 
Operating environment: temperature, 0 to +35"C (35°C to 55°C 
with small increase in system rise time); humidity, altitude, vibration 
same as 180 C/D mainframes. 
Weight: net, 2.3 kg (5 Ib); shipping, 5 kg ( 1  1 Ib). 
Accessories supplied: one type N connector assembly, one 50Q 
load with Type N male connector, one Operating and Service Man- 
ual. 

Ordering information 
18lOA I GHz Sampling Plug-in 

Opt 910 additional Operating and Service Manual 
1811A 18 GHz Sampling Plug-in 

Opt 910 additional Operating and Service Manual 
143OC Sampling Head, 18 GHz 

Opt 910 additional Operating and Service Manual 
1818A Time Domain Reflectometer 

Opt 910 additional Operating and Service Manual 
10457A Adapter, 5OQ GR to 75Q Type N female 

(converts 1818A 5OQ output to 7552 system.) 

Price 
$2625 

add $10 
$2300 
addS9 
$3500 

add $4 
$1650 

add $6 
$150 



1817A 

SAMPLING up to 12.4 G k  

, Termination. 5052 Model 909A. APC-7 

1 TRIGGER ACCWORES 
4 0 0  MHr 
Adapter 1250-0750 APC-7 to Type N Female 

1 11500A Cable Type N Male to Type N Male, 
1 8  m (6 ft) 

Adapter 1250 0077 Type N Female to BNC Male 

500 MHz to 10 GM 
1104A Trigger Countdown 
llO8A Tunnel Diode 

connector 

18 15B Description 
Model 1815B provides calibrated 35 ps system rise time, time do- 

main reflectometry and 12.4 GHz (28 ps rise time) sampling capabil- 
ity with a remote feedthrough sampling head for extremely accurate 
measurements. This TDR system can locate impedance discontinui- 
ties in transmission systems up to 10 000 metres long and also mea- 
sures discontinuities spaced only a few millimetres apart. As a single 
channel, general purpose sampling oscilloscope, you have deflection 
factors to 2 mV/div and sweep times to 10 ps/div. 

Adapter 1250-0847 GR Type 874 to Type h 

11098 High Pass Filter 
Adapter 1250 0750 APC-7 to Type N Female 
1117OC Male BNC to Male BNC Trigger Cable, 

500 MM to 12.4 GM 
1104A Trigger Countdown 
11068 Opt 001 Tunnel Diode 
Adapter 1250-0749 APC-7 to Type N Male 
11098 High Pass Filter 
Adapter 1250-0750 APC-7 to Type N Female 
1117OC Male BNC to Male BNC Trigger Cable, 

Male 

12 m (4 ft) 

1.2 m (4 f t)  

1815B Specifications 
Unless indicated otherwise, TDR and sampling performance speci- 

fications are the same. Where applicable, TDR specification is given 
first, followed by Sampler specification in parentheses. Model 1815B 
is calibrated in metres. 
Vertical 
Scale: reflection coefficient p (volts) from O.OOS/div to O.S/div in 7 
calibrated ranges; 1, 2, 5 sequence. 
Accuracy: * 3%; TDR only, f 5% on 0.01 /div and O.OOS/div in sig- 
nal average mode. 
Vernier: extends scale to >0.002/div. 
Signal average: reduces noise and jitter - 2:l. 
Horizontal 
Scale: provides up to 10 000 metre display window with round-trip 
time or distance (time) in four calibrated decade ranges of l/div, 
1 O/div, 100/div, and 1000/div. Concentric expand control provides 
direct read-out in 28 calibrated steps in 1, 2, 5 sequence from 0.01 
ns/div to 1000 ns/div or from 0.01 metre/div to 1000 metres/div. 
Accuracy: time, * 3%; distance (TDR only) * 3%, f variations in 
propagation velocity. 
Marker position: indicator, calibrator in divisions, provides direct 
read-out of round-trip time or distance (time), number of divisions x 
decade range in units/div. 
Marker zero: ten-turn control provides variable reference for marker 
position dial, allows direct read-out of round trip or distance (time) 
between two or more displayed events. 
Zero finder: permits instant location of marker reference. 

35 ps tr TDR, sampling & TDR accessories 
18158, 1817A, 1104A, 1105A, 11068, 1108A & 11098 

Dielectric, TDR only: calibrated for air, e = 1 and for polyethylene, e 
= 2.25. Settings for dielectric constants e = 1 to e = -4. 
Triggering, sampling only: pulses, (50 mV for pulses 5 ns or wider 
for jitter (20 ps; CW, signals from 500 kHz trJ 500 MHz require a t  
least 80 mV for jitter (2% of signal period plus 10 ps, usable to 1 
GHz; CW triggering to12.4 GHzwithHP models1 104A/1106B trig- 
ger countdown. 
Genera I 
Recorder outputs: -100 mV/div; vert and horiz outputs a t  BNC 
connectors on rear panel of mainframe. 
Display modes: repetitive scan, normal or detail; single scan; man- 
ual scan; record. 
Operating environment: same as 180 C/D mainframes. 
Weight: net, 2.3 kg (5 Ib); shipping, 4.5 kg (10 Ib). 
Accessories supplied: one Operating and Service Manual. 

1817A (28 ps tr) sampler specifications 
TDR system (requires 1 ir'c;q Ont OOT) 
System rise time: (35 ps incident measured with 1106B Opt 001. 
Overshoot: < * 5%. 
Internal reflections: (10% with 45 ps TDR, use reflected pulse 
from shorted output. - 
Jitter: (15 ps; with signal averaging, =5 ps. Internal pickup: 
p 50.01. 
Noise: measured tangentially as a percentage of the incident pulse 
when terminated in 50Q and operated in signal averaging mode. < 1% 
on O.OOS/div to 0.02/div; (3% on O.O5/div to O.S/div. 
Low frequency distortion: I f 3%. 
Maximum safe input: 1 V. 
Tunnel diode mount: direct connection of 1106B Opt 001 to 1817A. 
Sampler system 
Rise time: (28 ps. 
Input: 50R feedthrough. 
Dynamic range: 1 V p-p; max safe input, 3 V. 
Low frequency distortion: I f  3%. 
Noise: normal, (8 mV tangential noise on 0.01 V/div to 0.5 V/div, 
noise decreases automatically on 0.005 V/div range; signal average, 
reduces noise and jitter - 2:l. 
Genera I 
Weight: net, 1.4 kg (3 Ib); shipping, 5 kg (11 Ib). 
Accessories supplied: cable, plug-in to sampler, connects sampler 
(1817A) to plug-in (1815B), HP P/N 5060-0441;cable, tunneldiode 
to sampler, connects tunnel diode (1 106B Opt 001 or 1 108A) to sam- 
pler, type N male connectors on each end, H P  P/N 018 17-61603; one 
Operating and Service Manual. 
Recommended accessories 
Trigger source: ext trigger source required for triggering >500 
MHz. 10 GHz source provided by 1104A Trigger Countdown with 
1108A Tunnel Diode Mount. 18 GHz source provided by 1104A 
Trigger Countdown with 1106B Opt 001 Tunnel Diode Mount. 
'Components required for TDR/sampling systems 

'Use any 180 aerie8 mainlrame 



OSClLLOSCOPES 
i 

I 1815B, 1817A, 1104A, 1105A, 1106B, 1108A & 1109B (cont.) 

1105A 

1109B 908A 

1106B Opt 001 (20 PS tr)/l108A (60 PS tr) 

Tunnel diode is required for a TDR system. Refer to sampling head 
specifications for mounting requirements. 
Amplitude (both): >200 mV into 50 R. 
Rise time: 1106B Opt 001 = 20 ps; 1108A, < 60 ps. 
Source impedance: 50 Q, f 2%. 
Source reflections: 1106B Option 001, < 10% with 45 ps TDR, 
1108A, < 10% with 145 ps TDR. 
Weight (both): net, 0.5 kg (1 Ib); shipping, 1.4 kg (3 Ib). 

tunnel diode mounts specifications 

1104A/11066/ 1108A Specifications 
1104A/1106B 18 GHz trigger countdown 

1104A/ 1108A 10 GHz trigger countdown 
Input 

Frequency range: (1106B) 1 GHz to 18 GHz. (1108A) 1 GHz to 
10 GHz. 
Sensitivity: (1106B) signals 1 100 mV to 12.4 GHz, produce < 
20 ps of jitter (200 mV to 18 GHz). (1108A) signals to 50 mV or 
larger to 10 GHz produce < 20 ps jitter. 
Max safe input: k 1 V. 
Input impedance: dc resistance = 50 Q. Reflection from input 
connector is < 10% using a 40 ps TDR system. 
Signal appearing at input connector: 250 mV. 

output 

Connectors 

Center frequency: = 100 MHz. 
Amplitude: typically 150 mV. 

1104A: input, type N male; trigger output, BNC female. 
11066: input, type N male; output, type N female. 
11068 Opt 001: input, APC-7; output, type N female. 
1108A: input, GR Type 874; output type N female. 

1104A: net, 0.9 kg (2 Ib); shipping, 1.8 kg (4 Ib). 
1106B or 1108A: net 0.5 kg ( 1  Ib); shipping, 0.9 kg (2 Ib). 

Weight 

1105A/ 1106B/ 1108A Specifications 
1105A/11068/20 ps pulse generator 

1105A/ 1108A/60 ps pulse generator 
output 

Rise time: = 20 ps with 1106B, (< 60 ps with IlOSA), < 28 ps 
observed with 141 1A/1430C 28 ps Sampler and 909A Option 012 
50 Q termination. 
Overshoot: +7.5% observed on 141 1A/1430C with 909A Option 
012. 
Droop: < 3% in first 100 ns. 
Width: = 3 ps. 
Amplitude: 1 +200 mV into 50 Q. 

Mechanical: (1 106B) Male Type N input connector, Female Type 
N output connector; (1 108A) GR-874 input connector, Female 
Type N output connector. 
Electrical: dc resistance, 50 Q f 2%. Source reflection, < lo%, us- 
ing a 40 ps TDR system. DC offset V, = 0.1 V. 

Amplitude: 2 f0.5 V peak; max safe input 1 V. 
Rise time: < 20 ns required. Jitter < 15 ps when triggered by 1 ns 
rise time sync pulse. 
Width: > 2 ns. 
Input impedance: 200 0, ac-coupled through 20 pF. 
Repetition rate: 0 to 100 kHz; free runs at 100 kHz. 

Output characteristics (1 106B/1108A) 

Triggering 

Accessories supplied (with Model 1105A): 10132A 1.8 m (6 ft) 
50 R cable, Type N Male connectors each end. 
Weight 

1 106B or 1108A: net, 0.5 kg ( I  Ib); shipping, 0.9 kg (2 Ib). 
1105A net, 0.9 kg (2 Ib); shipping, 1.4 kg (3 lb). 

1109B High-pass filter 
The 1109B High-pass Filter transmits only frequencies above 1 

GHz. It is useful for blocking the 100 MHz "kickout" encountered 
when using a tunnel diode countdown to view high frequency signals 
on a sampling oscilloscope. The 1109B is designed for use with the 
Model 1104A/1106B Trigger countdown. 

50 R loads: Models 908A with Type N male connector (4 GHz) and 
909A Option 012 with Type N male connector (18 GHz). 
50 Q adapters: Model 1 1524A has Type N Female and APC-7 con- 
nectors; Model 11525A has Type N Male and APC-7 Connectors. 
Air line extenston: Model 11566A, 10 cm, APC-7 connector. Model 
1 1567A, 20 cm, APC-7 connector. 
Ordering information Price 
1815B TDR/Sampler (calibrated in metres) $2050 

add $10 

1817A 28 ps Rise Time Sampling Head $2500 
1104A Trigger Countdown $350 
1105A Pulse Generator $450 
1106B 20 ps Tunnel Diode Mount (Type N Connector) $650 
l106B Opt 001 (APC-7 Connector) $700 
1108A 60 ps Tunnel Diode Mount (GR-874 Connector) $475 
1109B High Pass Filter $230 
908A 50 Q Termination $55 
909A Opt 012 50 Q Termination $1 10 
11524A 50 Q Adapter $95 
11525A 50 Q Adapter $105 
11566A Air Line Extension $170 
11567A Air Line Extension $195 

Other sampling accessories 

Opt 910 additional Operating and Service Manual 
covers 1815B and 1817A 



180 Spectrum Anal] 
Models 8557A 81 I 

Economic spectrum analysis 0.01 to 1500 MHz 
- Cirnnln '2 Cn-h nnnratinn notional  75Q inout imDedance 

Resolution bandwidths from 1 kHz to 3 MHz 

The 8444A Option 058 Tracking Generator provides a calibrated 
R F  signal matching exactly the 8558B analyzer tuned frequency. 
This makes swept frequency tests, such as insertion loss and return 
loss measurement, possible over 0.5 to 1300 MHz frequency range. 
The 8444A Option 058 is specified on page 502. 

. VIIIIJ-llr, " ..,IVY " y . . n U L ' " . '  

Direct signal power display in dBm 
r -  r - - r -  - - - -  

Companion tracking generator (for 85588 only) 

85588 

BASELINE VIOL0 

8557A 

8558B and 8557A Spectrum Analyzers 
The 8557A/8558B Spectrum Analyzers plug into any 180 series 

oscilloscope mainframe to provide low cost 0.01 to 350 MHz or 0.1 to 
1500 MHz performance with high amplitude and frequency accura- 
cy, and they're easy to use. 
Simple three knob operation 

For most measurements only three controls are required; one for 
amplitude calibration and two for frequency calibration. The center 
or start frequency of the display is shown on a digital readout, and the 
analyzer automatically selects the resolution bandwidth and proper 
scan time to provide calibrated measurements with any desired fre- 
quency scan. 
Absolute amplitude calibration 

Signal levels can be read directly from the CRT display in dBm (or 
dBmV for option 002) without the use of external standards or calcu- 
lations. The signal level represented by the top CRT graticule line is 
always indicated by the reference level control, and scale factors of 10 
dB/div, 1 dB/div, and linear can be selected. 

Optional 75 ohm input impedance 
Two options are available which allow measurements in 75 ohm 

svstems: Oution 001 has 75 ohm imuedance and retains the dBm DOW- 

8557A and 85588 Specifications 
Frequency specifications 
Frequency display span: (on a IO-division CRT horizontal axis): 

8557A: (full span, 0.01-350 MHz), 12 calibrated spans from 20 
MHz/div to 5 kHz/div in a 1, 2, 5 sequence; 8558B: 14 calibrated 
spans from 100 MHz/div to 5 kHz/div. In 0 kHz/div both analyz- 
ers become fixed-tuned receivers. 

Digital frequency readout: indicates center frequency or start fre- 
quency of the frequency display scan. 
Stability: 

Residual FM: less than 1 kHz peak-to-peak for time 50.1 sec. 
Noise sidebands: more than 75 dB (8557A), 65 dB (8558B) be- 
low CW signal, 50 kHz or more away from signal with a 1 kHz 
resolution bandwidth and full video filter. 

Bandwidth ranges: 3 dB resolution bandwidths of 1 kHz to 3 
MHz in a 1, 3, 10 sequence. 
Resolution bandwidth selectivity: 60 dB/3 dB resolution band- 
width ratio <15:1. 
Video filter: post-detection filter used to average displayed noise. 

Resolution 

Amplitude specifications 
Absolute amplitude calibration range 

Log callbration range: from -117 dBm to +20 dBm (8557A), 
+30 dBm (8558B) in 10 dB steps. Reference level vernier, 0 to -12 
dB continuously. 
Log display ranges: 10 dB/div on a 70 dB display, and 1 dB/div 
on an 8 dB display. 
Dynamic range 
Average noise level: (-107 dBm with 10 kHz resolution band- 
width (0 dB input attenuation). 
Spurious responses: for input signal level 5 Optimum Input 
Level setting, all image and out-of-band mixing responses, harmon- 
ic and intermodulation distortion products are more than 70 dB be- 
low input signal level, 1 MHz to 350 MHz (8557A), 5 MHz to 1500 
MHz (8558s); 60 dB below, 20 kHz to 1 MHz (8557A), 100 kHz 
to 5 MHz (8558B). 
Residual responses: (no signal present a t  input): (-100 dBm 
with 0 dB input attenuation. 

Amplitude: -30 dBm 1.0 dB. 
Frequency: 250 MHz (8557A), 280 MHz (8558B) +SO kHz, 
crystal controlled. 

Calibrator 

Input specifications 
Input impedance: 50Q nominal. 
Typical reflection coefficient (0.27 (1.74 SWR) 8557A, (0.20 (1.5 
SWR) 8558B for all Optimum Input Level settings except -40 dBm 
(0 dB Input Attenuation). 
Input connector: BNC female (8557A), type N female (8558B). 
Input attenuator: 50 dB range (8557A). 70 dB range (8558B). 

i r  calibration; Option 002 has 75 ohm impedance with the amplitude 
calibrated in dBmV for measurements in systems such as CATV. Price and further information: see pages 500 & 502. 



OSCILLOSCOPES 
500 kHz General Purpose 
Models 12008, 12018 & 1205B 

I 
i 

12008 

I__- 

12018 

1200B, 1201B, 12058 Specifications 
Vertical amplifiers 
Modes of operation: channel A; channel B; channels A and B (ei- 
ther Chop or Alternate triggered by channel A), Chop frequency is 
-100 kHz; channel A vs B (A-vertical, B-horizontal). 
Bandwidth: dc-coupled, dc to 500 kHz; ac-coupled, 2 Hz to 500 kHz. 
A bandwidth limit switch (1200 and 1201) selects upper bandwidth 
to -50 kHz or 500 kHz. 
Rise time: 0.7 ps max. 
Deflection factor 

Ranges (1200 and 1201): from 0.1 mV/div to 20 V/div (17 posi- 
tions) in 1, 2, 5 sequence. 
Ranges (1205): from 5 mV/div to 20 V/div (12 positions) in 1,2,5 
sequence. 
Attenuator accuracy: f 3% with vernier in Cal. 
Vernier: extends max deflection factor to a t  least 50 V/div. 

Noise (1200 and 1201): (20 FV measured tangentially at full 
bandwidth. 
Input: differential or single-ended on all ranges. 
Common mode 

Frequency: dc to 10 kHz. 
Rejection ratio 
1200 and 1201: 100 dB (100 000 to 1) with dc-coupled input on 
0.1 mV/div range, decreasing by (20 dB per decade of deflection 
factor to a t  least 40 dB on the 0.2 V/div range; CMR is at least 30 
dB on 0.5 V/div to 20 V/div ranges. Max signal is +- 10 V (dc + 
peak ac) on 0.1 mV/div to 0.2 V/div ranges; f400 V (dc + peak 
ac) on all other ranges. 

1205: 50 dB with dc-coupled input on 5 mV/div to 0.2 V/div 
ranges; CMR 2 3 0  dB on the 0.5 V/div to 20 V/div ranges. Max 
signal is f 3  V (dc + peak ac) on 5 mV/div to 0.2 V/div ranges; 
f 300 V (dc + peak ac) on all other ranges. 

Input coupling: selectable AC, DC, or OFF for + and - inputs. 
Input RC: -1 MQ shunted by =45 pF. 
Max input: +400 V (dc + peak ac). 
internal trigger source: on channel A signal for A, Chop, and Al- 
ternate displays, on channel B signal for B display. 
Isolation: >80 dB between channels a t  500 kHz, with shielded input 
connectors. 
Phase shift: A vs B mode, < l o  to 100 kHz with verniers in Cal. 

Time base ' 

Sweep 
Ranges: from 1 psldiv to 5 s/div (21 positions) in 1,2,5 sequence; 
+- 3% accuracy with vernier in Cal. 
Vernier: extends slowest sweep to a t  least 12.5 s/div. 
Magnifier: direct reading XI0 magnifier expands fastest sweep to 
100 ns/div with & 5% accuracy. 

Internal: 50 Hz to above 500 kHz on most signals causing 0.5 div 
or more vertical deflection. Triggering on line frequency also selec- 
table. 

Automatic triggering 
Baseline is displayed in absence of an input signal. 

External: 50 Hz to above 1 MHz on most signals 20.2 V p-p. 
Trigger slope: positive or negative slope on internal, external or 
line trigger signals. 



- - 
vertical deflection. 
External: dc to 1 MHz on signals 2 0 . 2  V p p .  Input impedance - 1 
MQ shunted by -20 pF. 
Trigger level and slope: internal, a t  any point on vertical wave- 
form displayed; or continuously variable from + 100 V to -100 V on 
either slope of the external trigger signal. 
Trigger coupling: dc or ac for external, line, or internal triggering. 
Lower ac cutoff is 2 Hz for external; 5 Hz for internal. 

Single sweep: selectable by front panel switch. Reset switch with 
armed indicator light. 
Free run: selectable by front panel switch. 
Max Input: f 350 V (dc + peak ac). 

Horizontal amplifier 
Bandwidth: dc-coupled, dc to 300 kHz; ac-coupled, 2 Hz to 300 kHz. 
Deflection factor: ranges, 0.1 V/div, 0.2 Vfdiv, 0.5 V/div, and 1 
V/div. Vernier, extends max deflection to a t  least 2.5 V/div. 
Max input: ? 350 V (dc + peak ac). 
Input RC: -1 MD shunted by -20 pF. 
Input: single-ended on all ranges. 

Cathode-ray tube and controls 
Beam finder: returns trace to CRT screen. 
Intensity modulation: +2 V signal blanks trace of normal intensity, 
+8V signal blanks any intensity trace. DC-coupled rear panel input; 
amplifier rise time, -200 ns; input R -5 Id2. 

Standard CRT, 1200, 1205 
Type: mono-accelerator, a 3 0 0 0  V accelerating potential, P-31 phos- 
phor standard. 
Graticule: 8 x 10 div internal graticule, 0.2 subdivision markings on 
horizontal and vertical major axes; 1 div = 1 cm. 

Variable persistence/storage CRT, 1201 
Type: post-accelerator, variable persistence storage tube; w 10.5 kV 
accelerating potential; aluminized P-31 phosphor. 
Graticule: 8 x 10 div internal graticule, 0.2 subdivision markings on 
major axes; 1 div = 0.95 cm. 
Persistence storage characterlstlcs 
(Referenced to a centered 7 x 9 div area in STD mode and to 2 cen- 
tered 6 x 8 div area in FAST mode.) 

Amplitude selection triggering Perslstance: conventional, -40 ps; variable, continuously variable 
from 0.2 s to > 1 min. in STD mode; and from 0.2 S to 15 S in FAST 
mode. 
Storage writing speed: STD, 20 div/ms; FAST, 0.5 divlps. 
Brightness: 343 cd/m2 (100 fl) in write mode. 
Storage time: STD writing speed variable from -1 min. to >2  hr. 
FAST writing speed, variable from 15: 1 15 s to > 15 min. 
Erase: pushbutton erasure takes ~ 1 . 2  s. Write gun is blanked and 
sweep is reset until erasure is completed. 

General 
Calibrator: 1 V f 1.5% line frequency square wave. 
Size: 133 H x 483 W x 466 mm D overall; 423 mm D behind front 
panel (5'/=" x 19" x 185/,,"; 165/,"). 
Power: 1 151230 V f 10%,48 to 440 Hz, 150 VA max. 
Weight: 

Internal: dc to above 500 kHz on signals causing 0.5 div or more 

12008, 12058: net, 10.2 kg (2214 Ib); shipping, 15.9 kg (35 Ib). 
12018: net, 12.5 kg (27l/, Ib); shipping, 18.2 kg (40 Ib). 

Vertical output signals specifications (Opt 015)  
Output: 0.3 Vfdiv f lo%, 0 V offset unaffected by position setting. 
Bandwidth: dc to 500 kHz. 
Dynamic range: f 3.5 V. 
Max slewing rate: 12 V/ps with 300 pF load. 
Min load RC: 10 M shunted by -300 pF. 
Source impedance: -300 0. 

Options Price 
006: rear input terminals wired in parallel with front add $60 
panel vertical and horizontal input terminals. Vertical 
input shunt capacitance is increased to ~ 1 0 0  pF. Hori- 
zontal input shunt capacitance is increased to a 7 5  pF. 
009: storage model only, remote erase through rear 
panel banana jack, shorting to ground provides erasure 
(not compatible with Opt 006). 
015: vertical channel signal outputs through rear panel 
connectors. 
9 1 0  additional Operating and Service Manual 

add $25 

add $125 

12008 add $12 
12018 add $12 
12058 add $13 

$1725 
$2700 
$1625 

Ordering information 
12008 Dual Channel, 100 pV Oscilloscope 
12018 Dual Channel, 100 pV Storage Oscilloscope 
12058 Dual Channel, 5 mV Oscilloscope 



OSCllLhOSCOPES 
15 MHz dual channel, general purpose 
Models 1220A & 1222A 

X-Y Operation 
TV Sync 

0 Auto or Normal trigger selection (1222A) 

A +- B Operation (1222A) 
Delay line (1222A) 

1222A 

1220A, 1222A Description 
Hewlett-Packard Models 1220A and 122214 dual channel 15 MHz 

oscilloscopes are high quality instruments with the performance nec- 
essary for a wide variety of applications. Features include a large 8 x 
I O  cm internal graticule for no-parallax measurements, 3% vertical 
attenuator accuracy, 4% horizontal accuracy, calibrated sweep times 
from 0.5 s/div to 0.1 psldiv, dc coupling, automatic triggering, a 
sweep magnifier to expand the display up to ten times for detailed 
analysis, a pushbutton beam finder, X-Y display capability and TV 
Sync separator. 

The ability of the 1220A to measure and compare input and output 
signals makes it an excellent choice for basic electronic laboratories, 
service, production, and educational purposes. Model 1222A includes 
a delay line that allows viewing of the leading edge of the pulse that 
triggered a sweep and provides selection of automatic or normal trig- 
gering. Measurements in the design and checkout of logic systems 
such as calculators and appliance controllers are easily made with the 
1222A. 

Easy operation 
The human engineered front panel with functionally grouped con- 

trols and color-coded pushbuttons makes measurements easier and 
faster. Inputs are protected to 350 V, reducing chances of accidental 
electrical damage. Automatic triggering assures that a base-line is 
present even in the absence of a signal or if the trigger level control is 
set beyond the range of the trigger signal. And, although the oscillo- 
scopes operate in either a chopped or alternate mode, with automatic 
triggering the operator need not concern himself with making a 
choice since the Time/Div switch automatically selects the best dis- 
play mode. 

The basic stability of the solid-state circuits and components used 
throughout is such that internal adjustments have been reduced to a 
minimum. This decreases calibration requirements and provides real 
savings over the oscilloscope's lifetime. Recalibration, when neces- 
sary is simple and straightforward. 
Triggering 

Even though the instruments are easy to operate, these oscilloscopes 
have the flexibility for multi-purpose use. The operator can select the 
source of sweep trigger (internal, external, ac line, TV) and he can 
select the trigger slope, adding to the oscilloscope's versatility by al- 
lowing triggering on either the positive or negative going transitions 

of the signal. Further flexibility is added by the ability to preset the 
signal amplitude required to trigger the sweep, assuring that pertur- 
bations below the desired amplitude will not trigger the oscilloscope. 

With automatically triggerd sweep, displays are stable because the 
observed signal itself determines when a sweep should start. Auto- 
matic triggering produces a free running trace in the absence of a 
signal for fast setup. It locks onto any input signal of the proper polar- 
ity and amplitude. 

CRT 
The internal 8 x 10 cm CRT graticule eliminates parallax errors 

that occur when the graticule is external to the CRT. The 3% vertical 
accuracy combined with the no-parallax graticule enables the oscillo- 
scope to be used as a voltmeter as well as for waveform display. CRT 
beam intensity can be modulated through a rear panel Z-axis input. 

X-Y Inputs 
Phase shift measurements through the vertical amplifiers in the 

1222A permit maximum measurement flexibility with the wide selec- 
tion of deflection factors. In the 1220A, external signals can be ap- 
plied to the horizontal deflection amplifiers. This X-Y capability 
permits X-Y plots for Lissajous figures with a phase shift of less than 
3" to 100 kHz. 

TV sync 
The built-in TV sync separator assures stable, automatic triggering 

on frame or line for convenient TV troubleshooting. With the instru- 
ment's times-ten magnifier, signals can be pulled out easily. The cali- 
brated time base makes it easy to identify timing problems in vertical 
or horizontal TV circuits. The external horizontal input allows vector 
presentations of color CRT drive signals. Dual channels make it easy 
to set color demodulator circuits. 

Rugged lightweight design 
These oscilloscopes are, except for the CRT, entirely of solid-state 

design, resulting in low power consumption. The consequent low heat 
has made possible a rugged, lightweight cabinet with a vinyl-clad alu- 
minum cover that is resistant to shock and moisture. A convenient 
side-panel handle and stabilizing feet on the opposite side make han- 
dling easy. This allows these oscilloscopes to be used in areas where 
ruggedness is a necessity. These areas include production lines, nu- 
merically controlled machinery, process control equipment, auto- 
motive, aircraft and marine electronics, and communications. 
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EXPAWDER 
Cal. 
Cal. 
t W  

1220A 

XMODE DEFLECTION 
ATTENUATOR FACTOR 

1:l 1 V/div 
1:IO 10 V/div 
1:l 100 mV/div 

Optional Accessories 
General purpose probing is provided with the Model 10013A 1O:l 

divider probe with an input impedance of 10 megohms shunted by 
only 13 pF. It extends input range to 100 V/div and multiplies input 
impedance without degrading frequency response. An optional front 
panel cover, Model 101 17A, is available for protection during trans- 
portation and to provide storage space for probes and other accesso- 
ries. With a rack mount kit, Model 101 19A, the oscilloscopes can be 
mounted in only 22.2 cm in.) of vertical space. Model 10116A 
light shield is available for viewing in brightly lighted areas. 

1220A, 1222A Specifications 
Modes of operation 
Channel A; channel B; channel B inverted (1222A); channel A f B 
(1222A); channels A and B displayed alternately on successive 
sweeps (Alt); triggering by A channel; channels A and B displayed by 
switching between channels at approx 200 kHz rate with blanking 
during switching (Chop). Automatic selection of alternate or chop 
mode-chop, at speeds from 0.5 s/div to 1 ms/div, alternate, 0.5 
ms/div to 0.1 psldiv. 

Vertical amplifiers (2) 
Bandwidth (3 dB down from 50 kHz, 6 div reference signal from a 
terminated 50Q source.) 

DC-coupled: dc to 15 MHz. 
AC-coupled: lower limit is 4 2  Hz. 

Rise time: ~ 2 3  ns (measured from 10% to 90% points of 6 div input 
step from a terminated 50Q source). 
Deflection factor 

Ranges: from 2 mV/div to 10 V/div (12 calibrated positions) in 1, 
2, 5 sequence. ?3% Accuracy with vernier in cal position on 20 
mV/div to 10 mV/div ranges, k 5% on 2 mV/div, 5 mV/div, and 10 
mV/div ranges. 
Vernier: extends max deflection factor to at least 25 V/div. 

Polarity (1222A): Channel B may be inverted. 
Signal delay (1 222A):. input signals are delayed sufficiently to view 
leading edge of input signal without advanced external trigger. 
Input RC: AC or DC, ~1 MQ shunted by a 3 0  pF. 
input coupling: AC, DC, or GND. 
Maximum input: f 350 V (dc + peak ac). 
A + B operation (1222A): bandwidth and deflection factors are un- 
changed; channel B may be inverted for A - B operation. 
Differential (A - B) common mode (1222A): CMR is at  least 30 
dB from dc to 1 MHz. 

Time base 
Sweep Ranges: from 0.1 psldiv to 0.5 s/div (21 ranges) in 1, 2, 5 
sequence; f 4% accuracy over full scale with Magnifier/Expander in 
calibrated position. 
Sweep trigger mode: sweep is triggered by internal or external sig- 
nal. Bright baseline displayed in absence of input signal except with 
1222A in Normal triggering mode. 

Triggering 
Internal: a 2  Hz to 15 MHz on signals with 2 1  div vertical deflec- 
tion. 

External: a 2  Hz to 15 MHz on signals of 0.1 V p-p or more. 
External input RC: a1 MQ shunted by =30 pF. 
Line: triggers on line frequency. 
TV sync: separator for + or - video, requires 1 div of video signal to 
trigger, automatic frame (0.5 s/div to 100 ps/div) and line select (50 
psldiv to 0.1 ps/div). Usable also as a low pass filter. 
Level and Slope 

Internal: at any point on the positive or negative slope of the dis- 
played waveform. 
External: continuouslyvariable from +0.5 V to -0.5 V on either 
slope of the trigger waveform; +IO extends trigger range to +5 V to 
- 5  v. 

Calibrated X-Y operation (1222A) 
Operation is via channel A (X-axis) and channel B (Y-axis). 
Bandwidth: X-axis dc to 1 MHz, otherwise see Vertical Amplifiers 
Bandwidth specifications. 
Accuracy: see Vertical Amplifiers Deflection Factor specifications. 
X-Y phase shift (3" at  100 kHz. 

Cathode-ray tube and controls 
Type: mono-accelerator, -2 kV accelerating potential, P3 1 phos- 
phor. 
Graticule: 8 x 10 cm internal graticule; 0.2 cm subdivisions on major 
horizontal and vertical axes. 
Beam finder: returns trace to CRT screen. 
Intensity modulation: +5 V (TTL compatible) 2 Hz to 1 MHz 
blanks trace of any intensity. Input R a 1 kQ. Max input, 7 V rms, 
ac-coupled. 

External horizontal input (1220A) 
Bandwidth: dc to 1 MHz. 
Coupling: dc 

Continuous adjustment between range8 by Expander 

input RC: a 1  MQ shunted by a 3 0  pF. 
X-Y Phase shift: (3" at 100 kHz. 

General 
Probe adjust: 40.5 V p-p, 1 kHz square wave for adjusting probe 
compensation. 
Power: 100, 120,220,240 V, +5%, -10%. 60 VA max. 
Weight 

1220A: net, 7.3 kg (16 lb); shipping 10 kg (22 Ib). 
1222A: net, 7.3 kg (16 Ib); shipping 10 kg (22 Ib). 

Size: 181 H x 311.2 W x 412.8 mm D (71/d' x 12%" x 16%"). 
Accessories furnished: one blue light filter, one power cord, one 
fuse for 100 V, 120 V, 220 V or 240 V operation, and one Operating 
and Service Manual. 

Environment 
Operating temperature: 0°C to +45"C (+32"F to 113°F). 
Non-operating temperature: -40°C to +75"C (-40°F to 
+167'F). 
Relative humidity: to 95% at +40°C (+104'F). 
Altitude: to 4600 m (1 5 000 ft). 
Vibration: vibrated in three planes for 15 minutes each with 0.254 
mm (0.01 in.) excursion, 10 to 55 Hz. 
Accessories available Price 
10116A Light Shield. $13 
10117A: Front Panel Cover $28 
10119A Rack Mount Kit $80 
Note: Probes are not supplied 
10013A 101 Divider Probe recommended $45 
Ordering information 
1220A Dual Channel Oscilloscope $795 

Opt 9 1 0  extra Operating and Service Manual 

Opt 910: extra Operating and Service Manual 

add $7 
1222A Dual Channel Oscilloscope $895 

add $7 



OSClLLOSCOPES 
Probes and other oscilloscope accessories 

1 0 0 2 6 A  

1 0 0 1 7 A  

Typical miniature 5(H2 probe, left, and 10:1 divider probe, right (accessories shown are  supplied with each probe). 

ble which makes the traditional slip-on insulators for protection 
against shorts unnecessary. With the barrel insulator retracted, the 
ground spring configures the probe with a very short ground lead for 
high-frequency point-to-point probing. 

With the barrel insulator in the forward position, the probe is used 
with the 20 cm flexible ground lead for probing where this type of 
grounding allows adequate response fidelity. The probe tip makes 
positive metallic contact to narrow conductors and oenetrates com- 

Miniature oscilloscope probes 
Small, lightweight 

Hewlett-Packard’s series of miniature, oscilloscope probes easily 
access test points in densely populated circuits. These small, 
lightweight probes, which fit in the hand much like a pencil, simplify 
previously difficult measurements. The basic probe is a small (2.4 
mm diameter, 25 mm long) cylinder with a needle-like tip which is 
used with a variety of interfacing/insulating accessories to meet a va- 
riety of testing situations. The narrow body provides easier access to monly-used protective coatings while the extended ;nsulating sleeve 
test points in congested areas without worrying about accidental prevents shorts to closely-spaced adjacent leads. 
shorts to adjacent leads. With the barrel insulator retracted and using the flexible 
Conventional probing ground lead, the probe may be used with the slip-on hook tip 

An insulating sleeve added to the basic probe provides a miniature (figure 1) for attaching to various component leads. For moni- 
version of the traditional oscilloscope probe. In this configuration, the toring signals on dual in-line packages, a slip-on IC probe tip 
probe looks and handles like a small-scale version of the traditional adapter allows connection to closely spaced leads without shorting 
oscilloscope probe except that the forward barrel insulator is retracta- (figure 2). 

I OSCILLOSCM/MINIATLRE PROBE CLlWA‘IBILITV AND PROBE CHARACTERISTICS I I I 

All Scopes with 
509 .nputs and 
signal sources 
(with a 509 source 
impedance) 

1W26A 1 m (3.3) 1:l 509 2Amps $45 

100271 2 m (6.6) 1:l 509 2 Amps $45 

Accessaies nppkd rrith each me: one retractable hook tip. one IC probe tip adapter. one alligator clip, one 20 cm (8”) ground lead, four indicator sleeves (A, B, C, 0). one grounding spring, and one 
Operating Note. 

*These miniature probes may be used with other oscilloscopes and test instruments with the proper input capacitance with no noticeable bandwidth degradation. However, due to variations of input 
characteristics, the probes may require recalibration for optimum performance. 



10024A IC Test Clip 
DIP probing 

By removing the probe‘s insulating sleeve and using the accessory 
clip (10024A), you can monitor points on 14- and 16-pin DIP’S with 
improved pulse fidelity (figure 3) and without worrying about short- 
ing adjacent pins. 

In this application, the clip is installed on the DIP, a circuit inter- 
face pin is inserted into the appropriate position, and one or more 
probes are inserted to contact the desired package leads. The circuit 
interface pin contacts reference planes in the clip to provide a ground 
reference for any probe inserted in the clip. This grounding arrange- 
ment is extremely effective; high-speed pulse fidelity achieves a level 
previously associated only with probe-to-BNC adapters or high fre- 
quency, point-to-point probing. In addition, the clip makes it ex- 
tremely easy to monitor two channel signals while using a third probe 
to provide an external trigger signal. 

Figure 1 .  With the slip-on hook tip and flexible ground lead in 
place, the miniature probe can be used like a conventional probe 
for attachment to test points or component leads. 

Figure 2. The slip-on IC probe tip adapter provides convenient 
connection to closely spaced leads on DIP’S without shorting. 

Figure 3. Miniature probes with insulating sleeves removed are 
held in place on an IC lead by the optional IC clip. The circuit inter- 
face pin in the right hand corner of the clip can be inserted at any 
lead position to ground reference planes that contact the barrel of 
the probe(s). Rise times as short as 1.3 ns are preserved by this 
arrangement. The hand held probe’s insulating tip has been re- 
tracted to allow the spring ground tip to establish a ground-refer- 
ence point at the end of the barrel for measurements of high 
speed signals. 

The circuit interface pins have a section of insulation which allows 
them to be inverted from the grounding position for using other types 
of probes to couple signals into or out of an IC. When the circuit 
interface pins are used in this position they are isolated from the 
ground bus in the IC clip. 

By using the 50Q, 1:l probes, you can insert signals from a pulse 
generator to determine the IC‘s response. In other applications, the 
circuit containing the IC may be removed from the instrument and it 
can be powered through the 50Q probes, the IC clip, and the interface 
pins. This means that the IC clip, circuit interface pins, and miniature 
probes provide you with a complete testing system for locating IC 
faults. 

Additional circuit interface pins are available in packages of 12 pins 
SO that the clip can be used with other instruments. Each pin has a tip 
on each end so that probes such as those on HP Logic State Analyzers 
can be connected for fast, functional checks of circuit operation. 

Digital trigger probes 
Model 10250A (TTL) 4-bit Trigger Probe is a useful service, pro- 

duction, and design troubleshooting tool that offers digital pattern 
triggering to enhance the use of oscilloscopes, logic analyzers, and 
other test equipment. 

The compact Model 1230A 8-bit Logic Trigger unit generates a 
trigger output pulse (TTL compatible) from parallel digital pattern 
recognition with digital delay capability for oscilloscopes or other ex- 
ternally triggered test equipment. 

For 4- and 8-bit parallel trigger probe specifications and prices re- 
fer to page 143. 

Miniature probe accessories 
Probe tip adapter kits: to increase probing versatility, Models 
10036B and 10037B probe tip adapter kits are supplied with an as- 
sortment of 6/32 screw-on tips with 6/32 to slip-on adapters which 
permit their use with both miniature and standard probes that accept 
slip-on tips. Refer to page 187 for ordering information. 

Ordering information Price 
10024A IC Test Clip for easy probing of dual in-line $15 
packages; includes 4 insulated circuit interface pins. 
10024-69501 Interface Pin Kit for 10024A; includes 12 $16 
interface pins. 
1250-1454 BNC to probe adapter permits the minia- $8.25 
ture probes to be connected to BNC connectors to 
maintain fast pulse response. 



~ OSClLLOSCOPES 
Probes and other accessories (cont.) 

10028A Jumper Cable is supplied with the same probe tip acces- 
sories as the miniature probes shown on page 182. A slip-on IC 
probe tip adapter provides easy access to IC leads. 

Multipurpose accessories 
10028A Jumper cable 

Model 10028A 50 ohm 610 mm (24 in.) miniature probe/jumper 
cable is designed primarily for bypassing suspected faulty circuits in 
densely populated IC circuits. The basic tip on either end of the cable 
inserts directly into a 10024A IC Test Clip, allowing easy temporary 
connections between IC's without the danger of shorting between 
pins. The cable can also be used as a 50 ohm 1: 1 probe to insert signals 
from an external source or as an input source to an external measur- 
ing device. For the latter uses, Probe Tip to BNC Adapter (HP P/N 
1250-1454) is available. 

10019A BNC-to square-pin cable assembly 
Model 10019A cable assembly is designed for connecting test 

equipment to 0.64 mm - 0.76 mm (0.025 in. - 0.030 in.) square pin 
signal nodes or to integrated circuits through the 10024A IC Test 
Clip. This adaptable cable assembly is primarily used as: 

a. A signal pick-off device for applying circuit signals to the input of 
test equipment such as oscilloscopes, voltmeters, etc. An application 
is the checking of voltages on computer back plane pins. 

b. A signal insertion cable for inserting signals into suspected faulty 
circuits from power supplies, pulse generators, etc. Used in conjunc- 
tion with Model 10024A IC Test Clip, signals are easily inserted into 
the proper IC leads. 

For applications requiring greater separation between the circuit 
nodes and the instrumentation, the 10019A may be extended by using 
a BNC-to-BNC adapter (HP P/N 1250-0080) and a 50 ohm test 
cable such as the 122 cm (48 in.) Model 11 170C. And when the test 
equipment hookup requires a dual banana plug, BNC-to-Dual Ba- 
nana Plug Adapter (HP P /N  1251-2277) is available. 

10017-67603 Coaxial Adapter cable 
H P  P/N 10017-67603 is a 230 mm (9 in.) slip-on adapter cable for 

standard H P  probes that provides a coaxial interface to 0.64 mm 
(0.025 in.) square pin circuit nodes. The adapter is ideal for probing 
computer back planes as well as wire wrap terminals. 

10017-67604 Coaxial Adapter 
H P  P/N 10017-67604 allows standard size probe tip accessories to 

be used with H P  miniature probes. With the retractable insulating 
barrel removed from the miniature probe and replaced with the 
10017-67604 adapter, the probe slides directly onto the standard size 
probe tip accessories. 

Ordering Information Price 

1250-1454 Probe Tip to BNC Adapter $8.25 
10028A Jumper Cable $45 

1001 9A Cable Assembly $20 
10017-67603 Adapter Cable $20 
10017-67604 Adapter $5 

$4.90 
$17 

125 1-2277 BNC to Dual Banana Plug Adapter $10 

1250-0080 BNC to BNC Adapter 
11 170C 50 ohm BNC to BNC cable, 122 cm, (48 in.) 

Standard probes 
For measurements in standard circuits where miniature probes are 

not a requirement, Hewletf-Packard offers a wide selection of stan- 
dard size probes. 

1000 1 - 10003A 

10004D- l0006D, 100 14A, 100 168 

100078, 10008B 



Standard probe/instrument compatibility 
I ! ,  

D i V h  Input R* 
Ratio (Ohms) 

5:l 250 
1O:l 500 

1:l 50 

Notes: 
X Indicates that probe will maintain the bandwidth of the instrument 
L Indicates that probe may limit the bandwidth of the instrument. 

Standard divider Drobe sDecifications 

D i V i S i i  Mar V** Input c 
Accuracy (m) (PF) 

6 
f 3% 9 4 . 7  
f 3% 12 

- - 

~~ 

20:l 
501 
1001 

1000 f 3% 15 
2500 f 3% 25 
5000 f 3% 35 

‘When terminated in 50 ohms. 
“Limited by power dissipation of resi8tive element. 

Probe length (overall): = 121.9 cm (4 ft). 
Weight: net, 0.45 kg (1 lb); shipping, 1.36 kg (3 Ib). 
Accessories supplied: blocking capacitor, BNC adapter tip, 6-32 
adapter tip, alligator tip, boot extension, cable assy’s 5.1 cm (2 in.) 
and 15.2 cm (6 in.) ground, spanner tip, insulating cap, colored sleeve. 

10020A Resistive Divider Probe Kit $190 

1 120A 500 MHz active probe 
For probing high source impedancaes at  high frequencies, the Mod- 

el 1120A 1:l active probe provides a probe tip impedance of 100 kQ 
shunted by approx 3 pF at 100 MHz. When used with the 1O:l or 
1OO:l divider tips, the shunt capacitance is (1 pF at  100 MHz. The 
50 ohm output provides the optimum impedance match for 50 ohm 
input plug-ins for accurate measurements. Power is supplied by in- 
struments with probe power jacks or the 1122A probe power supply. 

1120A Specifications 
(Measured with output connected to a 50Q load.) 
Bandwidth: (measured from a terminated 50Q source) dc-coupled, 
dc to >500 MHz; ac-coupled, < 1.5 kHz to >500 MHz. 
Pulse response: (measured from a terminated 50Q source) transi- 
tion time, t0.75 ns; perturbations, < f 10% measured with 1 GHz 
sampler. 
Dynamic range: f 0.5 V with k 5 V dc offset. 
Noise: = 2.5 mV (measured tangentially). 
input RC: 100 kQ, shunt capacitance = 3 pF at 100 MHz; with 1O:l 
or 1OO:l dividers, shunt capacitance is (1 pF at 100 MHz. 
Maximum input: f 80 V. 
Weight: net, 1.8 kg (4 lb); shipping, 3.2 kg (7 lb). 
Power: supplied by oscilloscopes with probe power jacks or a Model 
1 122A probe power supply. 
Length: 1.2 m (4 ft) overall; with Option 001, 1.8 m (6 ft). 

Accessories furnished 
Model 10241A 1 0 1  divider: increases input R to = 1 MQ shunted 
by (1 pF at 100 MHz. 
Model 10243A 1001  divider: increases input R to = 1 MQ shunt- 
ed by (1 pF at 100 MHz. 
Model 10242A bandwidth limiter: reduces bandwidth to = 27 
MHz shunted by = 6 pF and reduces gain (2%. 
Also included: slip-on hook tip, 6.4 cm (2.5 in.) ground lead, spare 
probe tips, a slip-on BNC probe adapter, and a probe divider adjust- 
ment tool (PN 5020-0570). 

Ordering information 
ll20A 500 MHz Active Probe 
112OA Opt 001, 1.8 m (6 ft) length 

Price 
$650 

add $35 



OSClLLOSCORES 
A Probes and other accessories (cont.) 

B 

a 

1 124A 

1 1  10A 

1 124A 100 MHz active probe 
Model 1124A Active Divider Probe provides high voltage, general 

purpose probing capabilities for instruments having 50 ohm inputs 
without selectable high impedance inputs. This 10 megohm 10 pF 
probe allows direct measurements of 100 volts, in the 1OO:l division 
ratio mode, from dc to 100 MHz. In the 10:l division ratio mode, 
input voltage range is f 10 volts. Power is supplied by instruments 
with probe power jacks or the 1122A probe power supply. 

(Measured when connected to a 50Q load.) 
Bandwidth: (measured from a terminated 50Q source) dc-coupled, 

1 124A Specifications 

dc to 100 MHz; ac-coupled, 2 Hz to 100 MHz. 
Pulse response: (measured from a terminated 50Q source) transi- 
tion time, (3.5 ns; perturbations, 5% p-p. Measured with pulse tran- 
sition time of >2.5 ns. 
Attenuation ratio: 10:I f5%; 10O:l f 5 % .  
Dynamic range: X10, f 10 V; X100, f 100 V. 
Input RC: 10 MQ shunted by e 10 pF. 
Maximum safe input 

DC-coupled: X10, f 3 0 0  V (dc + peak ac) 1100  MHz; X100, 
f 500 V (dc + peak ac) 5 100 MHz. 
AC-coupled: X10, f 300 V (dc + peak ac) 5 100 MHz. DC com- 
ponent must not exceed 5200  V; X100, f 5 0 0  V (dc + peak ac) 
1 100 MHz. DC component must not exceed ? 200 V. 

Accessories supplied: one 20.3 cm (8 in.) ground lead, one retrac- 
table hook tip, and two probe tip insulating caps. 
Power: supplied by instruments with probe power jacks or Model 
1 122A probe power supply. 
Weight: net, 0.2 kg (5 02.); shipping, 0.91 kg (2 Ib). 
Length: c 1.5 m (5 ft) overall. 
Available accessory: 10131B 91.4 cm (36 in.) extender cable (refer 
to 1 122A Probe Power Supply). Required for use with 1700 oscillos- 
copes with probe power option. 
1 122A Probe power supply 

1122A Specifications 

Model 11 22A is a regulated power supply that provides all power 
requirements for simultaneous operation of up to four active probes. 

Probe driving capability: up to four HP active probes. 
Power output: -12.6 V and +15 V, +3%. 
Power input: 115 V or 230 V f lo%, 48 to 440 Hz, 40 W (with four 
probes). 
Weight: net, 2.7 Kg (6 Ib); shipping, 3.6 kg (8 Ib). 
Accessories supplied: four Model 101 31B 91.4 cm (36 in.) extend- 
er cables. 

Deflection factor: (with a 50 mV/div oscilloscope deflection factor) 
in X1,l  mA/div to 50 mA/div; in X 100,100 mA/div to 5 A/div; 1,2, 
5 sequence in XI or X100. 
Accuracy: in X 1, f 3%; in X100, f 4%. 
Rise time: 18 ns. 
Noise: (100 pA p-p, referenced to input signal. 
Maximum ac current: above 700 Hz, 50 A p-p; below 700 Hz, de- 
creases at  l .4 A/20 Hz. 
Output impedance: 50 Q. 
Size: 38.1 H X 130.2 W X 152.4 mm D (1%" X 5%" X 6"). 
Weight: net, c 0.9 kg (2 Ib); shipping, 1.4 kg (3 Ib). 
Power: 115 or 230 V k IO%, 50 to 440 Hz, 1.5 watts. 

Sensitivity: without lOOQ termination, 1 mV/mA; with IOOQ termi- 
nation, 0.5 mV/mA. 
Accuracy: f 3%. 
Bandwidth 

11 1 1A AC current amplifier 

1 1 10A Current probe 

Lower -3 dB point: without IOOQ termination, e 1700 Hz; with 
100 Q termination, c 850 Hz. 
Upper -3 dB point: with 4 pF capacitive load, = 45 MHz; with 30 
pF capacitive load = 35 MHz. 

Rise time: with 4 pF capacitive load, = 7 ns; with 30 pF capacitive 
load, = 9 ns. 
insertion impedance: e 0.OlQ shunted by 1 pH; capacitance to 
ground (3 pF. 
Maximum dc current: 0.5 A. 
Maximum ac current: 15 A p-p above 4 kHz; decreasing below 4 
kHz at 3.8 A/kHz rate. 
Weight: net, 0.5 kg (1 Ib); shipping, 0.9 kg (2 Ib). 
Dimensions: probe aperture, 3.9 mm (?&'') diameter; overall length, 
1.5 m (5 ft). 

Ordering information 
1122A Probe Power Supply 
1124A 100 MHz Active Probe 
11 11A Current Amplifier 
11 10A Current Probe 

Price 
$425 
$170 
$500 
$220 
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Probe accessories 
Terminations 
10100C: 5OQ feedthrough. 
101 OOB: 10012 (* 2Q) feedthrough for 11 10A current probe. 

Probe tip adapters 
100118 BNC probe tip adapter: for probes 10004D-10006D, 
10007B, 10008B, 10013A, 10014A. 10016B, and 1124A. 
HP P/N 10004-69515 IC probe tip adapter: provides convenient 
connection to dual in-line packages for probes 10004D-10006D, 
10007B, 10008B, 10013A, 10014A, 10016B, and 1124A. 

Probe tip kits 
Probe tip kits, Models 10036B and 10037B, extend usefulness of 
10004D, 10005D. 10006D, 10007B, 10008B, 10013A, 10014A, 
10016B, 1124A standard size probes and H P  miniature probes. Mod- 
el 10036B includes an assortment of tips for the following: 2.0 mm 
(0.08 in.) jack; 0.6 mm (0.025 in.) and 1.14 mm (0.045 in.) square 
pin; 1.0 mm-1.6 mm (0.040-0.062 in.) dia pin. Model 10037B in- 
cludes six 0.6 mm (0.025 in.) square pin tips. Probe tip kit Model 
10035A for 10001A-10003A probes contains pincer jaw, banana tip, 
pin tip, and spring tip. 

Model 10034A probe adapter kit consists of an assortment of 6-32 
screw-on tips, and two ground lead cables which allow many methods 
of connecting the ground leads in a circuit. A 6-32 to slip-on adapter 
allows these tips to be used on 10004D-10006D, 10007B. 10008B, 
10013A, 10014A, 10016B, and 1124A probe. The kit consists of one 
15.2 cm (6 in.) and one 30.5 cm (12 in.) ground lead, one hook tip, one 
alligator tip, one pin tip, one tip for 0.6 mm (0.025 in.) square pins, 
one banana tip, and one slip-on to 6-32 adapter. 

'lug-in extender 
lode1 104078: 180 system extender (metal frame 
lug-ins). Allows calibration and maintenance while a 
'g. 
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101 16A: collapsible light shield for 1220 series oscilloscopes. 
10140A: collapsible viewing hood for 1700 series oscilloscopes. 
10176A: viewing hood for 12.7 cm (5 in.) rectangular CRT bezels. 

Light filters 
10173A: RFI filter and contrast screen for 1700 series oscillo- 
scopes. 
10178A: metal mesh contrast screen for 181, 184 oscilloscopes. 
Amber plastic filter: HP P/N 5020-0530, for 12.7 cm (5 in.) rectan- 
gular CRT. 
Smoke gray plastic filter: H P  P/N 5020-0567, for 12.7 cm (5 in.) 
rectangular CRT. 
Blue plastic filter: H P  P/N 5060-0548, for 12.7 cm (5 in.) rectangu- 
lar CRT. 
Blue light filter: H P  P/N 01740-02701 for 1700 series oscilloscopes. 

Rack mount slides and adapters 
1700 series oscilloscopes, 1600A Logic State Analyzer 

104918 rack mount adapter: adapts 1700 series oscilloscopes 
and 1600A Logic State Analyzer to standard 483 mm (19") rack; 
222 mm (8%") high, 540 mm (21%") deep. 

180 and 181 rack style oscilloscopes 
A slide adapter is required to secure an oscilloscope to the slides. 

Fixed slides: H P  P/N 1490-0714, 55.9 cm (22"). 
Pivot slides: HP P/N 1490-0719, 55.9 cm (22"). 
Slide adapter: HP P/N 1490-0768 (required for all slides). 

Front panel cover 
HP P IN  5040-0516: provides front panel protection for 1700 series 
oscilloscopes, 1600A Logic State Analyzer. 

Ordering information 
lOlOOC 5012 Feedthrough Termination 
lOlOOB lOOQ (k 2Q) Feedthrough Termination 
IOOllB BNC Probe Tip Adapter 
10004-69515 IC Probe Tip Adapter 
10034A Probe Tip Kit 
10035A Probe Tip Kit 
10036B Probe Tip Kit 
10037B Probe Tip Kit 
10407B Plug-in Extender 
101 16A Light Shield for 1220 series oscilloscopes 
10140A Viewing Hood for 1700 series (8x10 div. CRT) 
10176A Viewing Hood for 12.7 cm (5 in.) rect. CRT 
10173A RFI Filter and Contrast Screen for 1700 series 
oscilloscopes (8x10 div. CRT) 
10178A Metal Mesh Contrast Screen for 181, 184 os- 
cilloscopes 
5020-0530 Amber Plastic Filter for 12.7 cm (5 in.) rec- 
tangular CRT 
5020-0567 Smoke Gray Plastic Filter for 12.7 cm (5 
in.) rectangular CRT. 
5060-0548 Blue Plastic Filter for 12.7 cm (5 in.) rec- 
tangular CRT 
01740-02701 Blue Light Filter for 1700 series oscillo- 
scopes (8x10 div. CRT) 
10491B Rack Adapter for 1700 series oscilloscopes, 
1600A Logic State Analyzer 
1490-0714 Fixed Slides for 180, 181 rack style oscillos- 
copes 
1490-0719 Pivoted Slides for 180, 181 rack style oscil- 
loscopes 
1490-0768 Slide Adapter, required for securing slides 
to 180, 18 1 rack style oscilloscopes 
5040-0516 Front Panel Cover for 1700 series oscillo- 
scopes, 1600A Logic State Analyzer 

Price 
$22 
$30 
$12 

$6 
$32 
$15 
$45 
$45 

$200 
$13 
$15 
$19 
$20 

$20 

$10.50 

$13.50 

$5 

$3.75 

$120 

$57.50 

$110 

$125 

$7.50 



Probes and other accessories (cont.) 

load 

65 W 
20 w 

120 V Range 240 V Range 
400 Hz 60 Hz* 400 Hz 60 Hz' 

2 96 V rms 2 9 9  V rms 2192 V rms 2198 V rms 
5126 V rms 5126 V rms 5250 V rms 9 5 0  V rms 

11 12A 'With Option 060 

1 1 12A Inverter power supply 
Model 1112A Inverter Power Supply provides a portable power 

source for H P  1700 series oscilloscopes. The regulated 400 Hz, 120 V 
or 240 V power output can be derived from either an internal nickel 
cadmium battery pack or from an external 11.5 V to 50 V dc source. 

No modifications are required to 1700 series oscilloscopes when us- 
ing the 1 1 12A; simply set the power supply line voltage to match your 
normal line voltage and you are ready to make measurements. A 
mounting bracket kit is supplied so that the 1 1  12A can be mounted on 
the top or bottom of the oscilloscope for a unified package. With a 
fully charged internal battery pack, the 1 1  12A is capable of operating 
a Model 1740A oscilloscope for approximately two hours. Operating 
time is dependent on battery condition (full or partial charge) and the 
oscilloscope power requirements which vary with operating modes. 
For example, oscilloscopes power requirements increase when using a 
high intensity trace, delayed sweep, and/or the verniers which turn on 
the Uncal indicators. 

The inverter allows the full measurement capabilities of your oscil- 
loscope to be used in areas where adequate line power is not available. 

Note: The Model 1 1  12A Inverter Power Supply is not intended for 
use in floating (non-grounded) measurements. Hewlett-Packard 
1700 series oscilloscopes are constructed with their chassis common 
to the low side of the BNC input terminals. Therefore, if the oscillo- 
scope chassis is not grounded and the probe ground lead is connect- 
ed to a potential other than ground, a serious shock hazard could be 
present. 

Grounding 
When operating the Inverter on its internal battery pack or from an 

external dc source (with its ac line disconnected), inverter/oscillo- 
scope combination grounding is provided by the 2.1 m (7 ft) ground 
lead supplied with each inverter. When the inverter ac power cord is 
connected to an approved three-contact electrical outlet, both the os- 
cilloscope and inverter chassis are automatically grounded. 

Battery operation 
The inverter can be powered from either an external dc source, such 

as a marine battery* or from its supplied internal battery pack. When 
operating from the internal battery pack, excessive discharging is pre- 
vented by a built-in protection circuit which flashes a front panel 
LED for about 10 minutes when the battery power is low and then 
disables the inverter output. Charging of the internal battery can be 
accomplished from either an ac or dc source. When using an ac charg- 
ing source, line power is also applied to the inverter output which al- 
lows oscilloscope operation while the battery is charging. 
Temperature sensors inside the battery pack prevent cell damage dur- 
ing a charging cycle. These sensors also prevent battery damage if the 
charging source remains connected beyond the full charging time. 
*Automobile batteries, when used es a stand-along power source, will not provide satisfactory life 
due to their poor recovery from deep discharge. 

Output power 
The 400 Hz Inverter output waveform is a complex wave shape 

with the same ratio of peak to rms values of sine waves (1:0.707) that 
matches the oscilloscope input requirements. The use of a complex 
waveform output, rather than a square wave output with a peak to 
rms value of 1:1, assures that there is no additional stress in your 
oscilloscope's power supply circuits and CRT filament when using the 
1 1 12A as a power source. 

I 
i ---------- - 
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Waveform: duty cycle is 50% for loads of 40 W, increasing to 65 as 
the load decreases to 20 W. 
Frequency: 400 Hz * 10%. 
Max power: ~ 8 0  W, compatible with linevoltage and 60 to 70 VA 
load requirements of H P  1700 series oscilloscopes. 
Operating time: a 1 4 0  watt hours with a fully charged battery 
pack a t  25°C. 

External dc source: 11.5 V to 50 V, at least 90 watts. 
External ac source: 100 V to 120 V or 220 V to 240 V, +5%, 
- 10%; 48 to 66 Hz; 250 VA max. 
AC feedthrough operation: output voltage and frequency is the 
same as the input: output power, 120 VA max. 

Input power 

. _  
Battery charging 

AC input: full charge in 14 hrs at 25°C with 120 V rms input (80% 
in 8 hrs). 
DC input: full charge in 24 hrs a t  25°C with 18 watts input. 

Size: 92 H x 273 W x 403 mm D (3%" x 10%" x 15%"). 
Weight: net, 9.4 kg (20% Ib) with battery pack and mounting 
bracket kit, 4.8 kg (10% Ib) without battery pack; shipping, 10.3 kg 
(23% Ib) with battery pack and mounting bracket kit, 5.7 kg (12% 
Ib) without battery pack. 
Oscilloscope compatibility: HP Models 1740A, 1741A, 1742A, 
1743A, 1744A, 17 15A, 1725A, 1722B. For compatibility with oth- 
er instruments call your Hewlett-Packard Field Engineer. 
Operating environment: temperature, 0 to +55"C (+32"F to 
+130"F), non-operating -40°C to +55"C (-40°F to +130"F); 
humidity, to 95% relative humidity a t  +40°C (+104"F); altitude, 
to 4600 m (1 5 000 ft); vibration, vibrated in three planes for 15 min. 
each with 0.38 mm (0.015 in.) excursion, 10 to 55 Hz. 
Accessories supplied: one Model 10421A battery pack, one 
mounting bracket kit; one 2.3 m (7.5 ft) power cord, one 2.1 m (7 ft) 
grounding cable, and one operating and service manual. 

General 

1 1 12A Accessories 
10421A Battery pack: the battery pack consists of 30 size " D  nick- 
el cadmium cells and includes temperature sensors to reduce the pos- 
sibility of cell damage during charging. 

01 112-61605 Grounding cable: grounds inverter and oscilloscope 
chassis (supplied with 1 112A). 
01 112-69501 Mounting bracket kit: for mounting the 1 1  12A on 
top or bottom of 1700 series oscilloscopes (supplied with 1 1  12A). 
Ordering information Price 

$900 1112A Inverter power supply (400 Hz) 
less $275 

less $15 
add $25 

10421A Battery pack $300 

$30 01112-69501 Mounting bracket kit 

Weight: net, 4.6 kg (10% Ib); shipping, 5.6 kg (12% Ib). 

Opt 001: without battery pack 
Opt 002: without mounting bracket kit 
Opt 060: 60 Hz output frequency, interval battery 
operation reduced to 120 watt hours 

01112-61605 Grounding cable $5 



mm OSCILLOSCOPES 
Cameras for display recording 

Models 123A & 197A 

123A - r l  

197A 

123A Description 
Model 123A is a lightweight compact camera which fits directly on 

HP 1700 series oscilloscopes with 6 x 10 div CRT's. The camera does 
not require external power and only weighs 1.6 kg (3% Ib) making it 
ideal for use in field applications. The 123A has a range finder for 
easy focusing using a split image technique. This range finder also 
serves as a viewing port so that you can make minor CRT intensity 
and graticule illumination adjustments with the camera in place. For 
convenience in setting up the display the camera has a swing-away 
feature allowing full visibility of the CRT screen. Controls are color 
coded for optimum settings and are located outside of the camera for 
easy reading and fast adjustment to reduce initial setup time. 

The 123A mounts directly or with adapters to the oscilloscopes as 
listed in the oscilloscope/camera adapter table. 

123A Specifications 
Reduction ratio: continuously adjustable from 1:l to 1 :0.65. 
Lens: 56 mm, f/3.5 lens; aperture ranges f/3.5, f/4, f/5.6, f/8, f / l l ,  
f /  16, and f/22. 
Shutter speeds: l&,, l&,,, l/lC lh, '4, V2, and 1 second, and Bulb. Cable 
has thumbscrew lock for time exposures. X-type contacts trigger or 
synchronize other equipment with shutter release. 
Graticule illumination: supplied by the oscilloscope. 
Camera back: 83 mm x 108 mm (3 14'' x 4 '4''). Polaroid" pack back. 
Mounting: lift on/off mounting with positive lock. Mounts directly 
on H P  1700 series oscilloscope with 6 x 10 div CRT's. Adapters are 
available to fit other scopes, see Camera Accessories. 
Range finder: viewing port provides split image of the CRT to allow 
setting of the focus. 
Viewing: range finder viewing port allows viewing the CRT with 
camera in position. Camera swings away for wide angle viewing. 
Focus: adjustable with camera back closed or open; split image fo- 
cusing plate provided for use when object-to-image ratio is changed. 
Size: 122 H x 192 W x 220 mm D (4 13h6" x 7 9h6" x 8 '3h6") .  

Weight: net, 1.6 kg (3 V2 Ib). Shipping, 2.3 kg (5 Ib). 
Accessories furnished: combination split image focusing plate and 
reduction ratio scale, and instruction manual. 
"Polaroid"* by Polaroid Corp. 

197A Description 
Model 197A is a versatile, general purpose oscilloscope camera that 

can be used for many trace recording applications. All controls are 
located outside of the camera for easy reading and fast adjustment 
during setup. The controls are also color coded for optimum settings 
for most photos which reduces initial setup time. 

An electronically-controlled shutter, with all solid-state circuits for 
reliable operation, provides accurate exposure times from Ym to 4 sec- 
onds. The shutter may be operated remotely by providing a closure to 
ground and a contact closure is provided when the shutter is open to 
allow synchronization of other equipment. 

The reduction ratio (i.e., object-to-image ratio) may be varied from 
1:l to 1:0.7 with a screwdriver adjustment. This allows the optimum 
amount of a graticule to be photographed, which is useful when mak- 
ing multiple exposures or when used on different size graticules. The 
camera can be quickly focused to match the reduction ratio with the 
split-image focus plate supplied with the camera. 

The 197A is supplied with an 83 mm x 108 mm (3 y4" x 4 y4") Polar- 
oid pack back. The back may be rotated 90" from the normal hori- 
zontal position to a vertical position and can be moved through 11 
detented positions for multiple exposures. It may also be replaced 
with a Graflok@' back which allows use of sheet or roll film. 
"Graflok". by Graflex, Inc 

197A Specifications 
Reduction ratio: continuously adjustable from 1: 1 to 1:0.7. Refer- 
ence scale provided on focus plate. 
Lens: 75 mm, f /  1.9 high transmission lens; aperture, f /  1.9 to f/16. 
Shutter speeds: Ym. lj5, %, y4, y2, 1, 2, 4 seconds, Time and Bulb; 
shutter has a sync contact closure output for triggering external 
equipment and an input jack for remote operation. 
Graticle illumination: supplied by oscilloscope. Refer to Options for 
internal graticule illumination. 
Camera back: 83 mm x 108 mm (3%'' x 4 y4") Polaroid pack back 
(another back is available, see Options); backs may be interchanged 
without refocusing and may be rotated in 90-degree increments. 
Mounting: lift on/off mounting with positive lock, swing-away hing- 
ing to left. Mounts directly on most H P  oscilloscopes with 12.7 cm 
(5") round or rectangular 180-style CRTs. Adapters are available to 
fit other scopes and displays, see Camera Accessories. 
Viewing: low-angle, direct viewing through a flexible facemask. 
Multiple exposure: back can be moved through 11 detented posi- 
tions (Y2 cm per detent a t  1:0.9 object-to-image ratio). 
Focus: adjustable focusing with lock; split image focusing plate pro- 
vided. 
Size: 267 H x 194 W x 356 mm D (10 14'' x 754'' x 14"). 
Weight: net, 4.5 kg (10 Ib). Shipping, 7.3 kg (16 Ib). 
Power: 115 V +. lo%, 48 to 440 Hz, 6 watts. 
Accessories furnished: comb. split image focusing plate and reduc- 
tion ratio scale, 2.3m (7.5 ft) power cord: and manual. 

197A Options 
003: Graflok back in place of pack back (on initial or- 
der) 
006: replaces standard 197A adapter with 10375A 
adapter to directly fit 1332A. 1333A, 1335A, and 
1336A displays. Adds shutter open light indicator. 
007: meets UL listing requirements for medical and 
dental electronic equipment (minimum order 10) 
008: replaces standard 197A adapter with 10376A 
adapter to directly fit 1715A. 1722B, 1725A 1740A, 
174 1 A, 1742A, 1743A, and 1744A, oscilloscopes 
012: factory wired for 230 V operation 
H02: provides internal graticule illumination using ul- 
traviolet light with an OFF, ON switch. Not required 
for oscilloscopes with graticule illumination 

Ordering information 
123A Oscilloscope Camera 

197A Opt 001 : Oscilloscope Camera (less ultraviolet 
light) 

Opt 910: additional manual 

Opt 910 additional manual 

Price 
N I C  

add $80 

add $25 

add $50 

N I C  
$125 

$810 
add $10 

$925 

add $4 



OSClLLOSCOPES 
t Camera accessories 
i 

Film backs for 197A camera 
Model 197A has the Polaroid Film Back as standard equipment. 

The Graflok Back may be ordered initially as an option at  no extra 
charge. 

1 0 3 5 3 A  Pack film back: uses 
Polaroid Land Film, 83 mm X 108 
mm (3%” X 4%”), with eight expo- 

103529 Graflok back: requires a 
film holder. For Polaroid Type 52 
Polapan 102 mm X 127 mm (4” X 
5”) Land film use Polaroid 545 
Land film holder. Standard cut- 
film holders, film-pack adapters, 
and roll film holders are available 
from Graflex Inc., 210 Brant 
Road, Lake, Florida 33403. 

Camera bezel adapters 
The following Hewlett-Packard adapters provide mounting of 

Hewlett-Packard, Tektronix, and Dumont cameras to Hewlett-Pack- 
ard as well as Tektronix and Dumont oscilloscopes. Refer to the oscil- 
loscope/camera adapter table for a cross-reference of these 
adapterlcameraloscilloscope combinations. 

10361A: adapts Tektronix C12 
camera to H P  127 mm (5”) rec- 
tangular CRT (180C style bezels). 

10362A: adapts Tektronix C27 
and C50 cameras to H P  127 mm 
(5”) rectangular CRT (180C style 
bezels); C50, C51, C52, C53 re- 
quire Tektronix battery pack. 

10363A: adapts Tektronix C30A, 
C3 1, C32, or C40 cameras to H P  
127 mm (5”) rectangular CRT 
(1 80C style bezels). 

10367A: adapts 195A & 197A 
cameras to HP 182 oscilloscope. 

10369A: adapts 123 camera to 
H P  127 mm (5”) rectangular CRT 
(180C style) & H P  127 mm ( 5 ” )  
round CRT. 

10370A: adapts 123A camera to 
H P  182 large screen CRT. 

10371A:  adapts 123A camera to 
Tektronix 422145314541485 os- 
cilloscopes. 

10372A adapts 123A camera to 
Tektronix 455/464/465/466/475. 

‘10375A: adapts 197A. 195A 
cameras to 1332A, 1333A. 1335A, 
& 1336A displays, Tektronix 600, 
5 100, & 7000 series oscilloscopes. 



*10376A: adapts 195A & 197A 
cameras to 1700 series oscillo- 
scopes with 8 X 10 div CRT's. 
.See 1971 O p t i  006 & 008 before orderitg 
these adapters for 1971. 

10377A adapts Tektronix C30A, 
C31, C32, or C40 cameras to HP 
1700 series oscilloscopes with 8 X 
10 div CRT's. 

Carrying cases 
103588: constructed of fiberglass 
and aluminum with padding for 
protection during transit. The car- 
rying case will accomodate the 
195A. 197A, & 198A cameras. 

10374A carrying case for 123A 
camera with storage space for 1 
pack of film. 

16491A: adapts 123A camera to 
1700 series oscilloscopes with 8 X 
10 div CRT's. 

Ordering information 
10353A Pack Film Back 
10352B Graflok Back 
10361A Camera Adapter 
10362A Camera Adapter 
10363A Camera Adapter 
10367A Camera Adapter 
10369A Camera Adapter 
10370A Camera Adapter 
10371A Camera Adapter 
10372A Camera Adapter 
10375A Camera Adapter 
10376A Camera Adapter 
10377A Camera Adapter 
16491A Camera Adapter 
10358B Carrying Case 
10374A Carrying Case 

Price 
$130 
$250 

$40 
$40 
$50 
$40 

$1 10 
$43 
$48 

$120 
$90 
$65 
$75 

$130 
$200 

$43 

Ltcr oscilloscopes. 
1. This chart only includes HP adapter and camera compatibility. for other combinations, contact your 

2. The 10361A and 10362A adapter hinge mounts interfere with the Find Beam pushbutton on some 

3. Model 195A. 196A/B, 198A camerasand 10106A, 10355A, 10356A, 10360A camera adapters are no 

4. 197A Option 008 includes the 10376A which directly fits 1715A, 17228, 1725A, 1740A series 

5. Tektronix Inc. cameras with adapters for 7000 Series xopes can be used with HP 1332A. 1333A, 
1335A & 1336A Displays. 

6. 197A Option 006 includes the 10375A which fits HP 1332A, 1333A, 13356 & 1336A displays, 
Tektronix 600, 5100 & 7000 series oscilloscopes directly. 

7. Adapter available on speclal order, contact your HP Field Engineer. 
8. Tektronix C50, C51, C52, C53 require Tektronix battery pack. 
9. 5 in. rectangular CRT's with 180C type bezels, e.g. 1600A. 

Field Engineer. 

180 mainframes. 

longer in production. 
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Testmobiles: save bench space, easily moved 

I Models 1006A, 1007A, 1008A 81 1117A 

All Hewlett-Packard 180, 1200, 
1220, and 1700 Series cabinet style 
oscilloscopes, or other instruments 
that meet the height and weight 
requirements. 
All Hewlett Packard instruments 
that are configured to be mounted 
in a standard 48 3 cm (19 in ) rack 
and meet the testmobile height and 
weteht reauirements 

I 

introduction 
Hewlett-Packard Testmobiles offer convenient portability for your 
oscilloscopes or instrumentation systems. The top tray on these test- 
mobiles may be tilted to position your instrument for easy operation. 
The selection of testmobiles range from a basic model designed to 
hold a single oscilloscope or other instrument, such as the 1006A, to a 
testmobile that can be adapted to provide a complete mobile test sys- 
tem, such as the 1008A or 11 17B. Refer to the testmobile/instrument 
compatibility chart for assistance in selecting the testmobile that will 
best fit your requirements. 

TestmobileAnstrument compatibility 

I 100611 180 and 1200 cabinet style, 1220 I and 1700 Series. 1600A. and 1600s. I 

1117B I All instruments listed above. 

1006A Description 
This is a sturdy general purpose testmobile 

for cabinet style oscilloscopes and other in- 
struments (see compatibility chart). The tilt 
tray adjusts ? 30" in 10" increments. A base 
tray and an accessory rack add space for oth- 
er instruments and accessories; and a conve- 
nient bracket holds three HP probes. Large 
rear wheels allow easy movement and locking 
front casters hold the testmobile in position. 
A five outlet power strip accessory is avail- 
able for mounting under the tilt tray or be- 
neath the accessory rack. 

1007 1008 

1007A, lOO8A Descri,ption 
These versatile testmobiles provide a sturdy, lightweight, stable 

platform for your oscilloscope or instrumentation system (see com- 
patibility chart.) Large mar-resistant rubber wheels move smoothly 
over uneven surfaces. The top trays are table-top height and can be 
tilted to a convenient viewing angle between 30" above and 30" below 
the horizontal position with a total of seven detent positions in 10" 
increments. The caps on each side rail are designed to conveniently 
hold three probes to reduce the possibility of damaging probes not in 
use. 

1007A, 1008A Options 
Many options are available so that the 1007A or 1008A can be easi- 

ly tailored to your specific requirements. Refer to the option photo- 
graphs with description to select the testmobile best suited to your 
requirements. Options apply to either the 1007A or 1008A. Option 
008, US. only five outlet power strip option, is also available for con- 
venient instrument operation. 

Opt 002: storage shelf and lower cabinet, 
load limit 18 kg (40 Ib) on each. 

Opt 003: 15 cm (6 in.) lockable drawer with 
shelf on top, load limit 1 1  kg (25 Ib) in draw- 
er and 18 kg (40 Ib) on shelf. 



Opt 004: two storage cabinets with shelf on 
top, combined load limit, cabinets and 
shelf,45 kg (100 Ib). 

Opt 005: storage cabinet and drawer in up 
per position with shelf on top, load limit 18 
kg (40 Ib) on shelf, 18 kg (40 Ib) in cabinet 
and 11 kg (25 Ib) in drawer. 

Opt 006: storage cabi et with shelf on top, 
and drawer in lower position, load limit 18 kg 
(40 Ib) on shelf, 18 kg (40 Ib) in cabinet, and 
11 kg (25 Ib) in drawer. 

Opt 007: two lockable drawers with shelf on 
top; load limit 18 kg (40 Ib) on the shelf and 
11 kg (25 Ib) in each drawer. 

vertical positions of the lower compartmeni. 
allowing room for other rack mounted equip- 
ment. 

1 1 17B Descr ip t ion  
Model 11 17B provides a mobile test station 

for cabinet and rack model instruments, with 
tilt tray angles from -15" to +30° in 7%" 
increments for easy viewing. In addition, oth- 
er instruments can be mounted in the stan- 
dard EIA racks of the lower compartment. 
Rack mounting height is 62.2 cm (24% in.), 
depth is 58.4 cm (23 in.) and power distribu- 
tion is supplied. Optional accessory drawers 
7.6 cm (3 in.) and 20.3 cm (8 in.) deep are 
available to provide convenient storage 
space. The drawers may be installed in many 

Specifications 
(see Testmobile data sheet for complete specifications) 

P r i c e  Optional a c c e s s o r i e s  

10475A 7.6 cm (3") drawer for 11 17B testmobile $90 
Weight: net, 4.1 kg (9 Ib); shipping, 5.9 kg (13 Ib). 

10476A 20.3 cm (8") drawer for 11 17B testmobile $120 
Weight: net, 5.4 kg (11 Ib); shipping, 8.2 kg (18 Ib). 

01008-68701 Rack Mount Kit for 1008A, 13.3 cm 
(5%") high for mounting under the tilt tray 

01008-68702 Rack Mount Kit for 1008A, 19 cm (7%") 
high for mounting under the tilt tray 

to all versions of 1006A, 1007A. 1008A testmobiles 

$56 

$83 

01007-60008 Power Strip kit adds Opt 008 power strip $59 

O r d e r i n g  informatio.1 

1006A Testmobile 
Opt 008 Power Strip 

1007A, lOO8A Testmobiles 
(see 1007A. 1008A Options for option descrip- 
tions) 

Opt 001: storage shelf 
Opt 002: storage shelf, lower cabinet 
Opt 003: storage shelf, locking drawer 
Opt 004: two storage cabinets, shelf 
Opt 005: upper drawer, lower storage 
Opt 006: lower drawer, upper storage 
Opt 007: two locking drawers 
Opt 008: power strip (5 outlet) 

$175 
add $30 

(1 007A) (1 008A) 
$245 $215 

add $30 add $35 
add $90 add $100 

add $150 add $160 
add $145 add $145 
add $205 add $215 
add $205 add $215 
add $260 add $275 

add $30 add $30 

1117B Testmobile $400 



CATHODE-RAY TUBE DISPLAYS 
OEM displays & translator for graphic applications 

Hewlett-Packard’s cathode ray-tube dis- 
plays offer OEM’s and end users top perfor- 
mance, versatility, and reliability for all 
types of systems - from spectrum, network, 
and chemical analyzers, and automatic test 
systems to computer graphics and radar. 
These displays are complete units which in- 
clude the cathode-ray tube, vertical and hori- 
zontal deflection amplifiers, a video (Z-axis) 
amplifier, and high and low voltage power 
supplies. A Graphics Translator is available 
which accepts digital data from the Hewlett- 
Packard interface bus (HP-IB) or RS-232C 
interface bus and converts it to analog vector 
voltages for driving the non-storage HP 
small screen and large screen displays. 

Performance features include high resolu- 
tion, high writing speed, constant light out- 
put, bright easy-to-read displays, and 
reduced power requirements. Versatility is 
assured with a variety of standard options 
that allow you to tailor a display to your sys- 
tem’s needs. Reliability and serviceability 
are built into these displays with well-de- 
signed interior layout, plug-in board con- 
struction, and other features made possible 
by Hewlett-Packard’s highly developed CRT 
technology. 

The yokeless electrostatic deflection used 
in H P  displays increases writing speed, 
reduces power requirements, and simplifies 
operation when compared to magnetic de- 
flection displays. The most important advan- 
tage is that characters and vectors can be 
written about ten times faster than with mag- 
netic displays. 

Small screen displays 
Model 1340A features flexibility, conve- 

nience, and cost effectiveness, making it ideal 
for most instrumentation systems. Resolu- 
tion, viewing area, and brightness are suit- 
able for spectrum, network, vibration, 
transient, pulse height, and digital logic ana- 
lyzers. The 1340A may be ordered in a vari- 

ety of configurations: with or without 
cabinet, with or without control panel, with- 
out dc supply, or almost any combination to 
allow easy integration into a system or in- 
strument. 

Model 1332A is a high resolution, high 
brightness display with a 158.8 mm (6% in.) 
diagonal CRT with an overall height of only 
133.4 mm (5% in.). The 1332A is designed to 
meet the stringent requirements of medical 
diagnostic and instrumentation system appli- 
cations. The major features in the 1332A in- 
clude a small crisp spot size over the entire 
quality area; multiple gray levels with focus 
independent of intensity setting; high stabil- 
ity of position, gain, and brightness; regulat- 
ed CRT filament voltage to reduce light 
output variations with changes in line volt- 
age; large 11 5 cm* display area; bright 22.5 
kV CRT; and Underwriters Laboratories 
Listing. 

One application of the 1332A is in medical 
diagnostic ultrasound. In this valuable diag- 
nostic technique, a focused beam of harmless 
ultrasound energy is used to image the inter- 
nal structure of the body. This technique is 
especially useful in obstetrics, as it is often 
able to reveal potential problems early in 
pregnancy, with no danger of harmful side 
effects to mother or fetus. The 1332A’s 
brightness and large screen area allow easy 
viewing, while its stable light output and uni- 
form spot size characteristics yield high qual- 
ity photographs for later study and for 
permanent records. 

5 MHz bandwidth, large display area, and 
excellent picture quality make the 1332A 
ideal for use in instrumentation systems. Sys- 
tem applications include spectrum analyzers, 
network analyzers, automatic test systems, 
Fourier analyzers, spectrophotometry, 
chemical analysis, and nuclear magnetic res- 
onance. 

The 1333A is a high resolution 8x10 cm 
display especially designed to permit diag- 

nostic-quality photographs from state-of- 
the-art nuclear, ultrasonic, thermographic, 
and X-ray scanning systems. The small 0.02 
mm spot size, wide range of gray scales, good 
contrast, and stable .light output provide ex- 
ceptional image quality, a necessity in medi- 
cal diagnostic systems and applications 
requiring precisely controlled image para- 
meters. Image quality combined with excel- 
lent light output uniformity and speed make 
the 1333A ideal for recording rapid sequence 
dynamic studies in nuclear medicine and for 
capturing transient displays in ultrasound 
work. 

Model 13368 Display System consists of a 
1336A Display Module and a 1336P Power 
Supply Module which may be separated 
from the 1336A for application flexibility. 
The Display Module’s 140 lines/cm resolu- 
tion makes it ideal for all high-resolution 
imaging requirements such as multi-imaging 
gamma cameras, scanning electron micro- 
scopes, and scanning auger microprobes. 
This display uses a mono-accelerator CRT to 
produce an intense 0.13 mm (0.0049 in.) di- 
ameter spot. Internal switches allow selection 
of X, Y, and Z amplifier characteristics. The 
gamma corrected Z-axis amplifier gain char- 
acteristic causes the CRT light output to 
vary linearly within 20% in response to Z- 
axis input signal changes. This gamma cor- 
rection is especially convenient for photo- 
graphic recording when using film having a 
linear but narrow dynamic range. 

Small screen storage displays 
Model 1335A high resolution, storage 

CRT display offers medical and instrumen- 
tation OEM users a variable persistence, 
storage, and non-storage CRT display with 
excellent performance. Outstanding picture 
quality and amplifier performance with a 
frame designed for OEM use make the 
1335A a significant advancement in storage 
displays. 



A stored resolution of approximately 20 
lines per cm (50 lines per in.) with a spot size 
that is relatively independent of intensity set- 
ting or Z-axis input signals enhances the 
CRT image in applications requiring focus- 
ing over a wide range of intensity levels. 
Variable persistence allows the elimination 
of flicker in some presentations with the abil- 
ity to increase the persistence to match the 
refresh rate. 

The 1335A CRT is optimized for informa- 
tion display and offers a high resolution im- 
age with excellent contrast and uniformity in 
medical diagnostic applications. Fine image 
detail and well focused spot at all intensity 
levels and positions make the 1335A ideal for 
use in spectrum, Fourier, network, and 
chemical analysis as well as automatic test 
systems. 

In system applications, the 1335A offers 
flexibility in selecting Erase, Store, Write, 
Conventional and Variable Persistence 
modes. These operating modes can be select- 
ed with the manual front panel controls, re- 
mote prograp inputs, or a combination of 
both. 

Tr ico lor  d i s p l a y  
Model 1338A is a high speed electrostatic 

display that produces three separate color 
hues in red, green, and yellow for high den- 
sity information displays. The 159 mm (6% 
in.) diagonal display uses a beam penetration 
phosphor technique for color generation. The 
1338A is designed to interface with the 
1350A Graphics Translator or can be used as 
a stand-alone X, Y, Z display. Color pro- 
gram control is via a remote connector or 
manually from the front panel. 

This display allows the use of color for easy 
differentiation between groups of data. Ap- 
plications include radar, process control, and 

real time simulation where high resolution 
and quick data differentation is essential for 
decision making. 

G r a p h i c s  T r a n s l a t o r  
Model 1350A Graphics Translator accepts 

digital data from an interface bus and con- 
verts it to X, Y, and Z analog vector voltages 
for driving HP’s high speed, high resolution 
electrostatic non-storage displays. The 
1350A is compatible with the Hewlett-Pack- 
ard interface bus (HP-IB) and the H P  non- 
storage small screen (including the 1338A 
Tricolor Display) and large screen displays. 
An optional RS-232C interface is available. 
The 1350A has multiple outputs so that up to 
four different presentations on four different 
displays are possible simultaneously. Be- 
cause program listing is possible on the 
1350A. program development and editing is 
fast and easy. Applications include graphics 
for data acquisition, network analysis, ana- 
lytical chemistry and real time simulation. 

Large screen d i s p l a y s  
Five large screen graphic displays are 

available for computer graphic and instru- 
mentation applications. Linear writing 
speed, in these displays, is an unmatched 
25.5 cm/ps (10 in./ps) for visible writing and 
slew rates in excess of 255 cm/ps (100 
in./ps) are possible when the spot does not 
have to be seen. These speeds are attained 
with a yokeless, electrostatic deflection sys- 
tem which consumes much less power than 
the multi-winding coils of magnetic deflec- 
tion systems. Maximum power consumption 
of these displays is a low 110 watts compared 
to 500 watts or more for magnetic displays. 
Additionally, the much faster response of 
electrostatic deflection permits as much as 
10 times the amount of information to be dis- 

played a t  a given refresh rate as that of mag- 
netic displays. 

Fast amplifier response ( 5  ns settling time) 
and electrostatic CRT deflection also sim- 
plify system programming since vectors and 
characters can be written randomly from 
anywhere in the display area in less time than 
the sequential programming necessary for 
magnetic displays. Since coils are not used 
for deflection, no delay line is needed to prop- 
erly synchronize Z-axis blanking with spot 
movement thus reducing the possibility of 
display smearing and also making system de- 
sign simpler. 

Model 1321A has a 533 mm (21 in.) diag- 
onal display with excellent geometry and lin- 
earity and a small 0.51 mm (0.020 in.) spot 
size. The large 305 x 305 mm (12 x 12 in.) 
quality area is ideal for presenting complex 
graphic information while using the addi- 
tional viewing area for character writing. 

Model 1317A is a 432 mm (17 in.) diag- 
onal display which is the largest X-Y display 
presently made that mounts directly in a 483 
mm (19 in.) rack with its long CRT axis hori- 
zontal. This large, high resolution display is 
ideal for the readout in computer graphic 
and instrumentation systems, since it mounts 
directly in standard 483 mm (19 in.) EIA 
racks. 

Model 1310A (483 mm, 19 in. diagonal) 
and 1311A (356 mm, 14 in. diagonal) dis- 
plays are housed in attractive plastic covers 
which, when ordered with an optional tilt 
stand, make them ideal for table top applica- 
tions. 

Model 1304A has a 20 x 25 cm (7.9 x 9.8 
in.) display area. The cabinet is fully com- 
patible with the Hewlett-Packard System-I1 
modular enclosure system for more versatil- 
ity in OEM applications and better access for 
servicing. 



CATHODE-RAY TUBE DISPLAYS 
Graphics translator, HP-IB interface for displays 
Model 1350A 

The 1350A Graphics Translator can present different information simultaneously on up to four CRT displays. 

1350A Description 
Introduction 

The Model 1350A Graphics Translator converts digital data to X, 
Y, and Z analog voltages for driving high resolution directed beam 
non-storage displays such as the H P  small screen and large screen 
displays. The 1350A accepts digital information from the Hewlett- 
Packard interface bus (HP-IB) or RS-232C interface bus (optional) 
and stores the data in a 2K word digital memory (RAM) which is 
continually accessed to generate vectors or characters to refresh one 
or more directed beam displays. TTL outputs allow different infor- 
mation to be presented on different displays. Each digital word can be 
a vector coordinate or an upper or lower case ASCII character. A 
character ROM generates the vectors for each ASCII character, 
therefore each character uses only one word of RAM. The use of 
stroke vectors results in a much higher resolution display than is pos- 
sible with a raster scan technique. 

The high speed graphics of the 1350A is ideal for radar, instrumen- 
tation, business, and process control graphics. Addressable resolution 

meets the requirements of analytical chemistry and spectrum analy- 
sis. 

The RAM memory can be divided into 32 addressable and selec- 
tively erasable files. A file of information can be flashed on and off for 
highlighting display information of special interest, e.g., a malfunc- 
tioning pump in a process control system. Individual alphanumerics 
or vectors within a file can be flashed under program control. Erasing 
a waveform that intersects other waveforms and graticules does not 
leave blank spaces a t  intersections, which is a common problem with 
raster scan displays. 

The 1350A Graphics Translator is recommended for use with di- 
rected beam displays with at least 3 MHz bandwidth to take advan- 
tage of the 1350A high speed vector generating capability. Use of the 
H P  1332A, 1333A, 1336S,1338A, or 1340A small screen displays or 
theHP 1304A, 1310A, 1311A, 1317Aor 1321Alargescreendisplays 
will insure bright vectors with good contrast. 

Applications 
Telecommunications analysis 

Graphics Translator draws all 96 upper and lower case letters and 
most of the special characters of the full ASCII set .  They can be  
drawn in four different sizes and be  rotated 90". 

The 1350A may be  used to generate displays for an automatic 
transceiver tes t  system such as  the HP 89508. File capability of 
the 1350A allows rapid changing of waveforms without erasing 
and rewriting the entire display. 



Data acquisition Integrated circuit layout: the selectable 32 files of memory of the 
graphics translator soft copy can represent 32 different layers of an 
IC, providing quick layer by layer analysis to insure every rectangle is 
in the correct layer and location. 
Process control systems: complicated process control systems re- 
quire high resolution graphic representation for analysis and quick 
update. 
Numerical control: soft copy display plots of tool path reveal pro- 
gramming errors before actual machining is done. An alphanumeric 
listing with text mode permits quick location of errors. 
Additional applications Include: land use layout; auto and air- 
frame design; aircraft simulation and trainer; air traffic control; 
building, bridge, and tunnel design; structural analysis of compo- 
nents; molecular structure display; highway design and analysis; 
medical EKG/EEG analysis; and financial and stock market analy- 
sis. 

The 1350A Graphics Translator is ideal for generating a dynamic 
display of information from an automatic data acquisition system 
such as the HP 3052A controlled by the HP 9825A computing con- 
troller. 

Network analysis 

The 1350A provides rapid updating of data files based on 
changes of input parameters for driving the displays of systems 
such as the HP 8409A Automatic Network Analyzer. 

A complete, mobile soft copy graphics test station can be assem- 
bled using HP’s Model 1008A Option CO1 Testmobile. With this 
configuration, HP small screen displays or the 1311A Large 
Screen Display may be used and a slide-out tray is provided for 
the 9825A computing controller. 



CATHODE-RAY TU E DISPLAYS 
Model 1350A (cont.) 

Selecting a display 
The 1350A Graphics Translator requires a CRT Display with at  

least 3 MHz X, Y, and Z axes bandwidths and a full scale deflection 
sensitivity of one volt. Hewlett-Packard displays compatible with the 
1350A are in the following list along with some possible controllers. 

Possible 
Controllers 

I HP9825A 1, 
I HP9830A 1- 
11- 

HP Displays 

/ 

l -  
-J - I"_"- , 

Interface 
HP-IB or 
Optional RS-232C 

9825A Software 
The 10184A Binary Tape Cartridge is available for use with the 

9825A desktop computer for higher level programming of the 1350A. 
The 10184A tapecontains two binary programs for use in the 9825A, 
one for the 9872A plotter and one for the 9862A plotter. With the 
first binary program, the command set used in the 9872A four color 
plotter can be used with both the 9872A and the 1350A/Display sys- 
tem. This binary program permits rapid development of graphics on 
the 1350A, and allows hard copy when required. Most commands can 
be used directly with both peripherals; however there are some unique 
commands for each. For example, the plotter uses COLOR SELECT 
and SLANT, and the 1350A uses BLANK and FLASH. The second 
binary program allows the 9862A plotter command set to be used for 
both the 9862A and 1350A peripherals. 

HP system 1000 software 
The 92841A graphics plotting software package provides a 1350A 

driver in the HP 1000 computers and systems operating under the 

Approx 
Screen Area 

1590 cm2 

PIP Clll- 

Approx 
Spot Size 

0.51 mm 

0.51 mm 

0.38 mm 

0.51 mm 

0.51 mm 

0.43 mm 

0.25 mm 

0.2 mm 

0.3 mm 

0.3 mm 

RTE-MII/MIII or RTE-IV-real time executive system. The package 
makes a powerful set of primitive plotting subroutines available to the 
FORTRAN, BASIC, OR ASSEMBLY language programmer. 

131 IA Option 010 demonstrates the high tilt stand which allows a 
Q825A desktop computer or 1350A graphics translator to be posi- 
tioned beneath the 131 1A display. 



Scaled Display 

Selective Magnification 

Different information can be  pre- 
sented simultaneously on up to 
four CRT displays. I - I Program Listing - 
Different information on different displays 

This analytical instrumentation application demonstrates the capa- 
bility of the 1350A to present different information on different dis- 
plays simultaneously. The complete waveform is stored in one 1350A 
file, a portion of the complete waveform is magnified and stored in a 
second file, and the program list is stored in a third file. In displaying 
this information note that common data as well as different data can 
be presented on different displays. It is possible to display four com- 
pletely different or mixed presentations on four displays. In addition, 
these four displays can each have several slave displays in the 50 ohm 
environment. 

Program listing 
Fast program listing for editing programs is a useful application of 

the graphics translator. In a fraction of the time required to obtain a 
program list on a printer, the program list is presented on the 
1350A/Display system and the program line to be changed deter- 
mined. This approach saves time and reduces printer paper usage. 

With the 9825A computing controller, a simple program can be 
written on a single special function key to provide 40 lines of program 
and page 40 lines at a time to the 1350A/Display system. 

1350A Specifications 
Input interface: HP-IB listener only that conforms to IEEE 488- 
1975. Data acceptance rate is 2 ps per character. 
X, Y analog output: +0.2 Vdc to +1.2 Vdc into 50Q, X, Y analog 
vectors between addressable points. Positive up and to the right. 
2 analog output: 0 to 1 V unblanked, - 1  V blanked, into 5OQ. 
Refresh rate: dependent on total length of vectors displayed. 
Addressable resolution: 1000 X 1000 points. 

Memory 
2048 Vectors or characters. 
32 Addressable files: can be erased, blanked or flashed. Files may 
be of any length that does not exceed memory size. 
Addressable write pointer: allows new data to be written from that 
address forward. 

Character generators 
8 X 12 Resolution stroke characters. Modified full ASCII set (com- 
patible with H P  9825A keyboard). 

4 Programmable sizes: lX, 2X, 4X, 8X. Character strokes are 
stored in plug-in ROM's. 80 Characters per line and 51 lines (not to 
exceed memory size) at 1 X character size. 
2 Programmable orientations: 0" and 90". 

General 
Auxiliary outputs: 4 TTL auxiliary outputs are available for present- 
ing information from different memory files to different displays. 
Output connectors: three rear panel BNC's for X, Y, and Z axes 
with shields grounded. Four rear panel BNC auxiliary outputs for 
TTL blanking of displays. 
Front panel 

Indicator lights: power interrupt, listen data, listen program, pow- 
er on. 
On/off switch 

Temperature: (operating) 0°C to +55"C (+32"F to +130"F); 
(non-operating) -40°C to +70°C (-40°F to +158"F). 
Humidity: to 95% relative humidity at 40°C (+104"F). 
Altitude: (operating) to 4600 m (15 000 ft); (non-operating) to 
7600 m (25 000 ft). 
Shock: 30 g level with 11 ms duration and 1/2 sine wave shape. 
Vibration: vibrated in three planes for 15 min. each with 0.25 mm 
(0.010") excursion, 10 to 55 Hz. 

Power: selectable 100, 120,220, or 240 Vac, +5%, -10%. 48 Hz to 
440 Hz, max power 100 VA (= 100 W). Average power dissipation a t  
60 Hz and 120 V without any options is approx 74 W. 
Size: 98 H x 426 W x 51 1 mmD (3.8" x 16.8" x 20.1"). 
Weight: net, 9.5 kg (21 Ib); shipping, 11.8 kg (26 Ib). 
Accessories supplied: one 2.3 m (7.5 ft) line cord (90' IEC to 
NEMA 5-15P. 3-conductor for use in Canada, Mexico, Japan, and 
U.S.), one Operating Guide. 

Operating environment 

Options and accessories Price 
001: RS-232C interface with selectable baud rates in 
lieu of HP-IB interface. 
10184A Binary Tape Cartridge for the 9825A desk- 
top computer. The tape allows the user to program in 
9862A or 9872A commands for use with the 1350A. 
1008A CO1 Testmobile 

N/C 

$150 

$550 

1350 Graphics Translator $3450 



CATHODE-RAY TUBE DISPLAYS 
Tricolor display 
Model 1338A 

- 
1338A 

1338A Description 
The Model 1338A tricolor display uses a beam penetration phos- 

phor technique for high resolution color generation and an electro- 
static CRT gun for high speed. The 178 mm (7 in.) diagonal display 
produces three separate color hues in red, green, and yellow and is 
designed to interface with the 1350A Graphics Translator for a color 
graphics system with digital inputs. TTL level color switching, color 
busy, and color valid signals allow control of the color of each vector 
or character. The 1338A may also be used as a stand-alone X, Y, Z 
display with analog inputs. 

The 1338A tricolor display has significant advantages over mono- 
chrome displays when the density of information to be displayed be- 
comes high or the data presented needs to be divided into groups for 
decision making. Applications include radar, real time simulation, 
medical diagnostics, process control, and general instrumentation. 

With high density information presentations such as this air traffic 
control application, separation of information for rapid decision 
making is difficult. The 1338A groups the information into cate- 
gories and presents a high resolution display in three contrasting 
colors for easy identification. 

1338A Specifications 

Vertical and horizontal amplifiers 
Rise time: 5 100 ns for full screen deflection or less. 
Bandwidth: typically 1 3  MHz. 
Deflection factor: 1 V for full screen deflection. Internally adjust- 
able from -0.9 V to 2.5 V for full deflection. Independently switch- 
selectable 5:l and 101 attenuators. 
Linear writing speed: 225.4 cm/ps (10 in./ps). 
Inputs: fully differential BNC connectors with shields grounded. Re- 
mote program connector, single ended only. 
Input RC: -100 kQ shunted by -70 pF, switchable to 5OQ. 
Z-axis amplifier 
Rise time: 5 3 0  ns. 
Blanking: fully differential. 
inputs: fully differential BNC connectors with shields grounded, plus 
a TTL blanking input. 
Input RC: =lo0 kQ shunted by -70 pF, switchable to 50Q. 
Gain: internally adjustable over a 2.5:l attenuation range. 

Cathode-ray tube. 
Type: post accelerator, electrostatic focus and deflection. 
Viewing area: -9.6 cm vert by 11.9 cm horiz. 
Spot size: 10.3 mm (0.012 in.). 
Color input: 25 pin subminiature D connector. 

Safety 
X-ray emission: t0 .5  mr/hr meas. with Victoreen Model 440 
RF/C. 
General 
Front panel controls and adjustments: intensity, X position, Y 
position, red focus, yellow focus, green focus, and trace align. Push- 
buttons for manual selection of red, yellow, or green. 
Line power: 100, 120,220, or 240 Vac, +5%, -10%; 48 to 440 Hz. 
Operating Environment: operating temp., 0°C to 55°C (0°F to 
+131"F); humidity, 5% to 95% relative humidity at  +40°C 
(+104"F); altitude, to 4600 m (15 000 ft), non-operating to 7600 m 
(25 000 ft); shock, 30 g level with 11 ms duration and 1/2 sine wave 
shape; vibration, 0.38 mm (0.015 in.) excursion, 5 to 55 Hz for 15 
min. 
Accessories supplied: one 2.3 m (7.5 ft) line cord (90' IEC to 
NEMA 5-1 5P, 3-conductor for use in Canada, Japan, and U.S.), one 
Operating Guide. 
Weight: net, 16.1 kg (35.5 Ib); shipping, 19.1 kg (42 Ib). 
Accessories Price 

10492A Interconnecting Cable for 1338A/1350A, 1 m $145 
10493A Interconnecting Cable for 1338A/1350A, 3 m $165 

1338A Tricolor Display $4750 

For complete specifications contact your HP Field Engineer. 

10183A Light Shield $15 



1 3 1  1A Option 010 (tiit stand) 

1304A, 1310A, 1311A, 1317A, 1321A 
Description 

Hewlett-Packard's Models 1304A, 1310A, 131 lA, 1317A, and 
1321A Large Screen Displays offer the high writing speed and fast 
settling time needed in high density information systems such as com- 
puter graphics, analytical research, and radar. The advanced electro- 
static deflection systems used in these displays provide writing speeds 
of 25 cm/ps (10 in./ps), and large and small step settling times of 1 ps 
or less. The yokeless electrostatic deflection also simplifies operation, 
eliminates geometric correction circuits and unnecessary delay lines, 
and reduces power requirements and weight. High CRT accelerating 
potentials of 27 or 28.5 kV assure bright, easy-to-read displays, and a 
small spot size gives a crisp, clear image over the large quality area. 

Model 1304A offers high writing speed and fast settling time, and is 
a cost-effective solution for applications such as Fourier or spectrum 
analysis, chemical or physical analysis, calculator-based graphics, or 
other applications where information density does not require the 
higher resolution of the 1310A. 1311A, 1317A, or 1321A. The dis- 
play is housed in the Hewlett-Packard System I1 modular chassis 
with its mounting flexibility and selection of accessory hardware. 

The 1310A, 1311A, 1317A, and 1321A are electrically almost 
identical but offer a wide variety of display sizes and configurations to 
fit almost any high-speed, large screen OEM display requirements. 

The 1321A has the highest overall resolution (screen area divided 
by spot size) of any HP CRT display, making it the choice for com- 
puter graphics or other applications where maximum information 
density is the main consideration. The 1317A is ideal for standard 
48.3 cm (19 in.) rack-mount applications requiring the largest possi- 
ble screen area in the minimum vertical rack space. For table-top ap- 
plications such as remote monitors, Models 1310A and 131 1A offer 
an attractive modern styled stand-alone package. Both of these dis- 
plays may be ordered without top and bottom protective covers (Opt 
001) and mounted in standard 48.3 cm (19 in.) racks or in your own 
customer designed enclosures. 

1304A Specifications 
For complete specifications, refer to the Large Screen CRT Displays 
Data Sheet. 

Vertical and horizontal amplifiers 
Risetime: 1 7 0  ns, 1'0% to 90% points, Cfull screen deflection. 
Bandwidth: dc to 5 MHz (3 dB down) for 1 1 0  cm deflection. 
Phase shift: (1  O to 250 kHz for full screen signal inputs. 
Deflection factor: from 80 to 120 mV/div, 1 div = 20 mm (0.8 in.). 
Internally selectable 5: 1 or 1O:l attenuators independently settable 
for X and Y inputs. 
Linear writing speed: >25 cm/ps (>9.8 in./@). 

CATHODE-RAY TUBE DISPLAYS 
Large screen displays 

Models 1304A, 1310A, 131 lA ,  1317A 81 1321A 

1304A 

Settling time: (large and small step) signal settles to within one spot 
diameter of final value in 5 3 0 0  ns for any on screen final location. 
Initial off screen deflection (if any) must not exceed specified dynam- 
ic range. 
inputs: fully differential; BNC connectors have grounded shields. 
input RC: 2 1 0 0  M2 shunted by 165 pF. Settable to 50Q internally. 
Polarity: a positive signal input to the (+) input moves beam up or to 
the right. A negative signal input to the (-) input moves the beam up 
or to the right. 
Dynamic range: beam may be deflected off screen up to fi screen 
diamcter in any direction provided that zero input position is on 
screen without degradation of specifications. 
Drift 

Position: 1.0 mm/hr. (0.04 in./hr.) and a max of 2.5 mm (0.1 in.) 
in 24 hrs. with covers installed after 15 min. warmup. 
Gain: < 1% under all conditions of specified line voltage with covers 
installed after 15 min. warmup and temperature between +20"C 
and +55"C (+68"F and +131"F). 

Z-axis amplifier 
Risetime: (25 ns (cw bandwidth is a 5  MHz). 
Blanking range: a 1 V change in Z-axis input voltage causes a full 
scale change in brightness (internally switch-selectable to 5V or 10 
V). The cutoff level can be set from +0.2 Vdc to - 1 Vdc with the 
intensity control. With the intensity control full ccw, brightness is 
limited to a safe level for any Z-axis input voltage. 
Blanking polarity: fully differential. A positive or negative going in- 
put voltage into the positive or negative inputs, respectively, increases 
brightness. 
input: fully differential; BNC connectors have grounded shields. 
input RC: a 1 1 0 0  kQ shunted by 1 6 5  pF. Settable to 500. 
Gain: internally adjustable over 2.5: 1 attenuation range. 
Focus correction: amplifier automatically corrects focus voltage 
for changes in grid to cathode voltage. 

Cathode-ray tube 
Type: post deflection accelerator, a 2 7  kV accelerating potential. 
Aluminized P3 1 phosphor, electrostatic focus and deflection. 
Viewing area: 500 cm* (77.4 cm22); 20 cm (7.9 in.) vert by 25 cm 
(9.8 in.) horiz. 
Graticule: none with standard instrument (see 1304A Options). 
Quality area: 20 cm (7.9 in.) vert by 25 cm (9.8 in.) horiz. 
Resolution 

Spot size: t 0 . 5  mm (0.02 in.) (with 30 V drive, grid to cathode) 
over entire quality area measured using shrinking raster method. 
Lines: a 2 0  lines/cm (50 lines/in.); measured with shrinking ras- 
ter method, inside quality area. 



CATHODE-RAY TUBE DISPLAYS 

Models 1304A, 1310A, 1311A, 1317A & 1321A (cont.) 

from = 46.3 mV/cm (118 mV/in.) 
to 81 mV/cm (207 mV/in.) 

Th 
ana otner HP large screen atsplays results in low power consump- 
tion and increased reliability, important factors in remote loca- 
tio r radar. 
of >to could 
Av 

from = 35.8 mV/cm (90 
mV/in.) to 60.9 mV/cm 
(153 mV/in.) 

ns such as this round-the-clock weathe 
tornadoes and rain squalls. (Radar phc 
'ionics, Inc.) 

Notice the line 
tesy of Bendix 

Application shows 1317A Large Screen Display being used in IC 
layout development. 

1310A, 131 l A ,  1317A. 1321A Specifications . . .. _ - _  Line brigntness: 1Y.Z cd/m' (5.6 fl) at writing speed of 2.5 mm/ps 
(0.1 in./ps), 60 Hz refresh rate, P 31 phosphor, and focused spot. 
Linearity: (3% of full scale along major axes. 
Geometry: (3% pincushion/barrel distortion within quality area. 
Trace align: rotates X-axis into geometric alignment with CRT 
viewing area. 
Orthogonal1 ty: separately aligns Y-axis perpendicular to X-axis. 

Safety proi 
implosion and impact: CRI meets UL safety requirements and ex- 
ceeds requirements of IEC 348 (IEC 65). 
High voltage: anode lead is permanently bonded to CRT. 
X-ray emission: (0.5 mr/hr measured with Victoreen Model 440 
RF/C. 
UL listings: standard instrument meets requirements of UL 478 for 
Electronic Data Products, thereby meeting OSHA (Sub-part S) ap- 
proval. Option 330 meets requirements of UL 544 for medical and 
dental eauipment. See 1304A ODtions (Ouerator Safetv) for addi- 
1 
t 
1 

. .  < I  

:ional saiet; standard compliancds. 
3eneral 
<, Y, and 2 inputs: rear panel BNC (0 connectors, two each axis. 
Z - r r b  r r r r l  r - -b - - l - .  l---h.d L-l.:--l An-- -- &'---A ---el V--L- 

ensity, Focus, X Position, Y Positions. Screwdriver-adjustments- 
ace Align, X Gain, Y Gain, Astigmatism. 
le indicator: front panel green LED. 

. - I  ._.. L 1 -  *A,-. .A,. A A A  ~ *.A . I  I r m  *Am .n . ,I 

Fmuim. pamiom s.uiitiuia. imaLcu UGLLIIIU uwi uii i i u i i ~  vaiici. RIIUUW- 

Int 
Tri 
Lln 
Power: seiecraoie IUU, ILU, LLU, or L ~ U  vac -370, - L U ~ O ;  48 to oo 
Hz*; max power 100 VA (= 85 W). Average power dissipation at 60 
Hz and 120 Vac is = 60 W. 
'Note: these displays meet all electrical specification8 from 48 to 440 Hz, but don 
to chassis leakage requirements of UL 544 (Medical and Dental) listing above 8 
Size: 321 H x 425 W x 530 mm D (12'4'' x 165/," x 20'4 
Weight: net, 20 kg (44 lb.); shipping, 28.2 kg (62 Ib.). 
Operating environment: temperature 0°C to +55"C (i-3A-r to 
+131"F) -non-operating, -40°C to +70°C (- 40°F to +158"F); 
humidity, 5% to 95% RH/ at  f 4 0 " C  (+104"F); altitude, to 4600 m 
(15 000 ft) -non-operating to 15 300 m (50 000 ft); vibration, vi- 
brated in three planes for 15 min. each with 0.38 mm (0.015 in.) ex- 
cursion, 5 Hz to 55 Hz, 1 min. per octave, 10 min. each resonance. 
Accessories supplied: one Operating and Service Manual, one 2.3 
m (7.5 ft) line cord (90" IEC to NEMA 5-15P, 3-conductor) for use 
in Canada, Mexico, Japan, and the United States. See 1304A Op- 
tions for other available line cords. 

lot meet the ac line 
6 Hr. 

39. 

For complete spec 
plays Data Sheet. 

Vertical and hoi 
Rise time: 5 7 5  ns, IUYO to YUYO points, for SIUII screen aenection. 
Bandwidth: dc to = 5 MHz (3 dB down) for 5 8 . 9  cm (3.5 in.) de- 
flection in 1311A, 10.2cm (4 in.) in 1317A, 12.7 cm (5 in.) in 1310A 
or 1321A. 
Phase shift: t 0 . 1 "  to 50 kHz and (1' to 250 kHz for full screen 
signal inputs. 
Deflection factor (1317A, 1321A): adjustable through range indi- 
cated. 

1317A: from = 39 mV/cm (100 mV/in.) to 69 mV/cm (175 
mV/in.). 
1321A: from = 33 mV/cm (83 mV/in.) to 58 mV/cm (147 
mV/in.). 
Deflection factor 11310A. 131 1Ak adjustable through range in- 
dicated. 

1 hizontal 1 

l 3 l l l  U 
from = 26.2 mV/cm (67 
mu/in i +A 11; a m ~ ~ / - m  

Linear writlng speed: >25.4 cm/ps ( > l o  in./ps). 
Settling time: (large step) signal settles to within 1 spot diameter of 
finalvaluein <500ns(1310A, 1311A, 1321A), (1 ps (1317A),for 
any on or off screen movement. Off screen deflection not to exceed 
one screen diameter. (Small step) signal settles to within 0.25 mm of 
final value in t200 ns for any 2.5 mm (0.10 in.) step. 
inputs: (1310A, 1311A) BNC connectors with floating shield; 
( 1  3 17A, 1321A) BNC connectors with grounded shield. Separate dif- 
ferential inputs (shield grounded) available for 1317A, 1321A; see 
Options. 
Input RC: center conductor 10 kQ shunted by = 40 pF. Shield input 
(1310A, 1311Aonly)is47Qtogroundandcan bereplacedwith 10 kQ 
for full differential input. A switchable 50Q termination between 
shield and ground is also provided. 



Model Spot Size Resolution 
1310A 0.51 mm 19.7 lines/cm 
1317A (0.020 in.) (50 lines/in.) 
1321A 
1311A 0.38 mm 26.3 lines/cm 

(0.015 in.) (66.7 Iines/in.) 

Quality area 
1310A:  27.9 cm (11”) by 27.9 cm (11“). 
1311A:  21.6 cm (8%”) by 21.6 cm (8%”). 
1317A:  25.4 cm ( 1 0 )  by 25.4 cm (10”). 
1321A: 30.5 cm (12”) by 30S2cm (12”). 

Line brightness: 1 8 2 . 4  cd/m (24 fl) at a writing speed of 2.5 
mm/ps (0.1 in./ps), 60 Hzrefresh rate, P31 phosphor, 0.51 mm (0.02 
in.) spot sizeon 1310A. 1317A, 1321A, and 0.38 mm (0.015 in.) spot 
size on 1311A. 
Geometry:(1317A, 1321A) <3%(1317A), <2%(1321A)pincush- 
ion and barrel distortion within quality area. 
Phosphor protection: circuit automatically detects absence of 
beam deflection and limits beam current to safe but viewable level. 
Dynamic focus: automatically corrects spot geometry for position 
on screen and beam intensity (video drive level). 
Contrast ratio: 4:l or greater with 340 cd/m2 (100 fl) ambient light 
and CRT face in a vertical plane. Measured by photometrically sum- 
ming the trace and background brightness and then dividing by back- 
ground brightness. 
Trace align: rotates X-axis into geometric alignment with CRT 
viewing area. 
Orthogonality: separately aligns Y-axis perpendicular to X-axis. 

Drive level 
(Volts above cutoff 

at CRT grid) 
50 V 

30 V 

Safety Protection 
Implosion and impact: CRT meets UL implosion and impact safety 
requirements and exceeds requirements of IEC 348 (IEC 65). 
High voltage: anode lead is permanently bonded to CRT. 
X-ray emission: (0.5 mr/hr meas with Victoreen Model 440 
RF/C. 
UL listings 

1 3 1 0 A ,  131 1A: Opt 008 meets requirements of UL 544 for Medi- 
cal and Dental equipment. 
1 3 1 7 A ,  1321A: standard instrument meets requirements of UL 
478 for Electronic Data Products, thereby meeting OSHA (Sub- 
part s) approval. Opt 008 meets requirements of UL 544 for Medi- 
cal and Dental equipment. 

Genera I 
X, Y, 2 inputs: rear panel BNC female connectors. X and Y inputs 
have a floating shield and the Z input has a grounded shield. 
Front panel controls 

1 3 1 0 A ,  131 1A: Intensity (knob control), Focus, Astigmatism, X 
position, Y position, Trace Align, Orthogonality, Gain X, and Gain 
Y (screwdriver adjustments). 
1 3 1 7 A ,  1321A: Intensity, Position X, Gain X, Position Y, Gain Y, 
Trace Align, Orthogonality, Focus, and Astigmatism controls lo- 
cated below the CRT behind a hinged door. 

Line indicator: lamp mounted behind front panel (behind hinged 
door on 1317A, 1321A). 
Power 

1 3 1 0 A ,  1311A:  1 I5 Vac & 10% or 230 Vac k lo%, 48 to 66 Hz* 
max power 115 VA (=IO0 W). 
1 3 1 7 A ,  1321A: selectable 100, 120,220, or 240 Vac +5%, -10%; 
48to66Hz*;maxpowerin 1317A, 115VA(=IOOW),in 1321A, 
135 VA (=110 W). 

*Note: these displays meet all electrical specifications from 48 to 440 Hz. but do not 
meet the ac line to chassis leakage requirements of UL 544 (Medical and Dental) listing 
above 66 Hz. 

TTL blanking ( 1 3 1 0 A ,  1 3 1 1 A )  input: rear panel BNC female con- 
nector. High state (+2.5 V to +5  V) blanks any Z-axis analog input 
signal. Low state (0.0 V to 0.8 V) returns blanking to analog Z-axis 
input. 

Size 
1 3 1 0 A ,  1311A:  (=overall size without rack mount adapters, tilt 
stand) 1310A, 422 H x 497 W x 660 mm D(16%” x 199/16’’ x 26”); 
1311A, 319 H x 425 W x 578 mm D (12%; x 16%“ x 22%“). Con- 
tact H P  Engineer for data sheet with dimensional drawings. 
1317A:  = 410 H (including feet) x 419 W x 572 W x 632 mm D 
overall (16y8” x 16%” x 22%”). 
1321A: =483 H (with feet) x 527 W x 632 mm D overall (19” x 
20?h4” X 247/”). 



CATHODE-RAY TUBE DISPLAYS 
Models 1304A, 1310A, 1311A, 1317A & 1321A (cont.) 

Weight: 
1310A: net with covers 26.8 kg (59 Ib); shipping 41.7 kg (92 Ib.) 
131 1A: net with covers 20.4 kg (45 Ib); shipping, 28.1 kg (53 Ib.) 
1317A: net, 26.3 kg (58 Ib); shipping, 33.4 kg (75 Ib). 
1321A: net, 36.3 kg (80 Ib); shipping, 43.1 kg (95 Ib). 
Operating environment: temperature, 0 to +55"C (+32"F to 
+13l0F)-non-operating, -40°C to +70"C (-40°F to +158"F); 
humidity, to 95% RH a t  +40°C (+104"F); altitude, to 4600 m 
(1 5000 ft)-non-operating, to 7600 m (25000 ft); vibrated in three 
planes for 15 min. each with 0.25 mm (0.010 in.) excursion, 10 to 55 
Hz. 

1310A, 131 1A: rack mount adapter, front panel cover, protective 
covers, one power cord, and one Operating and Service Manual. 
1317A, 1321A: one 2.3 m (7.5 ft) power cord, and one manual. 

Accessories supplied 

1304A Options and accessories 
Options 
X and Y Amplifiers 
Deflection factor 
100': 500 mV/div, 5 V p p  for full screen deflection 
101.: lV/div, 10 V p-p for full screen deflection 
Input impedance 
1 10': 50 Q 
Z-axis input (video amplifier) 
Blanking range 
200': 0 to 5 v 
201': 0 to 10 v 
Input impedance 
210': 50 Q 
'These options are internally switch selectable on standard 1304A displays. 
Digital input 
216: TTL blanking level. High state (+2.5 V to +5V) 
blanks any Z-axis analog input signal. Low state (0.OV 
to 0.8 V) returns blanking to analog Z-axis input. Input 
through rear panel BNC connector. 
2 17: same as 2 16, except polarity reversed 
218: 4-bit binary input allows binary selection of 16 
levels of gray shades, TTL levels. Settling time 1 3 0 0  
ns. Levels linear within *20%. Includes 25 pin pro- 
gram connector mounted to rear panel. When Option 
218 is ordered with Option 216 or 217, TTL blanking 
input is provided through both a BNC connector and 
the 25 pin remote connector. 
Cathode-ray tube 
GratIcuWPhosphor type 
004: P4 aluminized phosphor with 10 x 12 div internal 
graticule (1 div = 2.0 cm, 0.79 in.) 
031: P31 aluminized phosphor with 10 x 12 div internal 
graticule (1 div = 2.0 cm, 0.79 in.) 
039: P39 aluminized phosphor with 10 x 12 div internal 
graticule (1 div = 2.0 cm, 0.79 in.) 
604: P4 aluminized phosphor in lieu of P43 
639: P39 aluminized phosphor in lieu of P43 
Contrast Filters 
56 1: clear anti-glare filter replaces standard neutral 
density contrast filter 
563: blue anti-glare filter replaces standard neutral 
density constrast filter 
General 
AC line cords 
300: 2.3 m (7.5 ft) removable, 240 V max, 3 conductor 
90" IEC to Great Britain, Singapore 
301: 2.3 m (7.5 ft) removable, 240 V max, 3 conductor 
IEC to Australia, New Zealand 
302: 2.3 m (7.5 ft) removable, 240 V max, 3 conductor 
IEC to East and West Europe 
303: 2.3 m (7.5 ft) removable, 240 V max, 3 conductor 
IEC to NEMA 5-1 5 P (USA, Canada, Japan, Mexico) 
3 0 4  77.2 cm (30 in.) coiled, extends to 1.8 m (6 ft) 
removable, 120 V max, 3 conductor IEC to NEMA 5- 

Price 

add $5 
add $5 

add $5 

add $5 
add $5 

add $5 

add $50 

add $50 
add $100 

add $30 

N/C 

add $30 

add $30 
add $30 

N/C 

N/C 

N/C  

N / C  

N/C  

N/C  

add $5 

15 P (USA, Canada, Japan, Mexico) (not available 
with Opt 330) 
306: 2.3 m (7.5 ft) removable, 3 conductor IEC to 
Switzerland 
307: hospital grade power cord 
Rear panel connector 
3 2 4  adds 25 pin connector to rear panel. X, Y, Z-sig- 
nal inputs wired to the positive signal inputs 
(NOTE input capacitance increases to = 120 pF) 
Operator safety 
330: meets UL Listing 544 for Medical and Dental 
Electronic Equipment. Includes special three conductor 
ac line cord, specially marked covers, and UL label. 
331: meets HTM8 Listing for use in Medical Equip. 
332: meets CSA standards for use in Medical Equip. 
333: meets VDE standards for use in Medical Equip. 
Accessories 
See Cabinets, System I1 for handle and rack mounting 
kits 
10488A Input signal cable: contains three color- 
coded 50Q coaxial cables with three male BNC connec- 
tors on each end; length 3.6 m (12 ft). 
a n a - -  a ~ a a m  a n a - -  4 - n ~ -  n - a . _ _ -  

N/' 

add $IC 

add $3( 

add $5C 

add $5C 
add $5C 
add $5C 

$55 
I 

i isiuA, i i s i  i ~ ,  is1 I W ,  i s z i ~  uprions ana 
accessories 
Options 
001: (1310A, 1311A) delete top and bottom covers 
005: green contrast filter 
006: blue contrast filter 
008: (13 10A, 13 1 1A) meets UL Listing 544 for Medi- 
cal and Dental Electronic Equipment 
008: (1 3 17A, 1321A) meets UL Listing 544 for Medi- 
cal and Dental Electronic Equipment 
009: (1310A, 1311A) standard tilt stand for use with 
Opt 008 instruments 
010: (131 1A) tall tilt stand provides space beneath 
131 1A for 9825A or 1350A 
050 (1317A, 1321A) TTL blanking level. High State, 
+2.5 V to +5 V blanks any analog Z-axis input. Low 
state, 0.0 V to 0.8 V returns blanking to Z-axis input 
051: (1317A, 1321A) differential inputs to X, Y, and 
Z amplifiers. Inputs for each axis through separate 
BNC connectors (shields grounded) 
052: (1317A, 1321A) 4-bit binary Z-axis input pro- 
vides 16 levels of gray shades (TTL compatible). Set- 
tling time 1 3 0 0  ns 
053: (1317A, 1321A) linear light output (&20%) with 
respect to Z-axis drive change (gamma correction) 
054: (1317A, 1321A) same as 050, polarity reversed 
055 (1317A) fixed slides for EIA rack, 48.3 cm (19 
in.) 
604: aluminized P4 phosphor in lieu of P31 
607: aluminized P7 phosphor in lieu of P31, includes 
amber contrast filter with anti-glare surface 
639: aluminized P39 phosphor in lieu of P3 1 
Accessories 

Price 
less $50 
add $50 
add $45 

add $100 

add $25 

add $175 

add $200 

add $25 

add $25 

add $100 

add $50 

add $25 
add $100 

add $30 
add $100 

add $30 

(1 3 1 OA, 13 1 1 A) Refer to data sheet for rack mounting and slide 
kits, and 13 10A panel inserts 
10488A input signal cable: contains three color-coded 50Q coaxial 
cables with three male BNC connectors on each end; length 3.6 m 
(12 ft) $55 
Ordering information Price 
1304A Large Screen Display $2600 

add $9.50 Opt 910: extra manual 
1310A 48 cm (19 in.) Display $4100 

Opt 910: extra manual (covers 1310A t 1311A) add $8.30 
1311A 36 cm (14 in.) Display $3800 

Opt 910: extra manual (covers 1310A & 1311A) add $8.50 
1317A Large Screen Display $3900 

Opt 910: extra manual add $10 
1321A Large Screen Display $4500 

Opt 910: extra manual add $10 
OEM discounts available 





CATHODE-RAY TUBE DISPLAYS 
Model 1340A (cont.) 

1340A Specifications 
I 

Vertical and horizontal amplifiers r 
For complete specifications refer to the 1340A Data Sheet. 

Ri' 
BZ 
Pb 
Dc 

tal 
Lii 
SC 
Lii 
In1 
Dr 

I 
1 

SCI 

c 
1 

1 

z. 
Ri 
Bi 
sc; 
to 
Ini 
C 
TI  
AI 
Viewing area: 114 cm' (17.7 in?); 96 mm (3.8 in.) vert by 119 mm 
(4.7 in.) horiz. 
Graticule: 8 x 10 div internal graticule; 1 div = 1.2 cm (0.47 in.). 
Spot size: 50.46 mm (0.018 in.) a t  center screen measured using 
shrinking raster method. Line resolution a 2 5  lines/cm (64 lines/in.). 
Trace align: geometrically aligns X-axis with viewing area. 
General 
Input connectors: BNC female connector with grounded shield for 
each axis mounted on rear panel. 
Line power: 100, 120,220, or 240 Vac, +5% to -10%; 48 Hz to 66 
Hz. Average power dissipation a t  60 Hz and 120 Vac is a 3 0  watts. 
Size: 128 H (front panel opening) x 163 W x 438 mm D (5.1" x 6.4" x 
17.2"). 
Weight: Opt 315: net, 8.2 kg (18 Ib), with covers and feet; shipping, 
9.1 kg (20 Ib). 
Operating environment 

Same as 1332A, refer to Small Screen Displays Specifications. 
Accessories supplied: one blue contrast filter, one operator's note, 
one 2.3 m (7.5 ft) line cord (90' IEC to NEMA 5-15 P, 3-conductor) 
for use in Canada, Mexico, Japan and the United States. 
NOTICE TO USERS: The 1340A is primarily for OEM system appli- 
cations. Therefore, without Opt 315 or Opt 317, protective covers are 
not provided and internal wiring connections of HAZARDOUS 
VOLTAGES ARE EXPOSED. Operator protection from these haz- 
ardous voltages must be provided by the purchaser and/or user of the 
instrument. If in doubt, ORDER OP 

For complete listing, including po 

- - ~ =..- lr _._. , _.___ ~ _-.-.._ ___-I -.._ ___ .__.._... 

Options B 

refer to 1340A Data Sheet. 
Modules 
001: display module without control panel 
002: display module and control panel without internal 
power supply (requires +20 Vdc regulated *5% in- 
cluding ripple, 1.5A; and - 15 Vdc regulated f 5% in- 
cluding ripple, 0.25A; each supply floating with its own 
ground return) 
Cabinets 
315: Display module with HP System I1 133 mm (5% 
in.) high, half-rack width cabinet, 381 mm (15 in.) long 

iess S L ~  
less $25 

add $75 

88 time: 5 120 ns (10% to 90% points) for l f u l l  screen deflection. 
indwidth: dc to >3 MHz (3 dB down) for 1 5  cm deflection. 
lase Shifk(3" to 1 MHz for full screen signal inputs. 
,flection factor: Front panel adjustable, 800 mv to 2 V, for full 
reen deflection of X and Y amplifiers. Independently switch selec- 
ble 5:l attenuators extend range from 4 V to 10 V full scale. 
near writing speed: 2 2 5  cm/ps (9.8 in./ps), 
bttling time: 5 3 0 0  ns to within one spot diameter. 
nearity: 5 5 %  of full scale along major axes. 
put RC: -1 MQ shunted by 5 5 0  pF. Internal 50Q switch. 
,if t 
'osition: 5 0 . 5  mm/hr (0.02 in./hr) and 5 1  mm (0.04 in.) in 24 
lours with covers installed after 15 min. warmup. 
3ain: < 1% under all combinations of specified line voltage with 
:overs installed after 15 min. warmup and constant temperature be- 
ween +20"C and +55"C (+68"F and +131°F). 
Zrosstalk: (0.25 mm (0.01 in.) with one input terminated in 50Q 
ind the other axis excited by a lV, 500 kHz signal; (0.5 mm (0.02 
n.) at 3 MHz when driven from a 50Q source. 
maxis amplifier 
88 time: (70 ns (cw bandwidth -5 MHz). 
anking range: a 1V change in the Z input voltage causes a full 
ale change in brightness. The cutoff level can be set from +0.2 Vdc 
-1 Vdc with the intensity control. 
put RC: a 1MQ shunted by 1 4 0  pF. Internally settable to 50Q. 

rpe: post deflection accelerator a 6.6 kV accelerating potential. 
athode-ray tube 

IiirniniTpd P?1 nhnqnhnr plprtrnctatir f n r i i c  2nd dpflprtinn 

1340A Option 316 installed in 10380 cabinet. 

I 

1340A Option 317. 

and with control panel (Model 1340A is supplied with- 
out cabinet and with control panel) 
316: Display Module with rear bracket for mounting in 
10380A (side-by-side cabinet) or 10386A (vertically 
stacked cabinet) with 457 mm (18 in.) side struts. Front 
casting, rear casting, two 457 mm (18 in.) struts, no 
covers, rear cover panel. 
317: Display Module with HP System I1 133 mm (5% 
in.) high, full-rack width cabinet with 381 mm (15 in.) 

add $50 

add $150 

,,...- "& __.." 4 0 0  _I 1 4 1 6 ,  1- \ __.__- I I  l . - - A L  n-.-A.> lung JLIULS, .too 111111 ( I  i-r8 in.) wveraii iengm. rainrea 
blank front panel and rear filler panel included. 
X and Y amplifiers 
110 4 to 10 V/div deflection factor 
Cathode-ray tube 
Graticuie/Phosphor Type 
004: P4 phosphor with 8 x 10 div internal graticule 
039: P39 phosphor with 8 x 10 div internal graticule 
604: P4 phosphor, no graticule 
63 1 : P3 1 phosphor, no graticule 
6 3 9  P39 phosphor, no graticule 
Contrast filters 
561: clear CRT implosion shield replaces standard 
blue contrast filter (Opt 561 and Opt 315 required for 
UL 478 electronic data products listing) 
Signal inputs 
324: add 25-pin connector to rear panel. X, Y, and Z- 
axes signal inputs wired in parallel with BNC inputs. X, 
Y, and Z input capacitance increases to approx 120 pF 
Z-axis digital input 
2 16: TTL blanking 11 
blanks any analog Z 
0.8 V) returns blanki 
Safety 
3 3 0  Display Module with H P  System I1 half-rack 
cabinet, UL Listed for use in Medical and Dental 
Equipment (UL 544). Includes special hospital-grade 
ac line cord, special line transformer, and clear CRT 
implosion shield in lieu of standard blue contrast filter 
3 3 5  UL recognized component for use in Medical and 
Dental Equipment (UL 544) (display module without 
cabinet). Includes special hospital-grade ac line cord, 

RT implosion 
Iter 
luirements for 

certification. 
inciuaes uption 5 I 3 witn L ~ A  labeling 

Ordering information 
1340A Display Module (with control panel) 
10380A Cabinet and Frame Kit (side-by-side) 
10386A Cabinet and Frame Kit (vertically stacked) 

add $5 

add $30 
add $30 
add $30 

add $30 
N / C  

N/C  

add $30 

Id $15 

add $125 

add $50 

add $75 

$1000 
$150 
$150 

evel. High state (+2.5 V to +5 V) 
-input signal. Low state (0.0 V to 
ing to analog Z-axis input 

ac 

special line transformer, and clear CI  
shield in lieu of standard blue contrast fi 
580: Meets measurement equipment r q  
Canadian Standards Association safety 
r . , A _. -.. ... --. . . .. 



Wmq CATHODE-RAY TU5E DISPLAYS .. ; 
Small screen displays 

Models 1332A, 1333A, 1335A & 1336s 

1332A 

1335A 

13368 

1332A, 1333A, 1335A, and 13368 Description 
Models 1332A, 1333A, 1335A, and 13368 are high-quality cath- 

ode-ray tube displays designed to satisfy a wide range of OEM medi- 
cal and electronic instrument display needs. The major differences 
between these displays are their CRT's. 

Model 1332A has a large 9.6 X 11.9 cm display area with the reso- 
lution and picture quality required for medical diagnosis systems plus 
a bright display for differentiating between many gray shades, or for 
viewing in brightly lighted areas. Option 530 provides even greater 
brightness with up to 500cd/mz line brightness (see Specifications). 

Model 1333A has a high resolution CRT with an 8 X 10 cm viewing 
area specifically optimized for photographic applications such as 
gamma camera systems. The 1333A's combination of high resolution, 
excellent uniformity, and speed permits crisp easy-to-read, diagnos- 
tic-quality photographs to be obtained from state-of-the-art nuclear, 
ultrasonic, thermographic, and X-ray scanning systems. 

Model 1335A's high resolution 8 X 10 cm storage display offers 
medical and instrumentation OEM users a variable persistance, stor- 
age, and non-storage CRT display with excellent performance. Out- 
standing picture quality and amplifier performance combine to make 
the 1335A a significant advancement in storage displays. 

Model 13368 consists of an 8 X 10 cm display module (1 336A) and 
a separate power supply module (1336P) for mounting flexibility. 
With up to 140 lines/cm resolution the 13368 is ideal for all high 
resolution imaging requirements. 

The 1332A, 1333A, and 1335A have post deflection accelerator 
CRT's to assure a bright, crisp trace. The 13368 display uses a mono- 
acceleratoi CRT design to achieve 140 lines/cm resolution a t  center 
screen with low power consumption. An opaque aluminum layer be- 
hind the phosphor (except in model 13368, which is non-aluminized) 
enhances trace brightness. 



CATHODE-RAY TUBE DISPLAYS 
Models 1332A, 1333A, 1335A & 13368 (cont.) 

HP’s small screen displays are ideally suited to all types of mea- 
surement systems applications such as spectrum and network 
analysis, Fourier analysis, automatic measurement, or in conjunc- 
tion with Model 1350A Graphic Translator as a readout for HP-I6 
measurement systems, as illustrated here. 

Regulated, low power write gun and flood gun filaments assure a 
constant light output under varying line voltage conditions. More im- 
portantly, the low power filament operation significantly extends 
CRT life and eliminates grid and other stray emissions common to 
older, less efficient designs. 

Models 1332A, 1333A. 13368, and 1335A (Opt 330) are listed 
with Underwriters Laboratories in accordance with the UL 544 
Medical Safety Standard which defines detailed patient protection 
requirements. Regular inspection of our production facility by UL 
assures you that this patient protection is built into the display that 
you purchase. 

Models 1332A, 1333A, and 1335A are 13.3 cm (5-% in.) high, half 
rack width, 49.5 cm (19 y2 in.) long packages that can be combined 
with identical empty modules to form an attractive full width hori- 
zontal or vertically stacked OEM instrument. The 1336A Display 
Module has the same dimensions and the 1336P Power Supply Mod- 
ule has the same height and width but is 33.5 cm (13 3& in.) deep. If 
the 1336A/P are to be mounted together, 1336P Option 018 may be 
ordered to provide the same cabinet depth as the 1336A, with locking 
hardware to form a standard EIA rack width unit. 

Picture clarity 
Model 1332A: spot size is only 0.305 mm (0.012 in.) diameter a t  
high intensity levels and remains focused over the entire range of in- 
tensity levels. This resolution makes the 1332A well suited for appli- 
cations requiring sharp focusing on multiple gray shades or varying 
writing speeds with frequent video drive level changes. Spot size is 
0.3 mm over the entire quality area, making the display especially 
useful in applications where sharp focus is required. An example of 
this is where alphanumeric characters are mixed with traces, curves, 
or graphs. 

The large 9.6 cm x 11.9 cm viewing area and bright display make 
the 1332A ideal for the OEM with both visual and some photographic 
requirements. Display brightness lets you view the display in high am- 
bient light conditions while maintaining resolution and gray shades 
for photographic work. Whenever uniform photographic recording of 
the display becomes critical, the 1333A or 13368 should be used. 
Model 1333A: is specifically designed for photographic recording 
where display uniformity and high image quality are essential. Spot 
size is a crisp 0.20 mm (0.008 in.) diameter everywhere on its 8 x IO 
cm display, which allows resolution of 193 354 picture elements. The 
spot remains round and sharply focused in all areas of the screen and 
a t  varying intensity levels, eliminating the need to readjust focus or 

Ultra-high resolution, uniform light output, and long-term stability 
of the Model 13368 yield optimum photographic image quality as 
illustrated in this full body gamma camera bone study. 

astigmatism controls. No compromises are needed for optimizing 
overall image sharpness in applications where all areas of the screen 
contain critical information and the Z-axis drive level varies widely. 
For displays that do not require the entire screen, sharply focused 
alphanumeric messages such as patient identification or operator 
instructions can be inserted along the extreme edges and corners for 
maximum use of the display area. 

Light output uniformity is fully specified, both overall and for small 
increments, which assures you that the information content of the dis- 
play is an accurate representation of the input signals. Additionally, 
light output drift is specified, including all effects of the Z-axis ampli- 
fier, high voltage supply, and CRT. A regulated dc CRT filament 
voltage is also used to assure constant light output independent of line 
voltage fluctuations. The regulated dc filament voltage also reduces 
the possibility of interference patterns resulting from correlation be- 
tween input signal frequencies and the high voltage oscillator or pow- 
er line frequencies. 



Fine image detail and a well-focused spot at all intensity levels 
m a k e  the 1335A ideal for use in Spectrum, Fourier, Network, and 
Chemical analysis as  well as  automatic test systems. 

- 
Empty half-width frame, available as an accessory, provides an 
attractive full-width or double-height package with an integrated 
appearance with s p a c e  for your special circuits. 

Model 1335A: The CRT can be operated in non-storage, storage, or 
variable persistence modes. In the non-storage mode (called CON- 
VENTIONAL), the CRT operates similar to a mono-accelerator 
conventional CRT with an exceptionally small spot that focuses uni- 
formly over the entire quality area. Resolution is approximately 40 
lines per cm (100 lines per in.). In addition, spot size is relatively inde- 
pendent of intensity settings or Z-axis input signals, eliminating the 
need to refocus a t  each intensity setting. This characteristic enhances 
the CRT image in applications requiring the CRT to focus on a wide 
range of intensity levels. Applications include those where markers 
intensify areas of interest, where characters or vectors are written, 
and anywhere that the writing speed or drive levels of the beam vary. 
The light output remains extremely stable because of regulated CRT 
filament voltages and an exceptionally stable Z-axis amplifier. 

The same excellent CRT performance is maintained in the Variable 
Persistence operating mode. Persistence is continuously adjustable 
with a front panel control, from approximately 0.20s to full storage. 
This mode allows you to eliminate flicker on some presentations by 
increasing the persistence to match the refresh rate. The variable per- 
sistence mode is selected by pressing the WRITE pushbutton. 

The storage CRT is preset to store dots having a Z-axis width of 
1 ps or greater for up to 30 minutes. The storage mode offers the 
greatest contrast because the background is completely dark. An in- 
ternal adjustment allows an increase of writing speed to capture 
faster signals with reduced storage time and trace-to-background 
contrast. Another adjustment may be used to enhance either the stor- 
age time of the trace or the stored brightness of the stored images. 
Stored resolution is over 20 lines per cm (50 lines per in.) and stored 
traces retain sharp details. 

Model 13388: with 140 lines/cm resolution at center screen this dis- 
play is ideal for all high-resolution imaging requirements such as 
multi-imaging gamma cameras, scanning electron microscopes, and 
scanning auger microprobes. A mono-accelerator CRT with an accel- 

The well-designed interior layout and use of plug-in boards, multi- 
conductor cables, and multi-pin connectors m a k e  the 1332A, 
1333A, 1335A, and 13368 very serviceable. 
erating potential of approximately 5 kV produces an intense, 0.07 mm 
(0.0028 in.) diameter spot at center screen. H P  contributions in elec- 
tron gun and circuit design make it possible to provide this high reso- 
lution with only 100 watts power consumption. 

The CRT is designed to prevent spurious light from reaching photo- 
graphic film during long time exposures. Light output uniformity is 
tested to assure that the information content of the displayed image is 
an accurate representation of the input signals. 
Programmability (1335A) 

The Model 1335A offers users great flexibility in selecting ERASE, 
STORE, WRITE, CONVENTIONAL, and VARIABLE PERSIS- 
TENCE modes. These modes can be selected with the manual front 
panel controls, remote program inputs, or a combination of both. 

In manual operation, the front panel controls select the operational 
mode. In program mode, a single program line inhibits the manual 
controls and prevents operator intervention. Additional control lines 
can be used to selectively enable the front panel ERASE and VARI- 
ABLE PERSISTENCE controls during remote operation to provide 
interactive capability. Provisions have been made so that any pro- 
grammable functions can be hard wired to operate through the front 
panel controls during remote operation. 
Electronics 
Models 1332A, 1333A, and 1335A 

The X and Y amplifiers have 70 ns rise time (bandwidth is 5 MHz) 
and the Z-axis blanking amplifier has a 25 ns rise time. When faster 
X and Y amplifier response is required, Model 1332A has an Option 
available to obtain 25 ns rise times. All amplifiers are fully differen- 
tial and operate at exceptionally low power levels for stable, drift-free 
performance over wide ranges of operating temperatures. 

The time required to make any size movement on the CRT, includ- 
ing the response time for the amplifiers to settle within one spot diam- 
eter of final position, is less than 300 ns. This means that many 
thousands of vectors and characters can be written on the display 
without flicker or annoying distortions. 
Model 13368 

The 1336A’s deflection amplifiers settle to within one spot diameter 
in (500 ns after receiving an input step command. All amplifiers are 
fully differential and operate at low power levels for stable operation 
and minimum warm-up time. Dynamic focus circuits automatically 
correct for spot position to assure optimum resolution over the entire 
CRT face. A regulated dc CRT filament supply assures a stable light 
output. 

Interfacing flexibility is provided by internal switches which allow 
selection of X, Y, and Z amplifier input characteristics. An optional 
TTL blanking input unconditionally overrides any analog Z-axis in- 
put and the intensity control, and can be used to provide CRT protec- 
tion in the event of CRT failure. 

OEM Frame 
The 1332A, 1333A, 1335A, and 1336A displays are built around a 

comprehensive, modular mechanical frame which allows OEM’s to 



I CATHODE-RAY TUBE DISPLAYS 
-\-A Models 1332A, 1333A, 1335A & 1336s (cont.) 

develop many integrated package combinations to fit their applica- 
tions. The basic package is 13.3 cm ( 5  1/4 in.) high, and half a stan- 
dard rack width. The frame consists of four castings which provide a 
strong package and does not require additional support from the sys- 
tem it is installed in. These half module frames are fully compatible 
with Hewlett-Packard's System I1 modular enclosure system; refer to 
Cabinets, System-11. 

Empty modules of equal size allow the frame to be combined into 
either a full width module suitable for rack mounting or bench use, or 
in a vertically stacked configuration. Your custom-designed circuits 
can easily be installed in these empty modules. Combining covers are 
also available to give the combined frames an integrated, single-unit 
appearance. Additional hardware is also available for rack mounting, 
mounting on slides, and to dress up the basic frame. 

Considerable effort has been taken in developing the structural, 
thermal, RFI, and modular characteristics of this mechanical frame 
to provide you with the best possible display for your OEM system. 

All frequently used controls are adjustable from the front panel for 
maximum accessibility when the display is mounted in a rack, cabi- 
net, or system. The most frequently used controls, such as intensity, 
focus, and position have knobs while infrequently used controls such 
as astigmatism, trace align, and X and Y Gain are screw-driver ad- 
justments. The 1336A has a IO-turn dial on the intensity control to 
allow precise resetting of trace brightness for repeatable photograph- 
ic results. A front panel door covers the controls of the 1332A, 1333A, 
and 1335A for a more pleasant appearance and reduces the chance of 
misadjustment by untrained personnel. The ac line switch is mounted 
on the rear panel to prevent inadvertent turn-off allowing the display 
to be powered through the common system power bus. 
Serviceability 

Construction of these displays is modular, rugged, and extremely 
serviceable. Printed circuit boards are plug-in type with interconnec- 
tions through edge connectors and multiconductor wire strips that 
connect to sockets on the boards. Serviceability also extends to CRT 
replacement which, with a knowledgeable technician, can be accom- 
plished in approximately ten minutes. Calibration time is kept to a 
minimum with easily accessed and independent adjustments. 
Options and accessories 

A wide range of options is available for tailoring the display to spe- 
cific requirements; refer to Specifications for complete listing. Acces- 
sories available include rack mounting kits, OEM half module frames 
and rack slides, a light shield (Model 10183A), and BNC shorting 
caps for use with certain options. For convenient system interconnec- 
tion, Model 10488A 3.6 m (12 ft) Display Cable is available as an ac- 
cessory. Model 197A Opt 001/006 camera is adapted for direct re- 
cording of 1332A, 1333A, 1335A, and 13368 displays. Refer to the 
individual display data sheets for a complete description of accesso- 
ries. 

1332A, 1333A, and 1335A Specifications 
Vertical and horizontal amplifiers 
Response 

Rise time: 5 7 0  ns (10% to 90% points) for 5 full screen 
deflection. 

Bandwidth: dc to ~5 MHz for 7.6 cm (3 in.) deflection (1332A), 
5.1 cm (2 in.) deflection (1333A. 1335A). 

Phase shift ( 1 3 3 2 A ,  1335A): (1' dc to 1 MHz (measured with X 
and Y gain set to max). 
Deflection factor (horizontal and vertical): 100 mV/div (1 V p-p 
for IO div deflection horizontal; 0.8 V p-p for 8 div deflection, verti- 
cal). Adjustable from -80 mV/div to 200 mV/div. 
Settling time: signal settles to within one spot diameter of final value 
in 1 3 0 0  ns. 
Linear writing speed: 225.4 cm/ps (10 in./ps). 
Inputs: rear panel BNC connectors with shield grounded. Fully dif- 
ferential inputs available, see Options. 
Input RC: c 1 Mfl shunted by 1 6 0  pF. 
Max input: 2 50 V (dc + peak ac). 
Dynamic range: beam may be deflected off screen up to 1/2 screen 
diameter in any direction provided that the zero input position is on 
screen, without degradation of specification. 
Crosstalk: 10.254 mm (0.010 in.) with one input terminated in 50 fl 

and other driven by 1 V, 500 kHz signal; < 0.38 mm (0.015 in.) a t  5 
MHz when driven ~ 

Drift 
Position: 50.5 mminr (U.UL in./nr) ana 2 I.UL mm (u.uru in.) In 
24 hr with covers installed and after 15 min. warmup. 
Gain: < I %  under all combinations of specified line voltage with 
covers installed after 15 min. warmup and temperature between 
+20"C and +55"C (+68" F and +13loF). 

Common mode rejection ratio: (Opt 106 only) at least 40 dB 
(100:l)upto 10kHzfor 1 V(ful1screen) inputs;atleast25dB(18:1) 
at 1 MHz for 1 V (full screen) inputs. 
!-axis amplifier 
Use time: 5 2 5  ns; cw bandwidth -5 MHz. 
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Light output stability (drift): spot photometer measurements of 
light outDut made at one hour intervals will not varv more than 10% 
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tential, aluminized P3 1 phosphor (see Options for other phosphors). 
Viewing area: 114 cm2 (17.7 in.'), -9.6 cm vert by 11.9 cm horiz 
(3.8 in. x 4.7 in.). 
Quality area: center 9 div horiz by center 7 div vert. 
Graticule: 8 x 10 div internal graticule. 1 div = 1.2 cm (0.47 in.). 
Spot size: 50.3 mm (0.012 in.) over entire quality area, measured 
using shrinking raster method. Line resolution a 3 1 3  lines/cm (80 
lines/in.). 
Line brightness: 2170 cd/m2 (50 fl) a t  writing speed of 0.25 cm/ps 
(0.1 in./ps), 60 Hz refresh rate, P31 phosphor, 0.3 mm (0.012 in.) 
spot size. 
Geometry: (3% pincushion and barrel distortion over useable dis- 
play area. 
Linearity: (3% of full scale along major axes. 
Cathode-ray tube (1333A) 
Type: electrostatic focus and deflection, - 12 kV accelerating poten- 
tial, aluminized P3 1 phosphor. 
Viewing area: 80 cmz (12.4 in?), 8 cm vert by 10 cm horiz (3.1 in. x 
3.9 in.) 
Quality area: 8 cm vert by 10 cm horiz (3.1 in. x 3.9 in.). 
Graticule: none, see Options. 
Spot size: 5 0.20 mm (0.008 in.), over entire quality area. Mea- 
sured using shrinking raster method, line resolution =49 lines/cm 
(125 lines/in.). 
Light output 

Line brightness: 34.3 cd/m2 (10 fl) a t  writing speed of 0.254 
cm/rs (0.1 in./ps), 60 Hz refresh rate, P31 phosphor, 0.02 mm 
(0.008 in.) spot size. 
Uniformity: with a 1:1 photograph of the CRT display using Polar- 
oid Type 107-084 film, input signals adjusted for uniform stimula- 
tion of the entire CRT screen area and exposure parameters 
adjusted for an average reflection density of 0.3 to 0.6 in the resul- 
tant print, the difference between any two points on the photograph 
in a centered 7 x 9 cm rectangular area is less than one step on a 
Kodak 12-step gray scale. 

Linearity: (3% of full scale along major axes. 
Stray emission: no stray emissions from the CRT will be visible on 
Polarity Type 107 ASA 3000 film after a 30 min. time exposure with 
the camera lens set to f/1.9, 1:l magnification ratio. 
Cathode-ray tube (1335A) 
Type: electrostatic focus and deflection, -8.5 kV accelerating poten- 
tial, aluminized P31 phosphor. 



Viewing area: 72.2 cmz (1 1.2 in?), 7.6 cm vert by 9.5 cm horiz (3 in. 
x 3.7 in.). 
Quality area: center 9 div horiz by center 7 div vert. 
Graticule: 8 x 10 div internal graticule, 1 div = 0.95 cm (0.37 in.). 
Geometry: (3% pincushion and barrel distortion over useable dis- 
play area. 
Linearity: (3% of full scale along major axes. 
Conventional (non-store) parameters 

Spot size: 0.254 mm (0.010 in.) over entire quality area. Measured 
using shrinking raster method. Non-stored line resolution is 39 
lines/cm (100 lines/in.). 
Line brightness: 68 cd/mz (20 fl) at writing speed of 0.254 cm/ps 
(0.1 in./ps), 60 Hz refresh rate, P31 phosphor, 0.0254 mm (0.010 
in.) spot size. 
Persistence: -40 ps. 

Stored resolution: a 2 0  lines/cm (51 lines/in.). 
Brightness: >680 cd/mz (>200 fl) in WRITE mode. 
Erase time: (500 ms. 
Storage time: > 1 min. at full brightness in WRITE mode, extend- 
ing to >30 min. in STORE mode a t  lower brightness. 
Variable persistence: continuously adjustable from 0.2 s to full 
storage (one min.). 
Dot writing time: will store a dot anywhere inside the quality area 
having an unblanking time of 1 ps. 
Writing speed: >SO cm/ms. 

Remote programming (1335A) 
(TTL compatible, except Variable Persistence) 
Remotely programmable functions: Erase, Write, Store, Conven- 
tional, and Variable Persistence. 
Remote selection: a single TTL control line disables the front panel 
Erase, Write, Store, Conventional, and Variable Persistence func- 
tions and transfers control to the remote inputs. 
Control Enable: separate TTL inputs to enable front panel Erase 
and/or Variable Persistence controls during remote operation. 
Variable persistence: an external dc voltage between 0 and +10 V 
sets the persistence. Or, a pot can be connected through the Remote 
Input connector to control persistence if 10 Vdc is not available. 
Erase verify: A TTL High output during Erase (will drive ten low 
power gates). 
Safety 
imolosion: transparent safety panel between CRT and bezel protects 

Storage parameters 

5100 mV/cm to 1200 mV/cm 
5 1 0 0  mV/cm to 2 2 0 0  mV/cm 
50.5 V/cm to 2 1  V/cm 

_ _  
viewer (Opt 561 br 330). 
X-ray emission: 0.5 mr/hr measured with Victoreen Model 440 

10 kR 
50 kR 
113 kSl 

RF/C. 
UL listing: with Opt 315 and 561 meets Underwriters Laboratories 
Listing 478 for Electronic Data Processing Equipment; with Opt 330 
meets UL for Dental and Medical Electronic Equipment. 
NOTICE: these displays are designed and manufactured primarily for 
OEM system applications. Therefore, without Opt 315 or Opt 330, 
the top and bottom protective covers are not provided and internal 
wiring connections of HAZARDOUS VOLTAGES ARE EX- 
POSED and operator protection must be provided by the purchaser 
and/or user of the instrument. If in doubt order Opt 3 15 or 330 which 
provide the covers. 

General 
input connectors: rear panel BNC for X, Y, and Z inputs with 
shields grounded. 
Front panel controls 

Knobs: position X, position Y, focus and intensity. 
Pushbuttons (1335A): erase, write, store, and conventional. 
Screwdriver adjustments: trace align, astigmatism, gain X, and 
gain Y. 

Line power indicafor: front panel lamp. 
Operating environment: temperature, 0 ° C  to +55"C (0°F to 
+131"F), non-operating, -40°C to 70°C (-40°F to +158"F); hu- 
midity, 5% to 95% relative humidity a t  +40"C (+104"F); altitude, to 
4600 m (15 000 ft), non-operating to 7600 m (25 000 ft); shock, 30 g 
level with 11 ms duration and 1/2 sine wave shape; vibration, vibrated 
in three planes for 15 min. each with 0.254 mm (0.010 in.) excursion. 
Line power: selectable 100, 120, 220, or 240 Vac, +5%, -10%; 48 
Hz to 66 Hz*; max power (1332A) 50 VA (-40 W), (1333A) 60 VA 

Bladhg Range 

( a 5 0  W), (1335A) 65 VA ( a 5 5  W). Average power dissipation a t  
60 Hz and 120V without any options is -24 W (1332A), -40 W 
(1333A). -35 W (1335A). 
*Units mael a11 electrical specifications 48-440 M, but do not meet ac line to chassis leakage re- 
quirements of UL 544 (Medical and Dental) Listing above 68 Hz. 

Size: 146 H (including feet) x 213 W x 524 mm D (5%" x 8%" x 

Weight: net, 8.6 kg ( I9  Ib) with covers, feet; shipping, 10.5 kg (23 Ib). 
Covers, feet, tilt stand, and trim not supplied with standard displays. 
Accessories supplied: one blue contrast filter, one 2.3 m (7.5 ft) 
line cord (90" IEC to NEMA 5-15P, 3-conductor for use in Canada, 
Mexico, Japan, and the United States), one Operating and Service 
Manual, and for the 1335A one remote program connector. 

Vertical and horizontal amplifiers 
Deflection factor and input resistance: deflection factors and in- 
put resistances may be selected by internal switches independently for 
X and Y axes. Front panel X and Y gain controls vary the deflection 
factor through the range indicated. 

1 Dekctian Facta Ranee I M a l  hrmt Resistance 

20%"). 

13368 Specifications 

Appox Input Resistance 

5 5  V p p  to 212.5 V p p  

Settling Time: signal settles to within fO.5 spot diameters of final 
value in (500 ns for any on-screen final location. Initial off-screen 
deflection (if any) must not exceed specified dynamic range. 
Repeatability: (0.1 5% error (full screen) for readdressing a point 
from any on- or off-screen location within specified dynamic range. 
Dynamic range: beam may be deflected off-screen up to 1 /2 screen 
diameter in any direction provided that the zero input position is on 
screen, without degradation of specifications. 
Input capacitance: 1 7 0  pF. 
inputs: fully differential BNC connectors with shield grounded. 
Max input: +. 50 V(dc + peak ac) for high impedance; & 2.5 V(dc + 
peak ac) for 50 Q input impedance. 
Position: front panel controls allow undeflected spot to be set off 
screen from anywhere within the viewing area. 
Drift: typically (0.5 mm/hr (0.02 in./hr) and 1 1.02 mm (0.04 in.) 
in 24 hrs. with covers installed after 15 min. warm-up. 
Z-axis amplifier 
Blanking range and input resistance: blanking ranges and input 
resistances may be selected by internal switches. An internal Z-axis 
gain adjustment varies the blanking through the range indicated. The 
blanking range is the peak-to-peak variation in Z-axis input voltage 
required to vary CRT beam current from cutoff to maximum. 

113 kR 
5 1 0  V p p  to 1 2 5  V p p  100 kR 

Rise time: 6 4 0  ns, measured with a 10% duty cycle pulse at a repeti- 
tion rate of 100 kHz. 
CW bandwidth: a 5 MHz. 
Linearity: light output typically varies linearly with Z-axis input volt- 
age within - 20%. 
input: fully differential BNC connectors, shields grounded to chassis. 
Input capacitance: 1 7 0  pF. 
Max. input: & 50 V (dc + peak ac) with high input impedance; f 2.5 
V (dc + peak ac) for 5(K1 input impedance. 
Light output stability: raster scan photometer measurements of 
light output made at one hour intervals will typically not vary more 
than 5% from the previous measurements for any location within the 
useable display area, under all specified conditions of line voltage 
with intensity set to >5% of peak brightness and constant ambient 
temperature after 15 minutes warmup time. 



CATHODE-RAY TUBE DISPLAYS 
Models 1332A, 1333A, 1335A & 1336s (cont.) 

Temperature coefficient of light output: a l%/deg  C, for light 
output 2 5 %  of max light output. 
Cathode-ray tube 
Type: mono-accelerator, = 5 kV accelerating potential, electrostatic 
focus and deflection, P3 1 non-aluminized phosphor, and no graticule. 
Viewing area: 80 cmz, 8 cm vert by IO cm horiz, centered on CRT. 
Resolution: within a 6.4 cm X 8 cm rectangle with a 0.8 cm radius on 
each corner, centered on the electrical center of the CRT, the resolu- 
tion is 2 8 0  lines/cm at 25°C f 10°C. At the electrical center of the 
CRT, the resolution is 2 1 4 0  lines/cm at 25°C f 10°C. After 4000 
operating hrs or 12 mos from date of shipment, whichever comes first, 
resolution a t  electrical center of CRT shall be 1 100 lines/cm at 
25°C * I O T ,  provided unit has been calibrated a t  intervals of 6 
months or less. Electrical center of CRT is located within 0.5 cm of 
geometric center. 
Radiant power output: 2 pW/cm2 steradian, measured with a 100- 
line, 4 cm X 4 cm, focused raster with 50% duty cycle. 
Light output uniformity: the difference in light output between any 
two points within a 7 cm x 9 cm area centered on the cathode-ray tube 
face is 516%. Within this 7 cm x 9 cm area, the gradient of light 
output with respect to position does not exceed 6% per cm averaged 
over any 2% p-p variation, excluding gradients which are not continu- 
ous for a distance of at least 1 cm. 

Note: light output uniformity is not warranted after customer use, 
since normal use may degrade light output uniformity beyond the 
stated limits within the warranty period. 

Linearity: (3% of full scale along major axes. 
Geometry: (3% pincushion or barrel distortion within quality area. 
Safety 
UL listing: UL listed for use in medical and dental systems (UL 544). 
X-ray emission: (0.5 mr/hr measured with Victoreen Model 440 
RF/C. 

General 
Line power: 100,120,220, or 240 Vac selectable on rear panel, +5% 
to -20%; 48 to 66 Hz*; max power 125 VA (=IO0 W). 
*1336S meets all electrical specifications 4 8 4 4 0  Hz, but does not 
meet ac line to chassis leakage requirements of UL 544 (Medical and 
Dental) listing above 66 Hz. 
Operating environment 
(Same as 1332A with following exception) 

Vibration: vibrated in three planes for 15 min. each with 0.38mm 
excursion, 5 Hz to 55 Hz; 1 min./octave, IO min. each resonance. 

Signal input connectors: two BNC female connectors for each 
axis mounted on rear panel. 
Front panel controls 

Knobs: intensity ( IO-turn knob with turn-counting dial), position 
X, position Y. 
Screwdriver adjustments: trace align, X gain, Y gain, focus (fo- 
cus adjustment requires special tool, supplied with Model 1336A). 

Line indicator: white LED mounted on front panel. 
Accessories supplied: One operator's Note, one 2.3 m (7.5 ft) line 
cord (IECA to NEMA 5-15P, 3 conductor for use in Canada, Mexi- 
co, Japan, and the United States - see Options for other available line 
cords), one 1.5 m ( 5  ft) cable for interconnection of power supply and 
display module. 
Size: 1336A. 146 H (including feet) x 21 3 W x 524 mm D(Y/,'' x 8 '4" 
x 20 "'7. Standard 1336P Power Supply is 335 mm D(133/,,"); order 
1336P Opt 018 for same depth as 1336A. 
Weight: 

1336A: net, 7.1 kg (15a/, lb); shipping IO kg (22 Ib). 
1336P: net, 7 kg (15% Ib); shipping, 10.4 kg (23 lb). 
13368: net, 14.2 kg (31% Ib); shipping, 20.4 kg (45 Ib). 

OPTIONS (1 332A, 1333A, 1335A) 
X and Y amplifiers 
Deflection factor 
100: 500 mV/div, 5 p-p for full-screen deflection 
101: 1 V/div, IO V p-p for full-screen deflection 
Polarity 

(BNC connectors). 
1 0 6  fully differential inputs, shield grounded (BNC 
connectors). 

Price 

add $20 
add $20 

105: negative X and Y inputs move beam up and right N/C 

add $25 

Input impedance 
110: 500 
Rise time 
120 (1332A): 25 ns X & Y amplifier rise time 

Z-axis input (video amplifier) 
Blanking range 
200: 0 to 5 v 
201: 0 to IO v 
Polarity 
205: negative input unblanks trace, BNC connector 
with shield grounded 
206: fully differential input, BNC connector with 
shield grounded 
Input impedance 
210: 50Q 
Gain characteristics 
215: light output varies linearly (f 20%) with a linear 
change in Z-axis input voltage (gamma correction) 
Digtal input 
216: TTL blanking level. High state (+2.5 V to +5V) 
blanks any analog Z-input signal. Low state (0.0 V to 
0.8 V) returns blanking to analog Z-axis input. 

Cathode-ray tube 
Graticule/phosphor type 
004 (1332A): P4 aluminized phosphor with 8 x IO div 
internal graticule 
007' (1332A): P7 aluminized phosphor with 8 x IO div 
internal graticule and amber contrast filter 
0 1  1 (1332A, 1333A): P11 aluminized phosphor with 8 
x IO div internal graticule 
031 (1333A): P31 aluminized phosphor with 8 x 10div 
internal graticule 
039 (1332A): P39 aluminized phosphor with 8 x IO div 
internal graticule 
604 (1332A): P4 aluminized phosphor without inter- 
nal graticule 
607' (1332A): P7 aluminized phosphor with amber fil- 
ter without internal graticule. 
61 1 (1332A, 1333A): PI 1 aluminized phosphor, with- 
out internal graticule. 
631 (1332A, 1335A): P31 aluminized phosphor, with- 
out internal graticule 
639 (1332A): P39 aluminized phosphor without inter- 
nal graticule 
*P39 phosphor is recommended in lieu of P7. 
Brightness 
530 (1332A): line brightness 1500 cd/me (146 fl) a t  a 
writing speed of 0.25 cm/ps (0.1 in./ps), 60 Hz refresh 
rate, P31 phosphor. Spot size 10 .38  mm (0.015 in.) 
over entire quality area. 

Note: Opt 530 not available with Opt 007,011, 
039,607,61 I ,  or 639. 

Magnetic shield 
550 (1332A): full magnetic shield on CRT 
Contrast filters 
NOTE: the plastic filter serves as integral implosion 
protection for the viewer, therefore these displays can- 
not be ordered without the standard or an optional 
filter. 
561: clear, replaces filter supplied with standard and 
some optional phosphors, and is required for UL EDP 
Equipment Listing. 
562 (1332A, 1335A): clear, RFI coated surface also 
includes metalized front panel. 

General 
AC line cords 
300: 2.3 m (7.5 ft) removable, 240 V max, 3-conductor 
90" IEC to Great Britain, Singapore. 
301: 2.3 m (7.5 ft) removable, 240 V max, 3-conductor 
90" IEC to Australia, New Zealand. 
302: 2.3 m (7.5 ft) removable, 240 V max, 3-conductor 
90" IEC to East and West Europe. 

add $10 

add $25 

add $10 
add $10 

N/C 

add $15 

add $10 

add $15 

add $50 

add $30 

add $30 

add $30 

N/C 

add $30 

add $30 

add $30 

add $30 

N/C 

add $30 

add $100 

add $95 

N/C  

add $150 



303: 2.3 m (7.5 ft) removable, 240 V max, 3-conductor 
IEC to NEMA 6- 15P (USA, Canada, Japan, Mexico) 
304: 77 cm (30 in.) coiled, extends to 1.8 m (6 ft), re- 
movable, 120 V max, 3-conductor IEC to NEMA 5- 
15P (USA, Canada, Japan, Mexico) (not available 
with Opt 315 or 330). 
307: USA only hospital grade power cord 
AC line voltage tolerance 
310 (1332A, 1335A): +5%, -20% tolerance at 100, 
120, 220, 240 Vac setting. Increases power dissipation 
to =SO watts (1332A), 60 watts (1335A). 
Front and rear panel modifications 
322: replaces standard intensity control with a 10-turn 
control with counting dial. 
323: front panel screwdriver adjustments on left side of 
front panel changed to internal adjustments. 
324 (1332A, 1333A): adds 25-pin connector to rear 
panel. X, Y and Z-axes signal inputs wired to positive 
signal inputs (input capacitance is increased to =120 
PO.  
3 2 6  front panel controls on right side changed to 
screwdriver adjustments. These include intensity, fo- 
cus, position x, and position Y. When Opt 322 is speci- 
fied with Opt 326, the intensity control is as described 
in Opt 322 and the focus, position X, and position Y 
become screwdriver adjustments. 
Safety 
315: includes covers, feet, trim, and tilt stand (required 
for UL EDP Equipment Listing) 
330: meets requirements for UL Listing for Dental and 
Medical Electronic Equipment. Includes special three- 
conductor ac line cord, specially marked covers, feet, 
tilt stand, trim, UL label, and Opt 561. 
5 8 0  meets requirements for Canadian Standards As- 
sociation Safety Certification. Includes Opt 315 with 
CSA labeling. 
Operating/servlce literature 
910 (1332A): extra set of product manuals 
910 (1333A): extra set of product manuals 
910 (1335A): extra product manual 

OPTIONS (13368) 
Safety 
Safety option applies to 1336A Display Module, 1336P 
Power Supply Module, or 13368 Display System (in- 
cludes 1336A display and 1336P power supply mod- 
ules). 
332: meets CSA standard for use in Medical Equip- 
ment. 

OPTIONS (1336A Display Module) 
These display module options also apply when ordering 
the 13368 Display System. 
X and Y amplifiers 
Deflection factor 
100': 500 mV/div, 5 V p-p for full screen deflection 
101.: 1 V/div, 10 V p-p for full screen deflection 
Input impedance 
1 lo': 5052 
Z-axis input (video amplifier) 
Blanking range 
200': 0 to 5 V 
201': 0 to 10 v 
Input impedance 
210: 50Q 
Digital Input 
216: TTL blanking level. High state (+2.5 V to +5 V) 
blanks any analog Z-input signal. Low state (0.OV to 
0.8V) returns blanking to analog Z-axis input. Rear 
panel input through BNC connector. Max input -0.2 
Vdc to +5 Vdc. 
217: same as 216 except polarity reversed. 
'These options may also be internally switch-8eIected on a standard 1336A. 

N / C  

add $5 

add $10 

add $50 

add $50 

add $10 

add $30 

add $25 

add $70 

add $75 

add $75 

add $5.50 
add $7.50 

add $7 

add $50 

add $5 
add $5 

add $5 

add $5 
add 15 

add $5 

add $50 

add $50 

Front and rear panel modifications 
323: all knob controls on front panel (intensity, posi- 
tion X, position Y) changed to screwdriver adjustments 
324: adds 25-pin connector to rear panel. X, Y, and Z- 
axis signal inputs wired to the positive signal inputs (in- 
put capacitance increases to ~ 1 2 0  pF, and crosstalk 
specification is waived). 

OPTIONS (1336P Power Supply Module) 
These power supply module options also apply when or- 
dering the 1336s Display System. 
AC line cord 
300: 2.3 m (7.5 ft) removable, 240 V max, 3 conductor 
90" IEC to Great Britain, Singapore 
301: 2.3 m (7.5 ft) removable, 240 V max, 3 conductor 
90" IEC to Australia, New Zealand 
302: 2.3 m (7.5 ft) removable, 240 V max, 3 conductor 
90" IEC to East and West Europe. 
303: 2.3 m (7.5 ft) removable, 240 V max, 3 conductor 
IEC to NEMA 6-15P (USA, Canada, Japan, Mexico) 
304: 77.2 cm (30 in.) coiled, extends to 1.8 m (6 ft) 
removable 120 V max, 3 conductor IEC to NEMA 5- 
15P (USA, Canada, Japan, Mexico). 
Note: units ordered with Options 300-304 not UL 
listed for use in Medical and Dental systems (UL 544). 
Connecting cable 
001: 0.3 m (1 ft) interconnecting cable in lieu of 1.5 m 
( 5  ft) cable 
002: no interconnecting cable for supplying power to 
display module 
Cabinet length 
018: cabinet length same as 1336A. Includes locking 
hardware to attach power supply module to display 
module. Assembled pair is one standard EIA rack 
width. Rack mounting flanges, with or without handles, 
and pivoting or fixed slides are available for rack 
mounting the combined units; see Cabinets, System 11. 

Accessories (small screen displays) 
10380A OEM Horizontal Frame 
The Model 10380A Frame Kit provides an empty 13.4 
cm (5% in.) high half-module frame for mounting on 
the left or right of a display. The kit includes an empty 
half-module with locking hardware for side-by-side 
mounting; combining covers that cover both the display 
and empty module (covers supplied with Option 3 15 or 
330 are not compatible with this kit); side covers with 
strap handles for both sides; and blank front, front sub, 
and rear panels for the empty module. 
10382A Bench Hardware Kit for 10380A 
The Model 10382A Bench Hardware Kit provides 
hardware for finishing the 10380A for bench use. The 
kit includes plastic trim for the front handles, plastic 
feet, tilt stands, and front rack handles. 
10386A OEM Vertical Frame 
The Model 10386A Frame Kit provides an empty half- 
module for mounting above or below a display. The 
empty half-module frame is ideal for user designed cir- 
cuits and has an integrated appearance. The kit in- 
cludes an empty half-module with locking hardware for 
mounting above or below the display; top and bottom 
covers (covers supplied with Option 3 15 or 330 are not 
compatible with this kit); combining side covers; blank 
front, front sub, and rear panels for the empty module; 
and cabinet trim. 
10183A Light Shield for 1332A, 1333A, 1335A, 
1338A 

Ordering information 
1332A Small Screen Display 
1333A Small Screen Display 
1335A Small Screen Display 
1336A Display Module 
1336P Power Supply Module 
1336s Display System (includes 1336A, 1336P) 
OEM and quantity discounts available. 

add $25 

add $30 

$25 

$150 

$25 

$150 

$15 

$1575 
$1900 
$2200 
$3800 
$900 

$4700 



POWER SUPPLIES 
General information 

Introduction 
Hewlett-Packard power supplies are avail- 
able in many types, sizes, and ratings. There 
are laboratory supplies used in circuit devel- 
opment, modular supplies to power systems, 
high-power supplies for industrial processes, 
and many special purpose supplies ranging 
from constant-current sources to bipolar 
power supply amplifiers. 

The true value of a power supply 
The best power supply for the job must first 

satisfy all the physical criteria: voltage and 
current ratings, performance specifications, 
size, and features. But equally important are 
the less tangible aspects that affect the real 
cost of ownership. Such factors as the exper- 
ience and expertise of the manufacturer’s en- 
gineering staff should be considered. Are his 
designs conservative-does he use quality 
components, does he have established QA 
procedures? 

If you have a problem or need application 
assistance, are the manufacturers’ reps ac- 
cessible, responsive, and knowledgeable? Are 
spare parts and service available on a world- 
wide scale? 

These factors do not show up on a spec 
sheet, but are closely related to a company’s 
capability and responsibility towards its cus- 
tomers. When you purchase a power supply 
from Hewlett-Packard, you receive guaran- 
teed product performance plus the intangi- 
bles that add up to long-term value-and it 
usually costs no more. 

Regulation techniques 
H P  power supplies are designed using one 

of four proven stabilization techniques: se- 
ries, switching, SCR, and SCR preregula- 
tor/series regulator. 
Series regulation: this technique uses a 
feedback loop to control the voltage drop 
across a series-pass transistor located be- 
tween the rectified dc input and the output 
terminals of the power supply. The feedback 
network senses changes in the output voltage 
and develops an error signal which adjusts 
the drop across the series transistor such that 
it maintains the output terminal voltage at 
thedesired level. Good regulation (0.001% to 
0.05%), low ripple and noise (50 pV to 1 
mV), and fast transient response ( t 5 0  ps) 
characterize this type of regulator. 

With all its attributes of excellent perfor- 
mance and circuit simplicity, the series regu- 
lator has one drawback: it is relatively 
inefficient (typically 30 to 40%). Heat sinks 
are employed to dissipate the heat generated 
by the series transistors and this necessarily 
increases the size and weight of the supply. 

All linear OEM modular and low power 
lab supplies use this technique. 
Extended range series regulation: this 
technique uses a pair of triac switches with 
appropriate control logic to automatically se- 
lect different transformer secondary taps de- 
pending on the output voltage and current 
demand placed on the supply, and the AC in- 
put voltage and frequency. Several voltage- 
current combinations can thereby be sup- 
plied from the input rectifier to the following 

series regulator. This extends the range of 
voltage (or current) output available within 
the power rating of the supply beyond that 
obtained from a simple series regulator. 
Model 6002A uses this technique. 
Switching regulation: this technique regu- 
lates the output voltage by essentially switch- 
ing a series transistor on and off at a rapid 
rate (about 20 kHz) and delivering this 
“chopped” current to an output filter. A feed- 
back network senses changes in the output 
and feeds back a correction signal which ad- 
justs the transistors on-off duty cycle to 
maintain a constant output voltage. Since a 
transistor dissipates very little power when 
it’s fully on or off, the regulator has excellent 
efficiency (typically 65-80?). 

Besides low power dissipation, another 
advantage of this technique is that the high 
pulse repetition rates make possible the use 
of transformers, inductors, and filter capaci- 
tors that are much smaller than those re- 
quired for operation at power line 
frequencies. 

Stabilization performance of the switching 
regulator is somewhat lower than the series 
regulator (typically 0.2% regulation: 20 mV 
rms, 40 mV p-p ripple and noise) but well 
suited for the majority of OEM system appli- 
cations. 
SCR regulation: In many high power appli- 
cations, the tight regulation and low ripple 
and noise characteristics of the series regula- 
tor can be beneficially traded for economy, 
efficiency, and compact size. This is where 
the SCR regulator is most valuable. Typical 
performance specifications for SCR supplies 
are 0.05 to 1% regulation. 50 mV rms, 500 
mV p-p ripple and noise, 50-200 ms transient 
response, and 70% efficiency. Regulation is 
accomplished by sensing both the AC input 
and DC output of the supply and generating 
a firing pulse for SCR’s located in two legs of 
a bridge rectifier. If the output voltage tries 
to decrease, the control circuit generates the 
firing pulse earlier in the input half cycle. 
More voltage is then passed through the 
SCR to the output filter to raise the output 
voltage to the correct level. 
SCR pre-regulator/series regulator: this 
technique incorporates the best of both 
worlds, and is used in most medium to high 
power, high performance power supplies. In 
these supplies, the SCR pre-regulator 
changes the rectifier output in coordination 
with the output voltage of the supply so that 
only a small voltage drop is maintained 
across the series pass transistor. This reduces 
the power dissipation in the series elements 
and greatly improves the efficiency (up to 
70%). Typical performance specifications 
are similar to series regulated supplies except 
for slower transient response. 

Selecting power supplies 
By model number: if you know the model 
number, you can find the power supply de- 
scription page from the numerical index in 
the front of this catalog. 
By voltage rating: the condensed listing on 
the following two pages lists power supples in 
order of output voltage rating. The refer- 
enced catalog page covers detailed specifica- 
tions. 



Specification 
POWER SUPPLIES 

definitions and power supply terms 

Specification definitions 
Ambient temperature: the temperature of the air immediately sur- 
rounding the power supply. 
Auto-parallel operation: a master-slave connection of the outputs of 
two or more supplies used for obtaining a current output greater than 
can be obtained from one supply. 
Auto-series operation: a master-slave connection of the outputs of 
two or more supplies used for obtaining a voltage greater than can be 
obtained from one supply. 
Auto-tracking operation: a master-slave connection of two or more 
supplies each of which has one of its output terminals in common with 
one of the output terminals of all of the other supplies. 
Complementary tracking: a master-slave interconnection of two 
supplies in which the voltage of the slave is equal to or proportional to 
that of the master and of opposite polarity with respect to a common 
point. 
Compliance voltage: the output voltage of a power supply operating 
in the constant-current mode. 
Constant-current (CC) power supply: a power supply that stabi- 
lizes output current with respect to changes in influence quantities. 
Thus, for a change in load resistance, the output current remains con- 
stant while the output voltage changes by whatever amount necessary 
to accomplish this. 
Constant-voltage (CV) power supply: a power supply that stabi- 
lizes output voltage with respect to changes in influence quantities. 
Thus, for a change in load resistance, the output voltage remains con- 
stant while the output current changes by whatever amount necessary 
to accomplish this. 
Constant-voltage/constant-current (CV/CC) power supply: a 
power supply that operates as a constant voltage power supply or a 
constant-current power supply depending on load conditions. It acts 
as a constant-voltage source for comparatively large values of load 
resistance and as a constant-current source for comparatively small 
values of load resistance. 
Constant-voltage/current-llmltlng (CV/CL) power supply: a 
power supply similar to a constant-voltage/constant current supply 
except that at comparatively small values of load resistance, its out- 
put current is limited instead of being stabilized. 
Crowbar: see overvoltage protection. 
Current limiting: the action of limiting the output current of a con- 
stant-voltage supply to some predetermined maximum value (fixed or 
adjustable) and automatically restoring the output voltage to its nor- 
mal value when the overload or short circuit is removed. There are 
three types of current limiting: 1) by constant-voltage/constant-cur- 
rent crossover, 2) by decreasing the output voltage as the current in- 
creases, 3) by decreasing both voltage and current as the load 
resistance decreases (referred to as foldback or cutback current 
limiting). 
Drift: the maximum change of an output voltage or current during an 
8-hour period following a 30-minute warmup, with all influence and 
control quantities maintained constant during the warm-up time and 
the period of drift measurement. Drift includes both periodic and ran- 
dom deviations over the bandwidth from zero frequency (dc) to a 
specified upper frequency limit (usually 20 Hz). 
Load effect: formerly known as load regulation, load effect is the 
change in the steady-state value of the stabilized output voltage or 
current resulting from a full-load change in the load current of a con- 
stant-voltage supply or the load voltage of a constant-current supply, 
with all other influence quantities maintained constant. 
Load effect transient recovery time: the time interval between a 
specified step change in the load current of a constant-voltage supply 
(usually a full-load or 5-amp change, whichever is smaller) or in the 
load voltage of a constant-current supply and the instant when the 
stabilized output quantity returns to and stays within the specified 
transient recovery band. 
Master-slave Operation: a method of interconnecting two or more 
supplies such that one of them (the master) serves to control the oth- 
ers (the slaves). The outputs of the slave supplies always remain equal 
to or proportional to the output of the master. The outputs of the 

master supply and of one or more slaves may be connected in series, in 
parallel, or with just their negative or positive output terminals in 
common. (See also complementary tracking.) 
Nominal value: the value that exists “in name only,” not the actual 
value. For example, in the case of a power supply with a calibrated 
output control, the nominal value is the value indicated by the control 
setting. For a supply with a fixed output, the nominal output is the 
output indicated on the nameplate. The nominal value of a 120-volt 
f 10% line voltage is 120 volts. 
Output impedance: the complex ratio of a sinusoidal voltage and 
sinusoidal current at the output terminals, the one being caused by 
the other and being of external origin. 
Overcurrent protection: protection of the power supply and/or con- 
nected equipment against excessive output current. 
Overtemperature protection: protection of the power supply or 
parts of it against temperatures exceeding specified values. 
Overvoltage protection: protection of the power supply and/or 
connected equipment against excessive output voltage. Overvoltage 
protection is usually by means of a crowbar protection circuit, which 
rapidly places a low resistance shunt across the supply’s output termi- 
nals to reduce output voltage to a low value if a predetermined voltage 
is exceeded. A supply equipped with an overvoltage crowbar must 
also be protected by a means of limiting or interrupting output cur- 
rent. 
PARD (acronym for periodic and random deviation): the term 
PARD replaces the former term ripple and noise. PARD is the peri- 
odic and random deviation of a dc output voltage or current from its 
average value, over a specified bandwidth (20 Hz to 20 MHz; except 
Models 6515A-6525A: 1 Hz to 20 MHz) and with all influence and 
control quantities maintained constant). 
Programming speed: the maximum time required for the pro- 
grammed output voltage or current to change from a specified initial 
value (usually zero or maximum output) to a value within a specified 
tolerance band of a specified newly programmed value (for most 
models 99.9% or 0.1% of maximum output, respectively; 99% and 1% 
for the 6104A-6116A, 6177(7-6186C, and 6427B-6483C) following 
the onset of a step change in the programming input signal. 
Remote control: also referred to as remote programming, remote 
control is the setting of the power supply voltage, current, or other 
function by means of an external control quantity such as a variable 
resistance, voltage, or current, or a digital signal. 
Remote sensing: remote sensing, or remote error sensing, is a means 
by which a power supply monitors the stabilized voltage directly a t  
the load using extra sensing leads. The resulting circuit action com- 
pensates for voltage drops in the load leads (up to a specified limit). 
Resolution: the smallest change in output voltage or current that can 
be obtained using the front panel controls. 
Reverse voltage protection: protection of the power supply against 
reverse voltage applied at the output terminals. 
Slave operation: see master-slave operation. 
Source effect: formerly known as line regulation, source effect is 
the change in the steady-state value of the stabilized output voltage 
on current resulting fom any change in the source voltage within its 
specified range, with all other influence quantities maintained con- 
stant. Source effect may be measured a t  any output voltage and cur- 
rent within rating. 
Temperature effect coefficient: the maximum steady-state 
change in a power supply’s output voltage or current per degree Cel- 
sius following a change in the ambient temperature within specified 
limits, with all other influence quantities maintained constant. 
Voltage limiting: the action of limiting the output voltage of a con- 
stant-current supply to some predetermined maximum value (fixed or 
adjustable) and automatically restoring the output current to its nor- 
mal value when the load conditions are restored to normal. There are 
two types of voltage limiting: 1) by constant-voltage/constant-cur- 
rent crossover, 2) by decreasing the output current as the voltage in- 
creases. 
Warm-up time: the time interval after switching on a power supply 
until it complies with all performance specifications. 



POWER SUPPLIES 
Condensed Listing 

DC Volts 
4-5.5 

0 2 5 &  f 2 0  
Dual Range 

0 f 5 &  f 5 0  
Dual Range 

5 f0.50 
5 fO.50 
5 k0 .50  

Microprocessor 
5, & f 12 to 15, 

k 0.25 Triple 
4.75 to 5.25 
+11.4 to +15.75 
-11.4 to -15.75 
Multi . output 
Microprocessor 
System 
5 k0.25 
5 f0.25 
5 & 12 to 15, 

5, 5-12, 5-12 

f 0.25 Triple 

5 f 0 . 2 5  
5 k0 .25  

Triple 

Triple 

0-6, o * l a  
0-6, Ok 20, 

0-7.5 

0-7.5 
0-8 
0-10 

0-10 

0-10 
0-10 
0-10 
0-10 
0-10 
0 f 1 0 & 0  f 1 0  

Dual Range 
12 20.60 
12 k0.60 
12 50.60 

2 12 f 0.60 Dual 
12-5, 12-5. 5 

Microprocessor 
f 1 2  to f 1 5  

& 5 f 0 . 2 5  Triple 
t11.4 to +15.75 
-11.4 to -15.75 
1.75 to 5.25 

Multi-output 
Microprocessor 
System 
f 12 f0.60 Dual 
f 12 f0.60 Dual 
3-15 
15 f 0 . 7 5  

DC Amps 
(Max) 

a 

1 

1 
2 
8 
16 
3, 0.6, 0.6 

18 & ZA 
max 

50 
10 
10 

22 
22 
18 & ZA 

max 
40 & 10A 

60 
100 
1 & 0.2 

2.5 & 0.5 

3 

5 
1000 
1 

1 

2 
10 
20 
50 
100 

0.5 
1.5 
6 
12 

1.4 
0.6, 0.6, 3 

2&18A 
max 

10 
10 
50 

3.3 
6 
200 
1.25 

Type 
LOW cost 
tab 

BPSA* 

BPSA' 
Modular 
Modular 
Modular 
Modular 

Modular 
Modular 

DC-to-DC 
Modular 

DC-tWDC 

Modular 
Modular 
tow Cost tab 

Low Cost 
tab 
tow Cost 
tab 
Gen. Purpose 
High Pwr. 
tow Cost 
tab 
Low Cost 
tab 
Prec. Volt 
Gen. Purpose 
Gen. Purpose 
Gen. Purpose 
Gen. Purpose 

BPSA* 
Modular 
Modular 
Modular 

Modular 
Modular 

Modular 

Modular 

Modular 
Modular 
High Pwr. 
Modular 

Model 
6384At 

6825At 

6826At 
62005At 
62005Et 
62005Gt 
62312D 

63315M 
63312Ft 

61005C 
63005M 

61315D 

62605Lt 
62605Mt 
6235At 

6236Bt 

6203Bt4 

6 2 8 1 A t h  
6 4 6 4 C t h  
6213At 

6214At 

6 1 1 3 A t h  
6 2 8 2 A t h  
6256Bt4* 
6259Bt4* 
6260Bt4* 

6827At 
62012A 
62012Et 
62012Gt 

62212At 
62312D 

63315M 

63312Ft 

62212Et 
62212Gt 
6453At4 
62015At 

tAvailable on GSA Contract Number OS-OOS.04663. 
+May be used with the 59501A HP4B Isolated DI A ConverterIPower Supply Programmer. 
*May be used with the 69408 Multiprogrammer when equipped with Option 040. 
'BPSA = Bipolar Power Supply1 Amplifier. 

Page - 
218 

235 

235 
238 

238 
238 

2.38 

238 
238 

238 
238 

238 

238 
238 

220 

220 

222 
226 
218 

218 

232 
222 
224 
224 
224 

234 

238 
238 

238 

238 

238 

238 

238 

238 
238 

238 
238 
226 
238 - 

15 k0.75 

f 15 k 0.75 Dual 
k 1 5 & 5  k0 .25  
k 15 f 0 . 7 5  Dual 
2 15 f 0.75 Dual 
0-16 or 0-18 

Dual Tracking 
0-18 & 0- +zo 
of  is, 0-6 

Triple 

Triule 
0 +20,0-6 

o kzo, 0-18 
Triple 

0-20 & 0-40 
Dual Range 

0-20 & 0-40 
Two Dual Range 

0-20 
0-20 

0-20 6 0-40 
Dual Range 

0-20 & 20-40 
Dual Range 

0-20 
0-20 & 0-20 

Two Outputs 
0-20 
0-20 
0-20 
0-20 
0-20 
0-20 
20-40 & 0-20 

Dual Range 
0-24 
24 21.20 
24 21.20 
24 f1 .20  
0 k 2 5  

0-25 

0-25 

0-25 & 0-50 

0-25 & 0-25 

Dual Output 

Dual Range 

Two-Tracking 
28 f i . 4 0  
28 f i . 4 0  
28 k i . 4 0  

0-30 & 0-60 
Dual Range 

0-36 
0-36 
0-36 
0-40 & 0-20 

Dual Range 

1.25 
2 & 18 max 
3 
5.2 
600 or 
500 
1 & 0.5 

0.2 & 1 

0.5 & 2.5 

0.5 & 1 

0.6 & 0.3 

0.6 & 0.3 

1 
1.5 

1.5 & 
0.75 

2 & 1  
3 

3 & 3  
10 
10 
15 
20 
45 
50 

l a 2  
3 
3.75 
7.5 
12.5 
0.2 ea 

0.4 

0.4 

1 & 0.5 

2 
0.7 
3.25 
6.5 

1 & 0.5 

10 
100 
300 
0.3 & 0.6 

Type 
Modular 
Modular 

Modular 
Modular 
Modular 
Modular 
High Pwr. 

Low Cost 
lab 
Low Cost tab 

Low cost 
tab 
tow Cost 
Lab 
tow Cost 
tab 
tow Cost 
Lab 
Prec. Volt. 
Low Cost 
tab 
tow Cost 
tab 

Prec. Volt. 
Gen. Purpose 

Gen. Purpose 
Gen. Purpose 
Gen. Purpose 
High Pwr. 
Gen. Purpose 
High Pwr. 
Gen. Purpose 

Prec. Volt. 
Gen. Purpose 
Modular 
Modular 
Modular 
tow Cost tab 

tow Cost 
Lab 
tow Cost 
tab 

Gen. Purpose 

Gen. Purpose 
Modular 
Modular 
Modular 

Low Cost 
Lab 
High Pwr. 
High Pwr. 
High Pwr. 
tow Cost 
Lab 

62215At 
63315M 
62215Et 
62215Gt 
6446Ct 

6237Bt 

6235At 

6236Bt 

623767 

6204Bt4 

6205Bt4* 

6 1 1 1 A t h  
6201Bt4 

6200Bt4 

61 14At4* 
6284At4* 

6253At4* 
6 2 6 3 8 t h  
6 2 8 6 ~ 4  
6427874 
6264874 
6428874 
6261Bt4* 

61 14At4* 
6224Bt4* 
62024Et 
62024Gt 
62624Jt 
6234At 

6215At 

6216At 

6220Bt4* 

6227Bt4* 
62028At 
62028Et 
62028Gt 

6206Bt+ 

6433Bfe 
6456674 
6469Ct4* 
6204Bt4 

62015Et 
62015Gt 

238 
238 
238 
238 
220 

220 

220 

220 

220 

218 

218 

232 
218 

218 

232 
222 

222 
224 
222 
226 
224 
226 
224 

232 
222 
238 
238 
238 
218 

218 

218 

222 

230 
238 
238 
238 

218 

226 
226 
226 
218 

tAvailable on GSA Contract Number GS-00s-04663. 
+May be used with the 595OiA HP-18 Isolated DIA ConverterIPower Supply ProQrammer. 
*May be used with the 69408 Multiprogrammer when eauiDDed with Option 040. 
'BPSA = Bipolar Power Supply/Amplifier. 



d t S  

wliance) 

DC Amps 
(Max.) Type Model 

Prec. Cur. 6186Ct t  
U L L  e...- !? 

10 25 or 20 
or 15 High Pwr. 6483CtO 
1.5 High Pwr. 644867 
0.2 High Volt. 6521At 
0.005 High Volt. 6515At 
0.1 High Volt. 6522At 
0.006 Prec. Volt. 6110At 
0.006 
0.05 

High Volt. 6516At 
High Volt. 6525At 

DC Vi 
0-300 (Con 
0-300 
0-320 

c 
t 
0-40 

0-40 & 0-20 

0-40 & 0-40 

0-40 
0-40 
0-40 
0-40 
0-40 
0-40 
0-40 
0-40 

Dual Range 

TWO OUtDUtS 

48 + 2.40 
48 + 2.40 
48 f 2.40 
0-50 

nigit r wi. 
l o w  cost 
tab 
Gen. Purpose 

0.75 tow Cost 
l a b  
l o w  Cost 
Lab 

Gen. Purpose 
Gen. Purpose 
Gen. Purpose 
Gen. Purpose 
Gen. Purpose 
Gen. Purpose 
High Pwr. 
Gen. Purpose 
Gen. Purpose 
Modular 
Modular 
Modular 
l o w  Cost 
tab 
Low cost 
Prec. Cur. 
Gen. Purpose 

Prec. Volt. 

Gen. Purpose 
Gen. Purpose 

Prec. Volt 
HP-I6 
Dig. Prog. 
Volt. 
Die. Prof. 

218 

218 

895At I 221 0-320 I 1-5 . 
0-440 or 0-50- 

or 0-600 
1-600 

0.75 & 
1.5 

231 

1.5 & 1.5 
1.C 

3 
5 

221 
221 
224 
224 

0-1000 
0-1600 
0-2000 
0-3000 
0-3000 
0-4000 

tAvailable on GSI 

J 

222 
224 
226 
224 
224 
238 
238 
238 

218 

218 

234 
221 

232 

230 
221 

221 
229 
240 

240 

W a y  be used with the 59501A HP-I8 Isolated D/A Converter/Power Supply Programmer. 
*May be used with the 69406 Muitioroarammer when eaUiDDed with Option 040. 
‘BPSA = Bipo 

) 45 
0. 
2 
4 

Iar Power Supply / Amplifier. 

0. 2 

0-50 

0-50 & 0-25 
0-50 & 50-100 

0-50 & 0-50 

0-50 
50-100 & 0-50 

0-50 

0-50 (Compliance) 

Dual Range 

Two-Tracking 

Dual Range 

0+50 

0+50 

0.2 
0-0.5 
0.5 & 1 Power Supply Digital 

Programming Interfaces 
Description 

HP-IB Isolated D/A Converter/Power Supply 
Programmer: one channel, two programmable 
ranges. Provides HP-IB interface for 
programming either output voltage, or 
current (where current programming is 
available as described in specifications for 
individual power supply model) of power 
supplies designated with a symbol in 
the above condensed listing “model” column. 
interfacing details are covered 
in publication 5952-3990. 
Multiprogrammer: a highly versatile I/O 
expander and converter that can control up to 
240 power supplies from one HP-IB port or on 
16-bit duplex 1 / 0  channel. It will control 
output voltage and current of power supplies 
designated with a * symbol in the above 
condensed listing “model” column when 
they are equipped with Option 040. 
Additional Multiprogrammer capabilities 
include digital 1 / 0  for monitoring 
crowbars, relays for output switching, 
A/D converters or measuring power supply 
output, timers for automatic power supply 
sequencing, etc. Ask your H P  field engineer 
for the 48-page Multiprogrammer Data Sheet 
publication number 5952-3982, for complete 
details. 

0.8 & 0.4 6 1 1 5 A t h  

6228BtO* 
6 2 2 6 6 t h  

6115AtO* 
600ZA 
6129Ct 

6130Ct 

6824AtO 
6206BtO 

6294At** 
6296AtO 
6 2 7 1 6 t h  
64386tO 
6 2 7 4 6 t h  
6439BtO 
6459AtO 
6472Ct 
6140A 

6211At 

6212At 

- 
’age 1 

1.5 Model 

59501A 

6940B 

228 0.4 & 0.6 
10-4 
5 

1 
volt. ~ 

BPSA* 
tow cost 
tab 
Gen. Purpose 
Gen. Purpose 
Gen. Purpose 
High Pwr. 
Gen. Purpose 
High Pwr. 
High Pwr. 
High Pwr. 
Dig. Prog. 
Cur. 
tow Cost 
tab 
tow Cost 
Lab 
Prec. Volt. 
Prec. Cur. 
Gen. Purpose 
Dig. Prog. 
Volt. 
High Pwr. 
High Pwr. 
tow cost 
tab 
High Pwr. 

O f 5 0  
0-60 & 0-30 

0-60 
0-60 
0-60 
0-60 
0-60 
0-60 
0-64 

Dual Range 

1 
0.5 & 1 

235 
218 

1 
3 
3 

221 
221 
224 
226 
224 
226 
226 
226 
240 

218 

218 

5 
15 
50 15 643 

0-64 
0-100 (Compliance) 

0-100 

0-100 

150 
k0.016 

0.1 

0.1 

6 1 1 6 A t h  
6181CtO 
6299AtO* 

0-100 
O-lOO(Compliance) 
0-100 
0*100 

0-110 
0-120 
0-160 

0-220 

0.2 
0.25 
0.75 

232 
234 
221 

0.5 6 1 7 l C t  
I --” 

,.”.”, 
100 
2.5 
0.2 

50 c m r + A  I 99c 

tAvailable on GSA Contract Number OS-00s-04663. 
+May be used with the 59501A HP-IB Isolated D/A Converter/l 
*May be used with the 69408 Multiprourammer when equipped 
‘BPSA = Bipolar Power Supply/ Amplifier. 



POWER SURRblES 
’ Low cost lab: Single output IOW-30W 

Models 62008-62 18A and 6384A 

10 Watts output ... Low ripple and noise 
Compact, Impact-resistant stackable case 

0 Short-circuit proof 

6211A-6217A 

6212A-6218A 

Description 
These popular low-cost bench supplies are designed for general labo- 
ratory use and are equipped with front-panel mounted voltage con- 
trols, a combination volt/ammeter, and output binding posts. Output 
voltage is continuously variable, via coarse and fine controls from OV 
to 15% above the maximum rated output. A switch selects either out- 
put voltage or current for display on the panel meter. 

Load connections are made via three binding posts. Either the + or 
the - post may be grounded through an adjacent GND terminal or 
the supply may be operated floating at up to 300 -Jolts above ground. 

The Constant Voltage/Constant Current Models have concentric 
coarse and fine current controls which allow setting the current-limit 
point to any value within the current rating. Using these controls the 
CV/CC supplies can also be operated as constant current sources 
with 500 f i  A load regulation. All CV/CC models can be connected in 
series or parallel. 

The Constant Voltage/Current Limiting (CV/CL) Model supplies 
are short-circuit protected by a fixed current limiting circuit which is 
activated at approximately 120% of rated load current. The CV/CL 
models can be connected in series only. 

The molded, impact-resistant case includes an interlocking feature 
for stacking several units vertically, thus minimizing bench space re- 
quired for multiple supplies. Alternatively, up to three units can be 
mounted side by side in a 19” rack using Rack Mounting Kit 1452144. 
These supplies measure 133H x 83W x 368mm D (3.25” x 5.25” x 8”) 
and weigh 2kg (4.4 Ib). 

Specifications 
See page 221 for ratings, performance specifications and ordering 
information on SINGLE OUTPUT - 10 WATT power supplies. 

0 30 watts output 
0 Multi-function meter 
0 Remote sensing 

6 2 W B  DC POWER SUPPLY 

62000-62038,62070,62090 

62040.6206B and 6384A 

62068 DC P 

-- 

Description 
Models 6200-62098 

This series of low-cost bench supplies includes eight models cover- 
ing an output voltage range from 0-7.5 V to 0-320 V. All models 
equipped with coarse and fine output voltage controls (except Models 
6207B and 6209B, which have 10-turn voltage controls), volt/ampere 
meter, meter function/range switch, and front and rear output termi- 
nals. In addition, on the dual-range models (6200B, 6204B and 
6206B). an output range switch permits the selection of either a high 
or a low output voltage range. 

The Constant-Voltage/Current-Limiting supplies are short-circuit 
protected by a fixed current limiting circuit which is activated a t  ap- 
proximately 110% of rated load current. The current-limit point can 
be reduced by changing the value of a single internal resistor. For the 
Constant-Voltage/Constant-Current supplies, concentric coarse and 
fine current controls allow the current-limit point to be set to any 
value within the current rating. Using these controls the CV/CC sup- 
plies can also be operated as constant-current sources. 

Units may be bench operated or rack mounted individually or in 
pairs using accessory rack mounting hardware. 

Model 638414 
This low-cost bench supply is designed specifically for use with digi- 

tal-logic integrated circuits. Its output ratings and superior perfor- 
mance, combined with the protection of built-in overvoltage crowbar 
and current limiting circuits, make it an excellent IC supply for both 
laboratory and systems use. 

All models in this group of supplies measure 89H x 216W x 3 17mm 
D (3.50” x 8.50” x 12.50”) and weigh 4.5kg (10 Ib). 

Specifications 
See page 22 1 for ratings, performance specifications and ordering 
information on SINGLE OUTPUT - 30 WATT power supplies. 



POWER SUPPLIES 

10 watts output, Model 6234A 
Short-circuit proof 
Independent voltage controls 

Low cost lab: Dual output IOW-30W ad 
Models 6205B, 6234A 

24 watts output, Model 6205A 
Multi-function meter 

+ & -  + I -  
'\ 4.4 

6234A 62058 

Description 
Model 6234A is a low-cost, dual-output bench power supply with 

two independently adjustable and isolated power sources in one com- 
pact unit. Both of the dc power sources are of the constant voltage/ 
current limit type with each output voltage being adjustable continu- 
ously over a 0 to 25V range. The maximum current available per out- 
put is 0.2A and is limited automatically to prevent over-load. 

The H P  6234A offers considerable flexibility to the user with out- 
put voltages that can be arranged to provide identical or different 
voltages in any polarity combination with respect to 0 or other com- 
mon positive or negative voltage points. The outputs can also be con- 
nected in series to provide up to 50V at 0.2A. Both sources are fully 
isolated to permit either of the output terminals to be grounded. 

With pushbutton switches, users can select either voltage or current 
for each output to be monitored on the unit's meter. Other features 
include two multiple-turn controls for precise voltage setting, regula- 
tion to 0.01% and ripple and noise of less than 200 microvolts rms. 

With dimensions of only 90 mm high, 155 mm wide and 190 mm 
deep (3%'' x 6%'' x 7%"), the HP 6234A supply takes up a minimum 
amount of bench space. Its weight is 2.3 kg (5 Ibs.). The unit can be 
powered from a 115V or an optional 230V, 47-63Hz ac input, (Op- 
tion 028). 

Specifications 
See page 221, under listing for DUAL OUTPUT - 10 WATT pow- 
er supplies for detailed performance specifications and ordering infor- 
mation for model 6234A. 

Description 
Model 620% 

This low-cost bench supply is equipped with coarse and fine output 
voltage controls, volt/ampere meter, meter function/range switch, 
and front and rear output terminals. In addition, an output range 
switch permits the selection of either a high or a low output voltage 
range. 

Model 6205B combines the versatility of a dual power supply with 
the flexibility of auto-parallel and auto-series operation to extend the 
output ratings of this supply to 20 V/ 1.2 A, 40 V/0.6 A, and 80 V/0.3 
A. In addition, using the supply's auto-tracking capability, opposite 
polarity voltages ( k 20 V, f 40 V) can conveniently be obtained from 
this one supply. 

This Constant-Voltage/Current-Limiting supply is short-circuit 
protected by a fixed current limiting circuit which is activated at ap- 
proximately 110% of rated load current. The current-limit point can 
be reduced by changing the value of a single internal resistor. Units 
may be bench operated or rack mounted individually or in pairs using 
accessory rack mounting hardware. 

Specifications 
See page 221, under listing for DUAL OUTPUT-30 WATT power 
supplies, for detailed performance specifications and ordering infor- 
mation for model 6205B. 



POWER SUPPLIES 
Low cost lab: triple outputs 1OW-30W 
Models 6235A, 62368 & 6237B 

10 watts output 
0 to 6 V 8. 0 to -+ 18 V, Model 6235A 

w 

6235A 

Description 
This compact, low-cost, three-in-one power supply is a handy addi- 

tion to the lab bench where single or multiple voltages are needed for 
designing and testing breadboards and prototypes. The Hewlett- 
Packard Model 6235A delivers three adjustable dc output voltages: 0 
to +6 V at 1 A.0 to +I8 V at 0.2A, and 0 to -18 Vat  0.2A. A single 
0 to 36 volt output a t  0.2 A can also be obtained by connecting across 
the +I8 V and -18 V terminals. 

The controls, meter, and binding posts are conveniently arranged 
on the front panel. One voltage control simultaneously adjusts the 
+ I  8 V and - 18 V outputs, which track one another and can be used 
to power operational amplifiers and other circuits requiring balanced 
positive and negative voltages. The supply's dual outputs have added 
versatility with an adjustable tracking ratio control (TRACK) that 
can set the negative output to a lower voltage than the positive output. 
Once the tracking ratio control has established a voltage ratio be- 
tween the positive and negative outputs, the ratio remains constant as 
the +18 V voltage control is adjusted. A third control sets the 0 to +6 
V output voltage. 

The supply is a constant voltage/current limit type with each out- 
put voltage continuously adjustable over its range, while the maxi- 
mum current available is automatically limited to prevent over 
loading. The power supply's outputs share a common terminal and 
are isolated from chassis ground so that any output terminal can be 
grounded if desired. Each output voltage or current can be quickly 
selected and monitored with the push-button meter switches. 

Model 6235A measures 93 H X 157 W X 210 mm D (3.64" x 6.17" 
X 8.25") and weighs 2.3 kg (5 Ib). 

Specifications 

mation under TRIPLE OUTPUT-10 WATTS. 
See next page for performance specifications and ordering infor- 

Up to 30  watts output 
0 to 6 V 8.0 to +20 V, Model 6236B 
0 to 18 V 8. 0 to f 2 0  V, Model 6237B 

62368,62378 

Description 
Microprocessors, digital and linear integrated circuits, and displays 

used in lab development frequently require triple output power sup- 
plies for operating prototypes. The 6236B and 6237B are valued addi- 
tions to the design bench due to their multiple output voltages, small 
size, ease of operation and application-related performance. 

These compact constant-voltage/current-limiting supplies combine 
0 to k 20 V tracking outputs rated at 0.5 amps with a single output 
rated a t  0 to +6 volts a t  up to 2.5 amps in the 6236B, and 0 to +18 
volts a t  1 amp in the 6237B. 

Controls, meters, and binding posts are logically arranged on a 
neatly laid out front panel. One voltage control simultaneously ad- 
justs the 20 V and -20 V outputs, which track within 1% to power 
operational amplifiers and circuits requiring balanced voltages. A 
tracking ratio control can disable the 1:l tracking feature and set the 
negative output to a lower voltage than that of the positive output. 
Once the tracking ratio control has established a voltage ratio be- 
tween the positive and negative outputs, the ratio remains constant as 
the k 20 V voltage control varies both outputs. Another voltage con- 
trol sets the 0 to +6 V (6236B) or 0 to + 18 V (6237B) output. 

All outputs are protected against overload and short-circuit dam- 
age by fixed current limiting circuits. For any overload condition, the 
+20 V and -20 V outputs in both models are limited to 0.55 amps 
and the +18 V output in the 6237B is limited to 1.1 amps. The over- 
load protection circuit for the +6 V output in the 6236B has a current 
foldback characteristic that reduces the maximum available current 
from about 2.75 amps at a 6 V terminal voltage to 1 amp at zero volts 
(or short circuited). This foldback limiting characteristic maximizes 
the available current in the important 5 to 6-volt range while mini- 
mizing semiconductor dissipation during overloads. 

Another protective feature safeguards sensitive load circuitry by 
preventing an output voltage overshoot when the supply is turned on 
or off. 

Separate dual-range panel meters allow both the voltage and cur- 
rent of any output to be monitored simultaneously. A three-position 
switch selects the supply output and the proper meter ranges. 

Both models measure only 89 H X 216 W X 319 mm D (3%" X 8%" 
X 12%") and weigh 4.3 kg (9.5 Ib). 

Specifications 

mation under TRIPLE OUTPUT - UP TO 30 WATTS. 
See next page for performance specifications and ordering infor- 



POWER SUPPLIES 
Low cost lab: general bench applications 

Models 6200B-62 18A, 6234A-62378 & 6384A 

SDecifications 
RATINGS PERFORMANCE CENERAL 

DC Output Control Remote 

ValtS I Amps Model Effect Effect mr/p-p Rerdution Coefficients 115 V a c f  10% Options* Price 
Load S w c e  PARD Mode and Control Power. 

SINGLE OUTPUT-10 WATTS 

CVICL NA 

cv1cc NA 

CVICL NA 

cv/cc NA 

CVICL NA 

cv/cc NA 

0-100 

0-100 

- 
$395 

$275 

$255 

- 
- 
- 

$250 

SINGLE OUTPUT-UP IU JU nniia 

0-8 1 6384A 2 mV 2 mV 1 mV15 mV NA 4.4-5.5 

0-7.5 t 
0 01% +4 mV t 0.01% + 4 mV 0.01% + 4 mV 

0.01% +4 mV 

200 pV/l mV 

200 pV11 mV 

cv/cc 

cv/cc 

62038 

0-20 t 
Dual range 

u-u.0 I 48-440 Hz 
0.4 A, 24 W 9, 11. 15, 28 

CVICL 
10 mV/NA 200 pV/1 mV 62048 

0-0.3 
I 

0-40 
Dual range 

0-20 t CVICC 1 200R/V f 1% 
10 mV/2 mA 0.5 k W A  f 104 

48-440 Hz 

n n . 7n ,.I 

0-1.5 

0-0.75 
62008 

U.Y n, I U  w iI $280 

- 

$275 

$255 

$350 

$350 

- 
- 
- 

or 
0-40 

0.01% + 4 mV 0.01% + 4 mV LUU U V I  I mv Y. 11. 13. L11 L 1 kQ/A k 10% 
I I Dual range 

0-30 

0-60 
or 

0-40 

48-440 HZ 
1 A, 66 W 

CV/CL 
10 mV/NA 62068 

0-0.5 
zuu pv/i mv 

200 pVI1 mV 

Y. 11, 13. LX 

cv/cc I 200Q/V f 1% 9, 11, 15, 28 

9, 15, 28 500 pV140 mV 

1 mV/40 mV 

U-ItiU 

0-320 0-0 1 
I I I I 

-10 WATTS WAL OUTWT- . . . . . . . . . 
VUdl UUlpUl 

0-25 0.2 62341 0.01% + 1 mV 0.01% + 1 mV 200 pV11 mV CVICL NA 104-127 Vac 
and 47-63 Hz 28 $175 
0-25 0.2 0.26A. 35 W 

WAL OUTPUT-UP TO 30 WATTS 
Two dual ranges I 

0-20/0-40 0-0.610.3 
62058 I 0.01% + 4 mV 200 pV11 mV 

48-440 Hz 
0 5 A, 50 W 

CVICL 
10 mV/NA $350 and 

0-2010-40 0-0.610.3 
0.01% + 4 mV 9. 11, 15, 28 

40 

Triple output 
0 to 6 0-1 8 mV 8 mV 1 mV15 mV CVICL NA 
and 
0 to 18 0-0.2 62351 10 mV 15 mV 1 mV15 mV CVICL NA 
and 
0 to -18 0-0.2 10 mV 15 mV 1 mV15 mV CVICL NA 

TRIPLE OUTPUT--Up TO 30 WATTS 

104-127 Vac 

47-63 HZ 

1.2 A, 112 W 

1-2.5 

0.5 

0.5 

100100 Vac 

220:220 Vac 

240:240 Vac 

u IO t o  
and 
0 to +20 
and 
0 to -20 

62361 0.01% + 2 mV 0.01% + 2 mV 150 pVI1.5 mV $355 CVICL NA 
70 mV/NA 

Triple Output - .  .." 
1OO:lOO Vac 

220:220 Vac 
1 $355 

U 1 0 t l 1 1  I 1 I I I 104-127 Vac 
47-63 Hz 

1.2 A, 112 W 
50 pV11.5 mV 

and 
0 to +20 I 0.5 1 
and 

0.01% + 2 mV 62371 0.01% + 2 mV 
I 

240:240 Vac I 0 to -20 I 0.5 
'For 230 V ac f 10% operation. order Opt 0.28. See page 236 for complete option descriptions. 



POWER SUPPLIES 
General purpose: 25-200 W output 
Models 62208-6299A 

Constant voltage/constant current operation 
Remote sensing and programming 
Auto-series, -parallel, & -tracking operation 

6 2 8 2 A ,  6286A,  
629 1 A, 6 2 9 6 A  

Specification 

%p 
0-10 621 

0.01% + 4 mV I 0.01% + 250 pA 

0.01% + 4 mV 
0.01% + 1 mV 

0.01% + 250 pA 

0.05% + 1 mA ,.... . . .. 
622CIB** I 0.01% + 2 mV 0.01% + 250 pA 

0.01% + 2 mV I 0.01% + 250 I. 
0.01% + 1 mV I 0.05% + 1 mA 
0.01% + 2 mV I 0.1% + 250 pl 

Front and rear output terminals 
Floating output-use as positive or negative source 
Bench or rack mounting 

Description 
6 2 a 1 ~ - 6 2 9 9 ~  

This series of medium-power Constant-Voltage/Constant-Current 
power supplies is available in two power ranges: 37-75 watts (pack- 
aged in 3%-inch high half-rack cases), and 100-200 watts (packaged 
in 5 k i n c h  high half-rack cases). All models except 6294A and 
6299A have separate coarse and fine voltage and current controls that 
allow the voltage and current outputs to be varied from zero to the 
maximum rated values. The latter two models have ten-turn voltage 
controls. Crossover from constant-voltage to constant-current oper- 
ation occurs automatically when the load current exceeds the value 
established by the current control settings. A four-position meter 
function switch selects either of two output voltage or output current 
ranges (Xl,  XO .01) for display on the panel meter. 

The 37-75 watt models are of the series-regulated type. They have 
excellent regulation and ripple characteristics and include a special 
output-capacitor discharge circuit for improved programming speed. 
The 100-200 watt models employ a series-regulator/SCR-preregula- 
tor configuration to achieve the high efficiency necessary for a con- 
vection-cooled package of this size. They also have excellent 
regulation, low ripple and noise, and moderate programming speeds. 

6 2 5 3 A a n d 6 2  
iin two identical, in- 

dependently-adiusraoie ou-wart Dower S U D D I ~ ~ S  in a full-rack width 
case. The rei :ir- 
cuits of each : of 
the individua 

These versatile 
55A 
dual-output models each conti 
-_.L1. I n  ~~ .... :-- 

'Models 6253A and 6255A contain twa identical, indep8ndently-adju~able power supplies. 
"Model 62206 has a sinple. dual range output with ratings 01 0-25 V at 0- 1 A or 0-50 Vat 0-0.5 A. 

0.01% + 2 mV 0.01% + 250 pA 

.. 
gulator, voltage and current control, and metering 
section of the supply are electrically identical to thost 
.I 37-75 watt models described above. 

200 pV/1 mV 

200 pVll mV 
. . . . . . - - . . 

200 pVI2 mV 200 pA/lmA 1.1% + 5 mV I 0.1% + 5 mA 
I 



62208. 62248,62268 

By combining the versatility of a dual power supply with the flexi- 
bility of auto-series and auto-parallel operation, twice the maximum 
rated output voltage or current of each section can be obtained from 
the one supply. In addition, using the supply’s auto-tracking capabili- 
ty, opposite-polarity voltages ( 2  20 V for Model 6253A or f 40 V for 
Model 6255A) are possible. 

6 2 2 0 8 , 6 2 2 4 8 ,  and 6 2 2 6 6  
These Constant-Voltage/Constant-Current supplies are designed 

for general laboratory use. All have excellent regulation, low ripple 
and noise, and high speed programming characteristics. Large easy- 
to-read meter scales, 10-turn voltage and current controls, and front 
and rear output terminals enhance ease of operation. Model 6220B is 
a dual-range instrument with output ratings of 0-25 V a t  0-1 A or 0- 
50 V at  0-0.5 A. It is the only model of the three employing convec- 
tion cooling. Models 6224B and 6226B have single outputs of 0-24 V 
at  0-3 A and 0-50 V at 0-1.5 A, respectively. 

Accessories and options 

6299A are listed on page 236. 
The accessories and options available for use with Models 6220B- 

6253A, 6255A 

Specif ications-general 
Load effect transient recovery: time, 50 9s. Level, 15 mV. 
Meter accuracy: 3% of full scale. 
Power: standard input voltage is 115 V ac ? 10%. Order option 028 
for 230 V ac & 10% operation. Input power frequency, maximum in- 
put current, maximum power consumption are: 

6226B, 48-63 Hz, 1.8 A, 164 W; 6253A, 48-440 Hz, 2.6 A, 235 W 
6255A, 48-440 Hz, 2.6 A, 235 W; 6281A, 48-440 Hz, 1.3 A, 118 W 
6282A, 57-63 Hz, 3.5 A, 200 W; 6284A, 48-440 Hz, 1.5 A, 128 W 

6291A, 57-63 Hz, 5.5 A, 280 W; 6294A. 48-440 Hz, 1.3 A, 114 W 

Size: 6220B, 6224B, & 6226B: 166 H x 130 W x 294 mm D (6y,” x 
SU,. x 1 lY,,”). 6253A, 6255A: 87 H x 483 W x 403 mm D (37/6)) x 19” x 
157/Bl). 6281A, 6284A. 6289A. 6294A, 6299A: 87 H x 209 W x 398 
mm D (3’/,,” x 87/3” x 155/,”). 6282A, 6286A, 6291A, 6296A: 131 H x 
210 W x 435 mm D (Sj2” x 8%’’ x 17y,”). 
Temperature: operating, 0 to 55°C; storage, -40 to 75°C. 

6220B, 48-440 Hz, 0.5 A, 44 W; 6224B. 48-63 Hz, 1.8 A, 164 W 

6286A, 57-63 Hz, 5.5 A, 320 W; 6289A, 48-440 Hz, 1.3 A, 110 W 

6296A, 57-63 Hz, 4.5 A, 250 W; 6299A, 48-440 Hz, 1.5 A, 135 W. 

Specifications, continued 

ASee page 238 for complete option and acce88ory deacriptions. 
‘Up - increasing output voltage. NL = No output load current. FL = Full rated output load cunent. 



POWER SUPPLIES '- General purpose: 120-2000 W output 
Models 62568-62748 81 895A 

Built-in overvoltage protection * 
Constant voltage/constant current operation 
Remote programming and sensing 

Remote sensing 
Auto-series, -parallel, and -tracking operation 
550 Ksec load transient recovery 

62638, 62658, 62668, 62718 

62568, 62648, 62678 

62748 895A 

62598, 62608, 6261 6,62688, 62698 

Specif icationst 

Models 6256B-6274B 
The series of high-performance Constant Voltage/Constant Cur- 

rent supplies includes thirteen models with output rating from 10 to 
60 V. All models employ a transistor series-regulator/triac-preregu- 
lator circuit to achieve high efficiency, excellent regulation, low rip- 
ple and noise, and moderate programming speeds in a compact full- 
rack width package. 

Separate coarse and fine voltage and current controls allow the 
voltage and current outputs to be varied from zero to the maximum 
rated value, Crossover form constant voltage to constant current op- 
eration occurs automatically when the load current exceeds the value 
established by the current control settings. 
'These six features apply to models 62568-82748. but not to model 895A. 

tRefer 10 page 215 or complete specification definitions. 



Additional features include built-in overvoltage crowbar protec- 
tion; remote error sensing; and auto-series, auto-parallel, and auto- 
tracking operation. The crowbar trip point adjustment and associated 
overvoltage indicator are conveniently located on the front panel. 

Auto-series, auto-parallel, and auto-tracking connections should 
ordinarily include no more than three supplies. If a specific applica- 
tion requires the use of more than three supplies in any of the three 
connections, consult your local H P  Field Engineer for additional in- 
formation. 

All dc output, ac input, sensing, control, and programming connec- 
tions are made to rear-panel terminals. Either the positive or negative 
output terminal may be grounded or the supplies may be operated 
floating at  up to 300 volts above ground. Models 6256B, 6263B, 
6264B. 6265B, 6266B, 6267B, and 6271B are convection cooled. All 
other models in this series employ cooling fans. 

Model 895A 
Model 895A is a general purpose Constant-Voltage/Current-Limit 

supply. Output voltage is adjustable from 0-320 V via a front panel 
10-turn potentiometer with concentric lock and a single-turn fine con- 
trol. Separate voltage and current meters provide continuous indica- 
tion of power supply outputs. High performance specifications 
include 0.007% line and load regulation and 1 mV rms ripple and 
noise. Remote sensing and programming are standard features. 

Accessories and options 

6274B, 895A are listed on page 236. 
The accessories and options available for use with Models 6256B- 

Specif ications-general 
Load effect transient recovery: time-50 ps. Level-10 mV 
Resolution: voltage control-less than 0.02%. Current control-less 
than 0.15%. 
Temperature coefficient per " C  0.01% of output plus 200 pV 
(895A4.03% + 1.5 mV). 
Temperature ratings: operating, 0 to 55°C; Storage, -40 to 75°C. 

Remote control programming: these power supplies are capable of 
being programmed in constant voltage and constant current oper- 
ation by using an external resistance or DC voltage with coefficients 
as shown in the table below. 

Rear terminal wiring configurations for remote control operation 
are specified in the operation and service manual supplied with the 
power supply. For remote control programming procedures and tim- 
ing considerations, contact your local HP field engineer. 
Power: input voltage is 115V ac or 230 V ac * 10%. 57-63 Hz. For 
other input voltage and frequency options available, see option listing 
below and page 236. Standard input voltage, maximum input current, 
and maximum power are: 
6256B, 115 V ac, 5 A, 375 W t ;  6259B, 230 V ac, 6 A, 850 Wt ;  
6260B, 230 V ac, 12 A, 1600 W t ;  6261B, 230 V ac, 12 A 1500 Wt; 
6263B, 115 V ac, 4.5 A, 350 W*; 6264B, 115 V ac, 8 A, 600 W t  
6265B, 115 V ac, 3 A, 180 W*; 6266B, 115 V ac, 4 A, 325 W*; 
6267B. 115 V ac, 8 A, 550 Wt; 6268B, 230V ac, 12 A, 1600 W t ;  
6269B. 230 V ac, 18 A, 2500 Wt ;  6271B, 115 V ac, 4 A, 300 W*; 
6274B, 115 V ac, 15 A, 1200 W t  895A, 115 V ac, 8.7 A, 585 Wt. 

size: 
6263B. 6265B, 6266B, 6271B: 83.7 H x 483 W x 479.4 mm D (3.296" 
x 19" x 18.875"). 
6256B, 6264B, 6267B, 6274B: 127 H x 483 W x 479.4 mm D (5.00" x 
19" x 18.875"). 
6259B, 6260B, 6216B, 6268B, 6269B: 173 H x 483 W x 479.4 mm D; 
(6.812" x 19" x 18.875"). 
895A: 128.6 H x 483 W x 463.6 mm D (5.062" x 19" x 18.25"). 
Typical output impedance: approximated by a resistance in series 
with an inductance: 
6256B, 0.1 mR, 1 pH; 
6260B, 20 pQ, 1 pH; 
6263B, 500 pQ, 1 pH; 
6265B. 2 mQ, 1 pH; 
6267B. 500 pQ, 1 pH; 
6269B, 100 pQ, 1 pH; 
6274B. 1 mQ, 1 pH; 

'Three-wire. five-loot AC power cord included wilh power aupply. 
tThree-terminal barrier atrip provided on power supply lor AC power connections. 

6259B, 50 a, 1 pH; 
6261B, 100 pQ, 1 pH; 
6264B, 200 pQ, 1 pH; 
6266B, 1 ma, 1 pH; 
6268B, 200 pa, 1pH; 
6271B, 5 ma, 1 pH; 
895A, 40 ma, 16 pH. 

Smcifications. continued 

'Up = increasing output voltage. NL = No output load current. FL - Full rated output load current 
A M  p a w  236 for complete option and acces8ory descriptiona. 



F POWER SUPPLES 

RATINGS 

DC Output 
I I 

I 
I General purpose: 300- 11,000 W output 

Models 64276-6483C 

PERFMIMANCE 
PARD A Temperature 

Load Effect Source Effect P-p/rm Coefficient hifl 
I I I 

Outstanding value-low cost/watt 
Up to 75% efficiency at full output 
Constant voltage/current operation 

0-300 
0-440. 500 of 600 
1-600 

Description 
This series of SCR-regulated power supplies is designed for high- 

power applications requiring a fixed or variable DC source with mod- 
erate regulation and ripple. For supplies with better regulation, faster 
response time, and lower ripple, see models 6256B-6274B and 
895A, on page 224. 

Operating features 
All supplies in this series are of the Constant-Voltage/Constant- 

Current type. Large easy-to-read panel meters continuously monitor 
output voltage current. 

Specif icationst 

0-50 6477C 0.05% + 100 mV 0.1% + 50 mA 0.05% + 100 mV 0.1% + 50 mA 330 mV/2 V 0.03% + 8 mV 0.15% + 35 mV 
0-35 6479C 0.05% + 100 mV 0.1% + 35 mA 0.05% + 100 mV 0.1% + 35 mA 330 mV/3 V 0.03% + 11 mV 0.15% + 45 mV 
0-25. 20, 15' 6483C 0.05% + 100 mV 0.1% + 35 mA 0.5% + 100 mV 0.1% + 35 mA 600 mV/5 V 0.03% + 20 mV 0.15% + 80 mV 
5 mA-1.5 A 64488 1 V 40 mA 600 mV 15 mA 600 mV/2 V 0.03% + 100 mV 0.1% + 300 mV 

Input and output power, remote sensing, remote programming, and 
auto-series, -parallel, and -tracking connections are made to bus bars 
and terminal blocks on the rear panel. 

Protective features 
In addition to the overload protection inherent in Constant voltage/ 

Constant Current operation, there are many other built-in protective 
features included in these supplies. The features vary within the three 
model classifications as follows: 
64276-64486: (1) Reverse voltage protection. (2) Fused AC 
input. 
6453A, 64566,  6459A: (1) AC line loss protection circuit moni- 
tors 3-phase input and cuts off S C R s  and opens output bus if a phase 
drops out; operation resumes when AC input returns to normal. (2) 3- 
phase input circuit breaker. (3) Optional internal crowbar (Option 
006) protects load from overvoltage condition. 
6464C-6483C: (1) High-temperature protection thermostat 
opens input to power transformer and lights front panel indicator if 
supply overheats. (2) Prolonged overload protection circuit is acti- 
viated and lights front panel indicator if output current exceeds ap- 
proximately 115% of maximum rating. (3) Optional internal crowbar 
(except on 6464C) protects load from overvoltage condition. (4) 
Turn-on circuit limits peak line current during start-up into low im- 
pedance loads. ( 5 )  Phase-balance circuit permits operation with line- 
to-line input voltage imbalance up to 8%. (6) Overcurrent and over- 
voltage circuits of master slave supplies used in auto-series, -parallel, 
or -tracking operation can be interlocked. 

Auto-series, -parallel, -tracking operation 
Supplies may be connected in auto-series, or auto-tracking. (Except 

6448B and 6483C, which cannot be connected in auto-series.) 
Up to three lower power models (6427B-6448B) may be connect- 

ed in any of the above configurations. Higher-power model 
(6453A/6483C) interconnection should ordinarily include no more 
than two supplies. 

Remote sensing 
Remote sensing permits regulation at the load connection, rather 

than a t  the output terminals of the power supply. In all cases, there 
are limits to the permissible load-lead voltage drops, as follows: 

Models 6427B-6448B: 2 volts in negative output lead. 
Models 6453A, 6456B, 6459A: 1 volt in negative output lead. 
Models 6464C-6483C: 3 volts in negative output lead. 

6 
0-220 

.64 
-110 
,120 

.75 I6434 

643s 

6472C 
6475C 
64438 

40 mV 
60 mV 
120 mV 

0 mA 
50 mA 

40 mV/5( 
120 mV/4 
60 mV/5( 

n r  .Y .,.A _I, 



~ SPECIFICATIONS IN NON-SHADED REGION 1 
I 
I 
I 

UNSPECIFIED REGION FOR CC OPERATION. I 
MEETS SPECIFICATIONS IN CV OPERATION. I 

I 
I 
I 
I 

NSPECIFIED REGION FOR BOTH CC AND 
V MODES OF OPERATION. I 

NS INCC I 

x o i  RATED OUTPUT CURRENT-- 

Remote programming 
The voltage and current outputs of the supplies can be programmed 

by a remote resistance, or, for most models, a remote voltage source. 
Programming speeds and coefficients are detailed in the specifica- 
tions table. 

AC power requirements 
The AC power requirements vary with the three model classifica- 

tions (see option listings). When powered from a 50 Hz source (possi- 
ble with Option 005), the rms ripple and transient response 
specifications increase by 50%. The p-p ripple specification is un- 
changed by line frequency. 

Size 
Models 64278,64338,64388 and 64438: 89 H x 483 W x 445 
mm D (3%“ x 19” x !7%”). 

Specifications, continued 

Models 64288, 64348,64390, & 64488: 133 H x 483 W x 426 
mm D (5%“ x 19” x 16%”). 
Models 6453A, 64568, & 6459A: 356 H x 483 W x 464 mm D (14” 
x 19” x 18%”). 
Models 6464C, 6466C, 6469C, 6472C, 6475C, 6477C, 6479C, 
& 6483C: 667 H x 426 W x 664 mm D (26%” x 19” x 26%”). 

0 
A 
68 
S 

lptions Price 
C, input power 
4278-64488 

37: 30R V a r  + 10% sinrrle nhase 57-67 H7 N l C  
td: 115 V ac, f IO%, single phase, 57-63 Hz N/( 

ac, f 1075, single phase, 57-63 Hz 
ment for 50 Hz operation 
i68, 6459A: AC input connections are by 
4-conductor connector a t  rear of unit. A 
. .LL-II  XL ? A I ? C  -I . . -  (un ---A _.._ L-- matching H ~ U U G I I  IYU. I V I J U  plug (nr pa11 IIUIIIUGI 

1251-1570) is furnished. 
001: 208 V ac, f IO%, 3-phase, 15.5 A/phase, 

002: 230 V ac, f 10%,3-phase, 14 A/phase, 57-63 Hz 
031: 380 V ac, f IO%, 3-phase, 8.5 A/phase, 57-63 Hz 
032: 400 V ac, f IO%, 3-phase, 8.0 A/phase, 57-63 Hz 
003: 460 V ac, f IO%, 3-phase, 7 A/phase, 57-63 Hz 
005: realignment for 50 Hz operation 
6464C-6483C: AC input connections are by means of 
enclosed 4-wire terminal block. 
001: 208 V ac, f IO%, 3-phase, 55 A/phase, 57-63 Hz 
002: 230 V ac, f IO%, 3-phase, 50 A/phase, 57-63 Hz 
031: 380 V ac, f IO%, 3-phase, 30 A/phase, 57-63 Hz 
032: 400 V ac, 2 1056, 3-phase, 28.5 A/phase, 

003: 460 V ac, f lo%, 3-phase, 25 A/phase, 57-63 Hz 
005: realignment for 50 Hz operation 
006: internal overvoltage protection crowbar 

57-63 HZ 

57-63 HZ 

6459A, 6471C, 6419C, 6483C 
6453A, 6456B 
6472C, 6475C 
6469C 
6466C 

! 

N / C  
N / C  

add $100 
add $100 

$100 
N/C  

N / C  
N/C 

add $250 

add $250 
add $250 

N/C 

add $345 
add $395 
add $460 
add $510 
add $510 

I REMOTE CONTROL I GEERAL I 

\I /\I 

NA 
NA 
NA 

ASee page 238 lor complete option and accessory descriptions. 



I POWER SUPPLIES 
I General Purpose: HP-IB Programmer 

Model 59501A 

HP-IB power supply control 
HP-IB-to-power-supply isolation 
Programmable range 

0 

0 

0 

Programmable 10-volt DC output 
Unipolar / Bipolar operation 
Fast digital to analog conversion 

Description 
The 5950 1 A is an isolated digital-to-analog converter designed to 

provide a convenient interface between the Hewlett-Packard Inter- 
face Bus and H P  power supplies. With the 59501A, a wide range of 
DC voltages and currents becomes automatically controllable via the 
HP-IB. With proper wiring, the built-in isolation devices protect oth- 
er instrumentation on the HP-IB from damage that could be caused 
by power supply outputs. In addition, an internal control circuit holds 
the output level near zero until programmed data is received. A pro- 
grammable High/Low range control improves resolution by ten-to- 
one. 

Power supply control is accomplished through the 59501A's pro- 
grammable output voltage and programming network (see figure I ) .  
By making the appropriate connections between the 59501A's rear 
terminals and the remote programming terminals on the supply, the 
output voltage (or current) of the supply can be programmed from 
zero to its full rated output. The 59501A front panel controls provide 
fast and easy calibration of power supply outputs. The Zero Adjust 
enables the user to correct for small offsets in power supply response 
to programmed inputs. The Power Supply Full Scale Adjust (part of 
programming network) enables the user to set the maximum output 
desired from the power supply when the 59501A is programmed to its 
maximum value. For example, this adjustment would normally be 
used to calibrate the maximum programmable output of a 320Vdc 
power supply to 320 volts. However, it could also be used to set the 
maximum to 200 volts. 
. In addition to its ability to program power supplies, the 59501A 
also can be used directly as a low level DC signal source. Unipolar and 
bipolar output modes are available with output voltages programma- 
ble from zero to 9.99 volts, or minus 10.0 to plus 9.98 volts. Output 
current up to IO milliamps is available and is automatically limited to 
protect the 59501A and user equipment. The 59501A produces a full 
scale voltage change in approximately 250 ps from the time the digi- 
tal data is received. 

f4-I ; OAT* 

Specifications 
Digital to Analog Converter 
DC Output voltage: programmable in high or low ranges within the 
voltage limits shown below. Output mode is unipolar or bipolar and is 
selected by a rear panel switch. 

Unipolar: 0 to 9.99 V (low range, 0 to 9.999 V). 
Bipolar: -10 to +9.98 V, (low range, -1  to +0.998 V). 

DC Output current: I O  mA maximum. 
PARD (Ripple and Noise): 2 mV rms/lO mV p-p. 
Resolution: unipolar, 10 mV (low range, 1 mV). Bipolar, 20 mV 
(low range, 2 mV). 
Accuracy: specified at 23°C +5"C. 

Unipolar: 0.1% +5 mV (low range, 0.1% +1 mV). 
Bipolar: 0.1% +IO mV (low range, 0.1% +2 mV). 

Stability: change in output over 8 hour interval under constant line, 
load, and ambient following a 30 minute warm-up. Stability is includ- 
ed in accuracy specification measurements over the temperature 
range indicated. 

Unipolar: 0.04% + 0.5 mV (low range, 0.04% + . I  mV). 
Bipolar: 0.04% + 1 mV (low range, 0.04% + .2 mV) 

Temperature Coefficient: unipolar, O.OI%/"C +0.5 mV/"C (low 
range, O.I%/"C +O.l mV/.C). Bipolar, O.Ol%/"C + O S  mV/"C 
(low range, O.OI%/"C +0.1 mV/'C). 
Zero adjust: plus or minus 250 millivolts. 
D/A Full scale adjust: plus or minus 5%. 
Programming speed: the time required for output to go from zero to 
99% of programmed output change is 250 ps (measured with resistive 
load connected to output terminals). 

Power Supply Programming 
Programming network specifications: in the following specifica- 
tions, M represents the calibrated full scale value of the supply being 
programmed and P is the actual programmed output. The full scale 
value (M) can be any value within the supply's output range and is 
calibrated with the 59501A programmed to its maximum high range 
output. 
Accuracy: specified a t  23°C +5"C. 

Unipolar: 0.05% M +0.25% P (low range, 0.01% M + 0.25% P). 
Bipolar: 0.1% M +0.25% P (low range, 0.02% M +0.25% P). 

Isolation: 600 V dc between HP-IB data lines and output terminals. 
Temperature Coefficient: 0.005% M/"C + 0.015% P/.C (low 
range, 0.01% M/"C +0.015% P/"C). 
Programming resolution: 0.1% M (low range, 0.01% M). 
Programming speed: D/A programming speed plus the program- 
ming speed of the power supply. 

General 
Temperature range: operation: 0 to 55"C, Storage: -40 to 75°C. 
Power: 100, 120, 220, or 240 Vac (+6% -13%) 47-63 Hz, IO VA 
(selectable on rear panel). 
Size: 101.6 H x 212.9 W x 294.6 mm D (4" x 8.38" x 11.6") 
Weight: Net 1.36 kg (3 Ib). Shipping 1.81 kg (4 Ib). 

Ordering information Price 
59501A HP-IB Isolated D/A Power Supply 

Programmer $550 
10631A HP-IB cable 1 m (3.3 ft) $ 60 
10631B HP-IB cable 2 m (6.6 ft) $ 65 
10631C HP-IB cable 4 m (13.2 ft) $ 1 5  



200-watt extended range 
Constant-voltage/constant-current operation 
HP-IB programming option 

TI( BOWER SUPPLIES I 

General Purpose: 200 watt, extended range I 

Model 6002A 

Built-in overvoltage protecion crowbar 
C V l C C  operating status indicators 
Remote analog programming and sensing 

6002A 

The Model 6002A offers a new level of performance and usefulness 
in laboratory power supplies. It employs a unique regulation control 
concept that automatically yields a continuous span of voltage and 
current ratings within the basic 200-watt power rating boundary. 
This is beneficial in that more current is available at lower voltages, 
and higher voltages are available a t  a given current level than can be 
obtained from conventional 200-watt supplies. 

Conventional 200-watt power supplies, rated for 50 volts or 20 volts 
can operate only within the shaded regions shown in Figure 1. The 
6002A not only provides the outputs of the two conventional supplies, 
but also delivers the extra output capability shown between 20 and 50 
volts. 

50V EXTENDED RANGE 

t 
EOUT 

20v 

4A 10A 
IOUT- 

This "extended range" capability of the 6002A provides the user 
with a single power supply that can cover a wide variety of applica- 
tions in the lab or as a system component without his having to over- 
specify both the output voltage and current. 

System features/remote control 
Analog programming of output voltages and current can be accom- 

plished through the use of remotely controlled resistance or voltage 
applied to rear panel terminals. Additional control terminals are pro- 
vided for remote load voltage sensing, auto-series or parallel oper- 
ation, and for remotely activating the crowbar circuit. A pulse output 
from the crowbar terminal indicates the overvoltage circuit has been 
self-activated. A voltage step change appearing on terminal indicates 
a changeover to or from constant-current operation. 

Specilricarions 
DC output: voltage and current output can be adjusted over the 
ranges indicated by front panel contols, analog programming, or an 
optional HP-IB interface. 

Voltage: 0-50 V. 
Maximum 200 Watts output from 20 V to 50 V. 

Current: (1-10 A. 

Load effect: constant-voltage, 0.01% + 1 mV. Constant-current, 
0.01% + 1 mA. 
Source effect: CV, 0.01% +1 mV; CC, 0.01% + 1 mA. 
PARD (ripple and noise): rms/p-p, 20 Hz to 20 MHz; CV, 1 mV/10 
mV; CC, 5 mA rms. 
Temperature coefficient: CV, 0.02% +200 wV/"C; CC 0.02% 
+5 mA/"C. 
Drift: CV, 0.05% +1 mV/8 hrs; CC, 0.05% +5 mA/8 hrs. 
Resolution: front panel controls; CV, 10 mV; CC, I O  mA. 
Output impedance: approximately 0.5 mR in series with 1 pH. 
Load transient recovery: 100 ps for output voltage to recover with- 
in 15 mV or nominal voltage setting following a load current change 
of 50% to 100% or 100% to 50% of full load current. 
Remote control coefficients: 
Resistance programming: CV, 1 kR/V k 7%. CC, 100R/A k 7%. 
Voltage programming: CV 1 V/V f 20 mV. CC, 50 mV/A k 10%. 
Response time: maximum time for output voltage to change be- 
tween 0 to 99.9% or 100% to 0.1% of maximum rated output voltage. 
Up Programming: no load, 100 ms; full load, 100 ms. Down - Pro- 
gramming: no load, 400 ms: full load, 200 ms. 
Overvoltage protection: trip voltage adjustable from 2.5 V to 60 V. 
DC output isolation: 150 V dc. 
Power: 100, 120, 220, or 240 V ac (-13%. +6%), 48-63 Hz. 
Temperature rating: 0°C to 55°C operating, -40°C to +75"C 
storage. Supply is cooled by built-in fan. 
Size: 180 H x 212 W x 422 mm D (6.97" x 8.36" x 16.6"). 
Weight: net, 14.5 kg (32 Ib). Shipping, 15.9 kg (35 Ib). 

HP-IB Option 
Programmable ranges: high (0-50 V or 0-10 A), low (0-10 V or 0- 
2 A). 
Programming speed: same as response time. 
Accuracy: Hi range: CV, 0.2% +25 mV; CC, 0.2% +25 mA. 

Lo range: CV, 0.2% + 10 mV; CC, 0.2% +25 mA. 
Resolution: Hi range: CV, 50 mV; CC, 10 mA. 

Lo range: CV, 10 mV; CC, 2 mA. 
Isolation: 250 Volts dc from bus data lines to power supply. 

g$::ig;IB Interface 

HP-IB option 
Digital programming via Opt 001 ermits control of output voltage 

Price 
add $425 grammable ranges allow better resolution below 10 volts or 2 amps. 

The selection of HP-IB control of either voltage or current is done by 
rear panel switches. 6002A Extended Range DC Power Supply $900 

or current by the Hewlett-Packard P nterface Bus (HP-IB). TWO pro- 



POWER SUPPLIES 
"., A General Purpose: dual-tracking outputs 

Models 62278 & 6228B 

Two 50-watt power supplies for independent or track- 

Built-in overvoltage protection crowbars 
ing operation 

62278 

Description 
These versatile lab supplies each house two identical 50 W regulat- 

ed power supplies. A convenient front panel switch selects either inde- 
pendent or tracking operation. In the track mode, the right supply 
tracks the left within 0.2% ? 2 mV. The tracking mode is especially 
useful for powering operational amplifiers, push-pull stages, deflec- 
tion systems, or any application where plus and minus voltages must 
track with insignificant error. The independent mode permits oper- 
ation of the two supplies individually, in auto-parallel or in auto- 
series. 

Each side of the dual supply can be operated as a constant-voltage 
or constant-current source, and each has its own crowbar for over- 
voltage protection. In the tracking mode, an overvoltage condition in 
either supply trips both crowbars. The power supply outputs are iso- 
lated up to 300 V from output to chassis or output to output. 

Specifications 
DC output: 6227B, 0-25 V @ 0-2 A; 6228B, 0-50 V @ 0-1 A. 
AC input: 115 or 230 V ac f IO%, 48-63 Hz, 260 W. Selected by rear 
panel switch. 
CV load effect (load regulation): for a load current change equal to 
the current rating of the supply; 0.01% + 1 mV. 
CC load effect: for a load voltage change equal to the voltage rating 
of the supply; 0.01% + 250 pA. 
Source effect (line regulation): for a change in line voltage be- 
tween 104 and 127 V ac or 208 and 254 V ac at any output voltage 
and current within rating; CV, 1 mV; CC, 100 pA. 
PARD (ripple and noise): a t  any line voltage and under any load 
condition within rating (20 Hz to 20 MHz); CV, 250 pV rms/4 mV 
p-p; CC, 250 pA rms/2 mA p-p. 
Temperature coefficient: output change per degree Celsius change 
in ambient following 30-minute warm-up; CV, 0.02% + 200 pV; CC, 
0.02% + 300 /LA (6227B); 0.02% + 150 pA (6228B). 
Drift (stability): total drift in output (dc to 20 Hz) over 8-hour inter- 
val under constant line, load, and ambient following 30-minute warm 
up; CV, 0.2% + 2 mV; CC, 0.2% + 3 mA (0.2% + 1.5 mA, 6228B). 
Remote resistance programming: CV, 200Q/V ? 1%; CC, 
500Q/A f 10% (6227B). lkQ/A k 10% (6228B). 
Programming speed (CV): up-programming: no load, 40 ms/50 ms; 
full load, 200 ms/350 ms. Down-programming: no load, 400 ms/l s; 
full load, 75 ms/50 ms. 
Output impedance (typical): approximated by a resistance in series 
with an inductance; 2 mQ/2pH (627B); 6 mQ/6pH (6228B). 

Auto-parallel and auto-series capability 
Constant-current in addition to constant-voltage outputs 

Resolution (fine control): voltage, 5 mV (6227B), IO mV (6228B); 
current, 1 mA (6227B), 0.5 mA (6228B) 
internal overvoltage crowbars: during independent operation, 
each supply is protected by its own crowbar. In the tracking mode, an 
overvoltage in either supply results in firing both crowbars. 
Trip voltage margin: the minimum trip voltage above the operating 
output voltage of the supply to prevent false crowbar tripping: 7% of 
the output voltage + 1.5 V. 
Trip voltage range: 6227B, 5-28 V dc. 6228B, 5-55 V dc. 
Tracking error: in-tracking mode, the slave supply is matched within 
0.2% f 2 mV of the master. 
Transient recovery time: in constant voltage, the output will recov- 
er in 50 ps to within 10 mV of its nominal value for a resistive load 
change demanding an output current change equal to the current rat- 
ing of the SUDD~V. The nominal outDut voltage is defined as the mean 
between the noioad and full load ioltages. 
Temperature ratings 

Operating: 0°C to 55" C. 
Storage: -40°C to +75"C. 
Cooling: natural convection. 

Weight (net/shipping): 11/12.9 kg (24/28 Ib). 
Size: 155H x 197 W x 310 mm D (6%" x 7%" x 12%") 
Finish: mint gray panel with olive gray case. 

Options 
009: four ten-turn output voltage and current controls 
replace all four concentric coarse and fine voltage and 
current controls. 
015: four 3-digit graduated turns-counting dials and 
10-turn controls replace concentric coarse and fine volt- 
age and current controls. 
0 4 0  interfacing for Multiprogrammer operation. Pre- 
pares standard H P  power supplies for resistance pro- 
gramming by the H P  Multiprogrammer. 

Accessories 
5060-8762: rack kit for mounting one or two dual sup- 
plies 
5060-8760 filler panel to block unused half of rack 
when mounting only one dual supply 

Ordering information 
6227B Dual Tracking Power Supply 
6228B Dual Tracking Power Supply 

Price 
add $100 

add $250 

add $150 

$65 

$17.50 

$815 
$815 



POWER SUPPLIES 

Short circuit proof 
Precise voltage control-four-decade thumbwheel or 
switch-and vernier 
Convection cooling 

65 15A 6516A 

Description 
6521A, 6522A, 6525A 

This series of high performance power supplies has broad applica- 
tion both in the laboratory' and in the system. They have sufficient 
output current to power devices such as TWT's, klystrons, magne- 
trons, backward-wave oscillators, high-power gas lasers, electron- 
beam welding devices, etc. Output voltage is set easily and precisely 
by a three-decade thumbwheel switch plus a thumbwheel vernier pro- 
viding 0.002% resolution. In constant - voltage operation, a single- 
turn current control allows the current-limit point to be set to any 
value within the current rating. In constant-current operation, the 
current control varies the output current while the voltage controls 
(thumbwheels) provide an adjustable voltage limit. The supplies are 
protected against reverse voltage that could be generated by an active 
load. Protection from reverse current requires pre-loading the supply 
with a dummy load to ensure that the supply outputs current through 
the entire operating cycle of the load. Either the positive or negative 
terminal may be grounded or the supply may be operated floating at  
up to 2000 V above ground. 

6515Aand6516A 
These high-voltage power supplies are lower in cost and output 

power than the 6521A-6525A supplies. Their small size, low price, 
and short-circuit-proof operation make them excellent high-voltage 
laboratory supplies, or high-voltage systems supplies where current 
requirements are not more than 6 mA. 

Model 6515A employes a sixteen-position rotary switch and a ten- 
turn vernier control to adjust the output voltage. The rotary switch 
selects output voltage increments fom 1 to 1500 V in 100-volt steps; 
the vernier control permits fine adjustment (100 mV resolution) over 
any 100-volt span. Model 6516A uses a three-decade thumbwheel 
switch plus a thumbwheel vernier for convenient and precise (1 .O V 
resolution) output voltage control. 

General purpose: high voltage output 
1 Models 65 15A-6525A 

Floating output-can be used as a positive or negative 

Front-panel meters 
* e  

source 

Non-adjustable current-limit protection is provided on both mod- 
els. On Model 65 16A, the current-limit point is fixed at  approximate- 
ly 8 mA. On Model 6515A, the current limit value varies with the 
selected output voltage range as follows (voltage range/current lim- 
it): 0-300 V/7.5 mA, 400-700 V/65 mA, 800-1 100 VI32 mA, 1200- 
1500 VI25 mA. Both supplies are protected against reverse voltage 
that could be generated by an active load. Pre-loading is necessary to 
protect the supplies from reverse current. Either the positive or nega- 
tive terminal may be grounded or the supply may be operated floating 
at  up to 1000 V above ground. Units are packaged in half-rack-width 
cases. They-may be bench operated or mounted individually or in 
pairs using accessory rack-mounting kits. 

Specifications 
6521A, 6522A, 6525A 
Accuracy: 1% of thumbwheel switch setting. 
Temmrature rating: oberatine. 0 to 55OC: storane. -40 to +75"C. 
TI 
re 
0. 
Output impeaance, typical: 0.1 onm in series witn I pcn. 
Load effect transient recovery: 50 ps to recover within 0.005% or 
20 mV, whichever is greater. 
Output modes: automatic cross-over constant-voltage/constant- 
current. 
Meters: 2% of full scale accuracy. Scales: 6521A: 0-1 kV & 0-200 
mA; 6522A: 0-2 kV & 0-100 mA, 6525A: 0-4 kV & 0-50 mA. 
Power: 1 l < V  ac k lo%, 48-440 Hz, 4 A, 270 W (230 Vac available 
on special order). 
Weight: net. 19 kn (42 lb). Shiminn. 28.5 kn (63 lb). 
SI 

6 
Accuracy: 6316A, 1% of thUmDWneel s w i m  setting. 
Temperature rating: operating, .O to 55°C; storage, -40 to +75"C. 
Temperature coefflcient, per "C: voltage, 0.02% +2 mV. 
Load effect transient recovery: 100 ps to recover within 0.01% or 
16 mV, whichever is greater. 
Output modes: constant voltage with fixed current limit. 
Meters: 2% of full scale accuracy. Scales: 65 15A: 1.8 kV; 65 16A: 
3.5 kV. 
Powec6515A 115Vack10%,60 20.3Hz,016A, 19 W.(230Vac 
available on special order) 6516A: 115 V ac k lo%, 57-63 Hz, 1 A, 
40 W. 
Weight: 6515A net, 4.1 kg (9 Ib). Shipping, 5.0 kg (11 Ib). 6516A: 
net, 7.7 kg (17 Ib). Shipping, 9.5 kg (21 Ib). 
Size: 6515A, 89 H x 216 W x 299 mm D (3.50" x 8.50" x 11.75"). 
6516A, 133 H x 216 W x 406 mm D (5.25" x 8.50" x 16"). 

I 0-4000 I 0-54 I 6525A 10.005% or 20 rnV I 2% or 1 mA* I0.005% or 20 mV I 1 mA 11 mV/500 mVI 500 pA rms I 0.036%+3 mV I 0.25%+0.12 mA I EO mV 10.15 rnA I 
'whkhevw la larger. 
ASee page 238 for complete option and r c c e a m y  deacrlptlona. 

- I $1375 1 



r - P O W E R  SUPPLIES 
' Special purpose: precision source 

Models 61 10A-6116A 

0 0.025O/0 output voltage accuracy 
5-minute warm-up 
Built-in overvoltage crowbar 

6 1  10A 

0 

0 

0 

Constant-voltage / current-operation 
Thumbwheel or ten-turn voltage controls 
0.1% output voltage accuracy 

"", 1 

6 1  1 I A ,  6 1  12A, 6 1  13A, 6 1 1 6 A  

Description 
61 14A, 61 1 5 A  

These 40-watt precision power supplies are ideal for applications 
where an accurate, highly stable, and easy-to-use source of dc voltage 
is required. Both models feature automatic dual range operation. For 
example, Model 61 14A can supply 0-20 V a t  0-2 A, and 20-40 V a t  
0-1 A, without manual range switching. Automatic output current 
range crossover occurs when the supply is providing greater than one- 
half of the maximum rated output voltage. 

Output voltage controls 
Pushbutton voltage controls on Models 61 14A and 61 15A allow the 

output voltage to be set rapidly and accurately. The setting is dis- 
played in large, easy-to-read numerals. A fifth digit, set via a thumb- 
wheel on the switch assembly, provides output voltage resolution of 
200 pv. 

6 1  14A. 61 15A 

Specificationst 

Output current controls 
A front-panel control allows the output current to be set to any de- 

sired value within the maximum rating. Using this control, the sup- 
plies can be operated as constant-current sources with 0.01% current 
regulation. A light-emitting diode current mode indicator immediate- 
ly lights either when the supply is operated in the gross current limit 
region, or when the output current level established by the setting of 
the front panel control is reached. 

t Refer to page 215 for complete specification definitions and page 236 for option descriptions. 
* '  Specified with final decade pol set to zero. If pot is set to value other than zero. pot wiper jump 
eflect may cause drift of 0.001596 + 200 pV (%day). 

' 200 pV p p  noise is typical with a maximum 4 0 0 ~ V  p-p spike of less than 1 ps duration occurring 
repetition rate of twice power line frequency under worst cese conditions of high line, full output 
voltage. When operated at 400 Hr input, peak-to-peak ripple is less than 10 mV. 



Remote programming 
These supplies can be remote programmed by means of an external 

voltage or resistance. When remote resistance programmed, put volt- 
age accuracy is 0.01% plus the accuracy of the remote programming 
resistor, and output current accuracy is 0.25% plus the accuracy of 
the remote programming resistor. 

For computer controlled applications, these supplies are designed to 
be digitally programmed with the H P  Model 6940B Multiprogram- 
mer or 6941B Multiprogrammer Extender. They can also be used 
with the 59501A HP-IB Isolated D/A Power Supply Programmer. 
Overvoltage protection 

A circuit technique used in these supplies causes the output voltage 
to drop completely to zero once the overvoltage protection circuit has 
been triggered, rather than to only 1-3 V as is typical with other SCR 
crowbars. This same circuit technique also permits the trip threshold 
to be set as low as 0.5 V, thus providing load protection at very low 
output voltage levels. 
61 1 l A ,  61 12A, 6 1 1 3 A  and 61 1 6 A  

Although these 20-watt precision power supplies do not provide 
quite the level of performance and flexibility of Models 61 14A and 
6115A, they are lower in cost and are suitable for many precision 
power applications. Output voltage is adjusted by a five-decade 
thumbwheel voltage programmer for convenient and precise (100 pV 
resolution) adjustment of output voltage. A single-turn current con- 
trol allows full-range adjustment of the current-limit point. Addition- 
al features include a volt/ampere meter and associated meter 
function switch. The four-position function switch selects either of 
two output voltage or output current ranges (XI, XO.l) for display on 
the panel meter. 

The d-c output of these supplies is floating, allowing the supplies to 
be used as either positive or negative sources. Terminals for +OUT, 
-OUT, and GND are provided on both the front and rear of the sup- 
ply. The rear terminal strip also includes terminals for remote resis- 
tance programming, remote sensing, and auto-series, auto-tracking 
operations. 

Units are packaged in 5%-inch hlgn, Imi-raCik CZSGS wliich may be 
bench operated or rack mounted using accessory rack mounting hard- 
ware. 
61 1 0 A  

Model 61 10A is designed for applications requiring a precise and 
stable source of high-voltage dc power. Output voltage is set easily 
and precisely by a five-digit thumbwheel programmer providing 2 
mV resolution. A non-adjustable current-limit circuit protects the 
supply from all overload conditions regardless of degree or duration. 
Plus and minus output connectors (Type UG-93 1/U) are provided on 
the front panel. Mating connectors (Type UG-932/U) are supplied 
with each unit. Either the positive or the negative terminal may be 
grounded, or the supply may be operated floating at up to 1,000 volts 
above ground. Units are packaged in 5%-inch high, half-rack cases 
which are suitable for bench or rack installation. 

General specifications-(see table also) 
Temperature rating: all precision models; operating 0" to 50°C. 
Storage, -40" to +75"C. 
DC output isolation: output terminals of precision models may be 
floated up to 300 V above ground. High voltage precision model 
6110A may be floated to 1000 V. 
Remote sensing: provided on all precision models except 61 10A. 
Power: 104-127 or 208-250 V ac selected by switch, 48-440 Hz, 1.50 
VA maximum. 
Size: 166 H x 197 W x 336 mm D (6%" x 7%" x 13%"). 
Weight: net, 7.7 kg (17 Ib). Shipping, 9.5 kg (21 Ib). 
6 1 1 1 A ,  6 1 1 2 A ,  6 1 1 3 A  and 6 1 1 6 A  
Power: 115 V ac * lo%, 43-63 Hz, 0.5 A, 52 W (for 230 V, order 
Optn. 028). 
Size: 133 H X 216 W x 318 mm D (5%" x 8%" x 12%"). 
Weight: net, 5 kg (11 Ib). Shipping, 6.8 kg (14 Ib). 
61 1 0 A  
Power: 115 V ac * 10%. 57-63 Hz, 1 A, 50 W (for 230 V, 50 Hz, 
order Opt 019). 
Size: 133 H x 216 W x 406 mm D (5%" x 8%" x 16"). 
Weight: net, 8.6 kg (19 Ib). Shipping, 10.4 kg (23 Ib). 

A See page 234 for complete option end accessory descriptions + UP = increasing output voltage. NL = No output load current. FL = Full rated output load current 
t Accuracy is equal to accuracy of remote programming device +ZOO pV 



Model 
Output Current tl 
Voltage Compliance A 

Output Ranges B 

C 

A 

AC Input 

6177C 6181C 6186C 
0-250 mA c 
0-100 v c ( 

0-2 5 mA c 
0-25 mA c 
0-250 mA c 
115 V ac # lo%, 48-63 Hz, 
0 6 A, 55 W at 115 V ac 
For 230 V ac see Option 028 

- - 
- - 
- - 
- - 
- - 

1151230 V ac, 48-63 Hz. 
09A,90Wat 115Vac 
1151230 V ac switch 

115V ac # 10%,48-63 HI, 
0 6 A, 55 W at 115 V ac 
For 230 V ac see Option 028 

Constant Current 

Remote 
Programming 

voltage Limit 
Remote 
Programming 

- - 
Range A 400 ohmsImA - 2 kR/mA 10 kRlmA 

Range B 1 

Range C 1 

Resistance Control 1% of 

output control +0.04% of range) - - - 
- - - 

Voltage Control (Accuracy: 20%) - 1 VIV I 
Resistance Control 870 ohmsIV 435 ohmsIV 820 ohms/\, 
Accuracy 25% 25% 15% 

Range A 

Range B 

Range C 
Typical Output Impedance (R in parallel with C)* 

= 330 Meg, C = 500 pF 
R = 33 Mee. C = 0 005 uF 

R = 3.3 Meg, C = 0 05 pF 

= 1330 Me& C = 10 pF R = 10,000 Meg. C = 900 pF 
R =1.000 Meg. C = 700 pF 
R =lo0 Meg, C =1500 pF 

R =133 Meg. C =lo0 pF 

PARD (Ripple and Noise) rmslpp (dc to 20 MHz) 
with either output terminal grounded 

~ __ 

Range A 

Range B 

Range C 

0 8 p A  rmsl20 d p p  
- 8 d rmsI100 uA D D 

0 2  PA rmsl5 d p p  
2 p A  rmsI50 FA p p 

20 PA rmsI500 p A  p p  160 d rmsll mA p p 80 d rmsI500 p A  p p 

I 197 mm (W) x"88 mm (H) i 315 mm (0) I 197 mm (W) x"88 mm (H) i 315 mm (D) I ld7 mm (W) x l 5 8  mm (Hfx 315 mm (D) 

I 4 53 kg (10 Ib)/5 9 kg (13 Ib) Weight (NetIShipping) I 4 53 kg (10 lbl5 9 kg (13 Ib) I 5 9 kg (13 lb)/7 7 kg (17 Ib) 

POWER SUPPLIES 
Special purpose: constant current sources 
Models 6177C, 6181C & 6186C 

I 
I 
I 

Continuously variable voltage limit 
Output useful to micro-ampere region 

High output impedance-no output capacitor 

voltage to vary from zero to maximum. 
Source effect (line regulation): less than 25 ppm of output + 5 
ppm of range switch setting for a change in the line voltage from 104 
to 127 V ac (or 127 to 104 V ac) a t  any output current and voltage 
within rating. 
Load effect translent recovery: less than 800 ps for recovery to 
within 1% of nominal output current following a full load change in 
output voltage. (On 61 86C, recovery time for 100 mA/ 10 mA/ 1 mA 
ranges is 1 ms/ 1.6 ms/4 ms, respectively.) 
Temperature coefficient: output change per degree C is less than 
75 ppm of output current +5 ppm of range switch setting. 
Drift (stability): less than 100 ppm of output current +25 pprn of 
range switch setting. Stability is measured for eight hours after one 
hour warm-up under conditions of constant line, load, temperature, 
and output setting. 
Resolution: 0.03% of range switch setting. 
Temperature rating: operating 0, to 55"C, storage, -40 to +75"C. 
Accessories Price 
5060-8764: rack adapter for rack mounting one or two $60 
6177C or 6181C supplies 
5060-8762: rack adapter for rack mounting one or two $65 
6 186C supplies 
5060-8530: filler panel for Models 6177C, 6181C $16.50 
5060-8760: filler panel for Model 6186C $17.50 
ODtions 
015: three-digit graduated turns-counting current con- add $50 
trol replaces front panel current knob 
028: 230 V ac & 10%. single-phase input. Models N /C  
6177C and 6181C only 

6177C, 6181C 

6186C 

I 

Description 
These solid-state constant-current sources are ideal for semicon- 

ductor circuit development, component testing, and precision electro- 
plating applications. 

Their high-speed remote programming characteristics make these 
supplies useful in testing and sorting semiconductors, resistors, relays, 
meters, etc. The ability to superimpose ac modulation on the dc out- 
put permits the supplies to be used for measurement of dynamic or 
incremental impedance of circuit components. 

Load effect (load regulation): less than 25 ppm of output + 5 ppm 
of range switch setting for a load change which causes the output 

Specifications Ordering information 
6177C. 6181C Constant Current Source 
6186C Constant Current Source 

$775 
$1050 

0-500 mA 1-100 mA 
1-300 V dc 
1-1 mA 

n-5n v dc IC 

0-5 mA 
0-50 mA 1-10 mA 
0-500 mA 1-100 mA 

200 mVImA 
20 mVImA 
2 mV/mA 

1 VImA 10 VImA 
100 mVlmA 1 VlmA 

1 

Voltage Control (accuracy: 0.5% of output 
current +0.4% of range) 

40 ohmsImA 
4 ohms1mA 
1 VIV 

200 ohmsImA 
20 ohmsImA 

kRImA 
00 kRlmA 
. VIV 

R = 13.3 Meg, C =lo00 pF 
1.6 p A  rms/40 pA p p  
16 rmsI200 d p p  

6 ms 0 ms 6 ms 

' This network io a simplified representation of a complex network. The formula Z=RX /- 
is used forfrequanciesupto lMHr bysubstitutingthavaluesgiven for R a; C. Abo& 
1 MHz. the output impedance is greater than the formula would indicate. 

' *  Output current can be modulated 100% up to 50 Hz: percent modulation decreases 

linearly to 10% at 500 Hr. 
t t  For operation above 40'C the maximum output current muat b e  reduced linarly to 

80% of rating at 55'C (maximum temperature). 
A Minimum voltage obtainable with voltage limit control ia 0.5 V. 



POWER SUPPLIES 

RATINGS 

rJcoutput 

Vdtr A m p l  

-5 V to +5 V/ 0-2.0 A 68251 
-20 V to + 20 V Both Ranges 
-5 V to +5 V/ 0-1.0 A 68261 
-50 V to +50 V Both Ranges 
-10 V to +10 V/ 0-0.5 A 68271 
- l O O V  to+lOOV Both Ranges 
-50 V to +50 V 0-1.0 A 68241 

Special purpose: dc power supply/amplifiers ai i 
Models 6824A-6827A 

PERFMIMANCE 
LOAD EFFECT S w c e  Effect Pard (rms/p-p) Transient Recovery R e m  

WZ ""!P Price 
Voltage cwmt Voltage c u r d  voltage c u r d   ma Level Voltage c u r d  (Typical) 

0.01%+1 mV 0 01%+250 pA 0 01%+2 mV 0.01%+250 pA 10/30 mV 5/15mA 100 jts $1025 

0.01%+1 mV 0 01%+250 0 01%+5 mV 0.01%+250 jd 6/35 mV 0 8/5mA 100 ps 50 mV 100 mV 3 mA 1 ma, 1 5pH 9 $1025 

O.Ol%+l mV 0 01%+250 pA 0.01%10 mV 0.01%+250 pA 10/50 mV 0.4/5mA 100 ps 100 mV 2 9 $1045 

20 mV 40 mV 6 mA 0 5 mQ, 1 5 pH 9 

0 02%+5 mV - O02%+5mV - 10 mV rms - 100 ps 0 02%+5 mV 9, za $575 

High-speed remote programming 
Overload protection 

RATINGS 

output 
Volts Ams Model 

10 V p p  or 2 Apk 68251 
40VPP 

100 vp p 
20 V p p or 0 5A pk 68271 
200 V p p or 

10Vppor  1 A pk 68261 

l0OVpp 1 A pk 68241 

6825A-6027A 

PERFMIMANCE 

Fixed 100 Hz (Typical) Gain* Voltage C u r d  

~~ 

Voltage Gain I Frequency Response, +1, -3dB Distatii at lnputz f'rogramninr Coefficients 

-- 
1X 0 1% THD 10 kR Rf/10.24 k f l  1 V I V  
4x 4 R l / l O  24 4 v/v 

lox  0-2ox 10 R l / l O  24 k f l  10 V/V 
2X 0-4X dc -30 kHz de -15 kHz 0.1% THO 10 k f l  2 ffl/1024 kR 2 V/V 
2OX 0-40X 20 Rf / lO  24 kR 20 V I V  
- 0-lox - dc -10 kHz 0 1% THO 2 kR - 1 v/v 

-- 
1X 0-LX dC -4U kHz dc -19 hHz Ol%THD 10 kR R l / l O  24 kR 1 v/v I A / V  

als a t  the rear permit access to various internal control points to fui 
her expand the operational capabilities of the instrument. Tk 
esulting flexibility lends the Power Supply/Amplifier to an almo 
nlimited number of applications. 

6824A 

Variable Fixed Gain + Variable Gain 

dc -15 kHz 

Power amplifier specifications 

. 

MI output 
10 kHz 
0.5% 

0.5% 

1% 

'00mV 1 5  mA 2 m Q  4 p H  I .  I 

2 A/V 

. .,.. 

1 A/V 

'RF 18 the gain programming reaiatance. 



POWER SUPPLIES 
Options and accessories 
For low cost lab, general, and special purpose models 

A wide range of options is available to modify standard models to 
meet the requirements of a particular application. Various low cost 
lab, general purpose and special purpose power supply description are 
found on pages 218 through 235. To determine which options are 
available for a particular power supply, refer to the appropriate prod- 
uct page. Always check the AC input voltage, current, and frequency 
requirements for the standard model and the AC power available in 
the area or country where the power supply will be used. If options are 
required, they must be specified with iheorder. 

005: 50 Hz ac input: optimizes power supplies that re- 
quire adjustment/modification for 50 Hz operation. 
Order only when listed as required in specifications for 
a particular model. 
009 ten-turn output controls. Replaces single-turn 
output voltage and current controls (where applicable 
and available). 61 14A. 61 15A, 6204B, 6206B-6209B, 
6294A, 6299A and 6824A-6827A 
6200B-6203B, 6205B, 6256B-6291A, and 6296A 
6227B, 6228B, 6253A, and 6255A 
0 1 0  chassis slides. For access to rack mounted power 
supplies. 6256B, & 6263B-6267B 

Options 

6253A, 6255A. 6259B-6261B. 6268B, 6269B, & 
6427B-6448B 
6453A, 6456B & 6459A 
01 1: internal overvoltage protection crowbar. Protects 
delicate loads against power supply failure or operator 
error. Dual output models have dual crowbars. 
Single output models, where available. 
Dual output models, 6205B, 6253A, & 6255A 
01 5: three-digit graduated turns-counting dial and ten- 
turn controls for output voltage and current (where ap- 
plicable and available). Improves resettability of power 

6177C3, 6181C, 6186C, and 6515A 

6207B, 6209B, 6294A & 6299A 

6227B, 6228B, 6253A, & 6255A 
016: 1 1 5  V ac f 10% single phase input. Consists of 
replacing power transformer and circuit breaker, and 
reconnecting bias transformer, RFI choke and fans. For 
model 6260B only 
019: 230 V ac f lo%, 50 f 0 . 3  Hz, single phase input. 
Consists of replacing input transformer, line cord and 
fuse. Option 019 applies only to models 61 10A, 6515A, 
& 6516A 
022: voltage and current programming adjust. Allows 
the V and I programming coefficients and zero output 
to be conveniently adjusted to 0.1% accuracy via access 
boles in the rear panel. Consists of four potentiometers 
and resistors located inside the rear panel. Option 022 
applies only to models 6556B-6274B 
023: rack mounting attachments. Factory installed for 
mounting model 6464C-6483C in a standard 19" rack. 
026: 115 V ac f lo%, single phase input. Consists of 
replacing the input circuit breaker and reconnecting the 
power transformer, bias transformer, RFI choke, and 
fans. Option 026 applies only to models 6259B, 6261 B, 
and 6268B 
027: 208 V ac, k 10%. single phase input. Consists of 
reconnecting power transformer taps, and other compo- 
nents where necessary. Order only when listed in the 
specifications for a particular model 
028: 230 V ac k lo%, single phase input. Consists of 
reconnecting power transformer taps, and other compo- 
nents where necessary. Order only when listed in the 
specifications for a particular model 
040: multiprogrammer interface. Prepares standard 
H P  power supplies for resistance programming by the 
6940B Multiprogrammer or 6941 B Multiprogrammer 
Extender. This option includes Option 022, special cali- 
bration, and protection check-out procedures (where 
required) 

supply output 

61 14A, 61 15A, 6204B, 6206B, & 6220B-6226B 

6200B-6203B, 6205B, 6256B-6291A, & 6296A 

Price 

N/C 

$30 
$60 

$100 

$85 

$160 
$250 

$70 
$130 

$50 
$75 

$100 
$125 
$250 

$80 

$50 

$60 

$30 

N/C 

N/C 

N/C 

6111A-6113A $40 
6205B, 6220B, 6224B, 6226B, 6256B-6274B, & 
628 1A-6299A $75 
6464C, 6466C, 6469C, 8t 6472C $100 
6227B,6228B,6253A & 6255A $150 
100: 87-106 V ac, 47-63 Hz, single phase input N/C 
220: 191-233 V ac, 47-63 Hz, single phase insput N/C 
240: 208-250 V ac, 47-63 Hz, single phase input N/C 
(Note: options 100, 220 and 240 are for models 6236B 
and 6237B only, and consist of setting an internal AC 
voltage selection switch and selecting appropriate line 
fuse.) 

14513A Rack Kit for one 3%" high supply 
14515A Rack Kit for one 5%" high supply 

14523A Rack Kit for two 3%" high supplies 
14525A Rack Kit for two 5%" high supplies 

Accessories 
14513A: high rack kit for one supply 
14513A and 14523A rack kits apply to the following 
models: 6200-6209B, 6237B, 628 1 A, 6284A, 6289A, 
6294A, 6299,65 15A 
14523A: 3%" high rack kit for two supplies 
14515A: 5%" high rack kit for two supplies 
1452549: 5%" high rack kit for two supplies 
14515A and 14525A rack kits apply to the following 
models: 61 10A-6113A, 61 16A, 6282A, 6286A, 6291A, 
6296A, 6516A, 6824A. 
14521A: rack kit for one, two or three supplies 
Includes two filler panels. 14521A rack kit applies to 
the following models: 621 1A-6218A. 
5060-8762: adapter frame for rack mounting one or 
two % rack widths units or one, two or three $5 rack 
width units 
This frame applies to the following models: 6114A, 

6827A. 
5060-8764: adapter frame for rack mounting one or 
two % rack width units. 
This frame applies to the following models: 6177C, 
6181C. 
5060-8759: Blank Filler Panel 
This $5 rack width panel applies to the following mod- 
els: 6220B, 6224B, 6226B. 
5060-8760: Blank Filler Panel 
This % rack width panel applies to the following mod- 
els: 6114A, 6115A. 6186C, 6227B, 6228B. 6825A, 
6826A, 6827A. 
5060-8530: Blank Filler Panel 
This % rack width panel applies to the following mod- 
els: 6177C, 6181C. 
14545A: casters-set of four 
Snapon casters for one 6464C-6483C power supply. 
(For rack mounting information on these supplies, see 
Opt 023.) 

61 MA, 6186C, 6220B, 6224B-6228B, 6825A, 6826A, 

$25 

$15 
$30 
$20 

$45 

$65 

$60 

$10 

517.50 

$16.50 

$50 
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Introduction I 

OEM MODULAR POWER SUPPLIES \ 
I 

Introduction 
The selection of a power supply for today's 

system requires a critical and prudent evalu- 
ation. Sophisticated system electronics have 
placed more demands on the supply and, as 
always, the power supply is the very heart of 
your system. If it stops delivering power, 
your system will cease to operate. 

Your evaluation should include not only 
the more obvious technical and cost consider- 
ations, but also a look at some of the less tan- 
gible factors that make up the total 
purchasing power of your OEM dollar. 
Quality 

HP's OEM supplies are totally tested be- 
fore they are introduced. Each product goes 
through a complete development cycle, con- 
sisting of: (a) Engineering Breadboarding; 
(b) Lab Prototyping; (c) Production Pilot 
Runs. At each phase the units are evaluated 
for safety, specification compliance, environ- 
mental performance, workmanship, and ser- 
viceability. In addition, all models undergo 
formal environmental testing at a certified 
facility before introduction. 
MTBF 

Mean Time Between Failure (MTBF) is a 
figure of merit that can be calculated and ac- 
tually verified. It is a number that is often 
quoted but seldom understood. Frequently, 
the MTBF's of different manufacturers can- 
not be compared because they are calculated 
by different means. H P  employs a compre- 
hensive and conservative method of determ- 
ing MTBF. A component data base is 
maintained to provide actual component fail- 
ure statistics and the MTBF is adjusted 
downward, if necessary, to reflect the actual 
working environment that the components 
will be exposed to. 

Moreover, in products where new design 
concepts are used, we verify their reliability 
by running an actual MTBF life test. Such 
was the base with the 62605M where Mil 
Spec 781B, Test Plan IV, was utilized. As in- 
dicated by the curve, after 140,000 hours of 
testing the design hypothesis was verified. 

Life Test Acceptance Curve- 
626051111 

Although this method is expensive and 
time consuming, it assures you of the H P  
quality that you have come to accept. 
Safety 

To assist you in complying with tightening 
safety regulations, all H P  modular power 
supplies (including switching regulated) are 
designed to meet UL specs for U S .  applica- 
tions. Considerations have also been given to 
international safety regulations. Only when 
the manufacturer can provide you with a UL 
yellow card number, can you be assured of 
UL compliance. 
Service Support 

Hewlett-Packard's service support is an- 

other contributing factor in the lasting value 
of their products. H P  is ready to respond to 
your service needs with an extensive chain of 
world-wide service and spare parts facilities. 
Staffed by competent technical personnel, 
these facilities can provide minimum turn- 
around time and are backed by the full re- 
sources of the manufacturing division. In ad- 
dition, all units are shipped with a complete 
Operating and Service Manual. 
Special Design Group 
In some applications off-the-shelf power 

supplies may not meet your needs. In these 
instances, our Special Design Group can pro- 
vide product modifications, assembled power 
systems, and applications assistance to help 
with your specific requirement. 
Make or Buy 

A crucial question in the make or buy deci- 
sion is whether or not you have the technical 
and financial resources available to manu- 
facture your own supplies. 

It is important not to underestimate the 
difficulty involved in a power suppply design. 
When evaluating your technical capabilities 
keep in mind that: (a) Modern power sup- 
plies are state of the art components; (b) 
Time will be required for electrical and me- 
chanical definition as well as for design, lab 
and production prototypes and evaluation; 
and (c) Engineers will be diverted from other 
projects. 

To assist you in the cost aspects of your 
evaluation, we have prepared application 
note 236-1. This note assists you in conduct- 
ing a Return on Investment (ROI) analysis 
by revealing both the obvious and hidden 
costs incurred in the manufacture of your 
own power supplies. Contact your local H P  
sales office for a free copy. 



POWER SUPPLIES 

5z 12v 

k 1 5 V  

OEM Price 

f 
I L A  OEM Modular: The total solution concept. 

Model series 6 1000-68000 I 

- - 62212A 62212E 622126 - 
(1.4A) (3.3A) (6.OA) 
62215A 62215E 622156 - 
(1.25A) (3.OA) (5.2A) - 

$172 $220 - 
- - 
- - 
- - 

EXAMPLE OF RATINGS AVAILABLE. 
Contact your local HP Field Engineer for information on models to meet your specific requirements. 
'Quantity and OEM discount are available. All prices on this page are for OEM 100 unit quantity. 

Single Output-UL yellow card E51529 

output1 

output2 

output3 

output4 

OEM Ricer. 

20 k b  SrrHchg Regdated 

4.75 to 5.25 V 

+11.4 to +15.75 V 

2OkHz Switching Regdated h e a r  Regdated 
Model 62312D Model 633150 Model 63312F 
4.75 to 5.25 V 4.75 to 5.25 V 

3A 18A (Note 3) 50A (Note 4) 
+11.4 to +15.75 V 4.75 V at 0.38A, to 

12.6 V at 0.60A 2A (Note 3) 10A (Note 4) 

10A (Note 4) 12.6 V at 0.60A 
Up to 120 watts at customer 

specified voltage (Note 2 & 4) 

4.75 V at 0.38A. to -11.4 to -15.75 V -11.4 to -15.75 V 
2A (Note 3) 
- - 

$132 $396 $636 

Multiple-Output-LJL yellow card E51529 

DC-to-DC Converters 

Triple Output 
Model 613150 

(Same as Model 63315D) 
at 22A Note 3 rating. 

1: Special ratings on special order basin at no additional coat. 
2: Special ratinga on special order basis at additional cost. 
3: The outputs of the Models 813150 and 833150 can be operated anywhere within their 18A, 2A. 

and 2A individual current ratings providing the total output power Is within a 110-watt total output 

4 The outputs of Model 83312F may be operated anywhere within their M A .  10A and 10A individual 
current ratinga provided total power is under 550 watta lor three output operation. 

Output 
Model 61005C 
4.75 to 5.25 V 



OEM MODULAR POWER SUPPLY ..- 
Technical support, systems, accessories 

I 

Power systems 
Custom designed systems are avdilable 
assembled, tested and documented by 
Hewlett-Packard 
System component units for "do it your- 
self" power system solutions 

L 

Custom systems 
Custom power systems can be assembled 

by installing suitable combinations of single 
and dual-output linear supplies and switch- 
ing regulated supplies in rack mounting 
trays. If desired, Hewlett-Packard will as- 
semble, wire, and test complete power supply 
systems to customer specifications using 
these modular power supplies and rack 
mounting accessories. Meters, switches, in- 
put and output connectors, and other compo- 
nents will be installed to meet your specific 
needs. Consult your local Hewlett-Packard 
Field Engineer for price and delivery infor- 
mation. 

OEM Modular Power Supply Technical Data and AN 236-1 are available from your 
local HP Field Engineer. 

Accessories for power systems 
The Model 62410A Rack Mounting Tray 

can accommodate any combination of Series 
62000 linear supplies, Series 6200 dual linear 
supplies, Series 62200 switching-regulated 
supplies totaling a full rack width or less. It 
can be installed in a 19-inch rack directly or 
on slides. Detachable handles are included. 
The 6241 1A Blank Front Panel has a 2.25- 
inch clearance when installed on the tray for 
meters, switches, test jacks. Model 62413A 
Cooling Unit delivers 45 CFM of cooling air 
while occupying only 1.75-inches of rack 
space. The 62414A Slide Kit has a 20-inch 
slide for use with standard 19-inch wide 
racks of 20-inch depth. (not for HP 29400A 
or -B cabinets.) Model 62415A AC Distribu- 
tion Panel is a mounting tray rear panel with 
a 3-terminal barrier strip, line cord, and fuse 
holder already installed. The 62416A Cool- 
ing Unit is 5.25 inches high and delivers 150 
CFM of rack cooling air. A 12692B Slide Kit 
has 22-inch slides for use with HP 29400A or 
-B cabinets. 

6241 1A 

624 15A 

i 
i 

i 

62413A 

624 14A 624 1 OA 126928 624 16A 



POWER SUPPLIES 
I Digitally controlled: binary or BCD 

Models 6129C-6131C & 6140A 

Digitally programmable in binary or BCD 
HP-IB compatible  option J99 & 59301A 
Fast, accurate, bipolar output 

0 

0 

e 

Digital inputs isolated from ana log  output 
Internal s t o r a g e  of digital d a t a  
Digitally programmable cur ren t  la tch (on DVS models)-  
o r  vol tage limit (on DCS model) 

I 

6 129C 

Digital voltage sources 
HP‘s family of digital voltage sources (DVS’s) includes models 

6 I29C. 6 I30C, and 6 13 IC. All models are programmable in binary 
or 8421 BCD and have many system-oriented features that enhance 
their use in automatic testing and control environments. Among these 
features are: isolation between the digital input and analog output 
lines, digital storage of programmed inputs, programmable current 
latch, analog input, and current monitoring terminals. 
Isolation 

All digital lines of the DVS’s are isolated from the analog output. 
This feature is essential in automatic test systems to avoid forming 
ground loops that could impair system operation and damage the 
computer and instruments. 

Nearly all computer manufacturers ground the power supplies for 
the digital 1/0 logic to the mainframe of the computer, which is con- 
nected to the ac power line ground. I f  a DVS did not have isolation, 
one of its analog output terminals would be connected to the digital 
input common line. 
Internal storage 

The DVS’s internally store the computer’s output magnitude (volt- 
age setting), polarity, range, and output latch/limit digital inputs 
when the computer’s gate command is received. When the DVS has 
finished processing the digital input, it notifies the computer by trans- 
mitting its flag. Since the DVS stores the digital data, the computer 
does not have to continually refresh the DVS; it is free to carry out 
other important tasks. The DVS maintains its programmed output 
indefinitely, changing the output only when the computer changes the 
digital input data and sends another gate command. 

In  addition to eliminating the need for redundant programming by 
the computer, internal storage also facilitates the control of multiple 
DVS’s from a single computer 1 / 0  channel. The number of DVS’s 
that can be controlled from a single 1 / 0  channel depends on the capa- 
bilities of the computer’s 1/0 data bus drivers. Most computers can 
easily drive up to eight DVS’s. 

Programmable current latch 
Overcurrent protection is provided by a current latch circuit which 

can be externally programmed to one of eight values between 2% and 
100% (six values for the 6131C) of the unit’s rated output current. 
When activated, the current latch circuit turns off the output power 
amplifier reducing the output current to less than 20 mA. The reac- 
tion time of the current latch circuit (time between the start of a cur- 
rent overload and turn off of the power amplifier) can be adjusted by 
adding an external capacitor at the rear terminals. The upper current 
limit is safeguarded by a separate fixed current limit circuit that pre- 
vents the output current from exceeding 110% of the current rating. 
The computer is continuously informed of possible current overload 
or current latch conditions by status outputs which are fed back to the 
programming source. 
Analog input 

In automatic test systems, it is often desirable to inject an ac “wig- 
gle” on top of a programmable dc devel to measure impedance at var- 
ious voltage levels, to simulate worst case power supply conditions for 
a module under test, or measure component parameters such as dy- 
namic gain or transconductance. Many automatic control systems re- 
quire this feature to provide “dither” for the system. All DVS’s 
provide an analog input to fulfill this need. 
Current monitoring terminals 

The output current of all DVS’s can be measured without upsetting 
voltage accuracy by connecting a voltmeter across the current moni- 
toring terminals on the rear barrier strip. 
Digital current sources 

The Digital Current Source, Model 6140A is ideally suited for sys- 
tem applications requiring a rapidly programmable, high-precision 
source of current. 

The isolation, internal storage, and analog input features described 
for the DVS’s also apply to the DCS’s. In addition, the DCS’s have 
programmable voltage limiting and voltage monitoring terminals. 



POWER SUPPLIES ’ 

Binary 
hbuMntS 

Ootion 120 & 064 

Models 6129C-6131C, 81 6140A (cont.) I 

BCD 
lnrhumnh 

O o t i i  199 & 063 

6130C. 6131C 
.la 

6 140A 

Accessories furnished: 
1251-0086 50-contact rear plug. 
5060-7948 Plug-in extender board for DVS models. 
5060-7948/5060-7982 Two plug-in extender boards for DCS. 

Software for HP computers 
Drivers in the form of punched paper tape with accompanying oper- 

ating manuals are available for Hewlett-Packard BCS, DOS, RTE, 
and BASIC software operating systems. Contact your HP  Field Engi- 
neer for prices and ordering information. 
AC power option Price 
028: transformer tap change for 230 V ac & 1096, 
single-phase input on 6 130C and 6 13 1 C. N/C 
Standard interface options 
5 2 0  binary interface for 12661A 1/0 programmer 
card for Hewlett-Packard computers N /C  
J99: interfacing DCPS’s with calculator-based test 
control systems. All DCPS’s may be modified to be 
compatible with ASCII-to-Parallel Converter, Model 
59301A in calculator-based systems. In addition to 
DCPS modification, two items are supplied as part of 
Option J99: (1) a 1.83 m cable to connect DCPS to 
Model 59301A; (2) J99 Interface Note, containing In- 
stallation Instructions, Software Listings, Operating 
Instructions, and Diagnostics. $170 
063: BCD interface for microcircuit logic levels 
064: binary interface for microcircuit logic levels 
Special Options 
If none of the standard interface options meet your requirements, 
quotations for special options may be obtained from your Hewlett- 
Packard field engineer. 

Accessories available 
145338: Pocket programmer permits manual pro- 
gramming of all input functions by switch closure 
14534A: Pocket programmer extension cable (3 ft) 
14535A: HP computer interface kit includes 12661A 
computer 1/0 card, 14539A cable, verification 
software and BCS Driver. Up to eight DCPS’s may be 
controlled from one 14535A $1700 
14539A: cable connects the first DCPS in a chain of up 
to eight instruments to the 12661A DVS programming 
card for Hewlett-Packard computers $170 
14536A chaining cable connects an additional DCPS 
to the existing chain of DCPS’s $170 

Ordering information 

N/C 
NIC 

$200 
$100 

6 129C: Digital Voltage Source $3750 
Opt 908: Rack Flange Kit add $15 
6130C, 6131C: Digital Voltage Source $1900 
6140A: Digital Current Source $3750 

Opt 908: Rack Flange Kit add $10 



RECORDERS, PRINTERS & PLOTTERS 
*’ General Information 

Introduction 
Hewlett-Packard offers recorders and plotters that record and dis- 

play data accurately, quickly, and reliably. Application areas are 
manufacturing, business, education, laboratories, R & D, and hospi- 
tals. The recorders can also be utilized by the original equipment 
manufacturer (OEM) to fulfill the need for recording and displaying 
from the OEM’s equipment. Models may be chosen from X-Y, strip 
chart, oscillographic, and instrumentation tape recorders, as well as 
graphic plotters for computer, timeshare, and calculator users. 
Graphic plotters 

Complete graphic capability to computers or terminals, with little 
programming effort and software, is available from Hewlett-Packard 
Graphic Plotters. Simple commands and data formats, generated by 
almost any computer in any language, are used to control the plotter. 

The 7221A and 9872A models are included in this family. Both are 
microprocessor plotters that produce high quality, multicolor (red, 
green, blue, black) graphic plots on any size chart up to 280 mm x 432 
mm ( IS0  A3). The 7221A plots from remote facilities; EIA 
RS232C/CCITT V.24 asynchronous serial ASCII interface operates 
at  any of eight switch selectable baud rates from 75 to 240 BAUD. 
The 9872 plots through HP-IB interface to a calculator, computer, or 
other controller using the IEEE 488-1975 standard interface. 

Two new additions are the 7245A Plotter/Printer and the 7225A 
Graphics Plotter. The 7245A is a single unit desktop thermal model 
designed to fill scientific, engineering, and business needs. Quality 
graphics, flexible labeling, long-axis plotting, and unattended graph- 
ics and printing are provided. The 7245A plots through HP-IB inter- 
face to desktop controllers and systems using IEEE 488-1975 
standard interface. The 7225A is a microprocessor based vector 
graphics plotter that accepts either IS0 A4 or 8% x 1 1-inch size chart 
paper. In addition to the mainframe, the 17600 Series Personality 
Modules are available for specific requirements. The selected Person- 
ality Module, installed from the rear, determines the interface, lan- 
guage, and capability of the 7225A. For instance, the 17601A 
Personality Module is HP-IB interface with HP-GL language plus an 
internal character generator. 
X-Y recorders 
X-Y recorders are designed to plot Cartesian coordinate graphs 

from dc electrical information. They may be selected in two basic 
sizes and from three basic levels of performance depending upon mea- 
surement needs. Models are available with and without time sweep 
capability. Metric and English instruments may also be selected. Ad- 
ditionally, two-pen models, capable of simultaneously plotting two 
curves may also be chosen. 

Plug-in modules 
To expand the versatility and application of one group of X-Y re- 

corders, plug-in modules are provided. If the application changes, 
simply add the plug-in for the new requirement. 

Strip chart recorders 
Strip Chart Recorders produce accurate records in rectilinear co- 

ordinates. All two-pen models permit both channels to realize the full 
resolution of the chart width simultaneously since the pens can over- 
lap on the same chart without interference. 

Selection of a servo-driven strip chart recorder depends upon the 
specific application. The 7100B Series and 7 130A Series models offer 
one-pen and two-pen servo drive systems. The 7 155B battery-operat- 
ed unit is useful in field applications as well as laboratory uses. 
Oscillographic recorders 

Time correlation of multiple channels of data, instantaneous read- 
out, and the capability to use calibrated units of the customer’s choice 
are just some of the advantages of using direct writing Oscillographic 
Recorders. Permanent and easily reproduced records of signals from 
dc to 150 Hz can be made. From two to eight channels of recording 
are available. 

These recorders, with appropriate plug-in signal conditioners, can 
record electrical signals from microvolts to volts. Applications include 
telemetry readings, materials testing, patient monitoring, oceanogra- 
phy research or engine testing. 
Instrumentation tape recorders 

The 3964A and 3968A are instrumentation tape recorders that pro- 
vide significant benefits by recording on %“ tape as compared to re- 
cording on M” tape. The units are designed to meet the demands of 
the individual and OEM users. Versatility, portability, and durability 
are additional charactertistics of these units. 

Standard features supplied are E-to-E mode for FM recording, 
Tape/Tach servo, Equalization, Remote Control, AC/DC calibrator, 
Flutter compensation, Voice capability, Unipolar operation (FM 
only), and Re-recording (Dubbing). 
Recorder supplies kit 

Use of Hewlett-Packard recorder supplies products insure optimum 
performance from X-Y, Strip Chart, Oscillographic, Graphic Plotter, 
or Instrument Tape Recorders. 

Recorder supplies starter kits are available to allow a working 
quantity of applicable supplies (pens, paper, ink, and tape) to be pur- 
chased with the recorder. These kits appear as model numbers along 
with the appropriate instrument in this catalog. A complete list of all 
supplies available is listed in the Recorder Supplies Catalog. 
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I RECORDERS, PRINTERS & PLOTTERS 
Fast response X-Y recorder, plug-in-modules 
Models 7004B, 7034A, 81 17170 series plug-ins i 

High performance 

70048 

The Hewlett-Packard Models 7004B and 7034A provide accelera- 
tion of more than 3800 cm/s2 (1500 in./s2) and slewing speed of 76 
cm/s (30 in./s). The high acceleration allows the pen to follow small, 
quick input changes. Front and rear guard terminals are available for 
signal inputs. Guarding helps eliminate the common mode voltage 
effects that are troublesome when recording from low-level sources 
such as thermocouples, strain gauges and similar sources. Additional 
features include the proven electrostatic paper holddown, the dispos- 
able ink pen, a RECORD/SETUP switch, knob locks, five-way bind- 
ing posts, tilt stand, to name a few. 

Selection of the plug-ins is dependent upon the type of X-Y record- 
er, as well as purpose. Two plug-ins per axis are placed in the main- 
frame. Each may be used individually or in series by setting the front 
panel switch. 
70048,  7034A, 17170 Series plug-ins specifications 
70048 and 7034A Performance specifications 

Plug-ins: accept 4 single-width; 2 per axis. 
Type of Input: floating and guarded signal pair. Available through 
front panel or rear connector. 
Zero set: may be set & 1 fs from zero index. 
Zero check switches: pushbutton in each axis allows verification 
of recorder's zero position without removal or shorting of input sig- 
nal. 
Mainframe accuracy: +0.2% of full scale. 
Range vernier: lockable, covers 2.5 times range setting. 
Slewing speed: more than 75 cm/s (30 in./s) independent of line 
voltage & frequency. 
Acceleration (Peak): more than 3800 cm/s2 (1500 in./s2). 

Plug-in versatility 

7034A 

... . - .. llliiii 
17170A 17171A 17172A 

Reference stability: better than O.O03%/"C. 
Terminal based linearity: k 0.1 % of full scale. 
Resettability: &0.05% of full scale. 

Electrostatic paper holddown: grips charts up to size of platen. 
Pen lift: local and remote control (contact closure or TTL). 
Size: 7004B: 267 H x 445 W x 121 mm D (1OV2" x 17V2" x 434"). 
7034A: 267 H x 445 W x 121 mm D (101/2" x 17'4" x 434"). 
Weight: 7004B: net 12.7 kg (28 Ib). Shipping 14.1 kg (42 Ib). 
7034A: net 7.3 kg (16 Ib). Shipping 14.1 kg (31 Ib). 
Power: 1 15 or 230 V ac + lo%, 50 to 400 Hz, approx. 85 VA (de- 
pendent on plug-in). 

17170A DC Coupler specifications 
Input range: single, fixed calib range of 50 mV/cm (100 mV/in.). 
Input resistance: 1 MR constant. 
Common mode rejection: 120 dB at dc & 70 dB a t  50 Hz & 
above with lOOQ between low side & guard connect point with 
source imped. 10 kR or less. 

Input ranges: 0.25, 0.5, 1, 2.5, 5, 10, 25 mV/cm, 0.05, 0.1, 0.25, 
0.5,1,2.5,5V/cm(0.5,1,2,5,10,20,50mV/in.,0.1,0.2,0.5,l,2, 
5, 10 V/in.). 
input resistance: 1 Ma. 
Common mode rejection: 120 dB a t  dc & 100 dB a t  50 Hz & 
above with IOOR between low side & guard connect point a t  0.25 
mV/cm (0.5 mV/in.). CMR on others decreases 20 dB/decade step 
in attenuation. 
System accuracy: k 0.2% full scale. 

70048 and 7034A General specifications 

17171A DC Preamplifier specifications 



1 

k0.358 I 2 0.25% G 
17172A Time Base smcifications 

2 0.35% 

17176A 

0- 

3/c 

Sweep speeds: 0.25,0.5, 1,2.5,5,10,25,50 s/cm (0.5, 1,2,5, 10, 
20, 50, 100 s/in.). 
System accuracy: f 1% of fs on 6 fastest ranges; f 2 . 5 %  on re- 
maining 2. 

Plot rate: up to 50 plots/s. 
Enabie/disabie: required disable voltage +3 V min. to +20 V 
max. Required enable v o l t a g e 4  V dc or no connect. Other voltage 
combinations available on request. 
Muting: local or remote. 
Plotting accuracy: f 0.25% of full scale. 

171748 DC Offset specifications 
Offset: (1 mV to approx. 1 V. 
Controls: 2 lockable, 10-T high resolution controls ((1 mV to ap- 
prox. 10 mV & < 1 mV to approx. 1 V). An offset polarity switch 
allows upscale or downscale zero offset. 
Offset voltage stability: >O.O05%/"C. 

input ranges: -5 to +45 V dc, 10 V ac max p-p. 
Maximum source impedance: 1 M; higher impedance decreases 
filter response. 
Rejection: >55 dB at 50 Hz 8c higher (x s rise time) or >70 dB at 
50 Hz & higher (1 s rise time). Front panel selection. 

input: front panel miniature binding posts isolated from ground 
(high & low only). Mainframe input-utilizes existing input con- 
nectors. 
Attenuator: fixed attenuator in decade steps from X1 to XO.001. 
Variable attenuator provides continuous coverage. 
input impedance: 100 kR. 
Accuracy: 0.2% of full scale. 
Scan rate: adjust. from 0.1 to 4 s/scan. 

Input ranges: 2.5 mV/cm to 10 V/cm (5 cV/in. to 20 V/in.) in 1, 
2, 5 steps. 
Minimum usable input (ac only): fO.2% of full scale. 
Maximum allowable input: 300 V peak. 
Type of input: floating & guarded sig. pair. No rear inputs. 
input impedance: 1 MR shunted by less than 40 pF. 
Maximum allowable source resistance: 10KR. 
Common mode rejection: 80 dB at dc & 50 Hz & above with 
lOOR between low side & guard connect point & at 2.5 mV/cm (5 
mV/in.). CMR on other ranges, decreases 20 dB/decade step in 
attenuation. 
Rise/faii time (ac only, 10-90%): Slow response (5 Hz to 100 
kHz) 2.5 s max; fast response (50 Hz to 100 kHz) 0.5 s max. 
Calibration (ac only): responds to average value of input wave- 
form; calibrated in rms value of sinewave. 
Accuracy: (% of fs): DC-f 0.5%; AC (fast response)-fO.25% 
from 150 Hz to 50 kHz, k 0.5% from 50 Hz to 150 Hz & 50 kHz to 

17 173A Null Detector specifications 

17175A Filter specifications 

17176A Scanner specifications 

17 177A AC/DC Converter DC Preamplifier specifications 

17177A 17178A 

910 extra manual 
Recorder supplies starter kit 
17024A English (7034A) 
17025A Metric (7034A) 
17026A English (7004A) 
17027A Metric (7004B) 

Ordering Information 
7004B X-Y Recorder (28.26 x 43.18 cm) (11" x 17") 
7034A X-Y Recorder (21.59 x 28.26 cm) (8%" x 11") 
17005A Chart Advance (7004B only) 
17170A DC Coupler Plug-in 
17171A DC Amplifier Plug-in 
17172A Time Base Plug-in 
17173A Null Detector 
17174B DC Offset Plug-in 
17175A Filter Plug-in 
17176A Scanner Plug-in 
17177A AC/DC Converter Plug-in 
17178A DC Attenuator Plug-in 
17012B/C Point Plotter 

add $15 

$42 
$46 
$52 
$58 

$2300 
$2250 
$1800 

$65 
$430 
$325 
$400 
$200 
$175 
$575 
$875 
$225 
$200 



RECORDERS, PRINTERS & PLOTTERS 

Range 

General performance X-Y recorder, time base 

DC (CMR) I AC (CMR) 

Models 7035B & 17108A 

Floating Guarded inputs 

40 mi icm loo m\i/in. 
400 mV/cm 1 V/im 

4 V/cm 10 V/in. 

7035B 

90 dB 60 dB 
70 dB 40 dB 
50 dB 20 dB 

The 70358 is a high-quality, low cost instrument designed for use in 
general purpose applications. Each axis has an independent servo sys- 
tem with no interaction between channels. The 7035B plots two 
graphs from two dc signals representing the function being measured. 

Input terminals accept either open wires or plug-type connectors. 
Five calibrated ranges from 0.4 mV/cm (1 mV/in.) to 4 V/cm (10 
V/in.) are provided in each axis. A variable range control permits 
scaling of signal for full scale deflection. High input impedance (1 
megohm on all but the first two ranges), floated and guarded input, 
and 0.2% accuracy is provided. 

Each closed-loop servo system uses a high-gain, solid-state servo 
amplifier, servo motor, long-life balance potentiometers, photochop- 
per, low pass filter, guarded inputs, and attenuator and balance cir- 
cuit. 

A plug-in time base, Model 17108A. operates on either axis to pro- 
vide five sweep speeds from 0.2 to 20 s/cm. The unit is self-contained, 
external, and designed to directly plug into the 7035B input termi- 
nals. Any number of recorders may be driven simultaneously, pro- 
vided the combined parallel input resistance is 20 kR or more. 

Range hput resistance 

(essentially, 
intinite at null) 

11 kO Variable 
4 mV/cm (10 mV/in.) I 100 kO 
Variable 

Variable 

I I 40 mV/cm 

0.4 mV/cm (1  mV/in.) 

I 100 kO 
(100 mV/in.) 1 MO 

1 MO I 

Potentiometric 

400 mVJcm ( 1  V/in.) 
Variable 
4 V/cm (10 V/in.) 
Variable 

Disposable pens 

1 MO 
1 MR 
1 MQ 
1 MR 

70358 with 17108A 

Accuracy: +0.2% of full scale. 
Linearity: +0.1% of full scale. 
Resettablllty: +0.1% of full scale. 
Zero set: zero may be set up to one full scale in any direction from 
zero index. Lockable zero controls. 
Slewing speed: 50 cm/s, (20 in./s) nominal at 11 5 V. 
Common mode rejectlon: conditions for the following data are line 
frequency with up to 1 kR between the positive input and guard con- 
nection point. Max. dc common mode voltage is 500 V. 

Metric English 
0.4 mV/cm 1 mV/in. I 130 dB I 100 dB I 
4 mV/cm 10 mV/in. 110 dB 80 dB 

General specifications 
Electrostatic paper holddown: grips 216 mm x 279 mm (8% in. x 
11 in.) charts or smaller. Special paper not required. 
Pen lift: electric pen lift capable of being remotely controlled. 
Size: 265 H x 445 W x 121 mm D (10 7/,,6” x 17 1/2” x 4 v). 
Weight: net, 8 kg (18 Ib). Shipping, 10.9 kg (24 Ib). 
Power: 11 5 or 230 V k lo%, 50 to 60 Hz, approximately 45 VA. 

17 108A Specifications 
Sweep speeds: 0.2, 0.4, 2, 4, 20 s/cm (0.5, 1, 5 ,  10, 50 s/in.). 
Accuracy: 5% of recorder full scale. 
Linearity: 0.5% of full scale (20°C to 30°C). 
Output voltage: 0 to 1.5 V. 
Power: replaceable mercury battery (100 hr). 
7035B Options and accessories Price 

Opt 003: retransmitting potentiometer on X-axis 5 kQ add $100 
Opt 001: metric calibration N/C 

f 3% 
Opt 020: modification for use with models 3580A and 
3581AIC 
Opt 908: rack mount kit 
Opt 910 extra manual 
17108A Time Base Plug-In 
17108AM Time Base Plug-In (metric) 
Recorder supplies starter kits 
17024 English 
17025A Metric 
70358 General Purpose X-Y recorder 

add $295 

add $15 
add $10 

$325 
$325 

$42 
$46 

$1600 



RECORDERS, PRINTERS & PLOTTERS 
Low cost OEM, lab X-Y recorders 1 

i 
Models 70108 & 7015B 

Low cost Full Capability 

70 1 OB 70 15B 

The 7010B is a low cost, one-pen X-Y recorder that accepts either 
IS0 A4 or 8% x 1 1  inch chart size. Featuring maximum electrical 
and mechanical flexibility, it is specifically designed for the OEM 
user concerned with cost and space. Options include sensitivity from 5 
mV/cm, a time base sweep with remote TTL triggering, input filters, 
electric pen lift with TTL remote control, control panel, and carrying 
case. 

A low cost, full capability X-Y recorder, the 7015B offers full re- 
cording without add-on options or external equipment. Full capability 
features include Internal Time Base, Matched Input Filters, Remote 
Pen Lift, and TTL Level Remote Control. The internal time base can 
be slowed to '/4 hour sweep and has automatic pen control and remote 
triggering for sweep start and reset. The filters reduce the always pre- 
sent signal noise. Remote pen lift provides the assurance of an accept- 
able graph during a quick plot. TTL level remote control provides an 
easy interface with external equipment or systems. 

Standard equipment on both units includes the electrostatic paper 
holdown, rear connector, and disposable pen writing system which 
includes a universal pen holder that will accept most commercial fiber 
tipped pens. 

7010B 81 7015B Specifications 
Performance specifications 
Ranges 
input voltages: 7010B-single range, 0.1 V/in. (Metric opt.: 5 m 
V/cm). 
70158 Metric Option: .5 mV/cm, 50 mV/cm, 500 mV/cm. 
English: 0.01 V/in., 0.1 V/in., lV/in. Vernier adjustment overlap- 
ping all ranges. 
Time Base: 7015B 0.5, 1, 5 ,  10, 50, 100 s/in. (Option 001, metric 
calibration is 0.1, 0.5, 1, 5 ,  10, 50 s/cm). Remote sweep start and 
reset via TTL level or contact closure. 
Type of inputs: 7010B-Floating with inputs thru rear connector on 
circuit board; 7015B-Floating with inputs thru binding posts or rear 
connector on circuit board. Mating rear connectors furnished for both 
units. 
input resistance: 1 MSZ constant. 
Normal mode rejection: 7015B-greater than 50 dB a t  50 and 60 
Hz (40 dB/decade roll-off above 60 Hz). 
Common mode rejection: 100 dB dc, 90 dB ac (decreases 20 dB/ 
decade step in attenuation). Measured with l k  unbalance in HI ter- 
minal on most sensitive range. 
Common mode voltage: 40 V dc and peak ac maximum (conforms 
to IEC 348). 
Accuracy: k0.3% of full scale at 25°C (includes linearity and reset- 
tability). For 7015B add +0.2% of deflection when on other than 
most sensitive range. Temperature coefficient k 0.2%/"C. Time Base 

Resettabiiity: less than 0.2% of full scale. 
Overshoot: less than 2% of full scale. 
Slewing Speed: greater than 50 cm/s (20 in./s). 
Zero set: 701 5B-ZefO may be placed anywhere on writing area or 
electrically offscale up to one full scale from zero index. Adjustment 
by 10-turn high resolution control. 

1.5% kO.I%/"C. 

Environmental: operating temperature 0°C to 55°C;  relative hu- 
midity 95% RH to 40°C. 

General specifications 
Writing system: fiber tipped disposable pen. For specialized applica- 
tions, a universal pen holder is provide to accept most commercial 
fiber tipped pens. 
Writing area: 18 x 25 cm (7 x IO"). 
Platen size: holds IS0 A4 (21 x 29.7 cm) and 8% x 11 in. Chart 
size or smaller. 
Size: 267 H, 432 W, 135 mm D (10.50" x 17" x 5"). 
Electrostatic paper holddown: grips IS0 A4 chart size or smaller. 
Pen lift: 7010B-manual (electric with TTL remote control is op- 
tional); 701 SB-electric (remote via TTL level or contact closure). 
Power: switch selectable for 100, 120, 220,240 V ac + 510%; 47.5 
to 440 Hz; 70 VA maximum. 
Weight: net, 7.2 kg (16 Ib); shipping 10 kg (22 Ib). 
Options and accessories Price 
70108 
001: Metric calibration N/C 
002: Control panel-provides power on/off, power $7 5 
indicator light, servo standby, chart hold, zero con- 
trols, and if ordered, electric pen lift 
003: Electric pen lift (remote via TTL or contact clo- 
sure) 
004: Deletes recorder case 

with Opt 001) 

option 001) 

with Opt 001) 

$65 

less $10 
005: X-axis single sensitivity 10 mV/in. (5 mV/cm 

006: X-axis single sensitivity 1 V/in. (0.5 V/cm with 

007: Y-Axis single sensitivity 10 mV/in. (5 mV/cm 

008: Y-axis single sensitivity 1 V/in. (0.5 V/cm with 
o p t  001) 
009 X-axis sweep rate of 1 s/in. (0.5 s/cm with Opt 
001') 
0 1 0  X-axis sweep rate of lOs/in. (5 s/cm with Opt 
001 *) 
01 1: Carrying case (not to be used for shipping) 
012: Input filter (both axes) 
013: Rear Connector (37 pin subminiature "D") 
*Options 009 and 010 include electric pen lift 
70158 
001: Metric calibration 
004 Carrying case (not to be used for shipping) 
908: Rack mount kit 
910 Extra manual 
Recorder supplies starter kits 
17024A English 
17025A Metric 
908: Rack mount kit 
7010B OEM X-Y Recorder 

7015B Lab X-Y Recorder 

N/C 

N/C  

N/C 

N/C 

$100 

$100 

$105 
$40 
$65 

N/C 
$105 
$15 
$10 

$42 
$45 
$15 

$1 150 

$1400 



~ ~~ 

RECORDERS, PRINTERS & PLOTTERS 
' OEM, Dedicated applications X-Y recorders 

Models 7040A & 7041A 

Rugged one-piece casting 
Over 40 options 

1 I "-"-., . . . , , .  , 
-1 

704 1 A-038 

The 7040A and 7041A X-Y recorders are specifically designed for 
dedicated, single-purpose recording applications. The 7040A is a me- 
dium-speed unit while the 7041A is a high-speed unit featuring fast 
acceleration for applications where recording time is critical or in- 
coming data is at a high rate. 

Both models use a one-piece aluminum casting mainframe which 
eliminates the need for critical mechanical adjustments. They are 
also equipped with the electrostatic paper holddown system and the 
quick-change disposable pen. 

Additionally, over 40 options give these recorders the ability to be 
customized for the needed application. Most of the options can be 
easily and quickly installed or changed in the field. This includes a 
control panel (Option 038) which would provide the basic recorder 
functions such as zero set, servo, pen, and chart operation. Other op- 
tions include a time base, a plug-in X-axis event marker, TTL logic 
remote control, plus a variety of input ranges. 

A functional and quantity discount is available for both units when 
qualified for the OEM purchase agreement. 

7 0 4 0 A  & 7 0 4 1 A  Specifications 
Performance specfications 
Input ranges: single range from 0.2 to 500 mV/cm (0.5 mV/in. to 1 
V/in.), specified by option choice. 
Type of input: floating, 200 V dc or peak ac max; internal polarity 
switch; inputs through rear barrier strip or optional connector. 
Input resistance: 1 MQ constant. 
Common mode rejection: 100 dB dc; 80 dB a t  line frequency. 
Slewing speed 

7040A: 50 cm/s (20 in./s) min. 
7041A: 76 cm/s (30 in./s) min. 

7040A: Y axis 2540 cm/s2 (1000 in./@); X axis 1270 cm/s2 (500 
in./sz). 
7041A: Y axis 7620 cm/s2 (3000 in./s2); X axis 5080 cm/s2 (2000 
in./s2). 

Acceleration (peak) 

Accuracy: f 0.2% of full scale. 
Sweep: optional, single range. 
Zero set: external control provided by user; front panel controls 
available as Option 038. 

General specifications 
Electrostatic paper holddown: grips IS0 A3 or 1 1" x 17" charts or 
smaller. 
Pen lift: electric pen lift controlled remotely by contact closure; TTL 
logic level provided by Option 039. 
Size: 356 H x 483 W x 165 mm D (14" x 19" x 6y2n); rack mounting 
structure integral with unit. 
Weight: net, 13.2 kg (29 Ib). Shipping, 16.8 kg (37 Ib). 
Power: 100, 120,220,240 V ac +5 -IO%, 47.5 to 440 Hz, 130 VA. 

Options 
Input range: specify one range option for each axis; must be both 
English or both metric. 

Note: other ranges available on special order. 

Sweep range: specified by option, X axis only; accuracy k 1% of 
full scale +-O.l%/"C max; TTL logic start and reset. 

Note: other sweep ranges available on special order. 

035: event marker, upper margin of X axis 
038: control panel; for line, pen lift, chart, servo 
standby, zero, and zero check; add 44 mm (1%") to 
height 
039: TTL logic remote control; for pen lift and servo 
standby; also event marker if installed 
0 4 0  rear connector; X, Y input signals and retransmit- 
ting potentiometers, time base controls, Autogrip servo 
standby, pen lift, event marker and Option 039 control 
lines brought to a single locking connector 
041: side trim panels and dust cover (356 mm, [14"]) 
for standard unit 
042: side trim panels and dust cover (400 mm, [ 153/,1]) 
for unit with Option 038 installed 
9 1 0  extra manual 
Recorder supplies starter kits 
17026A English 
17027A Metric 
Ordering information 
7040A Medium speed X-Y recorder 
7041A High speed X-Y recorder 

Note: OEM discounts available on both models. 

add $100 
add $140 

add 360 

add $90 

add $20 

add $20 

add $10 

$52 
$58 

$1400 
3 1625 





RECORDERS, PRINTERS & PLOTTERS 
High performance X-Y recorders 
Models 7044A, 7045A, & 7047A 

High Dynamic r e sponse  Performs laboratory measu remen t s  

7044A 

R 

W 

7045A 

iy 

7047 A 

The Models 7044A, 7045A, and the 7047A are general purpose 
X-Y recorders specifically designed to offer the needed requirements 
to perform laboratory measurements. This allows for a wide range of 
quick-changing signals to be reproduced accurately and dependably. 
The 7044A is a medium-speed recorder designed for most general- 
purpose applications. The 7045A and 7047A offer higher speed and 
Y-axis acceleration exceeding 7620 cm/sz (3000 in./s2). 

Other outstanding features found on the recorders include 10 cali- 
brated dc input ranges on each axis of the 7044A and 7045A from 
0.25 mV/cm to 5 V/cm (0.5 mV/in. to 20 V/in.) and 12 calibrated dc 
input ranges on each axis of the 7047A from 0.02 mV/cm to 5 V/cm 
(0.05 mV/in. to IO V/in.). In between, a 1-5-10 sequence is used (ex- 
cept for the 0.02 mV/ cm, most sensitive range setting of the metric 
option on the 7047A.) On all three, arbitrary full scale voltage ranges 
may be established with the vernier control in conjunction with the 
calibrated dc ranges. 

Additionally, these recorders are equipped with front panel polarity 
switches which reverse pen direction, eliminating the need for revers- 
ing the input leads. The 7045A and 7047A are provided with a RE- 
SPONSE switch which allows the user to slow the response of the 
recorder for easier setup. The 7047A preamplifiers for the X and Y 
axes are contained in two specially designed aluminum enclosures. 
These contain chopper dc amplifiers and have the unique serviceabil- 
ity feature of being removable and operational outside of the main- 
frame, using the cable extender included in the Accessory Kit. 

Also available on all models is the continuous duty, aluminum 
framed dc servo motor; the X-axis of the 7045A and 7047A contain 
the larger, faster motor. This reduces overheating and wear if the pen 
is driven offscale for an indefinite time. The trouble-free electrostatic 
paper holddown capable of holding IS0 A3 and 1 1  in. x 17 in. size 
chart paper is included, as well as a disposable pen with four color 
choices, and plastic coated wirewound balance potentiometer. Latest 
circuitry design and assembly techniques have also been incorporat- 
ed, thereby reducing failure and maintenance time. 

Options include the Time Base (standard on the 7047A) Event 
Marker and Metric Scaling. TTL Remote Control and Rear Connec- 
tor are standard on all models. 

7044A, 7045A Specifications 
Performance specifications 
Input ranges: 0.25, 0.5, 2.5, 4, 25 mV/cm; 0.05, 0.25, 0.5, 2.5, 5 
V/cm (English calibration available in 0.5, 1, 5, 10, 50 mV/in.; 0.1, 
0.5, 1, 5, 10 V/in.). Continuous vernier between ranges. 



Type of input: floating and guarded, 500 V dc or peak ac maximum. 
Polarity reversal switch located on front panel, guard internally con- 
nected. Inputs through front panel 5-way binding posts or rear con- 
nector. 
input reslstance: 1 megohm constant on all ranges. 
Common mode: 110 dB dc and 90 dB at 50 Hz and above (exceeds 
130 dB dc and 1 10 dB ac under normal lab environmental conditions) 
with 1 kQ between HI and LO terminals, CMV applied between 
ground and LO, and attenuator on most sensitive range. CMR de- 
creases 20 dB per decade step in attenuation. 
Slewing speed 

7044A 50 cm/s (20 in./s) minimum. 
7045A Fast Response, 76 cm/s (30 in./s) minimum. Slow Re- 
sponse, 36 cm/s (15 in./s) typical. 

7044A: Y-axis 2540 cm/s2 (1000 in./@), X-axis 1270 cm/s2 (500 
in./$). 
7045A (Fast Response only) Y-axis 7620 cm/s2 (3000 in./.+). 
X-axis 5080 cm/s2 (2000 in./s2) 

Accuracy: k 0.2% of full scale (includes linearity and deadband) at  
25°C. Temp Coefficient +0.01% per "C. 
Range Accuracy: f 0.2% of full scale + 0.2% of deflection (includes 
linearity and deadband) at 25°C. Temp Coefficient *0.01% per "C. 
Deadband: 0.1% of full scale. 
Overshoot: 7044A-2% of full scale (maximum). 7045A-l% of 
full scale (maximum), 
Zero set: zero may be placed anywhere on the writing area or electri- 
cally off scale up to one full scale from zero index. 
Environmental (operating): 0" to 55°C and<95% relative humid- 
ity (40°C). 

General specifications 
Writing mechanism: servo actuated ink pen. 
Writing area: 25 cm x 38 cm (10" x 15"). 
Electrostatic paper holddown: grips IS0 A3 or 11 in. x 17 in. 
charts or smaller. Special paper not required. 
Pen lift: electric. (Remote via TTL.) 
Size: 400 H 483 W 165 mm D (15%" x 19" x 61/29; rack mounting 
structure integral with unit. 
Power: 100,120,220,240 V ac +5 -lo%, 48 to 400 Hz; 7044A, 135 
VA; 7045A. 175 VA. 
Weight: net, 13.7 kg (30 Ib). Shipping, 19.1 kg (42 Ib). 

Acceleration (peak) 

7044A & 7045A Options Price 

001: time base add $225 
Sweep rates: 0.25,0.5,2.5,5,25,50 s/cm (0.5,1,5,10, 
50, 100 s/in.). 
Time Base Accuracy: 1.0% at 25°C 
Temp Coefficient 5 0.1% per "C 
General: Switchable to either X or Y axis. Start and 
reset by front panel control, remote by momentary con- 
tact closure to ground or TTL levels. Automatic reset at  
full scale, recycle accomplished by continuous start sig- 
nal. 
002 event marker: writes in upper margin, aligned 
with X-axis position, approximately 0.13 cm (0.05 in.) 
excursion completed 50 ms after application of signal. 
Controlled remotely by contact closure to ground or by 
TTL levels. 

006: metric calibration N/C 

add $100 

7047A Specifications 
Performance specifications 
Input ranges: 0.02,0.05,0.1,0.5, 1 ,  SmV/cm; 0.01,0.05,0.1,0.5, 1 ,  
5 V/cm (0.05,0.1,0.5, 1 , 5 ,  10 mV/in.; 0.05,0.1,0.5, 1,5, 10 V/in.). 

Continuous vernier between ranges. 
Type of input: floating and guarded (front input only). Employs a 
unique common mode driver circuit that eliminates the need for con- 
necting CMV to the recorder if CMV is less than or equal to 10 V pk. 
Input resistance: 1 megohm constant on all ranges. 
Accuracy: 50.2% of full scale (includes linearity and deadband) at  
25°C. Temp Coefficient 50.01% per "C. 
Range accuracy: k 0.2% of full scale k 0.2% of deflection (includes 
linearity and deadband) at 25°C. Temp Coefficient *0.01% per "C. 
Deadband: 0.1% of full scale. 
Common mode rejection: 140 dB dc and 130 dB ac with 1 Idz im- 
balance in either the high or low terminal (exceeds 150 dB under nor- 
mal laboratory conditions.) CMR decreases 20 dB per decade step in 
attenuation. 
Normal mode rejection: 30 dB minimum at line frequency with 
FILTER IN. (50 dB typical at 60 Hz and 40 dB typical at  50 Hz). 
Slewing speed: 76 cm/s (30 in./s) minimum. 97 cm/s (38 in./s) 
typical under normal lab conditions. 
Acceleration (peak): Y-axis 7620 cm/s2 (3000 in./s2) 

X-axis 5080 cm/s2 (2000 in./s2) 
Overshoot: 1% of full scale maximum. 
Calibrated zero offset: provides eleven scales of calibrated zero off- 
set in both axes. Switchable in steps of one full scale from i 1 to - 10 
scales. 
Offset accuracy: at 25"C, f0.1% of full scale times N where N = 
number of scales of offset. 
Temperature coefficient: 50.004% of full scale times N per "C. 
Time base: speeds of 0.1,0.5,1,5,10,50 s/cm (0.5,1,5,10,50,100 
s/in.). Switchable into X or Y axis. 
Time base accuracy: 1.0% at 25°C. Temp Coefficient k0.1% 
per "C. 

General specifications 
Writing mechanism: servo actuated ink pen. 
Writing area: 25 cm x 38 cm (10" x 15"). 
Electrostatic paper holddown: grips IS0 A3 or 11 in. x 17 in. 
charts or smaller. Special paper not required. 
Pen life: electric (remote via TTL level). 
Size: 441 H x 483 W x 173 mm D (1 7%" x 19" x 6 15Bc); rack mount- 
ing structure integral with unit. 
Power: 100, 120, 220, 240 V ac +5 -IO%, 48 to 66 Hz, 180 VA 
maximum. 
Weight: net, 18.6 kg (41 Ib). Shipping, 24 kg (53 Ib). 

7047A Options 
001: metric calibration 
Ranges are 0.02, 0.05, 0.10, 0.50, 1, 5 mV/cm; 0.01, 
0.05,0.1,0.5, 1, 5 V/cm 
002: event marker 

Marking area: in margin at same X coordinate as 
recorder pen 
Excursion: approximately 0.050 inch 
Actuation time: stroke complete 50 ms after appli- 
cation of signal 
Ink capacity: 0.45 cc cartridge, cartridge reloading 
type. Writing distance 500 ft minimum 

Options and accessories (all models) 
910 extra manual 

Recorder supplies starter kits 
17026A English 
17027A Metric 

Ordering Information 
7044A Medium speed X-Y recorder 
7045A High speed X-Y recorder 
7047A High sensitivity X-Y recorder 

Price 
N / C  

add $100 

add $15 

$52 
$58 

$1975 
$2375 
$3650 



Programmable 4-color remote terminal plotter 
Model 7221A f 

RS232CICCITT V.24 Interface 
Programmable selection of 4 pens 
Arc and circle generation 

’1 

The H P  7221A is a microprocessor controlled plotter (IS0 A3 size) 
that produces low cost, multicolor, high quality graphic plots 
from remote terminal processing facilities. The standard EIA 
RS232C/CCITT V.24 asynchronous serial ASCII interface operates 
at  any of eight switch selectable baud rates from 75 to 2400 BAUD. 
Internal arc, circle, dashed lines and character generation capability 
combine with 40 high level commands to provide simplified program- 
ming. An 11 58 byte input data buffer, optionally expandable to 3086 
bytes, allows operation at  higher speeds. Up to 64 macroinstructions 
may be defined and stored in the data buffer. Internal self test and 
confidence test capability verifies correct plotter and interface cir- 
cuitry operation. 

HP-PLOT/Zl, a library of high level Fortran subroutines available 
for H P  computer systems and major timeshare services, provides all 
data formatting and communications. The user accesses all of the 
plotter’s capability through familiar program call statements. 

722 1 A Specifications 
Plotting area: Y-axis 280 mm (11”), X-axis 400 mm (15.75”). Ac- 
commodates up to IS0 A3 and 280 x 432 mm (1 1“ x 17”) chart paper. 
Plotting accuracy: +0.2% of deflection k0.2 mm (0.008”). 
Repeatability: for given pen 0.10 mm (0.004”), pen-to-pen 0.20 mm 
(0.008”). 
Addressable resolution: smallest addressable move 0.25 mm 
(0.001 1’). 

Speed: maximum: 360 mm/s (14 in/s) in each axis, 509 mm/s (20 
in/s) on 45“ angle; programmable: pen speed may be adjusted to any 
one of 36 speeds from 10 mm/s (0.4 in/s) to 360 mm/s (14 in/s) in 10 
mm/s (0.4 in/$ increments under program control. 
Vector length: no limit-any length vector within plotter’s mechani- 
cal limits will be plotted to within previously mentioned accuracy. 
Offscale plotting: when offscale data received, the plotter automati- 
cally calculates intercept of that vector and currently defined plotting 
area and proceeds to that point. As a9ditional offscale data received, 
plotter monitors location of this data and resumes plotting once on- 
scale data received by again calculating new intercept with defined 
plotting area then plotting from that intercept to on-scale data point. 
Plotting accuracy and repeatability specifications are preserved. 

Character plotting speed: 3 characters/s typically for 2.5 mm 
(0.01 in.) characters. 
Pen control: remote control by program commands; local control by 
front panel switches; capable of up to 20 operations/s. Local control 
provides vector rates of 4.2 mm/s (slow) and 932 mm/s (fast) (0.167 
ips and 3.67 ips). 
Power requirements: source 100 V, 120 V, 220 V, 240 V -10% 
+5%, switch selectable, 240 W maximum. 
Environmental range: temperature 0°C to 55°C; relative humidity 
5% to 95% (below 40°C). 
Size: 189 H x 497 W x 455 mm D (7.5” x 19.5” x 18”). 
Weight: net 18.2 kg (40 Ib). Shipping 25.4 kg (56 Ib). 
Interface: standard RS-232C/CCITT V.24 asynchronous serial 
ASCII with switch selectable baud rates of 75, 110, 150, 200, 300, 
600, 1200, or 2400 baud. 

1 Digitizing Sight 
2. Operating and Programming Manual 
3. Dust Cover 
4. Power Cord (appropriate cord supplied) 
5. Male-to-Male Interface Cable 

6. Graph Paper, Standard Grid, English, 

7. Graph Paper, Standard Grid, Metric 

Supplies available 
Disposable Pens (package of 5) 

RS-232C/CCITT V.24 

10 sheets 

10 Sheets 

Red 
Blue 
Green 
Black 
4-color pack, one each of red, blue, green, black 

Linear 
Graph Paper (box of 10 sheets) 

25 cm x 38 cm 
10 in. x 15 in. 
18 cm x 25 cm 
7 in. x 10 in. 
10 in. x 2 cycle 
10 in. x 3 cycle 
2 cycle x 15 in. 
3 cycle x 15 in. 
2 cycle x 3 cycle 
3 cycle x 2 cycle 
3 cycle x 4 cycle 

Blank 10 in. x 15 in. 
Smith Chart 7.25 in. Diameter 

7.15 in. Diameter 
Expanded 

Semi-Log 

Log-Log 

Manuals 
Ouerating and Service Manual 

Accessories supplied HP Part Number 

5060-6810 

1. Accessory kit 09872-60070 
4 Pkgs Disposable Pens 
(4-color pack, one of each red, blue, green, black) 

09872-60027 
07221 -90001 

9222-0564 

07221 -60 157 

9270-1004 

9270-1024 

5060-6784 
5060-6785 
5060-6786 
5060-6787 
5060-6810 

9270- 1024 
9270-1004 
9270-1023 
9270- 1006 
9280-0159 
9280-0160 
9280-0169 
9280-01 68 
9280-0167 
9280-0165 
9280-0171 
9280-01 80 
9280-01 37 
9280-0 147 

07221-90000 
HP-PLOT/21 Software Manual 07221-90002 
HP-PLOT/Zl Software Conversion Guide, AN 229-1 5952-287 1 

Software available: HP-PLOT/21 GRAPHIC SOFTWARE 
PACKAGE consists of user’s manual, loading instructions and set of 
86 FORTRAN subroutines (in source form) on 9-track magnetic 
tape. 
Ordering Information Price 
72021A Graphics Package $100 
Specify Option: 
001: H P  3000 Series I1 (800 bpi, ASCII) N / C  
002: H P  3000 Series I1 (1600 bpi, ASCII) N / C  
003: GE Mark 111 Tymeshare (1600 bpi, EBCDIC) N/C 
0 0 4  Tymeshare X (DEC PDP-IO, 800 bpi, ASCII) N / C  
006 DEC PDP-I 1 (RSTS/E, 800 bpi, ASCII) N / C  
007: DEC PDP-11 (RSTS/E, 1600 bpi, ASCII) 
i 2218 Option 
001: Additional 2048 bytes of input Buffer 
7221A Graphic Plotter 

N / C  

add $225 
34600 



Programmable selection of 4 pens 
HP-IB interface 
Error free offscale data handling 
38 executable commands Pen control: local control by front panel switches or remote control 

by program commands; capable of >20 operations/s. 
Power requirements: source 100 V, 120 V, 220 V, 240 V -10% 
+5%, switch selectable. 220 W max. 
Environmental range: temperature 0°C to 55°C; relative humidity 
5% to 95% (below 40°C). 
Size: 189 H x 497 W x 455 mm D (7.5” x 19.5” x 18“). 
Weight: net 18.2 kg (40 Ib); shipping 25.4 kg (56 Ib). 

Accessories supplied HP Part Number 

5060-6810 

1. Accessory Kit, includes 09872-60070 
4 Pkgs Disposable Pens 
(4-color pack, one of each, red, blue, green, black) 
1 Digitizing Sight 09872-60027 

2. Operating and Service Manual 09872-90002 
3. Dust Cover 9222-0564 
4. Power Cord (appropriate cord supplied) - 
5. Graph Paper, Standard Grid, English 

6. Graph Paper, Standard Grid, Metric, 

Supplies available 
Disposable Pens (package of 5) 

10 Sheets 9270- 1004 

10 Sheets 9270-1024 

5060-6784 
Blue 5060-6785 
Green 5060-6786 
Black 5060-6787 

5060-6810 

Red 

4-Color Pkg, 1 each red, blue, green, black 
Graph Paper (box of 100 sheets) 

The Hewlett-Packard Model 9872A is a microprocessor-based 
IP-IB plotter that produces high quality, multicolor graphic plots on 
my size chart up to 280 mm x 432 mm or I S 0  A3. The 9872A offers 
:xceptional line and character quality with addressable moves as 
,mall as 0.025 mm (0.001 in.). Thirty-eight different instructions are 
milt in to equip the Plotter with capabilities, such as point digitizing, 
abeling, character sizing, and window plotting. The 9872A, inter- 
‘aced through the Hewlett-Packard Interface Bus (conforms to IEEE 
188-1975), connects to any HP-IB compatible calculator, computer, 
)r other controller. 

This Plotter is designed to be useful in statistics, medicine, numeri- 
:a1 control, surveying, and engineering design. Whether tabulated, 
neasured, or computed, the 9872A quickly prepares multicolor plots 
,f good line quality and high resolution. 

’lotting area: Y-axis 280 mm (11”), X-axis 400 mm (15.75”) ac- 
:ommodates up to IS0 A3 and 280 mm x 432 mm (1 1” x 17”) chart 
)aper. 
’lotting accuracy: k0.2% of deflection k0.2 mm (0.008”). 
qepeatability: for given pen 0.10 mm (0.004“), pen-to-pen 0.20 mm 
0.008”). 
4ddressable resolutfon: smallest addressable move 0.025 mm 
,0.001”). 
Speed: maximum: 360 mm/s (14 in/s) in each axis, 509 mm/s (20 
n/s) on 45” angle; programmable: pen speed may be adjusted to any 
)ne of 36 speeds from 10 mm/s (0.4 in/s) to 360 mm/s (14 in/s) in 10 
nm/s (0.4 in./s) increments under program control. 
lector length: no limit- any length vector within plotter’s me- 
:hanical limits will be plotted to within previously mentioned accura- 
:y. 
3ffscale plotting: when offscale data received, the plotter automati- 
:ally calculates mechanical limit intercept of that vector and proceeds 
o that point. As additional offscale data received, plotter monitors 
ocation of this data and resumes plotting once on-scale data received 
3y again calculating new mechanical limit intercept and plotting 
kom that limit to on-scale data point. Plotting accuracy and repeata- 
Aity specifications are preserved. 
Character plotting speed: 3 characters/s typically for 2.5 mm (0.1 
in.) characters. 

3872A Specification 

. .  
Linear 25 cm x 38 cm 9270-1024 

9270-1004 
9270-1023 
9270- 1006 

Semi-Log 10 in. x 2 cycle 9280-0159 
9280-0160 
9280-0169 
9280-01 68 

Log-Log 2 cycle x 3 cycle 9280-0167 
9280-01 65 
9280-0171 

Blank 10 in. x 15 in. 9280-0180 
Carrying Case 1540-0483 

10 in x 15 in. 
18 cm x 25 cm 
7 in. x 10 in. 

10 in. x 3 cycle 
2 cycle x 15 in. 
3 cycle x 15 in. 

3 cycle x 2 cycle 
3 cycle x 4 cycle 

HP-IB card for use with 9825A and 9831A 98034A 
Cables: If using multiple HP-IB instruments order one of the follow- 
ing: 
10631A HP-IB Cable 
10631B HP-IB Cable 
10631C HP-IB Cable 
10631D HP-IB Cable 
Manual 

1 m (3.23 ft) 
2 m (6.56 ft) 

4 m (13.12 ft) 
0.5 (1.64 ft) 

Interface and Programming Manual 09872-90003 
ROWS available 
98 1 SA ROM: see option 01 5 
9825A ROMS: 9821 5A (for 9872A) Plotter and General 1/0 ROM 

9831A ROM: 98223B Matrix-Plotter ROM 
9845A ROM: 98437A Graphics ROM 

Options Price 
015: for use with 9815A (include interface cable with 
ROM) 
0 2 5  for use with 9825A (98034A HP-IB Card not 
supplied) NIC 
031: for use with 9831A (9831A HP-IB Card not 
supplied) N/C 
045: for use with 9845A (98034A HP-IB Card not 
supplied) N/C 

9872A Graphic Plotter $4200 

98216A (for 9872A) Plotter and General 
I/O-Extended 1/0 ROM 

$400 



~ RECORDERS, PRINTERS AND PLOTTERS 
Plotter/Printer for desktop controllers and systems 
Model 7245A 

Quality PlottingIPrinting in One Unit 
0 Optional Raster "Dump" Capability 

0 HP-IB Interface 
Scientific and Business Uses 

The Hewlett-Packard 7245A Plotter/Printer is a desktop thermal 
plotter and printer, which, with a standard interface cable can be con- 
nected through the Hewlett-Packard Interface Bus, HP-IB, (con- 
forms to IEEE-488-1975) to desktop controllers and systems. As a 
multifunctional peripheral, the 7245A operates quietly to provide 
quality graphics, flexible labelling, and clean printing. 

Using the Hewlett-Packard Graphics Language, HP-GL, the plot- 
ter is programmed using 46 different graphic instructions. These 
instructions allow the user to plot, select from both drawn and dot 
matrix resident character sets with choice of size and slant for drawn 
characters, and direction for both drawn and dot matrix characters. 
See illustration for partial capabilities. 

The printer responds to the generalized printer escape sequences 
and ASCII control characters. Functioning as a printer, the 7245A 
prints with two selectable character widths at  speeds of 19 and 38 
characters per second up to 88 columns across the page. The versatil- 
ity of the 7245A allows combined plotting and printing as well as 
providing unattended operation. 

Further increasing the capabilities of the 7245A is the Option 001, 
CRT Raster Dump, which provides hard copy records of the graphics 
being displayed on the HP 2647A and H P  2648A Graphics Termi- 
nals. This addition permits the user to obtain a high quality, hard 
copy record of the CRT display. The hard copy is a dot-for-dot repre- 
sentation of the display, with an approximate resolution of 106 dots 
per inch. 

Ten additional HP-GL instructions have men inciuciea wnen using 
this option which further enhances the operation of the plotter/ 
printer. Using the same two-letter mnemonic format, as with the 
standard 7245A, these instructions provide arc and circle drawing, 
axes generation, user-unit direction and character sizing, relative 
graph development, 132-column compressed characters, and a stan- 
dardized European character set. 

Finally, other special features include a 5-meter (16.4 ft) bi-direc- 
tional paper drive for long axis plotting; line printer performance with 
functions, such as left margin control, 10 horizontal tabs, and under- 
lining; pushbutton-actuated user confidence test; built-in self test sys- 
tem; thin film print head for long-life with built-in cursor for precise 
digitizing; plotting speeds of 25.6 cm/s (10.1 in./s) and move speed of 
51.3 cm/s (20.2 in./s) in each axis, and a stepper motor drive with 
resolution of 0.016 mm (0.0006 in.) for pinpoint accuracy. 

7245A Specirications 
Plotting/printing areas: 

Maximum: 188 mm X 5 m (7.4 in. X 16.4 ft) with full paper return 
188 mm X 61 m (7.4 in. X 200 ft) without full paper 
return 

English Page: 188 X 279 mm (7.4 X 1 1  in.) 
Metric Page: 188 X 298.5 mm (7.4 X 11.75 in.) 

Addressable dynamic range: k 1 X 10 
Plotting accuracy: k0.2% of deflection k0.35 mm (k0.014 in.). 
Includes linearity and repeatability. 
Repeatability: 0.25 mm (0.01 in.) from any given point. 
Motor resolution: 0.016 mm (0.0006 in.) 
Maximum plotting speed: 

Acceleration: 4.48 m/sz (14.7 ft/s') 
Velocity: Pen Off: 513 mm/s (20.2 in./s) in each axis 

725 mm/s (28.6 in./s) at  45" angle 
Pen On: 256 mm/s (10.1 in./s) in each axis 

363 mm/s (14.3 in./s) at 45" angle 

scaled units 

Print head positioning: 

Character printing speed: 7 X 9 dot matrix character at  38 char/s; 
14 X 9 dot matrix character at  19 char/s; 2.5 mm (0.1 in.) character 
typically drawn at 3 char/s. 
Offscaie plotting: When off-sale data are received by the 7245A 
the unit will automatically calculate the mechanical limit intercept of 
that vector and proceed to that point. As additional offscale data are 
received, the 7245A will monitor the location of these data and re- 
sume plotting, once on-scale data are received, by again calculating 
the new mechanical limit intercept and plotting from that limit to the 
on-scale data point. Plotting accuracy and repeatability specifications 
are preserved. 
Print head control: Local control by front-panel switches or remote 
control by HP-IB controller program commands. 
Power requirements: 

With arrow button: 6.1 mm/s (.24 in./s) 
With arrow and fast button: 95.5 mm/s (3.76 in./s) 

Source: 1 OOV, 120V, 220V, 240V - 10% +5%, internally selecta- 
ble 
Frequency: 48 - 66 Hz 
ConsumDtion: 100V/2.8A, 120V/2.5A, 220V/1.3A, 24OV/1.2A, 
300 W max. 

Environmental range: temperature - 0°C to 55°C; relative humid- 
ity - 5% to 95% (below 40°C) 
Sires: 201 H X 442 W X 483 mm D (7.9" X 17.4" X 19") 
Weight: net - 19.1 kg (42 Ib); shipping - 26.8 kg (59 Ib); cube - 0.11 
m3 (3.96 ft*) 



Accessories supplied HP Part No. 

3. 1 Box (2 rolls) 216 mm x 61 m 
(8.5 in. x 200 ft) each, perforated 

1. Operating and Programming Manual 07245-90001 
2. Pocket Guide 07245-90002 

sheets 216 x 279 mm (8.5 x 11 in.) 9270-0561 
4. Dust Cover 9222-0607 
5. Power Cord (appropriate to the 

origin of sales order) 
6. Thermal Print Head 07245-6000 1 

Supplies available 
Plotter paper (blue): 

1 box (2 rolls 216 mm x 61 m 
(8.5 in. x 200 ft) each, perforated 
sheets 216 x 279 mm (8.5 x 11 in.) 9270-0561 

1 box (2 rolls) 210 mm x 61 m 
(8.27 in. x 200 ft) each, perforated 
sheets 210 x 298.5 mm (8.27 x 11.75 in.) 

(8.5 in. x 200 ft) non-perforated 

9270-0606 
1 box (2 rolls) 216 mm x 61 m 

9270-0608 
Thermal print head 07245-6000 1 
HP-IB card for use with 9825A. 9831A and 

Cables: 
9845A desktop computers 98034A 

If using multiple HP-IB instruments, order one of the following: 
10631A HP-IB Cable 1 m (3.28 ft) 
10631B HP-IB Cable 2 m (6.56 ft) 
10631C HP-IB Cable 4 m (13.12 ft) 
10631D HP-IB Cable 0.5 m (1.64 ft) 

7245A Plotter/Printer Service Manual 07245-90000 
ROMs available: 
Additional read-only memory blocks for the H P  9825A, 9831A and 
9845A desktop computers are available to expand their languages for 
plotter operation. Although not required, these language ROMs are 
helpful. 

98216A (9872A Plotter-General I/O-extended 1/0 
ROM) 

9825A ROMs: 9821 5A (9872A Plotter-General 1/0 ROM) 

9831A ROM: 98223B (Matrix-Plotter ROM) 
9845A ROM: 98437A (Graphics ROM) 

Options: 
001: 2647A and 2648A CRT Raster Dump and HP- % 250 GL Enhancements 
7245A Plotter/Printer $4600 



RECORDERS, PRIIMTERS, AND PLOTTERS 
High Quality/Cost Efficient Graphics Plotter 
Model 7225A 

Flexibility Through Personality Modules 
Fast Text Drawn at 3 char/s 

7225A 

The Hewlett-Packard 7225A microprocessor-controlled plotter 
produces high quality, hard copy vector graphics. Depending upon 
the selected Personality Module plug-in board, installed from the rear 
of the mainframe, the 7225A will provide the appropriate interface, 
language, and graphics capability for desktop computers, computer 
systems, and intelligent instrument systems. 

Using the 17600A Personality Module provides the 7225A com- 
patibility with the H P  9815A, 9820A, 9821A, 9825A, and the 
9830A/B desktop computers. The module decodes computer com- 
mands and sends vector plotting and pen status instructions to the 
plotter mechanics. 

The 17601A Personality Module adapts the 7225A to computer 
systems using the Hewlett-Packard Interface Bus, HP-IB (IEEE 
488-1975). Using HP-GL instruction set, 38 instructions are avail- 
able for vector plotting character set and line type selection, point 
digitizing, user-unit scaling, and labeling with programmable size, 
slant, and direction of characters. 

7225A Specifications 
Plotting area: Y axis: 203 mm (8 in.); X axis: 285 mm (1 1.2 in.); 
Accepts up to IS0 A4 or 8j4 X 1 1-in. chart paper. 
Plotting accuracy: 20.4 mm (0.016 in.) [includes linearity and re- 
peatability and assumes the plotter has been “zeroed” exactly to the 
lower left (0,O) coordinates] 
Repeatability: 0.4 mm (0.016 in.) from any given point Addressable 
step size: 0.032 mm (0.0013 in.) (smallest) 
Speed: 250 mm/s (10 in./s) in each axis, 

350 mm/s (14 in./s) on 45” angle. 
Vector length: No limit - any length vector within the plotter’s me- 
chanical limits will be plotted. 
Character plotting speed: Up to 3 characters/s for 2.5-mm (0.1- 
in.) characters. 
Power requirements: 

Source: 100, 120,220, 240V, -lo%, +5%, internally selectable 
FrequenCy: 48 - 66 Hz 
Consumption: 70 W maximum 

Temperature: 0°C to 55°C 
Relative humidity: 5% to 95% (below 4OOC) 

Environmental range: 

Size: 140 H x 413 W x 379 mm D (5.5” X 16.3” x 14.9”) 
Weight: net, 8 kg (17.6 lb); shipping, 11.4 kg (25 lb) 

is0 A4 (8% x 11  in.) Writing Area 
0 HP-IB Interface 

Accessories supplied 
1. One pad (50 sheets) 8l4 X 11-in. blank paper 
2. One package of 5 black pens 
3. One 4-color pack (red, blue, green, black) 

4. One power cord (appropriate cord supplied) 
of pens 

Supplies available 
Digitizing sight 
7225A Service Manual 
Plotter pens 

Package of 5 red pens 
Package of 5 blue pens 
Package of 5 green pens 
Package of 5 black pens 
4-color pack (red, blue, green, black) 

8l4 X 1 1-in., standard grid, English, 
Plotter paper 

100 sheets 

HP Part No. 
9280-0475 
5060-6787 

5060-6810 --_ 
HP Part No. 

09872-60066 
07225-90000 

5060-6784 
5060-6785 
5060-6786 
5060-6787 
5060-6810 

9270-1006 
216-X 280-mm, standard grid, Metric, 100 sheets 9270-1023 
8l4 X 11-in. blank pad, 50 sheets 
A4 size blank pad, 50 sheets 

9280-0475 
9280-0476 

Options:. 
NOTE: With each 7225A ordered, one power option, under 7225A 

option list, (001 through 004) and a Personality Module must 
be ordered. With the 17600A Personality Module, select one 
Operating and Programming Manual option (015,020,021, 
025, or 030) for use with selected HP desktop computer. With 
the 17601A Personality Module, select one Operating and 
Programming Manual option, listed under 17601A option list 
(001,025, 035, or 045) with applicable computer. 

7225A Graphics Plotter Options Price 
00 1 : 100 Vac power N / C  
002: 120 Vac power N / C  
003: 220 Vac power N / C  
004 240 Vac power N / C  
006 Paper/pen supplies kit (A4 size) add$  75 
007: Paper/pen supplies kit (8l4 X 11-in. size) a d d $  75 
009: Dust cover add$  10 
0 1 0  Vinyl carrying case add $125 

17600A Personality Module Options 
add $250 001: Cable with plotter ROM for 9815A 
add $350 002: Cable with plotter ROM for 9820A/21A 
add $350 003: Cable for 9825A 

004: Cable for 9830A add $ 250 

with 9815A Desktop Computers 

with 9820A Desktop Computers 

with 9821A Desktop Computers 

with 9825A Desktop Computers 

with 9830A/B Desktop Computers 

015: Operating and Programming Manual for use 

0 2 0  Operating and Programming Manual for use 

021: Operating and Programming Manual for use 

025: Operating and Programming Manual for use 

030: Operating and Programming Manual for use 

001: Operating and Programming Manual for gen- 

0 2 5  Operating and Programming Manual for use 

035: Operating and Programming Manual for use 

N / C  

N / C  

N / C  

N / C  

N / C  

N / C  

N / C  

N / C  

17601A Personality Module Options 

eral HP-IB system use 

with 9825A Desktop Computers 

with 9835A Desk Top Computers 
045: Operating and Programming Manual for use 
with 9845A Desktop Computers 

7225A Graphics Plotter (OEM discounts available) 

N / C  

$1850 



Multi-range-Compact 

RECORDERS, PRINTERS & PLOTTERS 
Compact strip chart recorder 

Model 680 

680M 

The Hewlett-Packard Model 680 12 cm (5 in.) strip chart recorders 
provide high accuracy and fast response for a wide range of perfor- 
mance for general or specialized use. The 680 is equipped with mul- 
tirange spans, multispeed chart transport, full range zero set, and 
electric pen lift. Model 680 is useful as a monitor for instrumentation 
with dc outputs and for digital devices utilizing digital to analog con- 
verters. 

Features include modular construction with all-transistor circuitry, 
synchronous motor chart drive, and full-view tilting chart magazine. 

680 Specifications 
Performance specifications 
Spans: ten calibrated spans; Metric-6, 12,60, 120,600 mV; 1.2,6, 
12.60, 120 V (English-5, IO,  50, 100,500 mV; 1.5, 10, 50, 100 V). 
Type of input: input floating with respect to ground. 
Maximum dc common mode voltage: 500 V. 
Input resistance: 200 kQ/V (166 kQ/V, metric models) full scale, 
through 10 V span; 2 MQ on all others. Constant 100 kQ input resis- 
tance on all spans, Option H02. 
Common mode rejection: dc 100 dB on most sensitive range. De- 
creases 20 dB per decade step in attenuation. 
Accuracy: * 0.2% of full scale. 
Response time: maximum, 0.5 s full scale. 
Resettability: 0.1% of full scale. 
Chart speed: synchronous motor driver; Metric-2.5, 5,  10, 20 
cm/min; 2.5, 5, 10,20 cm/hr (English-I, 2,4, 8 in./min; 1, 2,4, 8 
in./hr). Option 008, gear ratio 16/1 instead of 60/1 speeds-<,, V,, V,, 
V,, 1, 2, 4, 8 in./min. 
Zero set: adjustable over full span. 

General specifications 
Writing mechanism: ink. 
Pen lift: electric, controlled by local switch or remote contact closure. 
Power: 115/230 V, 60 Hz, 22 VA. 

High accuracy, fast response 

680 

Weight: net, 5 kg (1 1 Ib); shipping 7.6 kg (17 Ib). 
Size: 165 H x 197 W x 219 mm D (6h”  x 7%“ x 8%”). 

Accessory kit supplied with each instrument 
1. Slidewire, cleaner, slidewire lubricant, remote pen lift connector, 

spare pen; pen cleaning wire, syringe, four cartridges each of red 
ink and blue ink. 

2. One roll of graph paper. 
3. Power Cord 2.1 m (7 ft). 
4. Instruction Manual 
5. Your Strip Chart Recorder-a brief manual. 

Options a?d accessories 
001: with installed 5 kQ, 0.1% linearity retransm 
potentiometer 
002: with ink event marker installed 
003: with installed high-low limit switches 
008: with 161 1 instead of 601 1 speed reducer. 
009: with remote chart drive switch 
010: For 50 Hz operation 
014: glass door with lock 
018 disposable pen tips 
910 extra manual 
H01: 1 mV span added (H01-680) 

1.2 mV span added (H01-680M) 
H02: 100 kQ input resistance, all spans 
Note: options H01 and H02 not compatible. 

Recorder supplies starter kits 
17046A English 
17047A Metric 

Ordering information 
680M Strip chart recorder (metric) 
680 Strip chart recorder (English) 
OEM discount8 available. 

Price 
iitting add $ 1  IO 

add $80 
add $165 

add $55 
add $45 

add $165 

add $10 
add $75 
add $75 

add $105 

N/C 

N/C 

$33 
$38 

$1375 
$1375 



RECORDERS, PRINTERS & PLOTTERS 
Lab strip chart recorders, plug-in modules 
Models 71006 71016, 17500A thru 17506A 

One and two pen mainframes 
Seven plug-in modules 

7100B 71018 

17500A 17501A 17502A 17505A 17506A 

The Hewlett-Packard Models 7100B and 7101B Strip Chart Re- 
corders are basic recorder frames containing all the mechanical and 
electrical elements for strip chart recording. A wide line of inter- 
changeable plug-ins complete their recording ability. Model 7100B 
has two independent pens and requires two input modules; Model 
7 101 B is a single pen recorder and requires one input module. 

7100 Series specifications 

Weight: 
71008: net, 11.8 kg (26 Ib). Shipping, 18.2 kg (40 Ib). 
71018: net, 10.9 kg (24 Ib). Shipping, 17.3 kg (38 Ib). 

71008/71018series(cabinet): 304H445 W 210D(12”x 17%” 
x 8%”). 
71008/7101B (rack): 222 H 483 W 210 D (8n/,” x 19” x 8%”). 

Size: 

17500A/ 17501A Specifications 
Performance specifications 
Response time: (0.5s (50 Hz, (0.6 s). 
Linearity (terminal based): 20.1% full scale. 
Resettabiiity: 20.1% full scale. 
Chart Speeds 

7100BM/7101BM: 2.5, 5, 15, 30 cm/h; 1.25, 2.5, 5, 15, 30 
em/min; 1.25, 2.5, 5 cm/s. 
71008/71018: 1,2,in./h;0.1,0.2,0.5,1,2in./min;0.1,0.2,0.5, 
1, 2 in./s. 

Chart speed accuracy: synchronous with line frequency. 

General specifications 
Writing system: servo actuated ink pen. 
Grid width: 25 cm or 10 in. 
Chart length: 36 m or 120 ft. 
Pen lift: manual (remote optional). 
Power 115/230 V f lo%, 60 Hz (50 Hz optional) 

71008: 65 VA; 71018: 42 VA. 

Voltage spans: 
17500A: 5,  10, 50, 100, 500 mV; 1, 5, 10, 50, 100 V full scale. 
17501A: 1,2,5, 10,20,50, 100,200mV;0.5,1,2,5,10,20,50, 100 
V full scale. 

Accuracy: 2 0.2% of full scale. 
Input resistance: 1 megohm at null on all fixed calibrated and vari- 
able spans except 100 kQ in the variable mode on the four most sensi- 
tive spans on the 17500A only. 
Interference rejection: dc common mode; 120 dB on the four most 
sensitive spans of the 17500A and the three most sensitive of the 
17501A. Line frequency, 100 dB on the four most sensitive spans of 
17500A and the three most sensitive of 17501A. 
Zero-set: adj. full scale, plus one full scale of suppression. 5 scales of 
zero suppression available on the 17501A. 
Maximum source impedance: up to 10 kf2 source impedance will 
not alter the recorder’s performance on the four most sensitive spans 
of the 17500A and the six most sensitive of the 17501A. NO source 
impedance restrictions on spans above 100 mV full scale. 



Right Hand Zero Hard (scale, 10 to 0) 
Soft (scale, 10 to 
-0.5)' 

50 Hz Operation 

Locking Glass Door 

Disposable Pen Tips 

Mint Gray Control Panel 

Rack mount 

Extra manual 

I Retransmitting Channel 1 00.1 
5 kR Potentiometer Channel 2 I 016 I $100 

020 N/C 
025 N/C 

010 N/C 

011 $185 

024 N/C 

029 N/C 

908 $20 

910 $10 

High-low limit Channel 1 005 $100 
Switches (Each limit Channel 2 

SPOT with 0.5 A, 
30 V dc contacts) 

Both Channels 

O P h  d m h  71008 Rice 
71018 

7100 Series options (con't) 

Event Marker Left side: ink 
Both sides: ink 

I I 71008 I Rice 
71018 

012 $55 
014 $110 

$50 Chart ON-OFF I 007 I I Remote Control Pen l i f t  

1. Requires special Hewlett-Packard chart paper, not compatible with metric models. 

Plug-in options 
17500A/17501A/17502A 

001: 5 scale zero suppression (17501A) 
029: mint gray control panel 
9 1 0  extra manual 

17503A 
001: detector Selector Switch 
002: 50 Hz 
029: mint gray control panel 
9 1 0  extra manual 

17504A 
001: 50 Hz 
010019: range cards (specify opt) 

17505A 
001: +1 to -10 scales of calibrated offset in one 

003: 50 Hz 
029: mint gray control panel 
9 1 0  extra manual 

scale steps. Accuracy f 0.25% per step 

17506A 
003: 50 Hz 
005-023: range cards (specify opt) 
029: mint gray control panel 
910: extra manual 

Recorder supplies starter kits 
17029A English 
17030A Metric 

Ordering information 
Single Channel 
7101B, 7101BM Strip chart recorder 
Dual Channel 
7100B, 7100BM Strip chart recorder 
Plug-ins 
17500A Multiple span plug-in 
17501A Multiple span plug-in 
17502A Temperature plug-in 
17503A Single span plug-in 
17504A Single span plug-in 
17505A High sensitivity plug-in 
17506A (specify voltage span) 

Price 

add $55 

add $7 
N/C 

$25 
N/C 
N / C  

add $6 

N / C  
N/C 

add $115 

N/C 
N / C  

add $6 

N / C  
N / C  
N/C 

add $5 

$43 
$46 

$1700 

$2200 

$465 
$575 
$575 
$500 
$475 
$625 
$475 



RECORDERS, PRINTERS & PLOTTERS 
OEM 10-inch strip chart recorders 
Models 7130A 81 7131A 

7 130A 

The Model 7 130A is a 10-inch, two-pen recorder; the 7 13 1 A is a 
10-inch, one-pen recorder. Spans and chart speeds are selected by op- 
tions. 

7 130A and 7 13 1 A Specifications 
Performance specifications 
Input ranges: single span, 1 mV thru 100 V (specified option) 
Type of input: single ended, floating. 
Maximum allowable source resistance Rs): 10 kQ 
Normal mode rejection (at line frequency): >40 dB. 
Common mode rejection: > 120 dB a t  dc & >lo0  dB at line fre- 
quency. 
Response time: <% s. 
Overshoot: <2% of full scale. 
Accuracy (including linearity and deadband): k 0.2% of full scale 
a t  25°C. 
Deadband: kO.l% of full scale. 
Chart speeds: speed determined by option choice. 
Chart speed accuracy: +0.08% plus line frequency accuracy. 
Zero set: left hand, adjustable k 1 full scale (right hand optional). 
Environmental (operation): 0°C to 55"C, 95% R H  (40°C). 

General specifications 
Writing mechanism: disposable ink pens (thermal writing option). 
Grid width: 25 cm or 10 in. 
Chart length: 27 metres or 90 ft. 
Pen lift: manual (electric or independent optional). 
Size: 178 H, 432 W, 340 mm D (7" x 17" x 13%"). 
Power: 7130A. 7131A: 115/230 V *lo%, 60 Hz, 120 VA. 

7130B, 7131B: 115/230 V k lo%, 50 Hz, 120 VA. 
Weight: net, 12.3 kg (27 Ib). Shipping, 17.4 kg (38 Ib). 
Accessory kits: two-channel (7130A), 07 130-60055; one-channel 
(71 3 1 A), 07 13 1-60109; thermal writing (7130A/713 1 A), 07 130- 
60068. 
Span: must specify one for each channel; spans may be different. The 
front scale is determined by choice of English or metric chart speed. 
The 500 series options are for the lower channel of the 7130A only. 

Option Option 
Upr Lwr Upr Lwr 

Span Chnl Chnl Price Span Chnl Chnl Price 
1 mV 001 501 $210 1 V 008 508 $50 
5 m V  002 502 $210 5 V 009 509 $50 

10mV 003 503 $155 1OV 010 510 $50 
50mV 004 504 $155 5OV 011 511 $50 

100mV 005 505 $155 1OOV 012 512 $50 
500mV 006 506 $155 

Chart speeds: must specify one basic speed. 
Speed Option Price Speed Option Price 

6 in./min 016 $25 15 cm/min 022 $25 
4in./min 017 $25 10cm/min 023 $25 
1 in./min 018 $25 5cm/min 024 $25 
M in./min 019 $25 3cm/min 025 $25 
'/4 in./min 020 $25 15 cm/hr 026 $25 

1 in./hr 021 $25 3cm/hr  027 $25 
Speed reducers 

Option Price Option Price 
60:l Speed Reducer. 028 $55 4:l Speed Reducer* 030 $55 
1O:l Speed Reducer 029 $55 2:l Speed Reducer* 031 $55 
'The slowest speed resulting from the addition of a speed reducer must not be less than 2.54 cm/hr 
(1 in./hr). 

7131A 

Multiple speeds Option Price 
4 speed: %, Yz, 1, 2, in./min, plus extern input 046 $175 
4 speed: 0.625, 1.25,2.5, 5 cm/min plus 

external input 049 $175 

Options Requiring Option Power Supply 
Option Power Supply 041 $80 
8 chrt spds: 1, 2, 4, 6 in./min & hr + ext input 045 $210 
8 chrt spds: 2.5,5,10,15 cm/min & hr + ext input 048 $210 
Remote Speed Change* 032 $55 
Remote Chart On-Off* 033 $55 
Remote Pen Lift* 036 $55 
Right Hand Event Marker* 
(not compatible with option 054) 037 $80 
Right Hand Event Marker Thermal* 
(must order option 054) 038 $155 
Left Hand Event Marker* 537 $80 

'Actuated by contact closure to ground o r l l L  levels. Closed circuit Current 1.5 mA (maximum). open 
circuit voltage t 1.5 V minimum). 

Other Options Upr Chnl Lwr Chnl Price 
Retransmitting Potentiometers 040 540 $80 
Limit Switches* 044 544 $155 
Input Filter (1-500 mV) 007 507 $105 
Right Hand Zero Hard, Scale 10 to 0 014 N / C  
Right Hand Zero Soft, Scale 10 to -0.5 015 N / C  
Independent Mech. Pen Lift (7130 only) 034 N/C  
Rack Slides 042 $80 
Thermal Writing: Model 7130A** 054 $290 

Model 7131A** 054 200 
Rear Control Connector 056 $55 
50 Hz & 60 Hz Operation 050,060 N/C 
Rack Mounting Brackets 908 $15 
Extra1 Manual 910 $10 

'Contact rating 1 A at 1.5 V, 0.5 A at 250 V non4nductive. 
"Recommended for pen speeds below 5 inches per second. 

Analytical option combinations: the following options are for ana- 
lytical applications such as chromatrography and include l mV span 
each channel, right hand soft zero, front panel detector switch on the 
7131A, and two chart speeds as indicated. 

Option 7130 7131 
2 speeds: (M and 54 in./min) 090 $550 $360 
2 speeds: (1 and 54 in./min) 091 $550 $360 
4 speeds: (2, 1, !4, '/4 in./min) 092 $705 $455 

Recorder supplies starter kits 
17036A English 
17037A Metric 
17038A English-Thermal 
17039A Metric-Thermal 
17040A English-R.H. soft zero 

Ordering information 
7130A OEM Two-Pen Recorder 
7131A OEM One-Pen Recorder 

$54 
$54 
$47 
$47 
$54 

$1950 
$1600 



Multi-range attenuators 

RECORDERS, PRINTERS & PLOTTERS 
Laboratory 10-inch strip chart recorder 

Models 7132A & 7133A 

7132A-Opt 054 

The Hewlett-Packard Models 71 32A two-pen and 7 133A one-pen 
Strip Chart Recorders are laboratory instruments equipped with 
standard features that qualify them to accommodate your laboratory 
or scientific application needs. 

The 7132A and 7133A are equipped with multi-range attenuators 
providing eleven input ranges from 1 mV to 100 V full scale in a 1-5- 
10 sequence. Both models have eight chart speeds of 2.5, 5, 10, 15 
cm/minute and 2.5, 5, 10, 15 cm/hour (1, 2, 4, 6 inches per minute 
and 1 ,  2, 4, 6 inches per hour). Disposable ink pens are standard. 
These pens provide a clear, continuous trace, and are easily replaced. 

Modular construction facilitates easy removal of the servo module 
for inspection and maintenance of the drive system, slidewire, or pen 
lift. The elimination of slip clutches in the servo module contributes to 
quiet, reliable operation. In addition, should the pen go off scale, the 
amplifier gain is automatically reduced, preventing noise or damage 
to the equipment. A stepper motor chart drive eliminates mechanical 
shifting of gears. 

The chart magazine may be adjusted to any of three angles to pro- 
vide a comfortable writing surface. Chart paper may be automatical- 
ly rolled up or fed out of the recorder. A convenient front panel 
indicator lets you know when the paper supply is low. 

Options include: Metric Calibration, Right Hand Zero (Hard), 
Right Hand Marker, 50 or 60 Hz Operation, and Thermal Writing. 

7 132A and 7 133A Specifications 
Performance specifications 
Input ranges: eleven ranges from 1 mV to 100 V full scale in 1-5-10 
sequence with overlapping vernier. 
Type of input: single ended, floating. 
Input resistance: 1 megohm on all ranges. 
Maximum source resistance: 10 kQ (to within rated response). 
Normal mode rejection (at line frequency): greater than 40 dB. 
Common mode rejection: greater than 120 dB dc and 100 dB ac. 
Accuracy: +0.2% of full scale (includes linearity and deadband) at 
25°C. Temp coefficient *0.01% per "C. 
Range accuracy: f 0.2% of full scale * 0.2% of deflection (includes 
linearity and deadband) at 25°C. Temp Coefficient *0.01% per "C. 
Deadband: 0.1% of full scale. 
Response time: less than 0.5 second. 
Overshoot: less than 2% of full scale. 
Chart speeds: 2.5,s. 10 15 cm/min, and 2.5, 5, 10, 15 cm/hour (1, 
2.4,  6 inches/minute, and 1,  2, 4, 6 inches/hour). 
Chart speed accuracy: * 0.08% plus line frequency accuracy. 
Zero set: provides three full scales of offset. 
Environmental (operating): 0 to 55"C, less than 95% relative hu- 
midity (40°C). 

General specifications: 
Writing mechanism: disposable ink pens (thermal writing optional). 
Grid width: 25 cm (10 inches). 
Chart lenth: 30 metres (100 ft). 

Disposable pens 

7133A-Opt 054 

Pen lift: solenoid operated with remote capabilities. 
Power: 115/230 V f IO%, 50 or 60 Hz, 120 VA. 
Sire: 178 H 432 W 340 mm D (7" x 17" x 13%"). 
Weight: net, 12.3 kg (27 Ib). Shipping, 17.4 kg (38 Ib). 
Supplied furnished with each instrument: 
1 .  

2. 
3. 

4. 
5. 
5. 

. .  

Accessory kit : 
Disposable Pens-Blue (Package of 3) 
Disposable Pens-Red (Package of 3) 
Plastic Kit Box 
Slidewire Cleaner 
Flexible Tubing, 0.032 ID, 0.4 ft 
Pen Cleaning Assembly 
Syringe for Pen Cleaning 
Operating and Service Manual 
One roll of Chart Paper 

Chart Paper, English 
Chart Paper, Metric 
Chart Paper, Thermal-English 
Chart Paper, Thermal-Metric 

Power Cord (2.1 meters or 7 ft) 
Ink Cartridge, Black k(for Event Marker) 
Your Strip Chart Recorder-a brief manual 

Options & accessories 
001: metric calibration. Provides chart speeds of 2.5,5, 
10, and 15 cm per minute, and 2.5.5, 10 and 15 cm per 
hour 
014: Right Hand Zero (Hard). Positive voltage input 
causes pen to deflect from right to left 
037: Right Hand Event Marker (not compatible with 
Opt 054) 
038: Thermal Event Marker (Opt 054 required) 
537: 7132A Only. Left Hand Event Marker (Not 
Available with Thermal Writing, Option 054) 
050 50 Hz Line Power 
060 60 Hz Line Power 
054: Thermal Writing. Model 71 32A (recommended 
for pen speed below 5"/s) 
054: Thermal Writing. Model 7133A (recommended 
for pen speed below 5"/s) 
908: Rack mount brackets 
910 Extra manual 

Recorder supplies starter kits 
17036A English 
17037A Metric 
17038A English-Thermal 
17039A Metric-Thermal 

Ordering information 
7132A Laboratory Two-Pen Recorder 
7133 Laboratory One-Pen Recorder 

Price 
N/C 

N/C 

add $80 

add $155 
add $80 

N/C 
add N/C $275 

add $200 

add $15 
add $10 

$54 
$54 
$47 
$47 

$2450 
$1850 



RECORDERS, PRINTERS & PLOTTERS 
Portable, battery power strip chart recorder 
Model 7 155B 

Under 30 pounds with internal battery 
12 centimeter chart width 
Operates at -28" to + M o C  

71 558 

The Hewlett-Packard 7155B is a 12 cm portable strip chart recorder 
designed especially for field applications while maintaining laborato- 
ry specifications. It is a rugged, light-weight instrument weighing un- 
der 30 pounds with the rechargeable battery installed. The standard 
unit operates on external dc or ac from 48 to 440 Hz. The optional 
internal battery, which operates for nine hours on a single charge, 
may be selected. The instrument operates within H P  Class A tem- 
perature range (-28°C to +65"C); a first in the strip chart recording 
field. 

This unit is provided with 16 calibrated spans, seven chart speeds, 
and a totally-electronic transmission that eliminates the need for me- 
chanically shifting the gears. Additional standard items include the 
disposable pen, front plexiglass cover, three chart magazine tilt an- 
gles, and easy access to PC boards for serviceability. A sealed jelled 
electrolyte battery is optionally available. 

7 155B Specifications 
Performance specifications 
input range: 0.1 mV/cm thru 10 V/cm in a 1, 2, 5 sequence with 
overlapping vernier (12 cm full scale). 
Type in input: single ended, floating. 
input resistance: 1 megohm. 
Maximum allowable source resistance: 5 kn for rated response. 
Common mode rejection: 100 dB dc and 80 dB ac. 
Full scale response time: 0.6 sec to within rate accuracy. 
Overshoot: 1% of full scale maximum. 
Accuracy: +0.4% of full scale (includes linearity and deadband) at  
25°C. Temp Coefficient fO.Ol% per "C. 
Range accuracy: f 0.4% of full scale f 0.2% of deflection (includes 
linearity and deadband) at  25°C. Temp Coefficient k O.Ol%/"C. 
Chart speeds: 30, 10,5,2.5, 1 minute/cm; 30 and 10 sec/cm. 
Chart speed accuracy: k 1%. 
Environmental (operating): -28OC to +65"C (95% relative hu- 
midity (40°C). 

General specifications 
Writing mechanism: disposable ink pens. 

Grid width: 12 cm. 
Chart length: 21 metres (70 ft). 
Pen lift: mechanical. 
Weight: net 14 kg (30 Ib) with battery option installed. 
Size: 197 H x 304 W x 416 mm D (7%" x 12" x 16%") 
Power: external ac (48 to 440 Hz, 85 V to 130 V or 172 V to 260 V). 
External dc (10.5 to 36 V, 0.5 amp typical 0.9 amp maximum inde- 
pendent of voltage). 

Supplies furnished 
1. Your Strip Chart Recorder:-a brief manual 
2. Operating and service manual 
3. Chart paper, 21.3 m (70 ft) 
4. Power cord, 2.3 m (7.5 ft) 
5.  Accessory kit includes: 

DC connector 
slidewire cleaner 
3 red disposable pens 
3 red event marker pens (if ordered) 

Options Price 
005: right hand zero N / C  
(Positive voltage input causes pen to deflect from right 
to left). 
006: event marker add $165 
Contact closure on rear panel causes approximately 
0.06 cm (0.025 inch) deflection of event pen. Marking 
occurs along left hand edge of paper. 
008: internal battery add $360 
The jelled electrolyte battery operates nine hours on a 
single charge (at 25°C). Recharging is from external 
AC only and requires approximately 14 hours to full 
charge. Instrument may be operated while charging. 
910 extra manual add $7 

Recorder supplies starter kit 
17051A Kit $59 

7 1556 Portable strip chart recorder $1900 



Instant drying ink 

RECORDERS, PRINTERS & PLOTTERS 
Two and four-channel oscillographic recorders 

Models 7402A, 7404A, & 17400A series preamps 

Interchangeable plug-ins 

- 
7404A 

7402A 

The Hewlett-Packard Models 7402A and 7404A are rectilinear, 
low pressure ink writing oscillographic recorders, which, when used 
with interchangeable 17400A Series Preamplifiers, measure and re- 
cord one to four input signals against time. The 7402A Recorder is 
portable and records on either two 50 mm channels or a single 100 
mm channel. The 7404A is a four channel recorder, but will also re- 
cord on two 80 mm channels. 

Clean traces that dry immediately on contact with the paper are 
produced by the pressurized ink system of these units. The pen is con- 
structed with stainless steel with a tough carbide tip. Pens can last the 
life of the instrument. Four chart speeds are provided on the 7402A. 
while 12 are available on the 7404A. Remote control of the chart 
speed is either by contact closure or TTL. 

The 7402A may be equipped with a Left Hand Event Marker (Op- 
tion OOl), Right Hand Event Marker/Timer (Option 008), or Left 
and Right Hand Event Marker/Timer (Option 003). It may be actu- 
ated by a front panel pushbutton labeled MARK or by remote con- 
tact closure or TTL through the rear terminal strip. On Option 003, a 
1 SEC toggle switch provides one second timing sequences; Option 
008 provides marks in second or minute sequences. The 7404A re- 
cords event marks in Channel 1 (Left Edge) and provides automatic 
mark-per-second or mark-per-minute sequences when the front panel 
sec-mark-min toggle switch is set to SEC or MIN position. A mark 

may be recorded when the MARKER/TIMER pushbutton is 
pressed. Additionally, it can be actuated by a remote marker com- 
mand through a rear panel connector or by remote contact closure or 
TTL. Event markers for channels 2,3, and 4 are available as Options 
013, 014, and 015, respectively. 

Oscillographic recorders with plug-ins can be used to measure pa- 
rameters such as voltage, pressure, flow, force, displacement, and 
temperature with respect to time. These recorders can be used in ap- 
plications such as line production, troubleshooting, or physical mea- 
surements. 

17400A High gain 
This plug-in is equipped to handle all normally encountered dc sig- 

nal sources. A unique error indicator is included to signal overdriven 
inputs. It provides 1 pV/div sensitivity, 1 megohm input resistance, 
guarded and floated inputs, and calibrated zero suppression. 

17401A Medium gain 
Stable and solid, this dc-coupled preamplifier provides the basic 

signal conditioning required to cover the majority of applications. 
The optional calibrated zero suppression supports 1 mV/div maxi- 
mum sensitivity balance-to-ground inputs. 

17402A Low gain 
As an economical unit, no compromises are made in basic perfor- 

mance. The single-ended input is available through a conventional 
rear connector as well as convenient front panel binding posts. Eight 
calibrated ranges are provided from 20 mV/div to 5 V/div. 

17403A AC Carrier 
The 17403A supplies excitation of 5V a t  2.4 kHz to the passive 

transducer and receives the returning transducer output. The 17403A 
operates with full or half-bridge transducers including transformer, 
strain gage, and potentiometer types. Front panel selection of nine 
different input sensitivity ranges from 0.1 mV/V/full scale is pro- 
vided. When used, a 2.4 kHz Carrier Frequency Oscillator must be 
ordered for the mainframe. 

17404A DC Bridge 
This plug-in supplies dc excitation voltage to the transducer and 

receives the returning transducer output. Front panel selection of sev- 
en input sensitivity ranges from 0.1 mV/div to 10 mV/div are pro- 
vided. 

7402A, 7404A, 17400A Series plug-ins 
specifications 
7402A General specifications 
Number of channels: two analog channels. One event marker/timer 
(optional); one event marker (optional). 



RECORDERS, PRINTERS 81 PLOTTERS 
Models 7402A, 7404A, & 17400 series (cont.) 
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Chart description: 50 mm wide channels with 50 div full scale. Time 
lines every 1 mm. Chart length 84 m (275 ft). 
Chart speeds: 1, 5, 25, 125 mm/s controlled by front panel, rear 
panel TTL or contact closure. 
Chart speed accuracy (at 25°C): + O S %  plus power line frequency 
variation. Temp coeff O.OI%/"C. 
Chart weave: 20.25 mm maximum. 
Zero: adjustable to 2 30 div either side of grid center. 
Writing system: blue-black ink with rectilinear presentation: 55 cc 
replaceabale throw-away cartridge. 
Environmental (operating): 0°C to 55°C and up to 95% relative 
humidity from 25°C to 40°C for mm/s speeds (80% relative humid- 
ity for mm/min.) 
Power: 100/ 120/220/240 V ac +5% -lo%, 60 Hz, 140 VA. 
Weight: net, 18.2 kg (40 Ib) with 2 17400A's & paper. Shipping, 26.9 
kg (59 lb). 
Size: 284 H x 253 W x 384 mm D (1 1 %" x 9 r  x 15%") 

7404A General specifications 
Number of channels: four analog channels. Left hand event mar- 
ker/timer 
Chart description: 40 mm wide channels with 50 div full scale. Time 
lines every 1 mm. Chart length 84 m (275 ft). 
Chart speeds: 5, IO, 25,50,100,200 mm/s and mm/min controlled 
by front panel, rear panel TTL or contact closure. 
Chart speed accuracy (at 25°C): same as 7402A. 
Chart weave: same as 7402A. 
Zero: same as 7402A. 
Writing system: same as 7402A. 

Environmental (operating): same as 7402A. 
Power: 100/120/220/240 V ac 2 10% 60 Hz, 300 VA. 
Weight: net, 31.4 kg (69 Ib). Shipping, 43.2 kg (95 Ib). 
Size: 290 H x 438 W x 384 mm D (11Vn" x 17%'' x 15%"). 

17400A with 7402A and 7404A 
Input ranges: 1,2,5,10,20,50,100,200,500pV/div; 1,2,5,10,20, 
50, 100,200, 500 mV/div; 1 ,2 ,5  V/div. Continuous vernier between 
ranges. 
Type of input: differential, floated and guarded. Inputs thru rear 
connector. 
Maximum allowable input (continuous): 500 V dc on 10 mV/div 
range and above; other ranges 120 V dc or 120 V ac rms. 
Input resistance: 1 Megohm (min.) 
Common mode rejection; 150 dB dc and 140 dB at line frequency 
with 1 kfl source imbalance. 90 dB dc and 80 dB at 60 Hz on 10 
mV/div range and above. 
Maximum allowable common mode voltage: k 2 0 0  V dc max 
voltage. 
Frequency response: for I O  divisions deflection -3 dB at 110 Hz 
on I O  jtV/div range and above. 
Rise time (typical, 10 to 90% of full scale deflection): 7.5 ms. 
Overshoot: less than 2% of full scale. 
Accuracy: (on calibrated range, at 25"C, includes linearity): * 1% of full scale. Temp Coeff 0.06%/°C. Allows for ability to inter- 
change unit without recalibration. 
Range accuracy (at 25"C, includes linearity): f 1% of full scale * 0.2% of reading. Temp Coeff O.O6%/"C. Allows for ability to inter- 
change unit without recalibration. 
Zero suppression: 1, 10, 100 V on 10 mV/div range and above; 
other ranges 1, 10, 100 mV. Continuous calibrated vernier between 
suppression steps. 
Zero suppression accuracy: + 0.5% of suppression + O S %  of full 
scale. f O.O2%/"C 

17401A with 7402A and 7404A 
Input ranges: 1,2,5, IO, 20,50,100,200,500 mV/div; 1 ,2 ,5  V/div. 
Continuous vernier between ranges. 
Type of input: balanced to ground. Inputs thru rear connector 
Maximum allowable input (continuous): 230 V rms on 500 
mV/div range and above; other ranges 120 V rms. 
Input resistance: 1 Megohm (min). 
Common mode rejection: greater than 50 dB dc to line frequency 
with 100 ohm source imbalance. 
Maximum allowable common mode voltage: 250 V dc or peak ac 
on 500 mV/div and above; other ranges 15 V dc or peak ac. 
Frequency response: 7402A - For 10 div deflection -3 dB a t  140 
Hz; 7404A - For 10 div deflection -3 dB at 150 Hz. 
Rise time (typical, 10 to 90% of full scale deflection): 7 ms 
Overshoot: less than 2% of full scale. 
Accuracy (on calibrated range, at 25"C, Includes linearity): * 1% of full scale. Temp Coeff O.O6%/"C. Allows for ability to inter- 
change unit without recalibration. 
Range accuracy (at 25"C, includes linearity): 2 1% of full scale * 0.2% of reading. Temp Coeff O.O6%/"C. Allows for ability to inter- 
change unit without recalibration. 
Zero suppression: (optional) 0.2, 2, 20 V. Continuous calibrated 
vernier between suppression steps. 
Zero suppression accuracy: k 0.5% of suppression + O S %  of full 
scale. k O.O2%/"C. 

17402A with 7402A and 7404A 
Input ranges: 20, 50, 100,200, 500 mV/div; 1 ,2 ,5  V/div. Continu- 
ous vernier between ranges. 
Type of input: single ended. Inputs thru front or rear connector. 
Maximum allowable input (continuous): 230 V rms on 200 
mV/div range and above; other ranges 120 V rms. 
Input resistance: 1 Megohm (min). 
Frequency response: 7402A - For 10 div deflection -3 dB a t  140 
Hz; 7404A - For 10 div deflection -3 dB at 150 Hz. 
Rise time (typical, 10 to 90% of full scale deflection): 7 ms. 
Overshoot: less than 2% of full scale. 
Accuracy (on calibrated range, at 25"C, includes linearity): * 1% of full scale. Temp Coeff O.O6%/"C. Allows for ability to inter- 
change unit without recalibration. 



Range accuracy (at 25"C, includes linearity): 2 1% of full scale 
k 0.2% of reading. Temp Coeff 0.06%/°C. Allows for ability to inter- 
change unit without recalibration. 

17403A with 7402A and 7404A 
Input ranges: 0.1,0.2,0.5, 1, 2, 5, 10,20, 50 mV/V full scale. Con- 
tinuous vernier between ranges. Also provides division of above sensi- 
tivities by 100. 
Type of input: differential, floating. 
Maximum allowable input (continuous): 50 V rms at  2.4 kHz. 
Input resistance: 100 k at 2.4 kHz. 
Common mode rejection: 120 dB dc to line frequency with 1 kQ 
source imbalance. 
Maximum allowable common mode voltage: f 200 V dc or peak 
ac. 
Frequency response: 7402A-For 10 div deflection -3 dB at  140 
Hz; 7404A-For 10 div deflection -3 dB at  150 Hz. For Preamp 
only-output available on rear of recorder. Filter switch to 50 -3 dB 
at  50 Hz; rolloff 40 dB/decade. Filter switch to 200 -3 dB at 200 Hz; 
rolloff 40 dB/decade. Filter switch to AVG-Time constant 1.0 s 
f 10% dc to 0.16 Hz; rolloff 20 dB/decade. 
Rise time (typical, 10 to 90% of full scale deflection): preamp 
filter switch to 50 or 200: 7.5 ms. Preamp filter to AVG; 1 S. 

Overshoot: less than 2% of full scale. 
Accuracy (on calibrated range, at 25OC, includes linearity): 
+0.6% of full scale at 25°C. Temp Coeff 0.06%/"C. 
Range accuracy (at 25"C, Includes linearity): f 0.6% of full scale 
f0.2% of reading. Temp coeff O.O6%/"C. 
Zero suppression: ten turn control from 1 to 100% of full scale. 
Zero suppression accuracy: f 0.5% of setting 2 0.5% of full scale. 
Drift (zero line referenced to input): f 0 . 2  pV/V/week (includes 
excitation drift). 
Source resistance: compensated by front panel adjustment. 
Balance controls: R Balance f 5  mV/V Temp Coeff f 1.8 

Quadrature rejection: 40 dB at 2.4 kHz. Quadrature tolerance: 2:l. 
Transducer exitation: full Bridge-5.0 V rms 2 5% 2.4 kHz f 3%. 
Half Bridge-One half full bridge excitation. 
Excitation load resistance: 100 ohms min. (Unlimited output short 
circuit duration.) 
17404A with 7402A and 7404A 
Input ranges: 0.1,0.2,0.5, 1 ,2 ,5 ,10  mV/div with overlapping ver- 
nier between ranges. 
Type of Input: differential, floating and guarded. 
Maxlmum allowable Input (continuous): 17 V dc or peak ac. 
Input resistance: 100 k (min). 
Common mode rejection: 100 dB dc and 80 dB at line frequency 
with 1 k source imbalance. 
Maxlmum allowable common mode voltage: f 165 V dc or peak 
ac. 
Frequency response: 7402A-For 10 div deflection -3 dB at 140 
Hz; 7404A-For 10 div deflection -3 dB at  150 Hz. Amplifier only 
(output available on rear of recorder). -3 dB at  3 KHz. 
Rise time (typical, 10 to 90% of full scale deflection): 7 ms. 
Overshoot: less than 2% of full scale. 
Accuracy (on calibrated range, at 25"C, includes linearity): 
f 1.0% of full scale at  25°C (excludes excitation supply errors). 
Temp Coeff. O.O6%/"C. 
Range accuracy (at 25"C, Includes Ilnearlty): f 1 .O% of full scale 
at 25°C (excludes excitation supply error). Temp Coeff O.O6%/"C. 
Drift (zero llne referenced to input): 20.2% p V/V/week (in- 
cludes excitation drift). 
Source resistance: 1 kQ max. 
Balance controls: unloaded bridge completion board. Front panel 
balance and cal controls (balance up to 5 V). 
Transducer excitation: 5 V dc k 1.0%. 
Excitation load resistance: 50 ohms min. (Unlimited output short 
circuit duration.) 

Accessories supplied 
HP Part 

Description Number 
1. Model 7402A Operating and Service Manual 07402-90007 

Model 7404A Operating and Service Manual 07404-90000 

pV/V/"C. 

2. Chart Paper (One 275 ft. (84 m) roll)-7402A 
Chart Paper (One 275 ft (84 m) roll)-7404A 

3. Ink Cartridge ( 5 5  cc, installed) 
4. Rear Plug-in Connectors (2 each 7402A, 4 each 

9280-0258 
9280-0293 

07402-60066 

7404A 1251-1895 
8 120- 1378 5. Power Cord (7.5 ft (2.3m)) 

7. Pen Cleaning Wires 
8. Ink Line Plugs, 3 each 

6. Miscellaneous Fuses (spares for internal supplies) 
17999-1 5126 
07402-20048 

HP Part 

Description Number 
9280-0258 
9280-0276 
9280-0293 
9280-0294 

Supplies/accessories available 

7402A Paper: 275 ft (84 m) roll, two 50 mm channels 
740214 Paper: 275 ft (84 m) roll, one 100 mm channel 
7404A Paper: 275 ft (84 m) roll, four 50 div channels 
7404A Paper: 275 ft (84 m) roll, two 100 div channels 
Ink Cartridge (55 cc) 07402-60066 
Mobile cart for 7404A 1064A-018 
Input Adapter Plug 17133A 

Field Installation Kits as follows: 
Rack Mounting Kit for 7402A 
Rack Mounting Kit for 7404A 
Rack Mounting Kit for 7404A in 1064A-018 Cart 
Paper Take-up Kit for 7402A 
Paper Take-up Kit for 7404A 
Hard Cover Kit for 7402A 
Hard Cover Kit for 7404A 
Opt 01 1 Circuit Board for Models 7402A/7404A 

7402A Options 
001: Event marker (left hand) 
003: Event marker (left hand) and event marker/timer 
(right hand) for 1 s intervals. 
004: 50 Hz power line operation 
005: Paper take-up (external) 
008: Event marker/timer (right hand) for minutes and 
seconds (not compatible with Opt 001 or 003) 
009 60:l speed reducer 
010: Hard cover (not compatible with Opt 005 or 908) 
01 1: 2.4 kHz oscillator for use with 17403A 
016: White paint 
017: UL544 Listing, white paint 
018: UL544 Listing, standard paint 
908: Rack mount adapter 

7404A Options 
004: 50 Hz power line operation 
005: Paper take-up (external) 
010: Hard cover (not compatible with Opt 005,012 or 
908) 
01 1: 2.4 kHz oscillator for use with 17403A 
012: Rack mount adapter for use with 1064A mobile 
cart 
013: Channel 2 event marker 
014: Channel 3 event marker 
015: Channel 4 event marker 
016: white paint 
908 Rack mount adapter 

Recorder supplies starter kit 
17052A Kit-7402A 
17053A Kit-7404A 

Ordering information 
7402A Mainframe (less plug-ins) 
7404A Mainframe (less plug-ins) 
17400A High Gain Preamplifier 
17401A Medium Gain Preamplifier 
17401A Opt 001 (Zero suppression) 
17402A Low Gain Preamplifier 
17403A AC Carrier Preamplifier 
17404A DC Bridge Amplifier 

07402-60023 
07404-60074 
07404-60082 
07402-60022 
07404-60076 
07402-60062 
07404-60072 
07402-60252 

Price 
add $105 
add $210 

N/C 
add $160 
add $180 

add $225 
add $50 
add $50 

add $100 
add $375 
add $325 
add $130 

N/C 
add $240 

add $75 

add $50 
add $1 10 

add $65 
add $65 
add $65 

add $100 
add $160 

$52 
$54 

$2800 
$5300 
$860 
$310 

add $150 
$210 
$800 
$590 



RECORDERS, PRI TERS & PLOTTERS 
Two, four and eight-channel oscillographic recorders 

t Models 77028, 7414A, 7418A 81 8800 series signal conditioners 

Versatile configurations 
Thermal writing 

77028 

7414A 

The Hewlett-Packard Models 7702B 2-channel,7414A 4-channe1, 
and 7418A 6- and 8-channel Oscillographic Recorders provide per- 
manent reproducible records of multichannel, real-time, low frequen- 
cy data. They can be contained in a single benchtop package, a mobile 
cart, or in an upright cabinet. The unit selected, depending upon 
channel needs, represents a unique combination of reliability, high 
performance, and flexibility. A complement of the 8800 Series Plug- 
In Signal Conditioners results in a system capable of meeting many 
measurements requirements. 

Thermal writing tips in Models 7414A and 7418A, featuring long 
stylus life and rectilinear presentations, are provided. A 500-sheet, 
Z-fold chart paper pack loads easily, allows for convenient data re- 
view, and storage capability. Two event markers are supplied. One is 
activated by either a one-second or one-minute front panel timer but- 
ton, the other by the event button. Both markers can be activated 
remotely. 

7702B, 7414A, 7418A, 8800 Series plug-in 
specifications 
77028 General specifications 
Chart speeds: 1, 5, 20, and 100 mm/s; plus eight optional. 
Markers: event-right side marker standard, center marker optional. 
Chart paper: two 50 mm wide channels each with 50 div; time lines 
every 1 mm; roll type Permapaperm. 
Paper loading and takeup: front panel loading and paper take-up. 
Power: 115/230 V ac * 10%. 60 Hz, 230 VA (including plug-ins), 
50 Hz optional. 
Size: 221.5 H x 482.6 W x 438.2 mm D (834” x 19“ x 17’4”) for stan- 
dard rack. For Portable Case: 235 H x 498 W x 546 mm D (9 l4“ x 
19.6” x 21.5”). For Mobile Cart: 997 H x 680 W x 521 mm D (3914“ x 
2634” x 2osWj. 
Weight: 27.2 kg (60 Ib) for rack mount; 40.4 kg (89 Ib) in Portable 
Case; 59 kg (130 lb) in Mobile Cart. 

7414A General specifications 
Chart speeds: 0.25,0.5, 1.0,2.5, 10,25,50, 100 mm/s. Speed regu- 
lation f 1%. Paper weave less than 0.5 mm. Speed selected via front 
panel pushbuttons. 
Limiting: electrical limiting keeps stylus within a range of 1.5 mm 
beyond edge of channel. 
Markers: event-local or remote control (monopolar), located on 
right side, between channels 3 and 4. Timed-1 min or 1 s interval 
(monopolar), located on left side, between channels 1 and 2. 
Chart paper: four 40 mm wide channels each with 50 div; time lines 
every 1 mm; heat sensitivity Z-fold Permapapem with green grid lines 
available in packs of 500 sheets, each 30 cm (12”). 
Paper loading: no threading required. 
Remote operation: rear panel connector provides for chart drive 
and event marker. 
Power: 115/230 V ac f lo%, 60 Hz, 350 VA (includes plug-ins) 50 
Hz optional. 
Size: 266.7 H X 482.6 W X 577.9 mm D (lO1/,n x 19” x 2234,”). Pro- 
jection: 76.2 mm (3”) from rack front. 
Weight: net, 50.5 kg (112 Ib). Shipping, 59.5 kg (132 Ib). 

7418A General specifications 
Chart speeds: 0.5, 1,2.5,5, 10,25,50, 100,200 mm/s. Speed regu- 
lation f 1%. Paper weave less than 0.5 mm. Speed selected via front 
panel pushbuttons. 
Remote operation: rear panel connector provides for chart drive 
and event marker, optional extra markers. Remote connector supplies 
-20 v. 
Power: 115/230 V ac 2 lo%, 60 Hz. Recorder only 575 VA, system 
plug-ins 695 VA. 
Size: rack: 266.7 H x 482.6 W x 577.9 mm D (lO1/,n x 19” x 2234,”). 
Projection: 76.2 mm (3”) from front of rack. 
Weight: 50 kg (1 10 Ib) including driver amplifiers. 7418A 



8801A 8802A 8803A 8805A 

8801A with 77028,7414A and 7418A 
Input ranges: 5, 10, 20, 50, 100,200, 500, 1000 mV/div; accuracy 
f 1%. 
Max calibrated Sensitivity and max fs input: SmV/div (gain 20) 
250V. 
input circuit 81 input frequency range: resist. 500 M f 1% each 
side bal to gnd; parallel with approx. 100 pF 
Rise time (10 div, 10-90%,4% overshoot): 5 ms. 
calibration (referred to input): 100 mV, f 1%. internal. 
Output frequency response (-0.5 dB at 50 div): 50 Hz. 
Zero suppression: f 10 and f 100 V for single-ended or diff. sig- 
nals. 10-T pot sets precise values of zero suppression voltages; f 50 V 
max suppress on 5 ,  10, 20 mV/div ranges; max error of suppression 
fO.5% of suppression range, and 1% of indicated suppression. 
Output noise, max (less trace width): 0.2 div, p-p. 
Zero drift, 20" to 40°C, 103 to 127 V (less trace width): temp- 
1.25 div/lO"C, 0.5 div/hr, constant ambient. Linevoltage4.15 div. 
Common mode rejection and tolerance: 48 dB min, dc to 150 Hz; 
f 50 V max on other ranges for < 1 % change in differential sensitiv- 
ity. 
Output iinearlty (less trace width): 0.25 div, after calibration for 
zero error to center scale +20 div. 

8802A with 7702B, 7414A and 7418A 
input ranges: 1,2,5, 10,20,50,100,200,500, 1000 mV/div; accu- 
racy f l % .  
Maximum calibrated sensltlvlty and max fs input: 1 mV/div 
(gain 100) 50 V. 
input circuit and input frequency range: resist 180 M f 1%, each 
side bal to gnd, parallel with approx 100 pF. 
Rise time (10 div,m10-90%,4% overshoot): 5 ms. 
Calibration (referred to input): 20 mV, f 1%, internal. 
Output frequency response (-0.5 dB at 50 dlv): 50 Hz. 
Zero suppression: f 2V and 20 V for single-ended or differential 
signals; 10-T pot sets precise values of zero suppression voltages; 
f 12.5 max suppression on 1,2, 5 mV/div ranges; max error of sup- 
pression f0.5% of suppression range and 1% of indicated suppres- 
sion. 
Output nolse, max (less trace width): 0.2 div, p-p. 
Zero drift, 20" to 40" C, 103 to 127 V (less trace width): same as 
8801A. 
Common mode rejection and tolerance: 48 dB min dc to 60 Hz, 
1000 mV/div range; 48 dB min. dc to 150 Hz other ranges f 12.5 V 
on 1, 2, 5 mV/div ranges; f 1 2 5  V on 10, 20, 50 mV/div ranges; 
f500  V max other ranges for less than 1% change in differential 
sensitivity. 
Output linearlty (less trace width): same as 8801A. 

8803A with 7702B, 7414A and 7418A. 
input ranges: 1, 2, 5, 10, 20, 50, 100, 200, 500, 1000, 2000, 5000 
pV/div; 10, 20, 100, 200, 500, 1000, 2000, 5000 mV/div; accuracy 
f 1% on 5000 pV/div to 2OpVldiv ranges, f 2% on 10 uV/div to 1 
pV/div; accuracy of x 1000 attenuator + 1%. 
Maximum calibrated sensitivity and max fs input lpV/div (gain 
100.000) 250 V. 
Input circuit and input frequency range: 1 MQ min on pV range, 
independent of gain; 5 MR on mV range; floating and guarded. 
Rise time (10 div, 10-90%,4% overshoot): 5 ms.6% overshoot. 
Calibration (referred to input): 200 pV f 1% internal on pV/div 
range; 200 mV f % internal on mV/div range. 
Output frequency response (-0.5 dB at 50 div): 50 Hz. 
Zero suppression: pV ranges f 1, f 10, f 100 mV; mV ranges f 1, 
f 10, f 100 V, 10-T pot sets precise values of zero suppression vol- 
tages; accuracy f 1% suppression range. 
Output noise, max (less trace width): 1.5 mm p-p a t  lpV/div; 0.1 
div, p-p min gain. 
Zero drift, 209b to 40%, 103 to 127 V (less trace width): temp- 
pV range 1 RV/lOo referred to input, f 0 . 2 6  div/lO" C for 0 output 
& 50.65 div/lO"C for fs output. mV range, 1 m V/lO"C referred to 
input, 20.26 div/lO"C for 0 output. Line voltage 0-0.07 div; fs 0.35 
div. 
Common mode rejection and tolerance: pV range, max source 
unbal of 1 kQ; 160 dB min a t  dc, 120 dB rnin at 60 Hz; mV range, max 
source unbal of 500 kQ; 100 dB min a t  dc, 60 dB rnin at 60 Hz dc. 300 
V pk; 60 Hz. 1 pV/div, 10 V rms; 2 pV/div, 20 V rms; SpV/div, 50 V 
rms; 10 pV/div and 10 mV/div, 100 V rms; 20 pV to 5000 pV/div 
and 20 mV to 5000 mV/div, 200 V rms. 
Output linearlty (less trace width): 1 mV range 0.35 div, others 
0.25 div after calibrating for zero error a t  center scale and +20 div. 

8805A/B with 77028,  7414A and 7418A 
input ranges: X1, 2, 5, 10, 20, 50, 100, 200; accuracy +2%. 
Maximum calibrated sensitivity and max fs input: lOpV rms/div 
(gain 10,000 rms ac to dc); 100 mV rms. 
Input circuit and input frequency range: input impedance- 
8805A approx 10 M; 8805B 1 MR+ 10%; single-ended. Min load re- 
sistance across excitation loon. Max impedance in series with input 
(transducer output impedance) 5 kQ. Excitation-floating source 5 V 
rms nominal at 2400 Hz +2%. Internal full bridge-half bridge 
switch grounds C.T. of excitation for use with half bridge transducer. 
Rise time (10 div, 10-90%, 4% overshoot): 5.6 ms. 
Calibration (referred to input): 2% f 0.02%of transducer fs out- 
put. Adjust by Cal Factor control; accuracy f 5 5  pV/V out of 
lOmV/V. 8805B switchable Cal voltage to 2%, lo%, SO%, or 100% * 1% of fs. 
Output frequency response (-0.5 dB at 50 dlv): 50 Hz. 
Zero suppression: 0-100% of transducer full load load rating, for 
transducers having Cal Factor up to 10 m V/V at full load, 10-T pot 
with calibration dial; accuracy-1 dial div *OS% of suppress range. 
Zero Supp Polarity switch, Separate R Bal control allows bucking of 
inphase unbal to 2 3 mV/V regardless of Cal Factor. 
Output noise, max (less trace width): approx. 0.2 div, p-p. 
Zero drift, 20% to 40%, 103 to 127 V (less trace width): t e m p  
0.45 div/lO"C; Line voltage-O.25 div. 
Common mode rejection and tolerance: quadrature rejection and 
tolerance: >40dB. Tolerance error: < f 2% fs when quadrature volt- 
age equal to twice in-phase signal required for center to edge deflec- 
tion on chart. C Balance control permits bucking of transducer's quad 
unbalance of up to f 5 mV/V. 
Output llnearity (less trace width): 0.4 div after calibrating for 
zero error at center scale and +20 div. 



RECORDERS, PRINTERS 8t PLOTTERS 
Two, four and eight-channel oscillographic recorders 

88068 8807A 8808A 8809A 

88068 with 7702B, 741449 and 7418A 
input ranges: sig inpu t4 .5 ,  1, 2.5, 10, 20, 50, 100, 200, 500 
mV/div; f 1%, 50 Hz to 10 kHz; f 2%, 10 kHz; f 3%, 20 kHz to 40 
kHz. Reference voltage-3 to 20 rms, 20 to 133 V rms. 
Maximum calibrated sensitivity and max fs input: 0.5 mV rms/ 
div (gain 200 rms ac to dc) 25 V rms. 
input circuit and input frequency range: signal input:-trans- 
former isolated, floating point and guarded; resistance approx 1 MQ. 
Reference input: differential, transformer coupled; resistance approx 
500 kQ each side to ground, may be used single ended. 50 Hz to 40 
kHz in 6 bauds with variable frequency plug-in; 60 Hz, 400 Hz and 5 
kHz fixed frequency phase shifter plug-in; special order phase shifter 
plug-ins 50 Hz to 40 kHz. 
Rise time (10 div, 10-90%, 4% overshoot): 5 ms (5 kHz ref). 
Calibration (referred to input): 1 V rms internal at carrier refer- 
ence frequency; f 1% 50 Hz to 10 kHz; +2% 10 kHz to 20 kHz; * 3% 20 kHz to 40 kHz. 
Zero suppression: none. Phase shifter plug-ins allow control of ref- 
erence phase over 360". Fixed frequency: 0" to 90" dial; 2" gradu- 
ations; any of 4 quadrants by panel switches; dial accuracy within f 
3". Variable frequency: adjust thru 360". 
Output noise, max (less trace width): 7pV x sq root of frequency 
response, referred to input. 
Zero drift, 20" to 40"C, 103 to 127 V (less trace width): temp: 0.5 
div/lO"C; Line voltage: 0.25 div. 
Common mode rejection and tolerance: CM: >40 dB up to 10 
kHZ 500 V rms, rnax. Quadrature tolerance: equal to amplitude of a 
fs, in-phase signal. 
Output linearity (less trace width): 0.4 div after calibrating for 
zero error at center scale and +20 div. 

8807A with 77028,7414A and 7418A 
input ranges: 0.02,0.05, 0.1, 0.2,0.5, 1, 2, 5, 10 V rms/div, +2% 
(midband). Scale expansion: X1, 2, 5 ,  10, 20, +2%. 
Maximum calibrated sensitivity and max fs input: 1 mV rms/div 
(gain 100 rms ac to  dc). 20 mV rms/div with X1 scale expansion 500 
V rms. 
input circuit and input frequency range: approx 1 MQ resistive in 
parallel with 10 pF and stray cable capacitance; floating and guarded. 
Standard model: 330 Hz to'100 kHz; Opt 001: 50 Hz to 100 kHz. 
Rise time (10 div, 10-90%, 4% overshoot): 11.2 ms. Opt 001: 70 
ms, approx 10% overshoot. 
Calibration (referred to input): 1 V internal k 1%; approx 500 Hz. 
Output frequency response (-0.5 dB at 50 div): 54 Hz (3 dB at  10 
div). Opt 001-9Hz. 
Zero suppression: up to 100% of fs on any range can be suppressed; 
10-T pot with calibrating dial. Scale expansion: 5,10,20, or 50% of fs 
can be expanded to cover full chart. 

Output noise, max (less trace width): baseline offset/noise: 2 mV 
rms referred to input +0.025 div X scale expansion 
Zero drift, 20" to 40"C, 103 to 127 V (less trace width): temp 
0.03 div/lO"C X scale expansion +0.35 div/lO"C; at constant ambi- 
ent 0.005 div/hr X scale expansion. Line voltage 0.005 div X scale 
expansion +0.1 div. 
Common mode rejection and tolerance: 60 dB min at  60 Hz; 40 
dB min at  400 Hz with up to 10 K source unbalance; f 500 V pk. 
Output linearity (less trace width): 0.55 div +0.05 div X scale ex- 
pansion, 330 Hz to 5 kHz; Opt 001: 60 Hz to SkHz, after calibration 
for zero error a t  lower and upper ends of printed coordinates. 

8808A with 7702B, 7414A and 7418A 
input ranges: 50 dB span: bottom scale -80, -70, -60, -50, -40, 
-20, -10, and 0 dB below 1 V (Le. 100pV, 320 pV, 1, 3.2, 10, 32, 
100,320 mV and 1V). 100 dB span bottom scale -80, -70, -60, and 
-50 dB below 1 V. 
Maximum calibrated sensitivity and max fs input: 100 pV rms 
sine wave corresponds to bottom scale output, -80 dB below 1 V 320 V 
rrns. 
input circuit and input frequency range: single ended, resistance 1 
MQ min. 5 Hz to 100 kHz for t 3 d B  down from the midband level on 
"Slow" response range; 500 Hz to 100 kHz on "Fast" response range. 
Rise time (10 div, 10-90%, 4% overshoot): fast: 20.5 rms (875 
dB/s) Slow:2 s (9 dB/s). 
Calibration (referred to input): internal from oscillator a t  approx 
500 Hz. -80, -30, and f 20 dBV = dB ref. to 1 V (100 pV, 32mV and 
10 V) -80 +20 dBV internallv adjustable: -30 dBV accuracy f 0.25 . .  
dB (at 115 V line at 25°C). 
Output noise, max (less trace width): 50 dB range: 0.8 div, p-p, 
100 dB range: 0.4 div. D-D (max noise a t  bottom of recording chart). .. . . 
Output linearity (less trace width): departure from log characteris- 
tics 50 dB: 1.25 div, 100 dB: 1 div, after calibrating for zero error a t  
lower and upper ends of printed coordinates. 

8809A with 77028,74148 and 7418A 
input ranges: continuously adjustable from 20 to 50 mV/div. 
Max calibrated sensitivity and max fs input: 30 mV/div (gain 
3.33). 0 to +2.5 V or 0 to -2.5 V. 
input circuit and input frequency range: switch selected: 1500Q 
f 2% or 100 kQ min, incremental; single ended. 
Rise time (10 div, 10-90%, 4% overshoot): 5 ms. 
Calibration (referred to input): 600 mV +2%, internal. 
Output frequency response (-0.5 dB at 50 div): 50 Hz. 
Output noise, max (Less trace width): 0.1 div, p-p. 
Zero drift, 20" to 40°C, 103 to 127 V (less trace width): temp: 0.4 
div/lO"C at 30 mV sensitivity. Line voltage: 0.3 div. 
Common mode rejection and tolerance: 50,000: 1 at dc. 
Output linearity (less trace width): 0.4 div after calibrating for zero 
error a t  center scale and +20 div. 

8820A with 7418A 
Sensitivity: 0.05 V/div (Amplifier Gain 2). 
Maximum fs input: 250 V (edge to edge). 
input ranges (attenuation): 0.05,0.1,0.2,0.5,1,2,5 V/div. Atten- 
uator accuracy f 2%. 
input circuit: single ended, 1MQ min. 
Frequency response: dc to (0.5 dB down at  50 Hz (50 div p-p); dc 
to (3 dB down af 100 Hz (10 div p-p). 
Rise time (10 div, 10-90%, 4% overshoot): t 6  ms. 
Output linearity (less trace width): linear within f 0.25 div after 
setting mechanical zero of stylus to within f 1 div of chart center and 
calibrating for zero error a t  center scale and f 20 div. 
Drift, 20" -40", 115 V f lo%, 60 Hz (less trace width): temp: 
t0.55%/1OoC: Line voltage: < f 0 . 2  div. 
Calibration: 1 V +% calibration voltage for all channels. 
Temp rating: operating: 0°C to +55"C; storage: -40°C to 75°C. 

8821A with 7418A 
Sensitivity: 0.001 V/div (Amplifier Gain 100). 
Maximum fs input: 250 V (edge to edge). 
input ranges (attenuation): 0.001, 0.002, 0.005, 0.010, 0.020, 
0.050, 0.1, 0.2, 0.5, 1, 2, 5 V/div. Attenuator accuracy (dc) %% on 
0.001 to 0.050 V/div ranges; 1% on 0.1 to 5 v/div ranges. 



8820A 

Input circuit: balanced, floating and guarded, 9 MQ constant for all 
gain settings (0.001 to 0.050 V/div); 4.5 mQ each side to ground (0.1 
to 5 V/div). 
Common mode rejection: 100 dB at 60 Hz, 0.001 V/div sensitivity, 
1 kQ source unbalance decreases to 66 dB a t  0.05 V/div, 66 dB at 60 
Hz, 0.01 to 5 V/div sensitivity. 1 kQ source unbalance. 
Common mode tolerance: f 20 V on 0.001 to 0.05 V/div ranges (6 
most sensitive); f 2 5 0  V on 0.1 to 5 V/div ranges (6 least sensitive). 
Frequency response: dc to (0.5 dB down a t  50 Hz (50 div, p-p). 
dc to (3 dB down a t  200 Hz (10 div p-p). 
Rise time (10 div, 10-90%, 4% overshoot): t 6  ms. 
Output linearity (less trace width): same as 8820A. 
Drift, 20" to 40"C, 115 V f 10%. 60 Hr (less trace width): same 
as 8820A. 
Calibration: +0.02 V k 1% on 6 most sensitive ranges. Simulates +2 
V 
TemDerature ratina: same as 8820A. 

Price 

add $225 

2% a t  input on 6 least sensitive ranges. 

7 7 0 2 8  Options 
002: Portable Case and Cover 
003: One-Channel Decrease less $55 
005: Mobile Cart (1062A) add $350 
008: 50Hz Operation add $55 
009 Speeds 2.5, 5, 25, and 50 mm/sec (50 Hz) add $90 

01 1: 60:l Speed Reduction (60 Hz) add $205 
012: 60:l Speed Reduction (50 Hz) add $205 
015: Extra Event Marker installed between channels add $90 
018: 60 Hz Speed Kit 2:l Reduction. Speeds of 0.5, add $190 
2.5, 10, 50 mm/sec. (Not compatible with Opt 010, 
01 1) 
019 50 Hz Speed Kit 2.1 Reduction. Speeds of 0.5, 
2.5, 10, and 50 mm/sec. (Not compatible with Opt 009 
and 012) 

7414A Options 

delete case) 

012: 1 channel decrease; extreme RH channel deleted, 
blank panel instal; not compatible with Opt 015 
015: Extra Event Marker, installed between channel 2 
and 3; not compatible with Opt 012 
025: 50 Hz speed reduction, 60:l (Opt 008 required) 
026: 60 Hz speed reduction, 6 0  1 
054: Installed in mobile cart. Includes paper takeup 
drawer 

7418A Options 
001: 6 channel Hot-Tip Therm Recorder only* (in- 
cludes takeup tray) (*For plug-in preamps, Opt 030 
Power Supply required; for Bank Amps, select 1 of op- 
tions 031, 32) 
002: Rack mount kit 

010: Speeds 2.5, 5, 25, and 50 mm/sec (60 Hz only) N/C 

add $190 

Nota: Option 008 required when ordering Option 008.012, or 019. 

001: Rack mount (include slides, mounting hardware; N/C 

008: 50 Hz operation N/C  
less $225 

add $100 

add $320 
add $320 
add $575 

less $620 

add $205 

003: Bench top configuration 
004: 63-in. Cabinet (includes 7-in. drawer) 
005: 42-in. Cabinet (includes 7-in. drawer) 
006: 28-in. Portable cart (includes Opt 002) 
008: 50 Hz operation 
009 230 V ac operation 
014: Extra Event Marker between Channels 4 & 5 
015: Extra Event Marker between Channels 5 & 6 
025: 50 Hz speed reduction 60:l (Opt 008 required) 
026: 60 Hz speed reduction 60:l 
030: 8848A plug-in preamp power supply (required for 
operation of 8800 Preamps) 
031: 8820A 8-channel bank amu (not compatible with 

add $500 
add $1850 
add $1850 

add $950 
N / C  
N/C 

add $90 
add $90 

add $310 
add $310 

add $1970 

add $3000 . .  
o p t  001) 

o p t  001) 
032: 8821A 8-channel bank amp (not compatible with 

035: Rack Mount Kit 

add $3800 

add $290 

8801A, 8802A, & 8809A Options 
001: Bench top unit with power supply & portable case 

8803A Options 
001: Bench top unit with power supply & portable case 

8805A Options 
001: Bench top unit with power supply & portable case 
002: Harmonic filter kit (required when 267,268,270, 
or 1280B/C transducers are used) 

8805B Options 
001: Bench top unit with power supply and portable 
case 
002: delete Harmonic Filter 

8 8 0 6 8  Options 
001: Bench top unit with power supply & portable case 
002: Variable frequency phase shifter plug-in, 50 Hz to 
40 kHz 
003: calibrated phase shifter plug-in, 60 Hz 
004: calibrated phase shifter plug-in, 400 Hz 
005: calibrated phase shifter plug-in, 5 kHz 

8807A Options 

add $760 

add $760 

add $760 
add $30 

add $760 

less $25 

add $760 
add $260 

add $205 
add $165 
add $165 

001: 50 Hz to 100 kHz signal filter N/C 
002: Dc plug-in N/C 
003: Bench top unit with power supply & portable case add $760 

8808A Options 
001: Bench top unit with power supply & portable case add $760 

Ordering information 
7702B 2-channel oscillographic recorder $2990 
7414A 4-channel oscillographic reecorder $5300 
7418A 6 to 8-channel oscillographic recorder $7000 
8801A Low gain preamplifier $430 
8802A Medium gain preamplifier $500 
8803A High gain preamplifier $1000 
8805A Carrier preamplifier $750 
8805B Carrier preamplifier with Harmonic Filter $900 
8806B Phase sense demodulator preamplifier $900 
8807A Ac/dc converter preamplifier $945 
8808A Logarithmic preamplifier $1000 
8809A Signal coupler preamplifier $250 
8820A Low gain bank preamplifier $3000 
8821A Medium gain bank amplifier $3800 



RECORDERS, PRINTERS & PLOTTERS 

Tape speed 
(ips) 
15 

3 3h 
741 

Instrumentation tape recorders, tape degausser 
Models 3964A, 3968A, and 13064A 

Pass Band Flutter Tape speed Pass Band Flutter 

0.2-2500 0.35 1 V8 0.2-312 0.50 

0.2-625 0.40 15A2 0.2-78 1.50 

(W (% P-p) (ips) (W (% P-P) 

0.2-1250 0.35 ’546 0.2-156 0.70 

$-inch magnet ic  t a p e  benefit 
S e l e c t a b l e  FM/Direct  e lectronics  

Tape speeds 
Start (sec) 
Stop (sec) 

3964A 

A 

15 7’4 334 1V8 ’5he ’54> 

3 1.50 0.90 0.50 0.50 0.50 
0.30 0.30 0.30 0.30 0.30 0.30 

The instrumentation tape recorders, the 3964A. 4-channel and 
3968A, 8-channe1, utilizing a ’/,-inch format, are designed to meet the 
demands of the individual and OEM users. Versatility, portability, 
and durability are three important characteristics of these recorders. 
Excellent performance is assured in the laboratory, field, or medical 
environment. 

These reasonably priced units are equipped with many standard 
features usually only found on more expensive recorders. 

The 13064A Tape Degausser erases previous magnetic recordings 
from an entire reel of tape. Cleanly erased tape is an indispensible 
factor for obtaining optimum performance. 

3964A/3968A standard features 
“E-to-E” mode for FM recording: input signal is automatically 
transferred to the output when in fast forward, rewind, or stop. Sim- 
plifies recorder setup and calibration. 
TapeITach servo: in the reproduce mode the captsan servo can be 
controlled either by the internal tach frequency or for maximum time 
base accuracy from a pre-recorded signal on one of the data channels. 
Equalization: direct electronics can be optimized for a wide variety 
of tapes. 
Remote control: multi-pin connector located a t  rear of instrument 
provides remote control and state (TTL or contact closure) for all 
tape speeds and operational modes. 
AC/DC calibrator: provides internal AC/DC voltage source for set- 
ting up input and output levels for each of the data channels. Voltage 
levels and channel monitoring selected with pushbutton ease. 
Flutter compensation: available with the flip of a switch. Flutter 
modulation introduced during the record mode is reduced providing 
an improvement in FM signal-to-noise ratio by up to 12 dB. 
Voice capability: recorded data can be voice annotated on Channel 
4 of 3964A or Channel 8 of 3969A with press-to-talk microphone. 
Unipolar operation for FM recording: when a signal has a positive 
only or negative only deviation, the FM input reference level can be 
offset to plus or minus full deviation to permit full utilization of the 
channel’s dynamic range. 

Eight channels  or four channels  
Laboratory, field, medical applications 

3968A 

Re-recording (dubbing): FM data cards can be set up for dubbing, 
allowing duplicate recordings to be made with minimum degradation 
to signal-to-noise. 

3964A and 3968A specifications 
Transport specifications 
Tape width: ’/4 inch (6.3 mm). 
Reel size: standard 7-inch (177.8 mm) plastic reel; totally enclosed 
by reel cover. 
Heads: 3964A-one four-track record and one four-track reproduce 
using in-line track configuration. 3968A-one eight-track record and 
one eight-track reproduce. Interlaced odd-even track configuration. 
Tape speeds: 15&, V,6. 1’4. 334, 7l4, and 15 ips. 
Capstan drive: DC motor with phaselock servo. 
Tape speed accuracy: +0.2% (tach servo). 
Time base error (tape servo) 

Tape speeds I 15 I 7‘4 I 334 I 1’/8 I ‘5/,6 I ‘54, 

TBE (microsec) I f 4  I +5 I k7.5 I f15 I +25 I f50 

Rewind time (typical): 1800 foot (549 m) reel in 100 seconds; 2300 
foot (701m) reel in 145 seconds. 
Braking: fail-safe mechanical differential brakes. 
End of tape sensing: tape drive stops automatically at the end of 
the tape. 
Reel revolution counter: 4-digit revolution counter with pushbut- 
ton reset. 



FM record/reproduce specifications (using 3M-888 
Tape or equivalent) 

Signal-to-Woire 
Ratio 

Tape 
Speed 

15 

Carrier Centr Passband’ 
Frequency (Hz) 39641 39681 

21 DC-5000 48 46 .. 
1% 
3% 
1 78 

’%2 

Y 6  

Flutter compensation: can improve signal-to-noise by up to 4 dB 
under static conditions and as much as 12 dB under conditions of 
vibration. Selected by rear panel switch. 
Distortion: total harmonic distortion < 1.2% @ 15 to 1 Ya ips, <2% 

13.50 DC-2500 48 46 
6.75 DC-1250 48 46 
3.38 DC-625 46 46 
1.69 DC-312 44 44 
0.85 DC-156 40 40 

@Y16 to 15h2 ips. 
Linearity: +1.0% of peak-to-peak output for best straight line 
through zero at +40% deviation. 
DC Drift: +0.1% (max) of full scale output per “c. 
Input level: 1 V to 30 V (peak-to-peak); continuously adjustable. 
Input impedance: 100 kQ nominal, shunted by (100 pF single- 
ended. 
Output level: 1 to 5 V (peak-to-peak); continuously adjustable. 
Output impedance: minimum load impedance 600 ohms. 
Non-bias recording: available by internal jumper selection. 

Direct record/reproduce specifications (using 3M-888 
Tape or equivalent) 

Passband(23 de)’ S/N Ratio (dB)* 

3964A 3968A 3964A 3968A 
Tape Speed 

38 36 
3% 36 

38 36 

‘5/= 
% 50-4,000 HZ 100-4,000 HZ 38 35 

50-2,010 HZ 100-2,000 HZ 37 35 
1 Reference to 10% 01 upper bandege 
2 Referenced to a 500 Hz sine wave with a maximum of 1% third harmonic distortion when repro- 

duced at 3% ips 

Input level: 1 V to 30 V (p-p); continuously adjustable. 
Input impedance: 100 kQ nominal, single-ended. 
Output level: 0.5 to 5 V (p-p); continuously adjustable. 
Output impedance: minimum load impedance 600 ohms. 
Signal monitoring 
Meter modes: peak AC or DC (selected by front panel switch). 
Meter accuracy (peak AC mode): better than f % dB for signals 
with duty cycle of 20% or greater. 
Selector: front panel pushbuttons select metered channels. 

Calibrator 
Signal source: pushbutton selectable internal or external signal 
source. 
Internal signal source: peak AC and +DC levels of 0, 1.0, 1.414, 
2.5, 5.0, and 10.0 volts. 
Level of accuracy: + 2% of selected voltage. 
AC frequency: 500 Hz f 5%; <0.25% second or third harmonic dis- 
tortion. 
Voice annotation 
Modes of operation: data only, voice only, or data interrupted by 
voice. 
Microphone: dynamic, hand-held, with press to talk switch. 
Record level: automatic leveling. 
Monitoring: built-in speaker, headphone jack. 

General specifications 
Sire: 3964A400 H x 427 W x 256 mm D (15.7” x 16.8” x 10.1”). 
3968A-445 H x 427 W x 256 mm D (17.5” x 16.8” x 10.1”). 
Weight: without inverter; 3964A-29.5 kg (65 Ib). 3968A-31.3 kg 
(69 Ib). With inverter (Opt 021): 3964A-25.0 kg (55 Ib); 3968A- . -  
26.8 kg (59 Ib). 
Power requirements: 100, 120, 220, or 240 V, +5%, -10% 
48-440 Hz, 110 W average (except opt 009,010,48-66 Hz). 
Temperature: storage, -40°C to 75°C; operating, 0°C to 55°C; 
tape limit, 10°C to 40°C. 

Altitude: storage, 15,240 m (50,000 ft.); operating, 4500 m (1500 

Humidity: the system, excluding tape limitations, will operate from 
10% to 95% RH (25°C to 4OoC), non-condensing. 

ft.). 

Shock: 30 g maximum (1 1 ms) non-operating. 
Mounting: supplied with rack mounting kit for standard 19-inch 
equipment racks. 

13064A Tape Degausser Specifications 
Tape size: b-inch (6.33 mm) tape on reels up to 10% inch (266 mm) 
in diameter. 
Erasure: 60 dB minimum. 
Duty cycle: one minute ON-three minutes OFF. 
Size: 67 H x 133 W x 171 mm D (2.6” x 5.25” x 6.75”). 
Weight: approximately 4.3 kg (9% Ib). 
Power requirements: 115 V ac? 10%. 50-60 Hz (Opt 001). 230 V 
ac k lo%, 50-60 Hz (Opt 002). 

Options 3964A/3968A 
001: FM Record/Reproduce. Provides one FM data 
card. Specify number of FM channels required when 
ordering. 
030 FM Record/Reproduce. This option provides one 
FM data card for medical unit only. Order option 009 
or 010. Specify number of FM channels requested when 
ordering. 
002: Direct Record/Reproduce. Provides one Direct 
data card. Specify number of Direct channels required 
when ordering. 
031: Direct Record/Reproduce. Provides one Direct 
data card for medical unit only. Order option 009 or 
010. Specify number of Direct channels required when 
ordering. 
003: rear Input/Output Connectors. A rear panel with 
BNC input and output connectors for each channel and 
in parallel with front cover panel connectors. 
004: locking knobs. Factory installed, screwdriver ad- 
justable locking knobs ensure input level setting on a 
given channel(s) is not accidentally changed (four on 
3964A, eight on 3968A). 
005: metric speed designations. Provides metric speed 
designations of 38.10, 19.05, 9.52, 4.75, 2.38 and 1.19 
cm/s on front panel speed selector pushbuttons. 
007: HP-IB Remote Control. HP-IB compatible re- 
mote control of all tape speeds and operational modes. 
009: UL listed (UL standard No. 544 Safety standard 
for Medical and Dental equipment) includes white 
paint. (Not compatible with opt 001, 002,003, 021.) 
010: UL listed (UL Std. No. 544 Safety Standard for 
Medical and Dental Equipment), standard colors. (Not 
compatible with opt 001, 002, 003, 021.) 
021: DC-AC Inverter, operates from 12 and 28 VDC 
in addition to standard AC voltages. 
024: loop adapter. Simplifies data analysis application 
requiring continual replay of significant data. A tape 
loop from 5 to 30 feet can be accommodated by this 
option. 
026 and 027: rack slides, which provide 90” instru- 
mentation rotation. 

Opt 026, Rack Slides for 19” racks 
Opt 027, Rack Slides for HP cabinets 

041: IRIG servo reference frequency. Changes stan- 
dard servo reference from 27 kHz to 25 kHz at 15 ips. 
0 7 0  overlap. With two 3964A or 3968A units, option 
provides automatic play/record commands for second 
recorder when first unit electronically senses tape is 
low. 
910 extra manual. 
Transit case: moisture and dustproof; vibration and 
shock resistant. 
3964A part no. 13107A 
3968A part no. 13 106A 

Ordering information 
3964A 4-channel Instrumentation Tape Recorder 
Mainframe 
3968A 8-channtl Instrumentation Tape Recorder 
Mainframe 
13064A Tape Degausser (specify Opt 001 or 002)’ 
’ 1 I5 V ac or 230 V ac operation, respectively 

Price 
add $360 

add $360 

add $330 

add $330 

add $70 

add $35 

add $350 

$250 

add $200 

$775 

add $550 

add $100 
add $140 
add $150 

add $210 

add $30 

$250 
$250 

$5300 

$6900 

$125 



RECORDERS, PRINTERS Ik  PLOTTERS 
1 LA Alphanumeric, 20 column thermal printer 
t Model 5150A 

Silent operation 
Optional scanner and clock 
Alphanumeric 

5150A Opt 004 

General 
The 51 50A Thermal Printer is a versatile instrumentation printer 

designed to accept and record up to 20 columns of data from most H P  
digital instruments. Because it uses a thermal printing technique, it is 
extraordinarily quiet while in operation. Two input interfaces are 
available (one must be specified with the order) to allow data input 
from the HP Interface Bus (use Option 001) or from BCD-coded 
sources (use Option 002). Other options which add to the flexibility of 
this printer are the Option 003 Scanner, which can sequentially ad- 
dress and interrogate up to 13 instruments on the HP-IB, and the 
Option 004 Clock, which can be used with either the HP-IB or BCD 
Interfaces. 

Opt 001 HP-IB interface 
With Option 001 installed, the printer can accept up to 20 ASCII 

characters per line via the HP-IB. Inputs are interpreted according to 
the 64 member upper-case ASCII character set. With this interface, 
the printer can also serve as an “addressable listener” in a controller- 
based HP-IB system. 
Opt 002 BCD interface 

With Option 002 installed, the printer will accept 10 columns of 
TTL-level BCD data. Two Options 002’s may be installed for 20- 
column print-out from one or two sources. The standard 16-member 
character set consists of 0 through 9, +, -, V, A, R, and [blank]. 
Special characters set which draw from the 64-character upper-case 
ASCII set may also be specified. 

Opt 003 scanner 
With both Options 001 and 003 installed, the printers can log data 

from up to 13 instruments on the HP-IB. Operation is’asynchronous; 
that is, the printer will address the lowest address instrument, wait for 
data, print, then go to the next instrument. 

Opt 004 clock 
Used with either the HP-IB Interface or BCD Interface, this option 

gives the printer two additional capabilities: it can control the elapsed 
time between successive data printouts, and it can print the time of 
day immediately following each data printout. When used with the 
Option 003 Scanner, the clock controls the elapsed time between the 
initiation of successive scans. 

Specifications 
Character printer: 5 x 7 dot matrix. 
Printing rate: 3 lines per second. 
Line spacing: approximately 2.5 lines per cm. (6 lines per inch). 
Paper advance mechanism: direct drive, stepping motor. 
Paper: thermal sensitive, in rolls (one roll supplied). 
Operating environment: 0°C to 5OoC temperature; 95% relative 
humidity. 
Power: 100, 120,220, or 240 volts, 48 to 440 Hz (50 or 60 Hz only 
for Opt 004), 100 VA. 
Dimensions: half-rack module, 178 mm H x 216 mm W x 356 mm D 
(7” x 8E“ x 14%”). 
Weight: approx. 7 kg (16 Ib) (515OA +1 option). 
MP-IB interface (Opt 001) 
Columns: 20. 
Printed character set: 64 ASCII characters (columns 2,3,4,  and 5 
of ANSI X3.4-1968, except “T” in column 5, row 14). 
Input Logic Levels: TTL (low (0.4 V, high >2.5 V). 
Data format: byte-serial with storage, compatible with HP-IB. 
inhibit (output): holds NRFD lineof HP Interface Bus low following 
receipt of either CR or LF (selectable) until print is completed. This 
interval is approx. 250 ms minimum, or the duration of Option 004 
Clock data print interval with clock in Hold mode. 

BCD interface (Opt 002) 
Columns: 10 (20 columns with two Options 002’s installed). 
Character set: 0 through 9, +, -, V, A, R;and [blank]. 
input logic levels: TTL (low (0.4 V, high >2.5 V). 
Data format: parallel BCD (8421); switch selects + or - true logic. 
Print command: pos. or neg. TTL transition; 2 kQ input impedance. 
Inhibit (output): + or -, same levels as above; remains at  true level 
until print is completed (approx. 250 ms minimum) or during Option 
004 Clock data print interval with clock in Hold mode. 

Scanner (Opt 003) 
Instruments scanned: 1 to 13. 
Cycle time of scan: limited by the slowest of (a) response of instru- 
ments scanned, (b) 3 samples per second, or (c) Data Print Interval 
setting on Option 004 Clock. 
Compatibility: H P  Interface Bus (utilizes ASCII code). 
Identifier: labels data line of each instrument with letters A-M. 
Protect feature: bypasses non-responding instrument after 3 sec. 

Clock (Opt 004) 
Data print interval: selectable by front panel switches: minimum, 
1 s, 2 s, 10 s, 20 s, 1 min, 2 min, 10 min, 20 min, 1 hr. 2 hrs. Print 
interval will be that of input device if it is slower than the selected 
interval. 
Time print interval: selectable by front panel switch, same intervals 
as above (intervals shorter than data interval prevented). 
Time print format: selectable by front panel switch: disabled, same 
as data, or separate line from data. 
Display: six-digit, seven-segment LED display of hours, minutes, sec- 
onds (0O:OO:OO to 235959:); settable via front panel switches. 
Time base: line frequency (50 or 60 Hz, selectable by jumper). 
Operating supplles/accessories Price 
562A-16C General purpose BCD Interface Cable $85 
9281-0401 Roll of paper, 76 metres (box of six) $2.20 
05150-60002 HP-IB Interface Kit $220 
05150-60005 BCD Interface Kit $135 
05 150-60008 Scanner Kit $275 
10533A BCD Interface Cable for 5300A $225 
10631A Interface Bus Cable, 1 metre $60 
10631B Interface Bus Cable, 2 metres $65 
1063 1 C Interface Bus Cable, 4 metres $75 
10631D Interface Bus Cable, .5 metre $60 
Options 
001: HP-IB Interface add$250 
002: BCD Interface add $125 
003: Scanner add $250 
004: Clock add $350 
005: BCD Interface Cable (562A-16C) add $85 
910 Extra manual add $15 
5150A Thermal Printer $900 



10 lineslsec. 
10 columns of data 
4-line f8421 BCD 

RECORDERS, PRINTERS & PLOTTERS 
1 0-column BCD digital printer 

Model 5055A 

5055A 

Description 
Genera? 

The Hewlett-Packard Model 5055A Digital Recorder provides a 
high-performance economical method of making a permanent record 
of digital data. It prints up to 10 columns of data from 4-line BCD 
data sources at rates up to 10 lineslsec. Printing is asynchronous; Le. 
the print cycle starts the instant the external print command is re- 
ceived and requires only 100 ms under any condition. The 203mm 
(8") cabinet width allows for either bench use or side-by-side rack 
mounting, using the H P  Adapter Frame, 5060-0797. The codes of- 
fered are +8421, selectable by a rear panel switch. Each column has 
an individual print wheel with 16 characters-10 numeric and 6 non- 
numeric. Special wheels can be ordered a t  minimal cost. The 5055A 
is supplied ready to print 10 columns of data and accepts TTL com- 
patible integrated circuit logic levels. Leading zeros are suppressed 
when the printer is used with H P  instruments which have blanking. 

Reliability 
Reliability is enhanced by design simplicity; i.e. there are an unusu- 

ally small number of moving parts in the printer. The printer mecha- 
nism, manufactured by Hewlett-Packard, is a modified vesion of a 
mechanism whose reliability and serviceability has been demonstrat- 
ed in other H P  printers for many years. 
Ink or pressure sensitive printing 

The 5055A prints in ink on regular paper or on pressure sensitive 
paper. For ink printing, the mechanism includes a continuously rotat- 
ing ink roller-inherently more reliable than a start-stop ribbon 
mechanism. Paper loading is easy from the front, and when the paper 
runs out an alarm lamp lights and recording stops automatically. An 
output signal is provided for inhibiting the data source. 
Versatile 

Each column has an individual print wheel which can be changed 
independently of the other 9 wheels if a different character set is de- 
sired. This can apply to as many columns as desired. Special print 
wheels can be factory installed or may be field installed a t  a later 
date. Both can be done at a nominal cost. 

TTL logic levels 
Ink or pressure sensitive printing 

Specifications 
Printing 
Accuracy: identical to input device used. 
Print cycle time: 100 ms. 
Printing rate: 10 lineslsec maximum, asynchronous. 
Line spacing: fixed, 1.6 to 2 lines per cm (4 to 5 lines per inch). 
Printing: ink roller or pressure sensitive paper. Pressure sensitive pa- 
per is recommended for operation under extreme temperature. 
Print wheels: 16 positions, numerals 0 to 9, +, -, V, A, 52, *; special 
wheels available. 
Column capacity: supplied complete for 10-column operation. 
Electrical 
Data input: parallel entry, BCD +8421 (selected by rear panel 
switch). 
Blanking: Hewlett-Packard counters with blanking will give insig- 
nificant zero suppression when blanked digits output is (1 11 1). May 
be defeated with rear panel switch. 
Logic levels: high state L+2.4 V, +5 V maximum (open input line 
results in high state); low state 1 + 0 . 4  V (1.6 mA max., low), 0 V 
minimum. 
Print command: line 1-low to high transition causes print (nominal 
1k52 input impedance). Line 2-high to low transition causes print 
(nominal 40052 input impedance). Voltage levels are same as logic 
levels above, and a minimum pulse width of 0.5 ps is required. 
inhibit voltage: (+) inhibit = transition from ( 2 0 , 1 0 . 4  V) to 
(12 .4  V, 1 5 . 0  V) upon receipt of print command. Remains at high 
state until paper advance occurs, approximately 85 ms ( t 5  mA in 
low state). (-) inhibit = inverse of (+) inhibit. 

General 
Operating temperature: 0°C to +50°C with pressure sensitive pa- 
per, +1O"C to +40"C with ink roller. 
Input connector: Amphenol 57-40500-375, H P  Part No. 1251- 
0087, 50-pin female. Mating input cable connector: Amphenol 57- 
30500-375, H P  Part No. 1251-0086, 50-pin male. 
Front panel controls: power switch, power on indicator light, man- 
ual print pushbutton, manual paper advance pushbutton, out-of-pa- 
per light, standbyloperate switch. (Paper loaded from front.) 
Power: 115 or 230 V * lo%, 60 or 50 Hz (two-speed motor pulley 
incorporated), approx. 25 W idle, 55 W at  10 lineslsec. 
Dimensions: cabinet: 154 mm H x 203 mm W x 406 mm D ( 6 3 g  x 
8" x 16"). 
Weight: net, 10 kg approx. (18'4 Ib). Shipping, 8.9 kg (22 Ib). 
Operating supplies/accessories Price 
9260-0071 Ink roller (black) $16.50 
9281-0386 Standard paper 76 metre (250') pad $2.50 
9281-0387 Pressure sensitive paper 93 metre (305')pad $4.50 

10533A Interface Cable for 5300A $225 
5060-0797 Rack adapter frame $55 

Options 
001: 50 Hz operation N I C  

$2100 

002: 562-16C input cable interconnects with 3450B, 
3480C/D, 5326A/B/C, and 8443A 

5055A Digital Recorder 
Supplied with ink roller (9260-0071), one pad standard 
paper (928 1-0386) and one pad pressure sensitive paper 
(9281-0387). Each pad provides two loadings of re- 
corder. 

add $85 



FREQUENCY AMQ TIME STANDARDS 

Standard 
Cesium Atomic Beam Resonator Controlled 
Oscillator. 

Rubidium Gas Cell Resonator Controlled Os. 
cillator. 
Quartz Crystal Oscillator. 

General information 

P M p a l  advanlage 
Beam of free Cesium atoms, spatially state High intrinsic reproducibility and long- 
selected, is subjected to a microwave signal term stability. Designated as primary 
at resonance frequency. standard for definition of time interval. 
Gas buffered resonance cell with optically Compact and light weight. High degree of 

short-term stability. pumped state selection. 
Piezoelectrically active quartz crystal with Very compact, light and rugged. Inexpen- 
electronic stabilization. w e .  

Principal constructii featue 

Hewlett-Packard offers frequency stan- 
dards and clocks which provide accurate fre- 
quency, time interval and timekeeping 
capabilities. Further, Hewlett-Packard stan- 
dards provide means for comparing these 
quantities against national standards such as 
the National Bureau of Standards (NBS) 
and the U S .  Naval Observatory. Units of 
frequency or time cannot be kept in a vault 
for ready reference. They must be generated 
for each use, hence be regularly compared 
against recognized primary standards. 

Frequency standard and clock systems 
manufactured by Hewlett-Packard are used 
for control and calibration at observatories, 
national centers for measurement standards, 
physical research laboratories, missile and 
satellite tracking stations, communication 
systems, radio navigation systems, manufac- 
turing plants and radio monitoring and trans- 
mitting stations. 

Types of frequency standards 
At the present time, three types of frequen- 

cy standards are in common use. These are: 
1. The cesium atomic beam controlled os- 

cillator. 
2. The rubidium gas cell controlled oscilla- 

tor, and 
3. The quartz crystal oscillator. 
Hewlett-Packard is the only manufacturer 

of all three types of frequency standards. Of 
these three standards, the first is a primary 
frequency standard and the last two are sec- 
ondary frequency standards. The distinction 
between a primary standard and a secondary 
standard is that the primary standard does 
not require any other reference for calibra- 
tion; whereas the secondary standard re- 
quires calibrations both during manufactur- 
ing and a t  intervals during use depending on 
the accuracy desired. 

Cesium beam frequency standard 
Cesium beam standards are in use wher- 

ever the goal is a very high accuracy primary 
frequency standard. In fact, the NBS fre- 
quency standard itself is of the cesium beam 
type. The cesium beam standard is an atomic 
resonance device which provides access to 
one of nature’s invariant frequencies in ac- 
cord with the principles of quantum mechan- 
ics. The cesium standard is a true primary 
standard and requires no other reference for 
calibration. 

The H P  Model 5061A and the newer 
5062C are portable cesium beam standards 
proved capable of realizing the cesium tran- 
sition frequency approaching levels of accu- 
racy and long term stability achieved by 
large-scale laboratory models. Recent beam 
tube improvements have made the short- 

Stability is specified in two ways. Long 
term stability refers to slow changes in the 

tY. 
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racy. 
Short-term stability refers to changes in 

frequency over a time sufficiently short so 
that change in frequency due to long term ef- 
fects is negligible. 

Since short-term stability is a very broad 
term, it may refer to a number of different 
measurement methods and types of instabil- 
ity. In order to be clear when testing or speci- 
fying frequency standards, there are two 
classes of variations and two classes of mea- 
surement methods to be considered. The two 
classes of frequency variation are random, 
and non-random (or systematic, periodic, 
discrete, secular). The two classes of mea- 
surement are time domain (example: two 
sample deviation) and frequency domain (ex- 
ample: spectral density). Each of these mea- 
surement methods responds to both random 
and non-random variations. 

Time domain 
The subcommittee on Frequency Stability 

of the Technical Committee on Frequency 
and Time of the IEEE Group on Instrumen- 
tation and Measurement* has established a 
standard method of measuring frequency 
stability in the time domain as the rms of the 
differences between adjacent pairs of fre- 
quency measurements, normalized, called 
the two-sample-deviation (also square root of 
Allan variance). Figure 1 is a comparison of 
the two-sample-deviation of various frequen- 
cy standards. 

Frequency domain 
In a frequency domain measurement, the 

spectrum of phase or frequency variations 
can be plotted, hence the term, spectral puri- 
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Figure 1. Time Domain stability of various 
standards. 

Spectral purity is the degree to which a sig- 
nal is coherent, or, expressed in another way, 
a single frequency with a minimum of side- 
band noise power. It is very desirable to have 
high spectral purity in a standard signal. This 
is especially imporant in applications where 
the standard frequency is multiplied to very 
high or microwave frequencies (so that the 
frequency spectrum of the multiplied signal 
will be reasonably narrow). 

The signal and its frequency spectrum are 
analogous to a frequency modulated wave 
where the total power is constant. If the fre- 
quency multiplying device is broadband, the 
ratio of the total sideband power to the signal 
power increases as the square of the multi- 
plying factor. With frequency multiplication 
the signal-to-noise ratio will be degraded 6 
dB per octave and 20 dB per decade. 

Frequency Domain measurements respond 
to both random and non-random variations, 
but in many cases, the effects are more read- 
ily separated and identified. For example, 
clearly separate measurements can be made 
of white noise combined with discrete spec- 
tral components (“bright lines”). 

The recommended specifications for the 
frequency domain are S and SG. The widely 
used a? or single-sideiand phase-noise-to- 
signal-ratio is, for low modulation index, one 
half of S,#, (or S (f)- S,#, (f) -3 dB). 

Hewlett-Packard oscillators are designed 
to give high spectral purity. Figure 2 shows 
the performance of the H P  5061A, Opt. 004 
Cesium Beam Atomic Frequency Standard. 

Frequency standards and clocks 
Frequency standards and clocks have no 

fundamental differences-they are based 
upon dual aspects of the same phenomenon. 
Time and frequency are intangible quantities 
which can be measured only with respect to 
some physical quantity. The basic unit of 
time, the second, is defined as the duration of 
9,192,631,770 periods of transition within 
the cesium atom. Conversely an unknown 
frequency is determined by counting the 
number of cycles over the period of a second. 
The Master Clock at the U.S. Naval Obser- 
vatory, one of the world’s most accurate 
clocks, is made of an ensemble of more than a 
dozen Hewlett-Packard cesium beam fre- 
quency standards. The USNO directly con- 
trols the distribution of precise time and time 
interval (frequency) from Naval radio sta- 
tions, Loran-C (operated by U S .  Coast 
Guard), Omega and Satellite Navigation 
Systems. Hewlett-Packard portable cesium 
standards, “flying clocks,” are used to peri- 
odically check the synchronization between 
these stations and the Master Clock. 

Hewlett-Packard cesium beam standards 
are widely used to drive precision clocks be- 
cause of the extremely good long-term stabil- 
ity and reliability of this primary standard. If 
a quartz oscillator or other secondary stan- 
dard is used, it must be evaluated for rate of 
drift and be corrected periodically. 

Time scale 
The time interval of the atomic time scale 

is the International Second, defined in Octo- 
ber 1967 by the Thirteenth General Confer- 
ence of Weight and Measures. Since January 
1972 the frequency offset between UTC and 
Atomic Time has been zero and the UTC 
time scale is kept in synchronism with the ro- 
tation of the earth to within eO.9 second by 
step-time adjustments of exactly 1 second, 
when needed. 

The U S .  National Bureau of Standards 
(NBS) and USNO provide the official basis 
for Standard Time for the United States. The 
UTC signal is broadcast from the NBS sta- 
tions WWV and WWVB and by several oth- 
er stations throughout the world. (See 
Hewlett-Packard Application Note 52-1, 
Fundamentals of Time and Frequency Stan- 
dards, for a list of stations broadcasting time 
signals). 
Standby power supplies 

Minimum down-time, important for any 
system, is vital to a time standard. Its worth 
depends directly on continuity of operation. 
Noninterrupted operation is also important 
to ultra-precise quartz oscillators. 

Hewlett-Packard standby power supplies 
ensure continued operation despite line inter- 
ruptions, and operate over a range of ac line 
voltage to supply regulated dc to operate fre- 
quency standards and frequency dividers and 
clocks. The batteries in the supplies assume 
the full load immediately when ac power 
fails. 
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Figure 2. 5062C Phase Noise 

OFFSET FROM SIGNAL (HERTZ) 

Hewlett-Packard time and 
frequency standard 

The Hewlett-Packard House Standard at 
the Santa Clara Division consists of an en- 
semble of four Hewlett-Packard Cesium 
Beam Standards each with the Option 004 
High Performance Tube. 

The standard is compared to the U.S. Na- 
val Observatory Master Clock in Washing- 
ton, D.C. by means of Loran C and TV Line 
10 measurements through the USASTRAT- 
COM satellite system. It is also compared 
with the U S .  National Bureau of Standards 
Frequency Standard (NBS FS) a t  Boulder, 
Colorado by means of Loran-C through the 
Naval Observatory. The frequency uncer- 
tainty of the standard is within a few parts in 
1013 with respect to the standards maintained 
by the NBS and the USNO. 

Time is maintained relative to the Naval 
Observatory and the National Bureau of 
Standards master clocks to an accuracy of 
better than 2 2.5 microseconds. This accura- 
cy is verified with flying clock trips from the 
Naval Observatory to both Hewlett-Packard 
Santa Clara Division and Hewlett-Packard 
Geneva. Both locations have been designated 
U S .  Naval Observatory Time Reference 
Stations. 



FREQUENCY & TIME STANDARDS 

MULTIPLIER REFERENCE +I-) OSCILLATOR 

Atomic frequency standards 
Models 5061A, 5062C, 5065A 

FREQUENCY 
CONTROL 

506 1 A 
Primary s tandard ,  f 1 x 10-11 accuracy 

0 Proven reliability 
World-wide usage 5061A, Opt  004 

5061A, Opt 004 
Accuracy f 7 x 10-12 
Settability f 1 x 10-13 
Shor t  term 5 x 10-12 (I sec avg) 

506 I A 

Introduction 
Hewlett-Packard Atomic Frequency Standards have become the 

world-wide standards for frequency and time keeping since the intro- 
duction of the 5060A Cesium Standards in 1964. With the introduc- 
tion of the 5062C, the user now has a choice of four different 
frequency standards to satisfy a wide variety of applications: 

1) 5061A Cesium Beam Frequency Standard. This standard with 
an accuracy of k 1 x lo-" was introduced in 1967 to replace the 
5060A. The high accuracy and excellent reliability of these units have 
gained world-wide acceptance of H P  frequency standards. 

2) 5061A with Option 004 High Performance Cesium Beam Tube. 
With the uniquedesign features in this improved Cesium Beam Tube, 
the 5061A accuracy is ? 7 x 10-Qand short term stability is immoved 
by a factor of 10. 

3) 5062C Cesium Beam Frequency Reference. This unit with its 
small cesium beam tube is designed for on-line system applications 
where a rugged primary standard is required 

4) 5065A Rubidum Frequency Standard. This instrument features 
excellent long and short term stability performance at approximately 
one-half the cost of a cesium standard. 

The units are described in detail on the following pages and the 
specifications are combined in a table to facilitate the comparison and 
selection of the best unit to suit the user's application. 

Principles of operation 
The basic block diagram of both cesium and rubidium standards is 

the same (see Figure 1). The output of the 5 MHz crystal oscillator 

INTEGRATOR PHASE 
DETECTOR 

PREAMP 
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ATOMIC 

RESONATOR 

PHASE MOD 

5 MHz t 
Figure 1. Block diagram of atomic frequency standards. 

is multiplied and synthesized to the atomic resonance frequency 
(6834+ MHz for rubidium and 9192+ MHz for cesium). The signal 
is frequency modulated to sweep through the atomic resonance fre- 
quency causing the beam intensity in the cesium tube or transmitted 
light through the rubidium cell to vary. The output signal is amplified 

f 

and through a phase detector controls the frequency of a low noise 5 
MHz quartz crystal oscillator. The oscillator provides the 5 MHz out- 
put. Dividers produce 1 MHz and 100 kHz outputs. 

The invariant resonance frequency of the cesium atoms passing 
through the microwave cavity maintain the output frequency of the 
cesium standard constant to extremely high accuracy. The accuracy 
is in part a function of the microwave cavity length and is highest in 
the 5061A with the long cavity of the high performance beam tube. 

In the rubidium standard a buffer gas is required to reduce colli- 
sions between the rubidium atoms in the gas cell and the resonant 
frequency varies slightly with the pressure of the buffer gas. As a 
result, the rubidium standard has to be calibrated and the frequency 
drifts slowly with time because of small changes in gas pressure and 
other effects within the rubidium cell and lamp. Offsetting this disad- 
vantage are: 1) high signal-to-noise ratio of the rubidium cell output 
which results in excellent short term stability and; 2) a lower cost 
standard because of the simpler rubidium cell and associated elec- 
tronics. 

Each of the instruments has front panel controls, a circuit check 
switch and meter for monitoring performance. These and other con- 
trols are protected by a panel door. Front panel lights indicate any 
interruption of continuous operation and that the crystal oscillator is 
locked to the atomic resonance. 
Applications: starting with their initial usage as reference standards 
in national laboratories the applications of H P  atomic standards have 
expanded to include use in operational systems such as the Loran C 
and Omega navigation transmitters, satellite tracking and guidance 
stations, very long base line interferometers, navigation receivers 
based on direct distance measurement (Loran Rho-Rho), geophysical 
survey positioning systems and communications systems. Precise tim- 
ing for frequency control is required for some secure communications 
systems and to improve efficiency of PCM and spread spectrum sys- 
tems. 
Cesium standard accuracy: the cesium beam standard is a primary 
frequency standard. A cesium beam tube carefully constructed along 
with the required supporting electronics will, when independently 
aligned, put out the correct frequency within very narrow limits. The 
frequency spread of the output for over 250 independently aligned 
5061A standards with the standard beam tube is shown in Figure 2. It 
can be seen from this data that the frequency perturbations in the 
standard beam tube are so small that all the units are within f 5  x 
lo-'' of each other and of NBS frequency. The one sigma standard 
deviation is 1 x lo-'* between units. This performance is intrinsic to 
the 5061A and is achieved without calibration. The absolute accura- 
cy, intrinsic reproducibility and absence of any perceptible long-term 
drift or aging are important advantages of cesium standards and as- 
sure that the output frequency of a cesium standard is always within 
the specific accuracy. 
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Figure 2. Frequency of independently aligned 5 0 6 1 A  Cesium 
Beam Standards with standard beam tube. 

5061A Cesium Beam Standard 
The first Hewlett-Packard Cesium Beam Standard, the 5060A, 

was introduced in 1964. This was followed in 1967 with the improved 
5061A and in 1973 with the high performance beam tube option for 
the 5061A. Since this time the accuracy and reliability of Hewlett- 
Packard cesium beam standards has been demonstrated and these 
standards have become the world-wide standard for frequency and 
time keeping. The 5061A has provision for an optional digital divider 
and reliable, easy-to-read LED clock (Option 001) and for a battery 
with 1/2 hour standby power capacity with automatic charging (Op- 
tion 002). 
Reliability and Warranty: over 60 million operation hours have 
proven the performance and reliability of Hewlett-Packard cesium 
beam standards in various world-wide applications. The units have 
provided dependable microsecond accuracy in aircraft, ship and fixed 
environments. 

A three-year warranty on the 5061A and the standard cesium beam 
tube is provided as a result of proven field reliability over an extended 
period. This warranty includes replacement of the cesium beam tube 
if it should fail within the warranty period. Typically, beam tube life 
has been in excess of four years. 

5061A with Opt 004, High Performance Cesium Beam 
Tube 

The Hewlett-Packard Model 5061A primary frequency standard 
with the Option 004 Cesium Beam Tube offers increased stability and 
accuracy in the instrument which has become the worldwide standard 
of frequency and time keeping since its introduction in 1967. Im- 
provements in magnetic shielding, ruggedization and environmental 
performance permit improved performance and expansion of naviga- 
tion and communication systems that have been made practical by 
the 5061A. 

The design concept of the high performance beam tube includes 
unique H P  designed dual beam optics with higher beam intensity to 
accomplish better short term stability and greater immunity to effects 
of shock and vibration. A 50 percent increase in resonance cavity 
length without change in the overall beam tube size contributes to 
better accuracy and settability because of the high Q of the narrower 
resonant line width. This tube retains the unique cesium standard fea- 
ture of virtually no long term instability or aging. 

The intrinsic accuracy is improved to zk 7 x 10-’2 which provides an 
excellent reference standard without need of calibration. If desired, as 
in many timekeeping applications, two or more units may be calibrat- 
ed to determine the difference in rate or may be adjusted to the same 
frequency. With the improved settability specifications of 1 x lO- l3  

small changes in frequency are accomplished rapidly and accurately. 
A provision for degaussing the tube without adversely affecting the 
instrument operation allows removal of any residual magnetic field in 
the tube. This is important in achieving the settability performance. 

The short term stability specification is improved by a factor of ten 
with the new tube. The 5 x 10-12 (1 sec avg.) performance compares 
very favorably with that of rubidium type standards which are noted 
for their excellent short term stability. An important advantage from 
the better short term stability is the capability to make measurements 
to 1 sigma precision of 1 x 10-12 in about one minute compared to the 
two hours required previously. The 5061A with the Option 004 High 
Performance Tube has the same high reliability as the 5061A with 
the standard tube. The new high performance tube is warranted for 
14 months (10,000 hours) and is designed to have the same long life 
as the standard tube. 

10653BlC Retrofit kit 
The high performance beam tube may be installed in place of 

the standard tube in existing H P  5061A Cesium Standards. The 
10653B/C Kit includes the new tube and the parts necessary for in- 
stallation. Further information on the 10653B/C Retrofit Kit is 
available from H P  Sales Offices. 

10638 Degausser 
The Model 10638A Degausser is designed for use with the Option 

004 High Performance Beam Tube to achieve settability of f 1 x 
IO-l3 and reproducibility of ? 3 x 10-l2. The degausser removes resid- 
ual magnetic fields in the beam tube which slowly decay and cause a 
small frequency change. The degausser should be used when initially 
setting up the 5061A with Option 004 or after the instrument has 
been moved or adjusted. 

10810AlB LED Clock Kit 
The LED clock readout is available as a retrofit kit to replace the 

mechanical clock used in earlier models of the 5061A and in the 
5065A Rubidium Standard. 

E21-506lA Flying Clock 
The E21-5061A consists of a 5061A Cesium Beam Standard with 

Option 001 LED Clock and K02-5060A Power Supply joined togeth- 
er to make one portable unit. The power supply, which can be operat- 
ed from 6 or 12 V dc, 24 to 30 V dc, or 1 15/230 V f IO%, 50 to 400 
Hz, will provide approximately 7 hours standby power (from sealed 
nickel-cadmium batteries) for the 5061A Cesium Beam Standard. . 

This wide range of operating power capabilities enable the E21- 
5061A to operate on local power in virtually any country in the world. 
Operation is approved aboard commercial aircraft. The seven hours 
standby capability make it possible to travel where there is no power 
available and, of course, allow the E21-5061A to conveniently be 
transported between power sources and operated in almost any air or 
surface vehicle as a “flying clock” (see Hewlett-Packard Journal, 
August 1966 and December 1967). 

The Option 004 tube, because of the improved shielding, offers a 
significant increase in accuracy under the varying earth’s magnetic 
field conditions experienced by flying clocks and is a desirable addi- 
tion to the E21-5061A. In addition, the better short term stability 
permits more accurate and rapid comparison of standards. The Op- 
tion 002 Battery may also be added to increase standby capability. 



FREQUENCY & TIME STANDARDS 
Atomic frequency standards 
Models 5061A, 5062C, 5065A (cont.) c.; ,:$:* j 

Primary frequencyltime reference 
Fast warm-up 
Rugged, reliable 

5062C 

5062C Cesium Beam Frequency Reference 
The Model 5062C Cesium Beam Frequency Reference is a rugged 

and compact precision oscillator designed for use in surface and air- 
borne systems such as shipboard navigation systems and air transport 
communication systems. It combines the precision of a laboratory pri- 
mary standard with the rugged, compact features required for on-line 
system operations in the extreme environments sometimes encoun- 
tered in ships and aircraft. 

Features important for system operation are the expanded operat- 
ing temperature range (-28°C to +65"C), 20 minute warm-up, fre- 
quency accuracy of within If: 3 parts in 10" (including temperature 
and magnetic field effects) with negligible long-term drift and no 
need for calibration. 

The basic design of the Model 5062C is patterned after that of the 
Hewlett-Packard Model 5060A and the 5061A Cesium Beam 
Clocks, but this rugged unit is 25% smaller in size. Yet, space is pro- 
vided for an optional clock and standby batteries. Other features such 
as special output frequencies or a time code generator may be added. 
The key to the smaller size is a small, rugged cesium beam tube. This 
tube, approximately six inches long and four inches diameter, in- 
cludes all the features of the sixteen inch tube used in the H P  5061A 
to insure high accuracy and stability plus long life. In addition, multi- 
ple cesium beams assure accuracy under the shock, vibration and ac- 
celeration encountered in operating systems. 

Compact electronics compliment the small beam tube in accom- 
plishing the 5062C design. Plug-in keyed printed circuit cards assure 
ease of maintenance. Particular attention has been given to both the 
electronics and mechanical design to the temperature, shock and vi- 
bration encountered in system applications. The resulting rugged de- 
sign assures stable operation under extreme environmental 
conditions. The 5062C meets many of the requirements of MIL-E- 
16400 specification for ship and shore equipment. These include the 
wide operating temperature range, the 400 pound hammer blow 
specified by MIL-S-901 and the Type I shipboard vibration of MIL- 

With minor circuit additions the rugged, commercial, design of the 
5062C meets the operating requirements of military specification 
MIL-F-28811 (EC). The nomenclature, 0-1695/U has been assigned 
to this version of the inetrument which is identified as the 5062C, 
Option 010. The added features are described below. 

Reliability: the unit incorporates conservatively designed circuits to 

STD-167-1 (4-50 Hz). 

insure reliability. Similar designs in the 5061A Cesium Beam Stan- 
dard have demonstrated mean time between failures (MTBF) in ex- 
cess of 40,000 hours in laboratory environments. 

Ease of maintenance was included along with reliability and rug- 
gedness as design goals of the 5062C. The front panel circuit monitor- 
ing switch and meter permit checks for proper operation and 
monitoring of critical functions. In the event of a malfunction, troub- 
leshooting is simplified by well marked test points on the circuit cards 
and mother boards. Board extenders permit access to individual 
boards while operating. The circuit boards are keyed to assure that 
they are properly located. The few board adjustments are readily ac- 
cessible when the instrument covers are removed. The 5062C is sup- 
plied with pivot slides for easy access when the unit is rack mounted. 
All these features simplify troubleshooting and minimize mean time 
to repair (MTTR) in the event of failure. 
Options: the 5062C is designed to include clock and battery options 
and space is available to add other features required to meet systems 
requirements. Special output frequencies, time code generators, and 
additional buffered outputs may be added. The following standard 
options are available. 
Option 001 Digital Clock: this option adds a front panel LED dis- 
play of hour, minutes and seconds. A digital divider generates one 
pulse-per-second from 5 MHz. This master pulse may be synchro- 
nized to a reference pulse. The digital clock and the clock 1 PPS are 
adjustable in phase with respect to the master pulse in 0.1 micro- 
second steps. 
Option 002 Standby Battery: the sealed gelled-electrolyte battery 
provides a minimum of one hour standby a t  25°C after full charge. 
The battery is automatically recharged after use. When external pow- 
er fails, the standby battery assures continuous output without inter- 
ruption. 
Option 003 Dlgital Clock and Standby Battery: this option com- 
bines Option 001 and 002. 
Option 010 Time-code Generator: this option includes the Option 
001 Digital Clock and Option 002 Standby Battery along with other 
special features required to meet the operating requirements of the 0- 
1695/U Frequency Standard, Cesium Beam in accordance with Mili- 
tary Specification MIL-F-2881 l(EC). These include a time code 
generator, four one-pulse-per-minute outputs, additional 5 MHz out- 
puts, added RFI shielding and special rear panel and mating connec- 
tors. The rugged design of the 5062C meets the environmental 
requirements of the military specification. 



Compact ,  low-price atomic s tandard  
Long te rm drift rate (1 x 1 0 - l l / m o  
Shor t  t e r m  stability (5 x 10-13 ( 1 0 0  sec avg)  

5065A Rubidium frequency standard 
The HP Model 5065A is an atomic-type secondary frequency stan- 

dard which uses a rubidium vapor resonance cell as the stabilizing 
element. As a result, it has long term stability of better than 1 x IO-” 
per month which exceeds that of high quality quartz oscillator fre- 
quency standards by 50 to 100 times. Furthermore, it has excellent 
short term stability. These features contribute to its desirability as a 
coherent signal source, as a master oscillator for radio and radar sys- 
tems where special requirements for stability and/or narrow band- 
width must be met, as a precision time keeper where the better 
performance of a cesium beam primary standard is not required, and 
as a house frequency standard for improved accuracy with fewer 
NBS calibrations compared to that required with quartz standards. 

Front panel controls and circuit check meter of the 5065A are pro- 
tected by a panel door. The magnetic field control provides fine fre- 
quency adjustment with which the frequency can be set to a precision 
of better than 2 x 10-’2 without reference to a chart. The 5 MHz low 
noise quartz oscillator is phase locked to the atomic frequency and 
provides the standard 5 MHz, 1 MHz, and 100 kHz outputs. The 
circuit check meter with selector switch monitors key voltages and 
currents for routine maintenance readings, calibration procedures, 
and fault finding. 

The 5065A is designed for assured operation-to give the user con- 
fidence that the standard output signals are correct and locked to the 
atomic frequency. Logic within the unit maintains power to a “con- 
tinuous’’ operation light on the front panel. I f  operation is interrupted, 
even momentarily, for any reason the light goes out and stays out 
until manually reset. An integrator limit light warns when the fre- 
quency correcting servo loop is approaching the limit of its dynamic 
range. 

The HP Model 5065A is contained in a small sized package and is 
lightweight in comparison to a cesium beam standard. Additionally 
the rubidium resonance cell is much more frequency stable than 
quartz oscillators while subjected to shock and vibration, EMC, hu- 
midity, and magnetic field effects. 
Reliability and warranty: the most significant module in the H P  
5065A in terms of performance is the Rubidium Vapor Frequency 
Reference (RVFR). This temperature controlled, magnetically 
shielded unit includes the Rb gas cell and a photo sensitive detector 
designed for maximum possible reliability. Field experience, includ- 

ing several million hours of operation, have demonstrated this reli- 
ability and the module is now warranted for a period of three years. 
This increased warranty protects the owner in the event of random 
failure. 

The Option 001 Digital Clock has an easy to read LED time-of-day 
display. The olive black upper panel provides a dark background 
around the readout for excellent contrast and readability. Initial 
clock setting is accomplished by means of pushbuttons easily accessi- 
ble by removing the top cover. The LED display offers high reliabil- 
ity, freedom from errors due to mechanical shock, and performance 
over the full environmental range of the 5065A. A sync button on the 
digital divider permits automatic synchronization of this 1 PPS pulse 
to an external pulse. The clock 1 PPS is adjustable in decade steps 
from 1 ps to 1 s, with respect to the synchronized reference, with 6 
thumbwheel switches. A screwdriver adjustment allows fine continu- 
ous adjustment over a range of 1 psec. 

To conserve battery power, the display is not illuminated when ac 
power is not available. A STANDBY READ pushbutton below the 
display is used for readout when operating on the internal battery or 
external dc. 

The LED clock readout is available as a retrofit kit, H P  Model 
10810A/B, to replace the mechanical clock in earlier models of the 
5065A. Contact your Hewlett-Packard sales office for full details. 

The Option 002 Standby Battery provides the 5065A with a mini- 
mum of I O  minutes standby power at 25°C. Switchover from line to 
battery is automatic so there is no interruption of operation if ac line 
power should fail. A front panel ac interruption light warns when ac 
power has failed or has been disconnected. Fast or float charging 
rates may be selected when ac power is available. 

The Option 003 combines the Option 001 Clock and Option 002 
Battery and should be specified if both Options 001 and 002 are re- 
quired. 
E21-5065A Portable time standard 

E21-5065A Portable Time Standard is a complete system for preci- 
sion timekeeping and for transporting time from one location to an- 
other. It consists of the 5065A Rubidium Standard with digital clock 
and divider (Option 001) and the K02-5060A Power Supply with 6 or 
more hours standby capability. The component units are held togeth- 
er by side bars, and the interconnecting cables are protected by a back 
cover. 



FREQUENCY & TIME STANDARDS 
Atomic frequency standards 

5062C 

Models 5061A, 5062C, 5065A (cont.) 
p'", >; 

5 0 6 5 1  

Specifications 

Cesium 

IllStnnnent: 
Type of Standard 

Accuracy: maintained in magnetic field to 2 gauss 
Cesium 

and over temperature range of: 
S tab i l i t y :  

Cesium 

+3  x 10-11 
-28°C to  +65"C 

Long Term: 
Short Term 5 MHz? Averaging time: 0.01 sec 

1 sec 
10 sec 

100 sec 

SSB Phase Noise 
Signal (1 Hz BW) 
Off set from signal: HZ: 10-3 

10-2 
10-1 
0 

101 
102 
103 

Rubidium 

1 Reproducibil i ty 

f 7 x 10-12 
0 to 50°C 

* 3 x 10-m) 
1.5 x 10-10 
5 x 10-12 
2.7 x 10-12 
8.5 x 10-13 

-28 dB 
-48 dB 
-68 dB 
-96 dB 
-120 dB 
-125 dB 
-140 dB 

Setta b i l i  t y  (frequency): 

DC Magnetic Field Stability: 

f l  x 10-11 
0 to 50°C 

f 5 x 10-12'" 
1.5 x 10-lO 
5.6 x 10-11 
2.5 x 10-11 
8 x 10-12 

-8 dB 
-28 dB 
-48 dB 
-82 dB 
-120 dB 
-125 dB 
-140 dB 

Warm-up: 

Simnoidal Outputs: 
Output Voltage 

Harmonic Distortion: (below rated output) 
Non-Harmonic related output: (below rated output) 
Under vibration or I C  Mae F ie ld  

f 1 x 10-""' 
4 x 10-10 
7 x 10-11 
2.2 x 10-11 
7 x 10-12 

-6 dB 
-26 dB 
-46 dB 
-14 dB 
-114 dB 
-134 dB 
-144 dB 

f 1 x 10-11 
f 2  x 10-12 

Signal-to-Phase Noise Ratio in 30 kHz noise BW (1 and 5 MHz): 

Environmental 

f 1 x lO-ll/month 
1.5 x 10-10 
5 x 10-12 
1.6 x 10-12 
5 x 10-13 

-25 dB 
-52 dB 
-72 dB 
-93 dB 
-120 dB 
-126 dB 
-140 dB 

+-2 x 10-12 

Temperature, operating with Option 001,002 or 010") 
Freq. change from 25OC: 

with Option 001: 
wi th  o o t i i  002 or o1Ol4) 

20 Min. 

M d i t y ,  operating: 95% up to 
Altitude, operating: 

Max. freauencv chanee: 

1 x 10-lO 1 hr. 
5 x lo-" 4 hrs. 

>40 dB 
>80 dB 
>60 dB 
>87 dB 

>40 dB >40 dB >40 dB 
>80 dB >80 dB >80 dB 
>60 dB >60 dB >60 dB 
>87 dB >87 dB >87 dB 

+2 x 10-13 
2 Gauss Field 

30 Min. 45 Min. 

f 2  x 10-12 
2 Gauss Field 

-40°C to 75°C 
-40°C to 75°C 
-40°C to 50°C 

-40°C to 75°C -62°C to 75°C -40°C to 75°C 
-40°C to  75°C -40°C to 75°C 
-40°C to 50°C -40°C to 50°C 

-40°C to 75°C 
-40°C to  60°C 

t 2  x 10-12 I t 5  x 10-12 ~. 

2 Gauss Field I 1 Gauss Field 

At -28°C I At 25°C 

0 to 50°C 
t 5  x 10-12 

-28 to  +65"C 
(2 x lo-" 

40°C I 40°C I 50°C [ 40°C 
40,000 Ft. I 40.000 Ft. I 50,000 Ft. I 40,000 Ft. 
2 x 10-12 I 2 x 10-12 I 5 x 10-12 I 2 x 10-11 

NOTES 
(1) 
(2) 

F w  life of beam tube 
Short-term stability for the WIA with both standard and high performance tubes is given for 
the normal loop time conatant. For improved shorbterm stability in controlled environments 
the long time constant may be used. 

(3) With 10838 Degausser. 
(4) W 2 C  onlv. 





FREQUENCY & TIME STANDARDS 

r b c )  

Quartz frequency standards 
Models 105A/B 

oAf/f ( 2 . ~ )  I oAtt?.+)sec I 

High spectral purity 
Well-buffered outputs 
Aging (5 x per day 

10-1 

Models 105A and B Quartz Oscillators provide state-of-the-art 
performance in precision frequency and time systems because of their 
excellent long and short term stability characteristics, spectrally pure 
outputs, unexcelled reliability, and ability to operate under a wide 
range of environmental conditions. They fill a need for a small and 
economical yet highly stable precision quartz oscillator for frequency 
and time standards. Both models can be operated from the ac line; the 
105B has a built-in 8-hour standby battery for uninterrupted oper- 
ation should line power fail. Both have 5 MHz, 1 MHz and 100 kHz 
buffered sinusoidal outputs with excellent short term stability (5 
parts in 10’2 rms for 1 s averaging time) and aging rate ( t 5  parts in 
1010 per day). 

The 1050A/B features rapid warm-up. Typically, the oscillator will 
be within 1 part in IO9 of the previous frequency in 30 minutes after 
an “off” period of 24 hours. The basis of these oscillators is an ex- 
tremely stable 5 MHz, 5th overtone quartz crystal developed by Hew- 
lett-Packard. New technologies in the crystal mounting and 
packaging have resulted in a cleaner crystal which in turn has a lower 
aging rate. The crystal, oscillator and AGC circuit are all enclosed in 
a proportional oven which reduces the temperature effects on these 
components and circuits. 

The 68 mm x 68 mm x 137 mm (2.7” x 2.7“ x 5.4”) package contain- 
ing the oven enclosed crystal oscillator with AGC circuit and buffer 
amplifier are available separately as a component oscillator, the K07- 
105A, for use in equipment where a high quality 5 MHz source is 
required. Details are available from Hewlett-Packard sales offices. 

Particular care was taken to provide a spectrally pure 5 MHz out- 
put which, when multiplied high into the microwave region, provides 
signals with spectra only a few cycles wide. Spectra less than 1 Hz 
wide can be obtained in X-band (8.2 to 12.4 GHz). The stability and 
purity of the 5 MHz output make it suitable for doppler measure- 
ments, microwave spectroscopy, and similar applications where the 
reference frequency must be multiplied by a large factor. 

1.5 x lo-” 1.5 x 10-12 

100 

I 10-2 I 15 x in-fo I i ~ l ~  in-12 I 

5 x lo-= 5 x 10-12 

1058 

Temperature: (2.5 x 10-9 total change 0°C to 50°C. 
Load: -t 2 x lo-” open to short circuit, 500 R, L or C load change. 
Supply voltage: + 5 x IO-” for 22-30 V dc from 26 V dc reference 
and for 115/230 V * 10%. 
Warm-up (at 25°C): to within 1 x IO-’ of previous frequency in 15 
min., 1 x 10-8 in 20 min., 1 x 10-9 in 30 min. 

Harmonic: >40 dB. 
Non-harmonic: >SO dB. 

Distortion (5 MHz, 1 MHr, 100 kHz) below rated output 

Signal-to-noise ratio: for 1 and 5 MHz, >90 dB in a 30 kHz noise 
BW (5 MHz output filter BW is approximately 100 Hz). 
Frequency adjustments 

Fine: 5 x 10-8 range with digital dial reading parts in 1010. 
Coarse: 1 x 10-6 front panel screwdriver control. 
Phase locking: external +5 V to -5 V allows >2  x 10-8 frequency 
control for locking to external source. 

Temperature, operating: 0°C to +50°C. 
Temperature, storage: -40°C to +75”C (+50” for 105B). 
Altitude: 15.24 km (50 000 ft.). 

Environmental 

Shock: MIL-STD-167 and MIL-T-21200 (30 Gs). 
Vibration: MIL-STD-I67 and MIL-T-21200. 
Electromagnetic compatibility (EMC): MIL-1-6181 D. 
Standby supply capacity: model 105B only, 8 hours a t  25°C ambi- 
ent temperatures. 
Power requirements: 115/230 V * 10%. 50-400 Hz at 17 W (70 
W warm-up) for 105A. For 105B add 1 W for float charge and 12 W 
for fast charge. 22-30 V dc at 6.4 W (10.3 W warm-up). 
Size: 88 H x 425 W x 286 mm D (3l?&’’ x 16%” x 11%”). 
Weight: 105A-net, 8 kg (16 Ib). Shipping, 10.5 kg (23 Ib). 105B- 
net, 1 1  kg (24 Ib). Shipping, 14 kg (31 Ib). 

Options 
908: Rack Flange Kit 
910 Extra manual 

Ordering information 
105A Quartz Oscillators 
105B Quartz Oscillators 

Price 
add $10 

add S 10.50 

$3000 
$3500 



Excellent spectral purity 
Lowpower  
Fast warm-up 

FREQUENCY & TIME STANDARDS 
Component Oscillators 

Model 10544A/B/C 

High reliability 

Rugged 
Compact 

PHASE NOISE 
80 I- 

I 10544BlC 

2 
I? 
v) 

I IO 100 1.000 10.000 

OFFSET FROM CARRIER (Hz) 

The 10544 Quartz Crystal Oscillators were developed by Hewlett- 
Packard to meet the needs for compact, high stability oscillators in 
test equipment and systems. Their excellent short-term stability and 
high spectral purity are especially desirable in applications where 
multiplication and synthesis are used to generate microwave frequen- 
cies. Rugged construction and high quality components assure high 
reliability and optimum performance. With the extremely low aging 
rate of these oscillators, significant cost savings can be realized at the 
end user by reducing the frequency of calibration needed to stay with- 
in FCC accuracy requirements. 

The crystal for the oscillator is supported in a new rugged mounting 
in a cold-welded, high bake-out enclosure. The housing around the 
crystal enclosure is massive with high thermal conductivity which 
contributes both to rapid warmup and excellent temperature stability. 
The oscillator, AGC amplifier and oven control circuits are all inside 
a thermally insulated oven. Rigid plastic foam with extremely low 
thermal conductivity is used to provide thermal insu’lation and firm 
mechanical support for the oven enclosure. 

The 10544A has low power consumption because of the use of a 
switching regulator in the oven controller circuits. The 10544B/C 
uses a dc oven controller which requires a little bit more power but 
results in better phase noise and short-term stability specifications. 
The 10544C has provisions for shock mounting and uses SMB snap- 
on rf connectors for the 10 MHz output and for the EFC input, versus 
PC-board connectors in the A and B versions. Other differences are 
listed in the specification section. 

The 10544 oscillators are ideally suited for use in communication 
and navigation systems, synthesizers, time-code generators, counters 
and spectrum anlyzers. The 10 MHz output frequency is a convenient 
starting point since it is easily divided or multiplied. 

A screwdriver adjustment through the top of the oven enclosure 
permits frequency adjustment over a range of 2 x 1 0 6  (20 Hz), yet the 
control is sensitive enough to allow adjustment to better than 1 x l o 9  
(0.01 Hz). Frequency can also be controlled electronically over a 1 
Hz range with an externally applied voltage. 

Specifications 
10544A 10544B / C 

Output: 10 MHz 10 MHz. 
1.0 -t 0.2 V rms 

Impedance: 1000 n 50 

Aging rate (after 24-hour warmup): <5 x IO-lO/day. 
Short term stability: 
Averaging time(s) 

0.6 ? 0.1 V rms 

I 0-4 5 x 10-8 1 x 1 0 8  
103 5 x 10-9 I x 10-9 
10-2  5 x 10-10 1 x 10-10 
IO-’ 5 x 10”  1 x 10-1’ 
1 00 1 x 10”  1 x 10-1’ 
10’ 1 x IO-” 1 x 1 0 ”  
1 02 2 x IO-” 2 x IO-” 

Temperature: 
Load: < 5  x 10-10 (5 x 10-9 

t 7  x 10-9 (0 to 7 i 0 c )  

( &  25% load change) 

Warmup: Within 5 x 10-9 of final value 20 min. after turn on. 
Frequency adjustment 

( &  10% load change) 

Coarse: >2 x 10-6 (20 Hz) 
Fine (EFC): > I  x 10-7 

Harmonic distortion: >25 dB from rated output 
Non-harmonic distortion: >80 dB 
SSB phase noise ratio (1 Hz bw) 

> 100 dB 

For offsets of 1 Hz: 83 dB 85 dB 
10Hr: 120dB 120 dB 

100Hz: 140dB 140 dB 
1000 Hz: 145 dB 150 dB 

10000 Hz: 145 dB I50 dB 
Power: 3 w  4.5w 
Case size: 72 H x 52 W x 62 mm D (2.8” x 2” x 2.4”). 
Weight: 0.31 kg (11 oz.). 

Quantity 10544A 105448 10544C 
1 to 4: $625 $690 $775 
5 to 9: 600 665 745 

10 to 25: 575 635 715 
25 to 49: 525 580 650 

Price 



FREQUENCY & TIME STANDARDS 
Distribution amplifier 
Model 5087A 

Versatile with 3 input and 12 output channels 
Low noise, high stability, and isolation 

The Hewlett-Packard Model 5087A Distribution Amplifier pro- 
vides the isolation and flexibility required for distribution of the out- 
put of high quality frequency standards. Low distortion and excellent 
isolation make it ideal for providing multiple outputs from atomic or 
crystal frequency standards. The 3 input channels will accept 10 
MHz, 5 MHz, 1 MHz or 100 kHz in any combination. The number of 
outputs for each channel is selectable up to a total of 12 outputs. The 
output levels are individually adjustable from 0 to 3 V rms. All input 
and output levels are monitored on a front panel meter. 

The Distribution Amplifier features plug-in modular construction, 
short circuit isolation, exceptional phase stability, low noise and 
cross-talk, and uninterrupted switchover to standby dc in event of ac 
power failure. 

The shielding around each input and output plug-in amplifier as- 
sures minimum noise and crosstalk. The tuned output amplifiers pro- 
vide clean signals and high channel-to-channel isolation. 

The instrument is designed for maximum versatility and can be 
supplied to meet a wide variety of special requirements. The standard 
configuration of input and output amplifiers is shown in Figure 1. 

Several other commonly used configurations are also available and 
special combinations of the various input and output modules can be 
supplied. Input and output amplifiers can be added or the configura- 
tion easily changed at any time. 

INPUT OUTPUT 
PREAMPS AMPLIFIERS 

5 

6 

7 

8 

10 9 

C 
11 

12 

Figure 1. 5087A Distribution Amplifier with Option 031, Standard 
Configuration input and output amplifiers. 

Specifications 
Inputs: (up to three, rear panel BNC). 
Frequencies: 10 MHz, 5 MHz, 1 MHz or 100 kHz. 
Level: 0.3 to 3.0 V rms, 50 ohms. 

Outputs: (up to 12 rear panel BNC). 
Frequencies: 10 MHz, 5 MHz, 1 MHz or 100 kHz. 
Level: 0-3 V into 50 ohms (screwdriver adjustment). 
Harmonic distortion: >40 dB below rated output. 
Non-harmonic distortion: >80 dB below rated output 

Isolation 
Load (open or short on any other channel) 

Amplitude change: 0.1 percent. 
Phase change: (0.1 ns at  5 or 10 MHz. 

(0.5 ns at  1 MHz. 
(5.0 ns at  100 kHz. 

Injected signal: 1 V signal up to 50 MHz applied to any output ex- 
cept 10 MHz, will be down more than 60 dB in all other outputs; 10 
MHz output channel will be down more than 50 dB. 
SSB phase noise (5 MHz): > 145 dB below signal in 1 Hz BW for 
frequencies > 1 kHz from carrier. 
Short term stability degradation (5 MHz): < 1 x lo-'' in 10 kHz 
band. (1 s average). 

Environmental 
Temperature: MIL-E-16400, Class 4. 

Operating: 0-50°C; storage: -62" to +75"C. 
Stability: 

Amplitude: k0.5 dB, 0" to 50°C. 
Phase: t 0 . 1  ns/"C., 5 and 10 MHz. 

EMC: MIL-STD-461A. 
Humidity: 95% at 40°C. 
Vibration: MIL-STD-167. 
Altitude: up to 30,000 ft. 
Shock: MIL-T-21200, Class 1 and MIL-E-5400 (30 Gs). 

General 
Power: 115 or 230 V ? 10%,48 to 440 Hz, 20 VA, max, or 22-30 V 
dc, 500 milliamperes, max. 
Dimensions: 88 mm H x 425 mm W x 286 mm D (3'5/,," x 16%" x 
11 % ' I ) .  

Weight: typical, Opt 03 1 -Net 7 kg (1 5 Ib). 

Options Price 
Normal configurations (input and output amplifiers) add $1 160 

031: 5, 1 and 0.1 MHz inputs and 4 outputs at each 
frequency 
032: Single 5 MHz input and 12 outputs 
033: Single 10 MHz input and 12 outputs 
034: Single 5 MHz input, 4 each outputs at  5 , l  and 
0.1 MHz 

add $1 110 
add $1 110 
add $1270 

Special configurations 
input preamplifiers (up to 3 total) 

004: Input Preamplifier (0.1 to 10 MHz) 
005: 5 to 1 MHz Input Divider 
006: 1 to 0.1 MHz Input Divider 
01 1: 5 to 10 MHz Input Doubler 
013: 10 to 5 MHz Input Divider 
014: 10 to 1 MHz Input Divider 

add $35 
add $95 
add $95 
add $95 
add $95 
add $95 

Output amplifiers (up to 12 total) 
001: 5 MHz Output Amplifier 
002: 1 MHz Output Amplifier 
003: 0.1 MHz Output Amplifier 
012: 10 MHz Output Amplifier 
908: Rack Flange Kit 

add $95 
add $95 
add $95 
add $95 
add $10 

5087A: Distribution Amplifier Mainframe $1 100 



FREQUENCY & TIME STANDARDS 
Standby power supplies 

Models 5 0 8 5 A  & K02-5060A 

12 Amp-hr capacity 
Sealed nickel-cadmium cells 
Used in "flying clocks" 

K02-5060A 

The HP Models 5085A and K02-5060A Standby Power Supplies 
furnish dc power to keep frequency or time standard systems operat- 
ing during extended interruptions of ac line power. For applications 
where it is essential to maintain continuous operation and avoid loss 
of precise time, the use of a standby power supply is an absolute ne- 
cessity. These units are designed for use with the Hewlett-Packard 
Cesium Beam Standards, Rubidium Vapor Standards, Quartz Oscil- 
lators and other equipment which will operate from 22 to 30 V dc. No 
switching is used in transferring power from line to battery operation 
and back again thus assuring uninterrupted operation. 

HP K02-5060A 
The K02-5060A is a very versatile unit which was designed specifi- 

cally as a portable power supply for the 5061A and 5065A "Flying 
Clocks" where it is necessary to operate from a wide range of power 
sources along with the standby capability to maintain continuous op- 
eration where no external power is available. A special inverter per- 
mits operation from a 6 or 12 V dc car battery in addition to the 
115/230 V ac and 24-30 V dc capability. The 12 ampere-hour 
standby batteries are the sealed, nickel-cadmium type and thus spill- 
proof. Mounting hardware is available to attach the K02-5060A to 
either the 5061A or 5065A Standards to make a portable standard, 
the E21-5061A or E21-5065A. 

HP5085 
The HP 5085A is intended for installation where 115 or 230 V ac is 

available. Vented nickel-cadmium batteries with an 18 ampere-hour 
guaranteed capacity (derated from 25) are used. They provide about 
I O  hours of standby power for the 5061A Cesium Standard or 5065A 
Rubidium Standard (at average ambient temperature of 25°C). 

Front panel lights indicate mode of operation, report fuse failure, 
and ac interrupt. A float-charge switch permits rapid recharge itfter 
an ac power failure. 

K02-5060A Specifications 
Input and output voltages 

6 o r  1 2 V d c  
1 15 or 230 V ac, 50-400 Hz 

Standby battery, 26 + 4  V dc available at all times. 
AC and both dc inputs may be connected simultaneously. 
Output current: 0.5A ac, 2 A dc. 
Standby capacity: 12 ampere-hour at 25°C. 7  hours standby when 
used in E21-5061A, 6 hours in E21-5065A. 

Input output 
0-230 V, 60 Hz nominal 
0-230 V ac 

24-30 V dc 24-30 V dc 

18 Amp-hr capacity 
Vented nickel-cadmium cells 

- 
5085A 

Recharging: 1.6 hours recharging time required for each ampere 
hour of discharge. 
Alarm indicator: external power failure. 
Panel meters: voltmeter, ammeter indicating voltage and current of 
4 internal batteries and load. 
Battery: four paralleled rechargeable battery packs each containing 
20 sealed nickel-cadmium cells. Packs may be removed individually 
without interfering wiih power supply operation. 
Temperature 

Operating: 0 to 50°C. 
Storage: -40 to 60°C 

Dimensions: 1 7 7  mm H X 425 mm W X 416 mm D (63%; X 16%'' X 
16Ys"). 
Weight: net, 30.5 kg ( 6 7  Ib). 
Accessories furnished: ac and dc input and output cables. 

5085A Specifications 
Output voltage: 24 + 2  V dc at rated current. 
Output current: 2 amperes (2.5 A for 30 min.). 
Standby capacity: (at 25°C) 18 amp-hrs. after 48 hours charge. 
Alarm indicators: panel lamps indicate: (1) FUSE FAILURE, (2) 
AC POWER, (3) AC INTERRUPT, (4) CHARGE. 
Remote alarm provisions: SPDT relay contacts provided a t  rear 
terminals for operating remote alarm from separate power system. 
Panel meters: battery voltage and charge/discharge current. 
Power requirements: 115 or 230 + 10% V ac; 50 to 400 Hz (2.0 A 
max. at 1 1  5 V line). 
Battery (supplied): vented nickel-cadmium 25 ampere-hour capac- 
ity derated to 18 ampere-hours. Periodic maintenance required. 
Additional (external) battery provision: rear connector. 
Temperature 

Operating: 0 to 50°C. 
Storage: -40 to 7 5 ° C .  

Dimensions: 1 7 7  mm H X 425 mm W X 416 mm D (63Y," X 16%'' X 
16%"). 
Weight: net, 34.1 kg (75 Ib). Shipping. 45.9 kg (101 Ib) including 
battery. Option 001 (no batteries) is 22.8 kg (50 Ib) less. 
Accessories furnished: 
AC Power Line Cable, 6 ft. long, DC Output Connector. Instrument 
Extension Slides (for std. 24" deep rack). 

Ordering Information 
5085A(complete with batteries) 

Opt 001: without batteries 
K02-5060A 

Price 
$2850 

less $640 
$4000 



ELECTRONIC COUNTERS 
General information 

Introduction 
The digital electronic frequency counter 

has come a long way since the first versions 
appeared over two decades ago. Once the 
luxury of large meterology labs and some 
crystal manufacturers, the frequency counter 
is now common-place in laboratories, on pro- 
duction lines, as a service tool and in auto- 
matic instrumentation systems. Moreover, 
counters have become increasingly more ver- 
satile and more powerful in the measure- 
ments they perform, thereby finding much 
wider applications. When Hewlett-Packard 
introduced the 524A in 1952 it was consid- 
ered a milestone; the counter could measure 
frequencies up to 10 MHz, or the time be- 
tween two electrical events to a resolution of 
100 ns. Twenty-seven years later, HP’s prod- 
uct lines feature counters that can measure 
the frequency of a 40 mV signal at 24 GHz 
completely automatically, or can resolve 
time to 20 ps, the same time it takes light to 
travel about 6 mm. 

Basic counter measurements 
The basic measurements which counters 

are capable of performing are described in 
this section. 

Frequency 
This fundamental measurement is per- 

formed by totalizing the number of input cy- 
cles or events for a precisely known period of 
time. The total count that results is propor- 
tional to the unknown frequency, and logic 
circuits internal to the counter position the 
decimal point such that the display directly 
indicates the input frequency. The time ref- 

erence is usually derived from a precision 
quartz oscillator internal to the counter. 

Using this basic technique allows measure- 
ments to 500 MHz to be made. Several meth- 
ods are available, however, to extend this 
frequency range to 24 GHz and more. These 
are described in more detail below. 

Period 
This inverse of frequency capability is 

sometimes offered to provide the user with 
high resolution, low frequency measure- 
ments. In digital systems a period measure- 
ment represents the average bit to bit time of 
the input signal. 

Totalize 
The measurement is similar to frequency 

except that the user now controls the time 
over which the measurement takes place. 
With digital systems becoming more preva- 
lent, this fundamental measurement assumes 
considerable importance. The H P  5345A, 
with its ability to totalize at a 500 megabit 
rate, represents the state of the art at this 
time. 

Ratio 
The ratio between two input frequencies is 

a measurement that is also offered by some 
counters. The major application for ratio is 
measurement of harmonically related sig- 
nals. 

Scaling 
Some counters offer the capability of pro- 

viding a digital output signal whose frequen- 
cy is a scaled or divided version of the input 
frequency. 

..--- 

Time interval 
The measurement of the time between two 

events or the time between two points on a 
common event, commonly referred to as time 
interval, is of major importance and is used in 
a wide variety of applications. 

The f20 pS single shot resolution of the 
5310A represents today’s state of the art. 
This unit utilizes a new concept of phase 
locked vernier interpolation which eliminates 
quantization errors. H P  also pioneered the 
concept of time interval averaging, whereby 
for repetitive inputs substantial improvement 
in resolution over the single shot measure- 
ment can be obtained. 

Time interval averaging is offered in five 
H P  counters (5370A, 5345A. 5328A, 
5315A/B and 5308A). Also available for 
precision time interval measurements is the 
5363B Time Interval Probes box usable with 
any time interval counter. The 5363B has a 
wide dynamic range as well as a built in cali- 
bration feature and digitally set trigger vol- 
tages to eliminate the major uncertainties 
associated with TI measurements. The 
5363B is fully programmable via the HP In- 
terface Bus for systems applications. 

All manner of time interval measurements 
are discussed in detail in Application Note 
AN 200-3 “Precision Time Interval Mea- 
surements Using an Electronic Counter” 
available on request from any Hewlett-Pack- 
ard sales office. 



ELECTRONIC COUNTERS 
General information 

r i  lntrvrl ~ c a o ~ k n  
Frapnncr r i  

Ranfe SI& Shot Avraghg Base 
10 MHz 100 ns - 3 x lo-’ per Month 
50 MHz 100 ns - 3 x 10-7 per Month 
75 MHz 100 ns 100 ps 3 x lo-’ per Month 

100 MHz 100 ns - 3 x lo-’ per Month 
100 MHz 100 ns 10 ps 3 x per Month 
100 MHz 100 ns or 10 ns 10 ps 3 x lo-’ per Month 
100 MHz *20 ps 1 PS 1 x lo-’ per Month 
500 MHz 2 ns 2 PS 5 x per Day 
512 MHz 100 ns or 10 ns 10 ps 3 x per Month 

1300 MHz 100 ns or 10 ns 10 ps 3 x per Month 

Application Note 200: 
Fundamentals of the Electronic 
Counters 

This forty-four page application note de- 
scribes in detail the measurements men- 
tioned above. In addition, the key 
considerations in making frequency and time 
measurements, plus the major characteristics 
required of a counter for certain applications 
are also described. For those readers who re- 
quire more than the brief resume above, this 
application note is available on request at 
any Hewlett-Packard sales office. 

The contents of AN 200 are as follows: 
Introduction 
Fundamentals of the Conventional Counters 

Functions 
Input Considerations 
Time Base Oscillator Considerations 
Main Gate Requirements 
Sources of Measurement Error 

Reciprocal Counters 
Time Interval Measurement 

Input Considerations 
Trigger Level 
Increasing Accuracy and Resolution 
Use of Time Interval Probes 

Automatic Microwave Frequency Counters 
Down-Conversion Techniques 
Comparison of Performance of the Down- 
Conversion Techniques 

The major types of electronic 
counters 

While counters can potentially offer all the 
measurement capabilities described above, 
they essentially fall into three classes: fre- 
quency countcrs; universal counters; and 
microwave counters. These are described be- 
low. 
Frequency counters 

These counters offer the basic capability of 
frequency measurement and in addition 
sometimes provide some or all of the other 
measurements described above except time 
interval. H P  has a wide range of counters 
that fall into this class including: a)  the 5380 
low cost bench series, a family of three 
counters featuring 80 MHz-7 digit, 225 
MHz-8 digit and 520 MHz-9 digit instru- 
ments; b) the 5300 portable, battery operat- 
ed snapon series with the 5303B snapon 
covering 525 MHz and the 5305B 1300 
MHz counter. 

Mhr 
Fmctii* 
MPA, T, R 

P, MPA, 1, R 
P, MPA. 1. R 
P. MPA. 1. R 

P. MPA, 1, R, E 
P, MPA. T, R, E, V** 

P, MPA. E 
P. MPA, T. R 

P. MPA. T, R. E, V** 
P, MPA, T. R, E, V** 

Table 1. Frequency counters summary 

5381A 80 MHz 
5382A 225 MHz 
5383A 520 MHz 

‘See legend next page 

Table 2. Universal counter summary 

5300A/5304A 
5300/5302A 

5300A/5308A 
5314A 

5315A/B 
5328A 
5370A 
5345A 

5328A Opt 030 

‘See legend next page 
“Optional function 

Universal counters 
These instruments provide time interval 

capability in addition to the other measure- 
ments provided by the frequency counter. 

The new 5314A is a perfect example of 
such an instrument featuring 100 MHz fre- 
quency, 100 ns time interval plus period, ra- 
tio and totalize. The new 53 15A/B provides 
all these functions plus time interval average 
and reciprocal frequency measurements. The 
5302A features 50 MHz frequency, 100 ns 
time interval plus period, ratio and totalize. 
Another member of the same family, the 
5308A is ideally suited as a general purpose 
bench instrument, for in addition to the 
5302A capabilities the 5308A offers time in- 
terval averaging, totalizing (with electronic 
start and stop) and frequency to 75 MHz. 
The 5304A snapon is especially oriented to- 
wards time interval featuring adjustable 
hold-off. The 5328A (100 MHz) and 5328A 
Opt 031 (1300 MHz) are high performance 
rack mount instruments programmable (Opt 
01 1) via the H P  Interface Bus. Time interval 
averaging gives resolution to 10 ps on repet- 
itive signals and Opt 040 also has 10 ns one 
shot resolution. The 5345A offers a 500 
MHz bandwidth, with totalizing, ratio and 
period capability to this speed (500 MHz), 
plus 2 ns single shot time interval and 2 ps 
time interval averaging. This extremely pow- 
erful instrument features plug-in flexibility 
(see page 289), and a reciprocal frequency 
measurement mode (see next page). 

Finally, the 5370A offers the ultimate in 
time interval measurement resolution with 

20 ps single shot and 1 ps time interval aver- 
aging! 
Microwave counters 

These instruments provide high accuracy 
frequency measurements into the microwave 
spectrum. The 5342A harmonic heterodyne 
microwave counter automatically measures 
frequencies to 24 GHz under microprocessor 
control, and features 1 Hz resolution and 
wideband FM tolerance. The keyboard con- 
trols allow the user to program his own fre- 
quency offsets. The amplitude option will 
simultaneously display input frequency and 
input level for readily monitoring microwave 
devices and equipment. The 5340A automat- 
ic transfer oscillator counter can measure 
frequency from 10 Hz to 23 GHz via a single 
input a t  -35 dBm sensitivity! The 5341A 
automatic heterodyne counter provides cov- 
erage to 4.5 GHz using the switchable filter 
technique for super fast acquisition times. 
The 5354A is a 4 GHz heterodyne converter 
that plugs into the 5345A mainframe and 
provides extremely high resolution automatic 
measurements for CW and pulsed R F  down 
to pulse widths of 20 ns. Application Note 
173 discusses automatic pulsed RF measure- 
ments in detail. Application Note 190 dis- 
cusses making frequency measurements to 
40 GHz with counter accuracy using a 4 
GHz Microwave Counter together with 
readily available microwave generators and 
mixers. 

Application Note 200-1 deals with the fun- 
damentals of microwave frequency counters 
and compares the various techniques. 

Table 3. Microwave counter summary 

Sensitivity 01 Digits 
Auto Heterodyne 5 x 10-VDay -10 dBm 

5341A 4.5 GHz Auto Heterodyne 1 x lO-’/lonth -20 dBm 
5254C/5255A/5256A** to 18 GHz Manual Heterodyne 3 x lO-g/Day -13 dBm 

5257A** 18 GHz Manual Transfer Osc 3 x lO-g/Oay - 7dBm 
5340A 23 GHz Auto Transfer Osc 3 x 10-7/Month -35 dBm 
5242A 24 GHz Auto Harm Heterodyne 1 x lO-’/Month -25 d8m 11 

‘Plug-in to 5345A Counter 
“Plug-in to 5245 Series Counter or W S A  wlth adapter 



Reciprocal Counting technique 
The extremely powerful reciprocal count- 

ing technique is employed in several counters 
available from Hewlett-Packard. The dis- 
tinction between this and the conventional 
technique is that the latter provides 1 Hz res- 
olution in one second, whereas the resolution 
of the reciprocal technique is proportional to 
the frequency of the internal counted clock. 
The four instruments available are summa- 
rized in Table 4 below. Note that the 5345A 
is a plug-in instrument and hence the high 
mainframe resolving power offered applies to 
any of the compatible plug-ins. It has pulsed 
R F  measurement capability via an external 
gate mode. In addition the 5345A includes a 
unique frequency averaging mode that al- 
lows high resolution measurements on repet- 
itive pulses even if pulse width is 50 nsecs. 
The 5370A extends the reciprocal technique 
by means of phase locked vernier interpola- 
tion to give the ultimate in resolution. Fre- 

Model Frepwncy M e a s u d  Wunba 
No. Rante ReroClfion of Dig& 

5300A/5307A z MHZ 3 x 10-5 6 
5315A/B 100 MHZ 1 x 10-7 8 
5370A 100 MHr 1 X 16 
5345A 500 MHZ 2 x 10-9 11 

quency measurements to better than 10 
digits may be made in 1 sec. 

HP Interface bus 
The more recently introduced counters 

(and other H P  digital instruments) have a 
digital input/output structure which is com- 
patible with the interface bus which is Hew- 
lett-Packard’s implementation of the IEEE 
Digital Interface Standard 488-1975. H P  
Desktop Calculators in the 9825/30 Series 
and Minicomputers in the H P  2100/ 
21 MX Series are also compatible with the in- 

m i  
Base smritivity 

10 mV rms 
10 mV rms 
20 mV rms 
20 mV rms 

3 X 10-7 per Month 
3 X 10-7 per Month 
3 X 10-7 per Month 
5 X 10-10 per Day 

terface bus, making it possible to expand the 
capabilities of the individual instruments 
even into areas of real time data reduction 
and control. Interfacing is available for inter- 
connecting up to 14 compatible devices on 
one 1/0 slot. The H P  59310B Computer In- 
terface serves for minicomputers and the H P  
98034A or 59405A HP-IB Calculator Inter- 
face interconnects up to 14 devices using one 
1/0 slot and one ROM. At this time, com- 
patible instruments are the 5345A, 5370A, 
5340A, 5341A, 5342A, 5328A, and 5312A 
(for 5300B system). 

Table 5. Counter selection guide 



500 M H ~  plug-in counter 
Model 5345A 

1 x 1 0 4  

iX10-4 

1x104 

I 

- 

- 

- 

The 5345A Electronic Counter represents the most advanced general 
purpose instrument in the Hewlett-Packard Counter Product line. 
Utilizing state of the art monolithic bipolar integrated circuit tech- 
nology especially designed and manufactured a t  Hewlett-Packard, 
this instrument provides unsurpassed power, versatility and flexibility 
in frequency and time measurements. 

Major mainframe features 
Frequency: direct from DC to 500 MHz-Reciprocal technique 
provides high measurement resolution. , 

Time interval: resolution of 2 ns single shot. 
Averaging: new modulated clock technique gives true averages un- 
der all conditions. T.I. resolution extended to 2 ps. Frequency averag- 
ing improves R F  pulse measurements similarly. 
Totalize: to 500 megabit rate on both A and B inputs. A f B func- 
tions also available. 
Ratio: from DC to 500 MHz on both inputs. 
Fully programmable: provides great flexibility when used with cal- 
culators and computers. 
Plug-in versatility: two plug-ins presently available (see page 292) 
with an on-going R&D program to extend this number. In addition 
the 10590A plug-in adapter allows most existing 5245 plug-ins to be 
used. 
Signal input circuits 
Signal conditioning: fully optimized front end includes switchable 

-17 dBm 30 mV 

-2OdBm 20mV 

B 9 -25 dBm 12 mV - 
J Y 

Y 

c 6 mV a 
- 

Figure 1. Input Switches 

50Q/ 1 MQ input impedances, DC/AC coupling, and slope selection 
that assures triggering on any waveform. 
Sensitivity, dynamic range: highly sensitive wideband amplifiers 

- 
_-___----- ----- 

I 
I 
I 
I 
I 

A I  I I 1 I I 

500 MHz Direct Counting 
20 mV Sensitivity DC to 500 MHz 
2 ns Single Shot T.I. Resolution 
Averaging to 2 ps resolution 
Pulsed RF and Microwave Measurements 
Programmable for systems applications via HP-IB 

assure measurements on even the lowest level sinusoidal and digital 
signals. The inputs also feature an extremely wide linear dynamic 
range of -2 to +5 V DC that greatly increases measurement versatil- 
ity, especially on digital input signals. 

Frequency measurements 
Reciprocal Capability: one of the advantages of measuring period 

5345 RESOLUTION 

1x10-8 
I 

z 
0 
3 
J 

51 

a 6  z p  
3 w  vlz 4 0  

g z  

ALL CONVENTIONAL COUNTERS 
(DIRECT COUNT) ... INPUT FREOUENCY 

Figure 3. Measurement Resolution 

and computing the frequency is that measurement resolution is inde- 
pendent of input frequency and at the maximum to which the instru- 
ment is capable of resolving. Thus for example, a 1 MHz input can be 
resolved to 2 X 10-9 (=0.002 Hz) in one second, whereas the conven- 
tional counter provides 1 Hz resolution, some 500 times less. 

Measurement speed 
Mode of Opnatii 
Normal Operation (Max sample rate) 
Externally armed 
Externally gated 
ComDuter dumD 9.000 

Reading pw Second 

The extremely high resolution obtained in one second can be traded 
for measurement speed. For example of 100 ps gate time provides a 
resolution of 2 X 10-5 yet the measurement can now be made 5000 
times a second, thus making the 5345A an invaluable tool in high 
speed data acquisition systems. 
Ext. gated Capability: via the rear panel gate control input; this ca- 
pability allows the operator to determine a t  what point in real time 
and for how long the measurement is to be made. This capability es- 
sentially replaces the front panel “sample rate” and “gate time” con- 
trols. 

MEASUREMENT MADE 
INPUT ~--- 
GATE OVER THIS PORTION 
CONTROL -4i ’- OF PRF INPUT 
INPUT 

Figure 4. External Gate Control 



ELECTRONIC COUNTERS 
III 

Model 5345A (cont.) 

The major application is in the measurement of pulsed R F  signals. 
Frequency averaging: the minimum pulse width for which the in- 
put frequency can be measured is 20 ns. The single shot measurement 
resolution is 2 X 10-9 divided by the GATE TIME. This resolution 
can be improved up to 1000 times by a unique mode of operation 
known as frequency averaging that is built into the mainframe. The 
only requirement for this mode is that the signal is repetitive. 

PULSE 
COMPRESSION 
SIGNAL 

SEQUENTIALLY APPLIED I APPLIED TO I 
COUNTER I I 

FREQUENCY PROFILE OF 
PULSE COMPRESSION 
SIGNAL 

Figure 5. Frequency Averaging to increase Resolution 

In addition to greatly enhancing narrow pulse measurement capabili- 
ty, the frequency averaging mode also allows higher resolution on 
pulse profile measurements. 

Time interval 
Precision measurement: the single shot time interval measurement 
resolution of the 5345A is 2 ns, which is the time it takes light to 
travel approximately 2 Ft-the 5345A is an extremely high resolving 
time measuring device. 
Trigger level: quantitative high speed time interval measurements 
are provided by the 5345A since the user can simply determine where 
triggering occurs even on complex waveforms. The method of deter- 
mination involves measuring the DC levels at which triggering oc- 
curs. These DC levels are available at rear panel BNC’s. 

The ability to determine trigger level, together with high sensitivity 
and wide dynamic range of the inputs greatly enhances the versatility 
and power of the 5345A in time interval measurements. 

I I 
I 

A 

Figure 6. Using EXT GATE to Measure Tm 

Ext. gate capability: external gating adds even more versatility to 
the time interval measurements of the 5345A. as measurements such 
as that shown in figure (6) indicate. 
Time interval averaging: for repetitive inputs a successive number 
of measurements may be automatically averaged by the 5345A. ob- 
taining up to 1000 times improvement in resolution (2 ps). This aver- 
aging mode may be used irrespective of whether the instrument is in 
the conventional or ext. gate mode of operation. 

Totalize 

rate through either or both A and B inputs. Coupled with the high 
sensitivity and full signal conditioning of both channels, this capabili- 
ty enables measurements to be made on most modern digital systems. 

1 2  3 N 

INPUT n ,  I n n  n n n  n d n n ,  I n n  n 

Figure 7. Selecting a Portion of a Pulse Train 

Ext. gate capability: using the external gated mode allows the user 
to select only the desired portion of the input pulse train for measure- 
ment. 

A f B Modes 

reference and test signals applied to the two mainframe inputs. 
The A-B mode is used for comparison tests between high speed 

REFERENCE m - n - n n n - n -  
TEST -n-n-n,-n-n-n-nn-n- 

Figure 8. Comparison Measurements 

Any difference between the total number of events accumulated in 
each channel is indicated by the 5345A display after the measure- 
ment is completed. 

The primary application for the A + B mode is in the measurement 
of NRZ signals. By setting the “A” trigger slope to ”+” and the B 
slope to --’’ allows all transitions and hence bits of the N R Z  signal to 
be counted. Thus 1 gigabit N R Z  waveforms can be measured. 

This mode of operation does not introduce any limitations-maxi- 
mum input rate is 500 megabits on either channel and external gating 
may be used. 

Ratio 
This measurement represents the ratio of the number of events oc- 

curing through channel B divided by the number occuring through 
channel A. The major features are: a)  that the measurement or com- 
parison (similar to the A f B totalize modes); and, b) the frequency 
or bit rate of either channel can vary from DC to 500 MHz. These 
features allow this measurement to be extremely useful in digital sys- 
tems and synthesizer check out. 

Digital 1/0 
Option 01 1 provides complete digital input-output capability (ex- 

cept slope and level control) to the 5345A. Digital output is a bit par- 
allel, byte serial ASCII coded format and the 1/0 structure conforms 
to the Hewlett-Packard Interface Bus (HP-IB) standard. This option 
is particularly recommended for a bench top calculator controlled en- 
vironment. 

Option 012 is similar to Option 011, but includes programmable 
control of slope and level. Option 012 is recommended for a computer 
controlled environment. 

The model 59310B Interface Kit provides a complete operational 
package for use with the H P  2100 Series Computers. Similarly, other 
interface kits allow the user to interface the 5345A Option 01 1 or 012 
and other HP-IB comDatible devices to the 9820.9825 and 9830 Se- 

High speed: the 5345A has the ability to totalize to a 500 megabit ries H P  Desktop Computers 



5345A Condensed specifications 
Frequency/period measurements 
Range: 0.00005 Hz to 500 MHz. 

Accuracy: ~~t~t~~)g f trigger error* f time base error. 

Gate time: 1000 seconds to 100 nanoseconds in decade steps; 4 0  ns 
in MIN position. 

Time interval/time interval average 
Range: 10 nsec to 20,000 sec. 
Minimum dead time: 10 nsec. 
Trigger pulse width: 1 nsec minimum width input at minimum volt- 
age input. 
Accuracy 

Time interval: f trigger error** ? 2 ns -t time base error. 
Time interval averaging: 

trigger error '* * 2 nsec 
f r/ intervals averaged 

f 0.7 nsec f time base accuracy 

Not affected by harmonics of clock frequency. 
Resolution: 

Time interval: 2 nsec. 
Time interval average: 

f 2 nsec * 2 picoseconds. 4 intervals averaged 
Ratio B l A  
Range: both channels accept dc to 500 MHz. 
Accuracy: f L.S.D. f trigger error*. 

Start/stop 
Range: both inputs dc to 500 MHz. 
Modes: A, A f B determined by rear panel switch. 

Scaling 
Range: dc to 500 MHz. 
Scaling factor: selectable by GATE TIME setting. Scaling factor 
equals GATE TIME setting/ seconds. 
input: input signal through channel A. 
Output: output frequency equals input frequency divided by scaling 
factor. Rear panel BNC supplies 80% duty cycle TTL compatible 
pulses. 
Input channels A and B 
Range: 0 to 500 MHz dc coupled 50Q and 1 MQ; 4 MHz to 500 MHz 
ac coupled, 50Q; 200 Hz to 500 MHz ac coupled, 1 MQ. 
Impedance: selectable, 1 MQ shunted by less than 30 pF or 50Q 
(nominal). 
Sensitivity: XI, 20 mV rms sine wave and 60 mV peak-to-peak 
pulse. X10, 250 mV rms sine wave and 750 mV peak-to-peak pulse. 
Dynamic range: 500 & 1 MQ: 20 mV to 250 mV rms sine wave 
(XI); 250 mV to 2.0 V rms (X10). 
Trigger level: adjustable over f 1.3 V dc. 
Output: rear panel BNC connectors bring out CHAN A TRIG LEV- 
EL and CHAN B TRIG LEVEL for convenient DVM monitoring. 
Accurate to 1 15 mV. 
Common input 
In this mode the signal is applied to channel A. 
Range: ac coupled 50Q, 4 MHz to 400 MHz; ac coupled 1 MQ, 300 
Hz to 400 MHz. 
impedance: 50Q remains 50Q; 1 MQ becomes 500 kQ shunted by 
(60 pF. 
Sensitivity: 50Ck 40 mV rms; 1 MQ: No change. 
Dynamic range: 5OQ: 40 mV to 500 mV rms (Xl);  500 mV to 4 V 
rms (X10); 1 MCk No change. 
'Trigger (Mor for sinewaves of 40 dB signal-to-noise amplnude ratio 18 <[ f 0.396 of one period + 
number of periods averaged]. If peak noise amplilude ia greater than 10 millivolts, additional mis- 
counting may occur (this situation can ariae when measuring high4evel outputs of broadband synthe- 
sized signal sources). 
*'For any wave shape. trigger (Mor 1s less than 

0.0026 + ca 
Signal Slope in Vlps  

General 
Display: I1 digit LED display and sign. Annunciator displays ksec to 
nsec, k to n, pHz to GHz. Decimal point is positioned with DISPLAY 
POSITION control or positioned after the first, second or third most 
significant digit if DISPLAY POSITION is in AUTO. Leading zeros 
are suppressed. 
Overflow: asterisk is illuminated when display is overflowed. 
Sample rate: continuously variable from t 0 . 1  sec to >5  sec with 
front panel control. In HOLD positon the last reading is maintained 
until the counter is reset. 
External arm input: counter can be armed by a -1.0 V signal ap- 
plied to the rear panel 50Q input. 
External gate input: same conditions as for EXT ARM. 
Gate output: > 1 volt into 50Q. 
%ne base 
Standard high stability time base: crystal frequency, 10 MHz 
(10544A). 
Stability 

Aging rate: <5  x 10-1O per day. 
Short term: <1 x lo-" for 1 sec average. 
Temperature: (7 x 

Opt 001: crystal frequency, 10 MHz. 
Stability: 

Aging rate: <3 x 10-7 per month. 
Short term: <2 x 
Temperature: <2 x 

Line voltage: < I  x 10-8, f 10% from nominal. 
Self test: a 100 MHz signal is internally applied. 
External frequency standard input: input voltage > 1 .O V rms into 
1 kQ required from source of 1,2,2.5,5 or 10 MHz f 5 x ( f 5 x 
10-6 for opt. 001). Input can be sine or square wave. 
Frequency Standard Output: > 1 V rms into 50Q at 10.0 MHz sine 
wave. 
Operating temperature: 0°C to 55°C. 
Power requirements: 100/120/220/240 V rms +5% -10% 48 to 
66 Hz, maximum power 250 VA. 
Weight: 17 kg (37 Ib). 
Size: 132.6 H x 425 W x 495 mmD ( 5  ?&' x 16 3/" x 19 ly) .  
Options and accessories Price 
001: Room Temperature Time Base less $350 
010 Digital output only. HP Interface Bus format, add $250 
talk only. Useful with 59301A ASCII-to-Parallel Con- 
verter and 5050B or 5055A Digital Printers 
01 1: Digital Input/Output same as Opt 010, Compati- 
ble with HP Interface Bus and allows 5345A to be re- 
motely programmed. 
012: Digital 1 / 0  similar to Opt 01 1. Includes slope and 
level control 
908: Rack flange kit 
Kl3-59992A includes state machine tester as an aid for 
trouble-shooting the arithmetic processor 

plug-in boards while in operation 
10590A Plug-in adapter: adapts 5245 series plug-ins to 
5345 (see next page) 

oscillator operation for prolonged periods without line 
voltage 
Available reference material 
5345A Data Sheet 
5345A Users Handbook 
AN-173 Recent Advances in Pulsed R F  and Microwave Measure- 
ments 
AN-173-1 Dynamic Measurement of Microwave VCO's 
AN- 174 Applications Series on Counter/Calculator Instrument 
Groupings 
AN-190 40 GHz Frequency Measurements 
AN-200-3 Precision Time Interval Measurements 
HP Journal June 1974 
I.D. #90337D Color Video Tape Applications and Demonstrations 

5345A Plug-In Counter $4400 

0°C to 55°C. 

rms for 1 sec. 
25°C to 35°C. 

<5 x 10-6,O"C to 55°C. 

add $800 

$1450 

add $10 
$2340 

$575 

$700 

$1200 

10595A Board extender kit: useful for troubleshooting 

K15-59992A Standby power unit: plug-in to maintain 



ELECTRONIC COUNTIERS 

Fully automatic to 4 GHz 
Pulse Measurements 
Frequency averaging 
Count a group of events between A and B 
Frequency sum and difference measurements 

5 3 5 4 A  

5 3 5 3 A  

4 
10590A 

5354A Automatic frequency converter 
The 5354A translates not only the microwave signal but all its mod- 

ulation directly to the 500 MHz window of the counter (via the het- 
erodyne technique). It allows signals with a large amount of FM to be 
easily characterized. 

Perhaps even more powerful is its ability to take direct measure- 
ments on the carriers of very narrow microwave pulses. Pulse mea- 
surements can be easily automated. 
Range: 15 MHz to 4 GHz. 
Sensitivity: -10 dBm (70 mV rms) auto mode, -20 dBm typical (22 
mV rms) Manual/Pulse mode to 20 dBm (2.2 V rms). 
input signal Capability: CW signals. Pulsed microwave signals. Sig- 
nals with very high FM content. 
RF Pulse width: determined by counter GATE TIME setting. 
FM Sensitivity: overlap at  band edges f 10 MHz. Maximum devi- 
ation at band center 
f 250 MHz, above 1 GHz and below 500 MHz. 
f 125 MHz, between 500 MHz and 1 GHz. 

Automatic: measures lowest frequency signal of sufficient ampli- 
tude to trigger counter. 
Manual: measures signal within selected band. Signals of sufficient 
amplitude between 15 MHz and 525 MHz will also be counted. 

Automatic mode: CONT. WAVE, (2 ms; PULSED R.F., Cls. 
Manual mode: when proper band has been selected CONT. 
WAVE -4 ps; PULSED R.F. (20 ns. 

Options Price 
01 1: remote control via HP Interface Bus and add $200 
L.O. f I.F. 

5354A Automatic Frequency Converter $3400 

Operating modes: Automatic and Manual. 

Acquisition time: 

5353A Channel C plug-in 
The 5353A Channel C Plug-In consists of a third input to the 

5345A Counter. When the plug-in counting capability is combined 
with the mainframe gating capability it becomes quite easy to make 
frequency sum and frequency difference measurements. 

For high speed digital applications, the greatest benefit the plug-in 
offers is the ability to count a specific group of events while ignoring 
others. This measurement is required in many applications such as 
computer peripheral testing and digital communications systems. It is 
accomplished in the events C between A and B mode by applying a 
start signal to CHAN A and a stop signal to CHAN B while applying 
the data to be counted to CHAN C. 
Range: dc coupled: 0 to 500 MHz; ac coupled: 1 MQ: 200 Hz to 500 
MHz; 500: 4 MHz to 500 MHz. 
Impedance: 50Q; (nominal), or 1 MQ shunted by less than 30 pF. 
Sensitivity: variable to 20 mV rms sine wave and 60 mV peak-to- 
peak pulse. Attenuator settings are X1 and X10. 
Modes of operation: Frequency C + A; Frequency C - A; Period 
C; Frequency C; Ratio CIA; Average Events C, A to B; Events C, A 
to B. 
Events accuracy: Plus or minus one count worst case. 
Options Price 
01 1: Digital Input. Full compatibility with H P  Inter- r?dd $250 
face Bus. Provides for digital control over all functions 
excluding amplifier. 

5353A Channel C plug-in $1250 

10590 Plug-in adapter 
The 10590A allows the user to interface any of the 5245 series of 

plug-ins (except the 5264A) to the 5345A (see page 297 for details on 
these plug-ins). The major application is to extend the frequency 
range to 18 GHz via the 5255A, 5256A and 5257A plug-ins. In addi- 
tion the adapter is "intelligent" in that it detects the plug-in being 
used and automatically adjusts the 5345A accordingly. 
10590A Plug-in adapter $700 



mm 
Frequency and Time Data Acquisition System a, I 

Model 5391A 
1 

Capable of 100,000 measurements/second 

5391A Frequency and Time Data Acquisition System 

GENERAL 
The HP5391A Frequency and Time Data Acquisition System com- 

bines the power of the HP5345A Universal Counter with the speed 
and storage capability of the HP5358A Measurement Storage Plug- 
In to allow you to make and store frequency or time measurements at 
rates as high as 100,000 measurements per second. The 5391A can 
help you characterize pulse width jitter by measuring and storing 
each pulse width and then computing statistical parameters such as 
min, max, mean, and standard deviation. Other application areas in- 
clude nuclear time of flight studies, explosive testing and character- 
ization, and frequency profile measurements. 

The 5391A is a compact HP-IB system consisting of the 5345A 
Universal Counter with the 5358A Measurement Storage Plug-In, 
the 9825A Option 001 Computing Controller, and a versatile soft- 
ware package providing utility application routines and diagnostic 
service routines. 

APPLICATION EXAMPLE 
Frequencies, periods, ratios, and time intervals may be measured 

and stored by the 5391A. A typical application, shown in the figure, is 
to measure and store every pulse width in a burst of pulses: 

4 mm I- -1.21- -1 T3 IC +I ln -1  1-4 Tn I-- 

The 5345A counter makes a single shot time interval measurement 
(2 nanosecond resolution) for each pulse width. During the dead time 
between successive time intervals, the 5345A transfers the data to the 
5358A Measurement Storage Plug-In. The time required for this 
transfer is 7 ps + 1 ps/digit transferred. The graph plots transfer time 
required versus the time interval measured. If the dead time immedi- 
ately following a measured time interval is greater than the required 
transfer time, the 5391A can make the measurement. 

The number of measurements which can be consecutively made a t  
this high rate is limited in most cases by the size of the 9825A mem- 
ory. For the standard 5391A with 9825A Option 001,700 measure- 
ments can be consecutively made and stored for time intervals less 
than 200 seconds. For the 5391A Option 102 (which has a 9825 Op- 
tion 002), 1200 consecutive measurements may be made for time in- 
tervals less than 2 milliseconds. Above 2 milliseconds, the 8K memory 
size of the 5358A is limiting. 
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TIME INTERVAL 

When the desired number of measurements in a run exceeds the 
maximum allowable, the maximum is taken and then stored as a 
block on the 9825A cassette. Subsequent blocks of measurements are 
taken and stored on cassette until the total desired number of mea- 
surements has been accumulated. The time required to transfer the 
measurement data from the 5358A to the 9825A and store it on cas- 
sette is on the order of seconds. During this time, no measurements 
can be made. The total number of measurements is program selecta- 
ble from 1 to 9999. 

SYSTEMS OPTIONS 
102: Expands 9825A memory to 23,228 bytes 
325: Deletes 9825A Controller (as well as ROMS and 
HP-IB Interface) 

Ordering Information 
5391A basic system includes: Price 
5345A Option 01 1 Electronic Counter 
5358A Measurement Storage Plug-In with 8K bytes of 
memory 
9825A Option 001 Computing Controller with 15,036 
bytes of memory 
98034A HP-IB Interface 
98210A Adv. Prog., String Variable ROM 
98213A Gen. Purpose I/O, Extended 1/0 ROM 
System Software Cartridge 
System and Instrument Manuals 
5391A Basic System 17.900 

add $800 
less $7,950 



P~ELECTRONIC COUNTERS 
UNIVERSAL TIME INTERVAL COUNTER 
MODEL 5370A 

20 ps single shot time interval counter 
Statistics 
Automatic calibration of systematic errors 
Positive or negative time intervals 
Frequency and period to 100 MHz 

The 5370A Universal Time Interval Counter represents the highest 
resolution single-shot time interval counter available today. The 
counter utilizes a new concept of phase locked vernier interpolation, 
which allows single-shot time interval measurements with +. 20 pS 
resolution. This technique allows positive, zero and negative time in- 
tervals to be measured. High resolution period and frequency mea- 
surements may also be made. 

All major front panel controls including trigger level are program- 
mable by means of the Hewlett-Packard Interface Bus (HP-IB). 

User convenience is increased by the inclusion of a microprocessor, 
which extends the usefulness of the instrument by offering the statis- 
tical functions of mean, standard deviation, max, and min for repet- 
itive time intervals. A user-defined time interval reference is included 
for the cancellations of systematic errors. 

The high resolution time interval capability makes the instrument 
ideal for IC testing, radar and laser ranging, digital communications, 
ballistics and nuclear measurements. 

FUNCTIONS 
TI: Time Interval function measures time difference from the 
START to the STOP channel. In the +TI mode, the counter will 
measure the time from the first event in either channel to the first 
event in the other channel. The microprocessor affixes a negative sign 
to the display if the stop channel event occurred first. 

The negative time feature allows applications like differential phase 
measurement between two waveforms to be continuously monitored 
even though the phase changes from a positive to a negative drift. 
Statistical functions are available in both TI  modes. 
Trig Lev: Measures the trigger levels of START and STOP channels 
and displays both levels simultaneously with 10 mV resolution. Addi- 
tional equipment like oscilloscopes or DVM’s is not required. 
Freq: Measures the frequency of the STOP channel signal by taking 
the reciprocal of a period average. Both timed gates and single period 
gates are available. In the single period mode, resolution may be im- 
proved by using a larger sample size. Statistics are available in the 
single period mode. 

The exceptionally high resolution (1 1-12 digits per second) of the 
5370A makes the instrument ideal for directly measuring the drift of 
oscillators and other applications requiring exceptionally high fre- 
queny resolution. 
Period: Measures the period average of STOP channel events. Statis- 
tics are available in the single period mode, but not with timed gates. 

STATISTICS 
Statistical functions allow much more complete characterization of 

time intervals. In addition to the mean, both the max and min within a 
selected sample size are available and also the standard deviation. In 
many cases, these parameters are of more interest than the mean. For 
example, in a digital communications system, the limits of pulse jitter 
as described by the max and min could be of primary interest. For a 
normal distribution of jitter, the standard deviation gives the rms jit- 
ter directly. 
Sample size: push-button selectable to 1,100, lK, IOK, and lOOK 
samples. 
Mean: displays the mean estimate which is the average for the select- 
ed sample size. 
Std dev: displays a standard deviation estimate for the selected sam- 
ple size. 
Mln: displays the minimum time interval measured within the select- 
ed sample size. 
Max: displays the maximum time interval measured within the select- 
ed sample size. 

ARMING 
Extremely flexible arming greatly extends the usefulness of the 

5370A into new applications. “Hold-off‘ features allow complex 
pulse trains to be measured by preventing “stop channel” arming until 
the removal of an external “gating” signal. An example could be the 
measurement of time from a radar or laser send pulse to the return 
pulse, where depending on the range of the object, several return 
pulses may occur before the return pulse of interest. 

Other methods of arming allow the counter to be externally gated 
by an input waveform which very precisely controls both measure- 
ment duration and the time position a t  which the measurement OC- 
curs. Applications are in the frequency profiling of VCO’s, pulsed rf 
bursts, or sweep linearity investigations. 

+Ti 
Internally armed - no hold-off 
Externally armed - no hold-off 
Externally armed - external hold-off 
2 TI 
External arming 
Internal arming 

The following modes of arming are available: 



Programming 
All major controls are programmable as standard by means of the 

HP-IB making the 5370A an economical, versatile unit for systems 
applications. 
Data Output Rate 

1) HP-IB 10-20 readings per second. 

2) Fast Binary: 6 KHz 

5370 Specifications 

Sensitivity: 100 mV p p ,  35 mV rms sine wave times attenuator set- 
ting. 
Impedance: Selectable 1 M QII30 pF or 50 Q nominal. 
Trigger Level: Adjustable from -1.3V to 0.5V with 10 mV dis- 
played resolution. 
Trigger Slope: Independent selection of + or - slope. 
Attenuators: X1 and X10 nominal. 
Dynamic Range (preset): 

50Q X1 100 mV to 1V p-p pulse 
X10 1V to 7V p-p pulse 

1MQ X1 100 mV to 1V p-p pulse 
X10 1V to 1OV p-p pulse 

Dynamic range for rms sine wave is one-third of the above values. 

509 X1 -2.5V to 1V 
x 1 0  -7v to 7 v  

1 MQ X1 -2.5 to 1V 
XI0  -25V to 1OV 

Dead time between measurements within a sample is 330 ps. 

Dead time between measurements is 165 pus. 

Signal Operating Range: 

Coupling: AC or DC switch selectable. 
Minimum Pulse Width: 5 ns 
Maximum Input: 

5052 X1 +7V DC 
7V rms below 5 MHz 
3.5V rms (+24 dBm) above 5 MHz 

X10 +_7V DC, 7V rms (+30 dBm) 
1MQ X1 +350V DC 

X10 +350V 
250V rms to 20 KHz decreasing to 3.5V rms above 5 MHz 

250V rms to 20 KHz decreasing to 35V rms above 5 MHz 
Common Input 
All specifications are the same as for separate operation with the fol- 
lowing differences: 
Impedance: 1 M Q becomes 500 K Q shunted by <60pF. 50 Q same 
as in separate. 
Sensitivity: (preset) 

50Q 

1 M Q 

50 Q 

1M Q 

XI 200mV p-p, 70 mV rms 
X10 2V p p ,  700 mV rms 
same as in separate 

X1 200mV to 2V p p  pulse 
X10 2V to 5V p-p pulse 
Same as in separate 

Dynamic Range: (preset) 

Maximum Input: 

Attenuators: Becomes X2 and X20 for 50 
Frequency and Period Measurements 
Frequency Range: 0 to 100 MHz 
Period Range: 10 ns to 10 seconds 

50Q k 5 V D C o r 5 V r m s  
1 MQ same as in separate 

Resolution: 20 PS 
Gate Time 

Internal Gate Time: 1 period 0.01, 0.1, 1 seconds 
Accuracy: 100 ps rms f trigger error 

k time base 
Gate Time 

Period/Frequency Statistics: (1 period gate only) mean, standard 
deviation, maximum, minimum 
Sample Size: 1, 100, 1000, 10,000, 100,000 
External Gate Input: 20 ns to lOs/sample size 
Time Interval Measurements 
Time Interval Range: 

+ Mode -10 seconds to +10 seconds + Only Mode 10 ns to 10 seconds 
Time Interval Statistics: Mean, Standard deviation, maximum, 
minimum 
Sample Sire: 1, 100, 1000, 10.000, 100,000 
Minimum Time Between Measurements: 330 ps 

+ 2 p s  Resolution: * *O ps 
sample size 

Accuracy: jitter 2 700 ps systematic + time base t + trigger er- 
ror/ fl 
Jitter: 35 ps rms 100 ps rms maximum fl typical fl 
Trigger Error: + 2 x noise peak voltage 

PS Signal Slope Vhs 
Trigger error due to input signal noise is usually the limiting factor in 
high resolution frequency measurements at low frequencies. If peak 
noise amplitude is greater than 10 mV, additional miscounting may 
occur. (This situation can arise when measuring high-level outputs of 
broadband synthesized signal sources.) 
Timebase 

Frequency: 10 MHz 
Aging: <3 x lO-'/month 

Temperature: (2.5 x 
Display: 16 digits, suppressed leading zeros. 
Size: 133 H x 426 W x 521 mm D (5'4" x 16'4" x 20 '/,"). 
Weight: 32 Ibs. 
Options and Accessories Price 
001: High Stability Time Base add $515 
908: Rack Flange Kit add $20 
10870A Service Kit add $430 
5370A iiniversal Time Interval Counter $6500 

0°C to 50°C 



mm ELECTRONIC COUNTERS 
General purpose plug-in counters 
Model 5245L 

High performance in a general purpose counter 
Wide selection of plug-ins provide wide versatility 
Extremely high reliability proven from over forty million 
hours of field operation 

5245L 

The 5245L has gained unprecedented popularity due to its high per- 
formance, flexibility and years of proven stability. Even though its 
performance has been recently upstaged by the 5345A, the 5245L is 
still considered the standard of the industry for instruments of this 
type with more 5245L counters in operation today than all other plug- 
in counters combined. 

The 5245 series consists of a mainframe and a series of plug-ins. 
The plug-ins provide frequency measurement to 18 GHz and time 
interval capability. The wide choice of mainframes and plug-ins 
means that virtually any measurement task performable by counters 
can be accomplished by appropriate selection within this family. 

The 5245 series counters are not only leaders in terms of perfor- 
mance and versatility, they are unsurpassed in the industry for rug- 
gedness, wide operating temperature range, and field-proven 
reliability. 

Specifications 
5245L 
Frequency measurements 

Range: dc to 50 MHz. 
Gate time: 1ps to 10 seconds in decade steps. 
Accuracy: -t 1 count time base accuracy. 

Period average measurements 
Range: dc to 1 MHz for single period; dc to 300 KHz for multiple 
period. 
Periods averaged: 1 period to 105 periods in decade steps. 
Accuracy: k 1 count k 1 time base accuracy _+ trigger error* 

Mainframe measurement functions: frequency, period, period 
average, ratio, scaling. 
Signal input 

Sensitivity: 100 mV rms. 
Coupling: AC and DC. 
Impedance: 1 MQ in parallel with approx. 25 pF all ranges. 
Attenuation: step attenuator provides nominal sensitivities of 0.1, 
1, and 10 V rms (SENSITIVITY switch). 
Trigger Level: continuously adjustable over k 3 V multiplied by 
the setting of the SENSITIVITY switch. 

Compatible 5245 series plug-ins: all. 
Time base: 10 MHz oscillator, aging rate (3 X lO-g/day. 
Display: 8 digits. 
Operating temperature range: -20°C to +65"C. 
Weight: net, 14.4 kg (32 Ib) with blank plug-in panel. 
Size: 133 H X 425 W X 416 mm D (5%" X 16%" X 16%"). 
Options Price 
908: Rack Flange Kit add $35 
5245L 50 MHz Electronic Counter $5000 
'Trigger error in <( * ,396 of one period i number periods averaged) lor signals with 40 dB signal- 
to-noise ratio and 100 mV rma amplitude; error decreases as signal to noise ratio increases. 



w m  ELECTRONIC CQUNTERS 
Plug-Ins for 

The 5245 series of plug-ins adds greatly to the versatility of the 
5245 series of plug-in counters. In addition, these plug-ins enhance 
the measurement capability of the 5345A Electronic Counter and the 
5360A Computing Counter by the use of plug-in adapters which pro- 
vide an interface between the plug-in and the 5345A and 5360A 
mainframes. A compatibility summary for presently available plug- 
ins is shown below, followed by brief descriptions of the individual 
plug-ins. Refer to the 5245 series data sheet for complete details and 
specifications for all the plug-ins. 

Plug-in compatibility summary 
5345A compatibility (using 10590A plug-in adapter): all except 
the 5264A. 
5360A compatibility (using 10536A plug-In adapter): all except 
the 5262A, 5264A, 5265A, and 5267A. 
5245L/M compatibility: all. 
5248L/M compatibility: all. 
5246L compatibility; all except the 5264A. 

Specifications 
5253B Heterodyne converter 
Frequency range: 50 M H z  to 512 MHz. 
Sensitivity: -13 dBm to +13 dBm. 
Mixing frequencies: 50 to 500 M H z  in 10 M H z  steps. 
Input coupling: ac. 
Accuracy: maintains counter accuracy. 
Input impedance: 50Q. 

5254C Heterodyne converter 
Frequency range: 150 M H z  to 3 GHz. 
Sensitivity: -13 dBm to + 13 dBm. 
Mixing frequencies: 0.15 to 3 GHz in 50 M H z  steps. 
Input coupling: ac. 
Accuracy: maintains counter accuracy. 
Input impedance: 50R. 
Auxiliary outputs: 1 MHz-50 MHz. 

5255A Heterodyne converter 
Frequency range: 3 GHz to 12.4 GHz. 
Sensitivity: -7 dBm to + dBm. 
Mixing frequencies: 2.8 to 12.4 GHz in 200 M H z  steps. 
Input coupling: dc. 
Accuracy: maintains counter accuracy. 
input impedance: 50Q. 
Auxiliary input: 1 MHz-200 M H z  a t  5 mV sensitivity. 
Auxiliary output: 1 MHz-200 MHz. 

$1350 

$2000 

$2750 

5256A Heterodyne converter $3225 
Frequency range: 8 GHz to 18 GHz. 
Sensitivity: -7 dBm to + I O  dBm. 
Mixing frequencies: 8 to 18 GHz in 200 M H z  steps. 
Input coupling: dc. 
Accuracy: maintains counter accuracy. 
input impedance: 50Q 
Auxiliary input: 1 MHz-200 M H z  a t  5 mV sensitivity. 
Auxiliary output: 1 MHz-200 MHz. 

5245L/M, 5246L, 5248L/M & 5345A aJ  
Models 52538-5262A 

52538 

5262A 

5257A Transfer oscillator $3500 
Frequency range: 50 M H z  to 18 GHz. 
Input signal: CW, pulsed R F  or FM modulated. 
Sensitivity: -7 dBm, 50 M H z  to 15 GHz; -4 dBm, 15 GHz to 18 
GHz. 
APC lock range: approximately +0.2% of input frequency. 
Pulse carrier frequency measurements: minimum pulse width: 
0.5 ps. Minimum repetition rate: 10 pulses per second. 
Input impedance: 509. 
VFO stability: typically 1 x lo-' per minute after 2 hours. 

$800 5262A Time interval unit 
Range: Ips to IO8 s 
Resolution: 0.1 ps. 
Input sensitivity: 100 mV rms. 
Start-Stop: independent or common channels. 
Trigger slope: positive or negative on Start and Stop channels, inde- 
pendently selected. 
Trigger amplitude: both channels adjustable from -250 to + 250 V 
peak. 
Input repetition rate: better than 2 MHz. 
Input impedance: from 10 kQ/80 pF a t  xO.1 multiplier setting to 10 
MR/20 pF a t  x 100 setting. 



p.l"b"" ELECTRONIC COUNTERS 
' 100 MHz Universal counter 

Model 5328A 

100 MHz, 512 MHz and 1300 MHz 
100 ns or 10 ns time interval 
T.I. averaging to 10 ps  resolution 

"Armed" measurements 
DVM options 
HP-IB interface option 

>del 5328A 

Description 
The 5328A, thru the use of the latest technology (such as a ROM 

controlled measurement cycle) and a modular design, provides you 
with the optimum in universal counter price/performance. Optional 
modules allow you to tailor the performance of the 5328A to meet 
your particular measurement needs. In many instances, however, the 
standard 5328A offers all the capability you're ever likely to need. 
Burst and CW measurements to 100 MHz: special gating circuits 
start a measurement only when the input signal is present, allowing 
burst frequencies to be measured as easily as CW signals. The option 
030 channel C extends this capability to 512 MHz; option 031, to 
1300 MHz. 
Single shot time interval measurements: the standard universal 
module's 100 ns single shot resolution meets or exceeds the require- 
ments for a wide range of applications such as mechanical and elec- 
tromechanical device timing (relays), time of flight measurements 
(ballistics), sonar ranging, radio ranging and navigation 
Time interval averaging: resolution better than 10 ps (lo-" sec- 
onds) for repetitive time intervals as short as 100 ps. 

Sumnary of charactcrirtks 

opt. 010 

opt. 011 

opt. 020 

opt. 021 

Opt. 030 
Opt. 031 
Opt. 040 

Opt. 041 

Descmtia  
Universal Counter 

High Stability 
Time Base 

HP-IB Interface 

DVM 

High Performance 
O W  

512 MHz Channel C 
1300 MHz Channel C 

High Performance 
Universal Module 

Programmable Input 
Module 

Period, period average, ratio, totalize, scale: extra problem solv- 
ing power for your special requirements. 

Armed measurements: versatile arming modes (controlled by a 
rear panel switch) allow real time control over when a measurement 
begins. Useful for measurements such as frequency burst profile and 
frequency sweep linearity. 

Trigger lights: trigger light blinks when channel is triggering; light is 
ON when input is above trigger level; OFF when input is below trig- 
ger level. Simplifies trigger level adjustments. 

High performance marker outputs: marker outputs (operational to 
100 MHz) indicate where channel is triggering in real time for oscil- 
loscope monitoring applications. Provides measurement feedback to 
the operator for greatly simplified measurement set-ups. 

These features and capabilities make the 5328A an excellent choice 
for general purpose lab use, electronic service, and production test. 
For more demanding applications, a variety of options offer extended 
performance a t  a modest increase in price. 

Feahrer 
Frequency to 100 MHz; 100 ns single shot 1.1.; 1.1. averaging; 
Period; Period Avg; ratio; totalize 
Oven oscillator with aging rate t 5  x 10 -l0/day 

Allows 5328A to output data and be controlled via the 
HP Interface Bus. 
Single ended DVM for trigger level and external voltage 
measurements 
Floating DVM for trigger level and high accuracy external 
voltage measurements. 
Frequency measurements to 512 MHz; 9 digit display. 
Frequency measurements to 1300 MHz; 9 digit display. 
Same as standard 5328A but with 10 ns single shot 1.1.; 
improved 1.1. averaging; improved 1.1. accuracy; measurements 
with delay; 1.I.A-B marker: hysteresis compensation; 
switchable input impedance (1 MQl50Q). 
Full remote programming of all universal module controls thru 
opt. 011; 10 ns single shot 1.1.; switchable 1 MQ/50Q input impedance. 



5328A with Opt 021, 031, 041 

5328A Option descriptions 
High stability time base (Opt 010) 

The standard time base for the 5328A is a room temperature 10 
MHz crystal providing a long term aging rate of less than 3 parts in 
lo7 per month. The option 010 oven oscillator offers excellent short 
term and temperature stability which can contribute to higher mea- 
surement accuracy. The low aging rate of (5 x 10-’0/day permits 
longer intervals between time base calibrations. 

HP Interface Bus for systems use (Opt 0 1  1) 
The option 01 1 HP-IB Interface brings the full capability and pow- 

er of the HP Interface Bus. The 5328A can accept program code 
words over the HP-IB which remotely program various front and rear 
panel controls. In addition, measurement results may be output over 
the bus to HP-IB compatible instruments, calculators, or computers. 

Remotely programmable controls include FUNCTION selection, 
RESOLUTION selection, ARMING, SAMPLE RATE (max. or 
manual), RESET, measurement modes, output modes, and display 
modes. Option 041 adds programming of channel A and B input sig- 
nal conditioning controls. 

Digital voltmeters (Opt 020, 021) 
The unique combination of an integrating digital voltmeter with a 

universal counter produces a superb general purpose measuring in- 
strument. By using a voltage to frequency conversion technique, the 
incremental cost of adding DVM capability to the 5328A is very low. 

Two DVM options are available; the option 020 DVM with single- 
ended input and the option 021 High Performance DVM with float- 
ing input. You can use these DVMs to measure channel A and B 
trigger levels and external voltages. Since a built-in DVM greatly 
simplifies time interval measurement set-ups, it is highly recommend- 
ed that one of the DVM options be selected, particularly if time inter- 
val measurements are one of your major applications. 

High frequency channel C (Opt 0 3 0 , 0 3 1 )  
With a high frequency channel C module the 5328 is ideally suited 

for use in a wide variety of communications measurements. Option 
030 gives direct count measurements to 512 MHz with 15 mV rms 
sensitivity; option 031 counts to a full 1300 MHz with 20 mV rms 
sensitivity. Typical applications include servicing, maintaining, cali- 
brating, and monitoring communications trasmitters and receivers 

such as found in two-way radio, radio and television broadcasting, 
mobile radio, and common carrier multiplexing and transmission. 

Extended capability universal modules (Opt 040, 041) 
Options 040 and 041 give extended performance for time interval 

measurements. Option 040 is designed for bench use and includes 
“delay” capability for increased measurement versatility. Option 041 
adds full programming of the input signal conditioning controls. 

Both of these options generate a 100 MHz clock to give 10 ns single 
shot resolution for time interval measurements. This resolution is use- 
ful in applications such as computer/peripheral timing measure- 
ments, logic timing measurements, radar ranging, and optical 
ranging. 

For improved time interval averaging performance, the options 
have input channels adjusted for delay matching to better than 2 ns. 
Additionally, options 040 and 041 use a jittered clock in T.I. AVG. 
function to give averaging even for those cases when the input repeti- 
tion rate is synchronous with the counter’s internal time base. 

Selectable input impedance adapts the counter to the measurement 
environment: 5OQ for fast signals in a 50Q environment, 1 M a  to re- 
duce circuit loading or to use with scope probes. 

The “delay” feature of option 040 allows you to disable the inputs 
from triggering for selected periods of time (20 ps to 20 ms). Delay is 
useful for ignoring high amplitude noise such as from chattering re- 
lays or ignoring stop pulses in multiple stop T.I. measurements. 

Option 041 allows remote programming of input trigger level, 
slope, coupling, and attenuator setting. Under remote control, the in- 
put impedance is independently selectable on the A and B channels. 
Also, a remote “Invert” function switches the A and B channel signals 
internally. “Invert” gives exceptional flexibility for two channel time 
interval measurements. 

Retrofit kits 
Retrofit kits, available for all options, allow you to upgrade the per- 

formance of your 5328A in response to your changing measurement 
requirements. 

The condensed specifications on the following pages highlight some 
of the important performance characteristics of the 5328A and its 
options. Complete specifications and detailed applications informa- 
tion are available in the 5328A data sheet. 



Model 5 3 2 8 A  (cant.) 

Maxinun sensitivity 
Meas. time: 

io s (N = 107) 

0.1 s (N = 105) 
1 s (N = loe) 

10 ms (N = 10') 

opt 020 
DVM 

opt OM opt 021 

COUNTERS 

1 ms (N = 103)' 200 mV 

opt 021 
High Performance DVM 

100 mV 

Digital voltmeter modules 
Digital voltmeter measurementst 
DVM (Opt 020 and 021): trigger levels of input channels A and B 
and external voltages may be measured. 

Acuracy 
(20 min. warm-up) 

+ 0.5% reading 
f4 mV 

1 mV 
1 mV 
2 mV 
20 mV 

- 
Range 5-512 MHz 90-1300 MHz 

(direct count) (prescaled, +4) 
1 MHz to 0.1 Hz 1 MHz to 0.1 Hz R C S O k l h  

10 pv 
100 pv 

1 mV 
10 mV 

kput t M n * l a i F  
hput hpedance 
Numal mode 

Single ended Floating pair 
10 Mfl 10 Mfl 

>60 dB at 60 Hz >80 dB at 50 Hz or 
Lccuacy 2 1 count 

+ time base error 

and Autorange 
0.03% reading f 0.0044 

range: for 1000 V 
range: f 0.087% reading 

+0.004% range 

f 1 count 
+ time base error .~ 

rejection ratio 

Effective cmmon 
mode rejection ntk 

(1 kO unbalance) 

Maxinun Lput 

T I i g p  kvd 
mawemants 

(50 Hz) fO.l% greater with filter on 
DC: >120 dB 

AC: >120 dB for 
multiples of 60 Hz (50 
HI) with filter on 

HI to L O  + 1100 V all 
ranges: LO to chassis 

ground: + 500 V 
1 mV display 

resolution: trigger level 
reading automatically 

multiplied by setting of 
attenuator switch if 

using Opt 040 or 041 
universal modules 

+500 V 

2 mV display 
resolution 

L 

Ran@: A 0-10 MHz 
C 5-512 MHz 

1 

Opt 030 
512 MHz 

Channel C 

0-10 MHz 
90-1300 MHz 

Opt 031 1300 MHz 
Channel C 

Probe power 

Y 

Power to operate 
108551 Preamp or 
HP active probe 

No 

10855A PI eamp 

Channel C modules 

Events C, A to B (with Opt 030 onfy) 
The number of events at the C input are totalized during the syn- 

chronized time interval defined by inputs to channels A and B. The 
synchronized time interval is a multiple of 100 ns with the standard 
universal module; a multiple of 10 ns with Opt 040 or 041 universal 
modules. 



Standard 
Universal Mod u I e 

Range 

R e s M i o n  

Opt 040 
High Performance 
Universal Module 

0-10 MHz 

100 ns to 0.01 ps 
in decade steps 

10 ns to 0.01 ps 
in decade steps 

Accessories 
10855A Preamp: (for use with Opt 031): gives >22 dB gain with 
f 1 dR flatness over the entire freauencv range of the Out 031 1300 
k 

ffi puke width 

C-E 

Impedance 

Trigger level 

Trifler slope 

. . - - . - . 

IHz Channel C. For more details'see Gage fi4.30). 
I 

5 ns. 140 mV p-p 

ac or de. switchable 

1 Mil, 40 pF 1 M a  or 50R, 
shunt switchable 

variable f 2.5 V times atten. setting 

independent selection of + or - slope 

1 

Range I 100 ns to 108 s 
100 ns to 1 s Resolution 

in decade stem 

lniversal modules, channels A and B 

10 ns to lo7 s 
10 ns to 0.1 s 

in decade steps 

0-40 MHz 25 mV rms 25 mV rms 

20 Hz-40 MHz 25 mV rms 25 mV rms 

50 mV rms 

(dc coupled) 

(ac coupled) 
50 mV rms 

Attenttaton x1, x10, X l O O  Opt 040 X1, X2. X20 
Opt 041: X1. X10 

Dynamic range 25 mV to 1 V rms times attenuator 
setting lor 0-40 MHz: 50 mV to 500 mV 
times attenuator setting for 40-100 MHz 

Channel input Separate or Separate, 
Common A Common A, 

or Check 
Delay No Opt 040 only: 

20ps to 20 ms 
Programable No Opt 041 only: 
Controls level, slope 

coupling. atten, 
impedance 

SEP-COM-CHK I 

R a t i i  B/A measuement 

Range: A 
B 

0-100 MHz, direct count I 

0-10 MHz 
0-100 MHz 

1 MHz to 0.1 MHz in decade steps I Range: N = 1 
N> 1 

f 1 count ? time base error 

0-100 MHz 
0-10 MHr 

I 0-10 MHz 

100 ns to 1 s 10 ns to 0.1 s 
in decade steps I in ' decade steps 

f 1 count ? time base error 
f trigger error' 

Opt 041 
Programmable Input 

Universal Module 

Accuacy f 1 count displayed f time base error 
f trigger error' 
N 

Accuacy f 1 count f time base erroi 
? trigger error' 

lime interval averaw A to B 
Range 
Resdutik 

0.1 ns to 10 s 
f 100 ns f trigger error' 

0.1 ns to 1 s 
f 10 ns f trigger error' 

V T  dtT *.lo ps f 10 ps 
Accuacy f resolution f resolution 

I I + 4  ns I * L  ns - 
f time base error I 5 time base error I 

Min. puke width 25 ns 10 ns 

Totalizing and scaling, Start A 
The number of counts at the A input are totalized for N = 1 on the resolution switch.For 

N\ 1 A I M  ic h h l n d  3nrl +ha r* i lo l l  n d n d  IA/N\ ic i u d i h l n  st tho Tim0 Ri ro  nd r ~ i r  

(or- signal 



PPELECTROMIC COUMTERS 
‘b 

Model 5328A (cont.) 

Measurements with delay (,at 040) 
Delay mode is activated by the inner concentric knob on Level A 

control of option 040 Universal Module. A red LED indicates delay is 
activated. In delay mode, Channel A triggers and is then disabled 
from triggering again until the delay times out (disabled state occurs 
within 1 ps after triggering.) Channel B is continuously disabled until 
the delay times out. After the delay, both A and B are enabled. The 
delay time may be measured by placing the counter in T.1.A-B and 
the Universal Module in check (CHK). 
Delay range: 20 ps to 20 ms continuously adjustable. 
Minimum dead time: 1 ps between stop and next start (T.I. average 
measurements only). 

General 
Display: 9 digit LED display, ninth digit used only with channel C 
functions (FREQ. C, Ratio C/A, Events C, A+B). 
Blanking: suppresses display of unwanted zeros to left of most sig- 
nificant digit. 
Storage: holds reading between samples; can be overriden by rear 
panel switch. 
Sample rate: variable from less than 2 ms between measurements to 
HOLD which holds display indefinitely. 
Gate output: rear panel output, TTL levels; high when counter gate 
open. 
Time base output: rear panel output: TTL levels. 
Check signal: with function switch in CHECK, counter should dis- 
play 10 MHz & 1 count. With options 040 and 041, place function 
switch in FREQ A and universal module in CHECK (CHK). 
Counter should display 100 MHz f 1 count. 
Trigger lights: light is O N  when input is above trigger level; OFF 
when input is below trigger level; BLINKING when channel is trig- 
gering. Operate over full frequency range of 0-10 MHz. 
Marker outputs: indicate actual change of state of input Schmitt 
trigger for channels A and B with (2011s delay. Output levels into 
50Q are 0 to -100 mV for the standard universal module, 0 to -50 
mV for option 040, and 0 to + 1 V for option 041. Outputs are protect- 
ed from inadvertently applied voltage to & 5 V dc. 
Arm: rear panel switch turns arming O N  or OFF. With arming O N  
the measurement is armed by an input other than the input involved 
in the measurement. The following are armed by an event a t  B: Freq 
A, Period A, Period Avg A, Freq C, DVM, Ratio C/A; the following 
are armed by an event at C: T.I. A-B, Ratio B/A. 
Operating temperature: 0” to 50°C. 
Power requirements: 100/120/220/240 V rms, +5%, -10% 
(switch selectable), 48-66 Hz; 150 VA max. 
Time base oscillators 
Standard crystal oscillator 

Frequency: 10 MHz. 
Aging rate: <3 x I0-7/month. 
Temperature: (2.5 x 10-6,O” to 50°C. 

Line voltage: < 

FI 
At 
SI 
Tc 
Li 
W 

Opt 010 oven O S L ~ ~ ~ ~ . ~ ~  

Ext. i r e q .  -tu. input; JU K n L  LO IU i v i n L  signal ui ampiiiuue z 1.u v 
rms into 1 kQ. Maximum input: 5 V p-p. With options 040 and 041 
the following constraints apply: ext. freq. std. must be IO MHz for 
Period Avg., T.I. Avg., Period (N = l),  and T.I. ( N  = I ) .  

HP-I6 Interface (Opt 0 1  1) 
Option 01 1 provides digital output of measurement data (“talker”) 

as well as input for remote program control (“listener”). 
Programmable features: function, resolution, sample rate (max or 
manual control), arming, display modes, measurement cycle modes, 
output modes, and reset commands. Option 041 adds control of chan- 
nel A and B trigger level, slope, attenuator, coupling, input imped- 
ance, and SEP-COM-CHECK selection. 
HP-IB commands: responds to the following bus commands (see HP- 
IB Users Guides for definitions)-Unlisten, Untalk, Local Lockout, 
Device Clear, Serial Poll Enable, Serial Poll Disable, Go to Local, 
Selected Device Clear, and Group Execute Trigger. 
Service request (SRQ): if enabled, indicates end of measurement. 
Maximum data output rate: 500 readings/sec. 

Accessories 
5363A Time Interval Probes: solve many of the “hidden” problems 

of precision time interval measurements. The 5363A Time Interval 
Probes minimize circuit loading, give calibrated trigger level settings, 
increase input dynamic range, and allow diffential channel delay cali- 
bration. See page 318 for more details. 

Options and accessories 
010 High Stability Time Base 
01 1: HP-IB Interface 
020 DVM 
021: High Performance DVM 
030 512 MHz Channel C 
031: 1300 MHz Channel C 
040 High Performance Universal Module 
041: Programmable Input Controls Module 
907: Front Handle Kit 
908: Rack Flange Kit 
909 Rack Flange and Front Handle Combination Kit 
10855A Preamp 
5363A Time Interval Probes 

Price 
$525 
$350 
$200 
$500 
$400 
$600 
$350 
$950 

$15 
$10 
$20 

$225 
$2250 

5328A Universal Counter $1300 



ELECTRONIC COUNTERS I 

LOW cost Universal "- 
Model 5314A 

I 

0 100MHz 
0 100 ns Time Interval 
0 Portable 

5314A 

The 5314A Universal Counter is the newest result of HP's continu- 
ing low cost counter product development effort. It combines excel- 
lent performance and traditional HP quality at  a very attractive price. 
This counter is designed to deliver reliable, high quality operation in 
such areas as: Production Test, Frequency Monitoring, Education, 
Training, Service and Calibration. Additionally, the optional battery 
(option 002) makes the 5314A especially attractive for field and por- 
table applications. 

Input Characteristics (Channels A and B): 
Range: CHANNEL A: 10 Hz to 100 MHz. 

CHANNEL B: 10 Hz to 2.5 MHz. 
Sensitivity: CHANNEL A: 25 mv rms to 100 MHz. 

75 mv peak-to-peak at  minimum pulse 
width of 5 ns. 

75 mv peak-to-peak at minimum pulse 
width of 200 ns. 

CHANNEL B: 25 mv rms to 2.5 MHz. 

Coupling: AC. 
impedance: 1 MQ NOMINAL shunted by less than 30 pf. 
Attenuator: X1 or X20 NOMINAL (A channel only). 
Trigger Level: Continuously variable f 350 mV times attenuator 
setting around average value of signal. 
Slope: Independent selection of + or - slope. 
Channel Input: Selectable SEPARATE OR COMMON A. 

Frequency: 
Range: 10 Hz to 10 MHz direct count. 

10 Hz to 100 MHz prescaled by 10. 
Least Significant Digit (LSD) Displayed: Direct count 0.1 Hz, 1 
Hz, 10 Hz switch selectable. Prescaled 10 Hz, 100 Hz, 1 KHz switch 
selectable. 
Resolution: f LSD. 
Accuracy: f LSD k (time base error) x Freq. 

Period: 
Range: 10 Hz to 2.5 MHz. 
LSD Displayed: 100 ns for N=l to 1000 in decade steps of N. 

Resolution: f LSD 2 ( 1 . 4 ~  TRIGGER ERROR) x Per. 
N 

1 . 4 ~  TRIGGER ERROR) x Per. 
N Accuracy: 2 LSD f ( 

k (time base error) x Per. 

Time Interval: 
Range: 250 ns to 1 sec. 
LSD Displayed: 100 ns. 
Resolution: f LSD f START trigger error f STOP trigger error. 
Accuracy: -t LSD f START trigger error 

Ratio: 
Range: 10 Hz to 10.0 MHz CHANNEL A. 

LSD Displayed: 1/N in decade steps of N for N = 1 to 1000. 
Resolution: k LSD 4 (B trigger error x Frequency A)/N. 
Accuracy: f LSD f B trigger error x Frequency A. 

Totalize: 
Range: 10 Hz to 10 MHz. 
Resolution: f 1 count of input. 
Totalize controlled by front panel switch. 

General: 
Check: Counts internal 10 MHz oscillator. 
Display: 7 digit amber LED display with gate and overflow indica- 
tion. 
Max Sample Rate: 5 readings per second. 
Operating Temperature: 0" to 50 "C. 
Power Requirement: 100/120/230/240 V RMS +5%, -10% 
48-66 Hz; 10 VA max. 
Weight: 2.0 kg (4.4 Ib.). 
Dimension: 238 mm W x 98 mm H x 276 mm D (9'4 x 3% x lo7/, in.). 
Time Base: 

Frequency: 10 MHz. 
Aging Rate: < 3 part in lo7 per month. 
Temperature:< f 10 parts in lo6, 0 to 50°C. 
Line Voltage: < f 1 part in 10' for f 10% variation. 

-t STOP trigger error k (time base error) x TI. 

10 Hz to 2.5 MHz CHANNEL B. 

Options: 
Option 001: High stability time base (TCXO). 

Frequency: 10 MHz. 
Aging Rate: < 1 part in IO7 per month. 
Temperature: < f 1 part in lo8, 0 to 40°C. 
Line Voltage: < 

Option 002: Battery. 
Type: Rechargeable lead-acid (sealed). 
Capacity: Typically 8 hours of continuous operation at 25 "C. 
Recharging Time: Typically 16 hours to 98% of full charge, in- 
strument non-operating. Charging circuitry included with option. 
Batteries not charged during instrument operation. 
Battery Voltage Sensor: Automatically shuts instrument off 
when low battery condition exists. 
Line Failure Protection: Instrument automatically switches to 
batteries in case of line failure. 
Weight: Option 002 adds typically 1.5 kg (3.3 Ib.) to weight of 
instrument. 

Definitions: 
Resolution: Smallest discernible change of measurement result due 
to a minimum change in the input. 
Accuracy: Deviation from the actual value as fixed by universally 
accepted standards of frequency and time. 
Trigger Error: (RMS) 
~ ( ~ O P V ) ' +  en$nput slew rate at trigger point (pV/s). 
Where en is the RMS noise of the input for a 100 MHz bandwidth in 
CHANNEL A and 10 MHz bandwidth in CHANNEL B. 

Options Price 
001 High Stability time Base add $100 
002  Battery add $95 
All orders must include one (1) of these line power options: 

1 part in IO* for f 10% variation. 

Option 115: 86-127V N/C 
Option 230 190-250V N/C 
5314A 100 MHz/100 ns Universal Counter $375 



ELECTRONIC COUNTERS 
UNIVERSAL COUNTER 
Model 5315A/B 

100 MHz/Reciprocal 
100 ns Time interval 
Portable 

W 

Trigger lights 
Delay (Hold-off) 
Microprocessor controlled 

5315A 

Description 
All the universal counter capability you've come to expect, and 

more, is included in the smart, portable 5315A Universal Counter. 
And just as important, this advanced capability and high technology 
costs much less than you might expect. This achievement is possible 
by the utilization of HP's unique state-of-the art LSI counter-on-a- 
chip and 2 standard commercial LSI circuits (a single chip micro- 
processor and a display driver chip). 

The 5315A offers frequency or period measurements to 100 MHz, 
3 time interval measurement modes (single shot time interval to 100 
ns, time interval with delay, and time interval average to 10 ps), ratio, 
2 totalize modes (manual or electrically controlled), as well as input 
signal conditioning that is optimized for not only frequency measure- 
ments but also for time interval measurements. Additional features of 
the 5315A include reciprocal counting (high resolution frequency 
measurements a t  low frequencies), continuously variable gate time, 
tri-state trigger lights, and a conservative, low component count de- 
sign for years of reliable service. 

The 5315B is identical to the 5315A except for the package. The 
package of the 53 15B is a metal System I1 package for rack mounting 
or stacking applications. This metal package is also recommended 
when a lower level of RFI (radio frequency interference) is desired. 

5315A/B Specifications 
Input Characteristics: (Channel A and Channel B) 
Range: DC coupled 0 to 100 MHz. 

Sensitivity: 10 mV rms sine wave to 10 MHz. 
AC coupled 30 Hz to 100 MHz. 

Frequency: 
Range: .1 Hz to 100 MHz 
LSD Displayed: 10 Hz to 1 n Hz depending upon gate time and input 
signal. At least 7 digits displayed per second of gate time. 
Resolution: k LSDt f 1.4 x Trigger Error x FREQ. 

Accuracy: f LSDt + 1.4 x Trigger Error x FREQ. 

f (time base error) x FREQ. 

Gate Time 

Gate Time 

Period: 
Range: 10 ns to lo6 s. 
LSD Displayed: 100 ns to 1 fs depending upon gate time and input 
signal. At least 7 digits displayed per second of gate time. 
Resolution: f LSDt f 1.4 x Trigger Error x PER. 

Accuracy: f LSDt f 1.4 x Trigger Error x PER. 
Gate Time 

f (time base error) x PER. 

Gate Time 

Time Interval: 
Range: 100 ns to lo5 s. 
LSD Displayed: 100 ns. 
Resolution: f LSD f Start Trigger Error f Stop Trigger Error. 
Accuracy: f LSD f Start Trigger Error f Stop Trigger Error 
f (time base error) x TI. 

Time interval Average: 
Range: 0 ns to lo5 s 

signal. 
Resolution: +- LSD k Start Trigger Error f Stop Trigger Error. 

Accuracy: k LSD f Start Trigger Error f Stop Trigger Error. 

25 mV rms sine wave to 100 MHz. 
75 mV peak-to-peak pulse at minimum pulse width of 5 
ns. 

Sensitivity can be varied contjnuous~y up to 500 m~ rms NOMI- LSD Displayed: 100 ns to 10 PS depending upon gate time and input 
NAL by adjusting sensitivity control. In sensitivity mode, trigger lev- 
el is automatically set to 0 V NOMINAL. 

Impedance: 1 MQ NOMINAL shunted by less than 40 pf. 

Signal Operating Range: +2V and -2V. 
Attenuator: X1 or X20 NOMINAL. 
Trigger Level: Variable between +2V and -2V. 
Slope: Independent selection of + or - slope. 

Coupling: AC or DC, switchable. m m 
500 KQ NOMINAL shunted by less than 70 pf (COMMON A). V T  V T  

f (time base error) x TI f 4 ns. 
Number of intervals averaged (N) = Gate Time x FREQ. 
Minimum Dead Time (stop to start): 200 ns. 



Time Interval Holdoff (Delay): 
Front panel gate time knob inserts a variable delay of NOMINALLY 
500 ps to 20 ms between START (Channel A) and enabling of STOP 
(Channel B). Electrical inputs during delay time are ignored. Delay 
time may be digitally measured by simultaneously pressing T.I. Aver- 
aging, T.I. Delay and blue key. Other specifications of T.I. Holdoff 
are identical to Time Interval. 

Ratio: 
Range: 0.1 Hz to 100 MHz, both channels. 
LSD: 2.5 X Period A x Ratio. (rounded to nearest decade) 

Gate Time 
Resolution: k LSD -t B Trigger Error x Ratio. 

Accuracy: Same as resolution. 
Totalize: 
Manual: 
Range: 0 to 100 MHz. 
A gated by B: 
Totalizes input A between two events of B. Instrument must be reset 
to make new measurement. Gate opens on A slope, closes on B slope. 
Range: 0 to 100 MHz. 

Gate Time 

Rpcnlnrtinn. + 1 rniint 

Line voltage: 5 f I part in IU' for -t IUYO variation. 
General: 
Check: Counts internal 10 MHz reference frequency over gate time 
range NOMINALLY 500 ps to 20 ms. 
Error Light: LED warning light activated if logic error is found dur- 
ing instrument turn-on self-check. 
Display: 8 digit amber LED display, with engineering units annunci- 
ator. 
Overflow: Only frequency and totalize measurements will overflow. 
In case of overflow, eight least significant digits will be displayed and 
amber front panel overflow LED will be actuated. 
All other measurements which would theoretically cause a display of 
more than 8 digits will result in the display of the 8 most significant 
digits. 
Gate Time: Continuously variable, NOMINALLY from 50 ms to 
10 s or 1 period of the input, whichever is longer. 
Sample Rate: Up to 5 readings per second NOMINAL except in 
time interval mode, where it is continuously variable NOMINALLY 
from 250 ms to IO s via Gate Time Control. 
Operating Temperature: 0" to 50°C. 
Power Requirements: 100, 115,210,230V (+ 5%, -10%) 48 - 66 
Hz; 10 VA maximum 
Weight: 2.9 Kg (6 Ibs. 5 02.) 

Dimensions: 238 mm W x 98 mm H x 276 mm L (934 x 3% x 10% in.) 
?Due to arithmetic truncation, quantization error will be k 1 or k 2  
counts of the LSD (Least Significant Digit) as follows: 
k 2 counts of LSD if LSD/(FREQ or PER) < 1 x lo-', 
FREQ < 10 MHz. 
k 2 counts of LSD if LSD/(FREQ or PER) < [l /(Gate Time)] 
/FREQ, FREQ 2 IO MHz. * 1 count of LSD for all other cases. 
Options: 
Opt. 001: High Stability Time Base (TCXO) 

Frequency: IO MHz. 
Aging Rate: < 1 part in 10'/mo. 
Temperature: 5 f 1 part in lo6, 0" to 40°C. 
Line Voltage: I k 1 part in lo* for 5 10% variation. 

Opt. 002: Battery 

happens. Discharge LED is on whenever battery is sup- 
ver to instrument. _ _  -. . .  . . .. 

Type: Rechargeable lead-acid (sealed). 
Capacity: TYPICALLY 4 hours of continuous operation at  
25°C. 
Rechargii charge, 
instrumen i t h  Op- 
tion. Battc 
Low Voltage inaicaror: instrument turns itseir off automatically 
when low battery condition exists. Discharge LED flashes slowly 
when this 
plying poi 
Charge LEU indicates state of charge of battery during charging 
only and is on whenever battery is charged to 95% NOMINAL of 
capacity. Charge LED flashes when 90% NOMINAL of charge 
taken out is replaced. Charge LED is off if charge is less than 70% 
NOMINAL of capacity. 
Line Failure Protection: Instrument automaticallv switches to 
battery in cast 
Weight: Opt. I 

5315B: 

as 53 15A except as follows: 
Rack Mount: 5315B is recommended for rack mounting via Rack 
Mount Kit 5061 - 0072. 
Oscillator Output: IO MHz, 50 mV pk-pk into 50 Q load. 
E 
c 
1 

1 MHz, 1 V RMS into 500 Q.  
n H x 279 mm L (83/, x 3'4 x 

: of line failure. 
002 adds 1.4 Kg (3 Ibs.)-to weight of instrument. 

ixternal Frequency Standard: 1C 
bimensions: 215 mm W x 81 mi 
0'4 in.). 
. . _ . ~ . . 1 T , , r . . ,  . A  , Vveignr: 4 n g  (6 IDS. 1 5  02.). 

Definitions: 
Resolution: Smallest discernible change of measurement result due 
to a minimum change in the input. 
Accuracy: Deviation from the actual value as fixed by universally 
accepted standards of frequency and time. 
Least Significant Digit (LSD) Displayed: 

Frequency: (2.5 x IO-'/GateTime) x FREQ, FREQ < IO MHz. 
2.5/Gate Time, FREQ 2 IO MHz. 
Period: (2.5 x IO-'/Gate Time) PER, PER > 100 ns. 
(2.5/Gate Time) x PER', PER 5 100 ns. 
All above calculations should be rounded to nearest decade (i.e., 
0.5 Hz will become 1 Hz and 0.4 ns will be 0.1 ns). 

Time Interval Average: LSD 
1 to 25 intervals 
25 to 2500 intervals 
2500 to 250,000 intervals 
250,000 to 25,000,000 

Time Interval Average is a statistical process. LED displayed is cal- 
culated for l standard deviation (a) confidence level. 
Trigger Error:U(80 pV) ' + en*/Input slew rate at  trigger point 
( r v / s ) l  rms. 
Where en is the rms noise of the input for a 100 MHz bandwidth. 
Options: Price 
001 High Stability Time base add $100 
002 Battery (available with 5315A only) add $225 
All 531519 orders must include one (1) of these line 
power options: 

100 ns 
10 ns 
1 ns 

intervals 100 ps 
> 25,000,000 intervals 10 ps 

Option 100 86-106V N/C 
Option 115: 104-127V N/C 
Option 210: 190-233V N / C  
Option 230  208-250V N / C  

$800 

$950 

5315A 100 MHz/100 ns Universal Counter 

53158  100 MHz/100 ns Universal Counter 
in Metal Rack/Stack Package 



ELECTROMC COUNTERS 
Plug-on modular /portable counter system 
Model 5300 A/B system & 5301A-5312A 

I 

/ 
h 

5300 Measuring system 
Features include 
10 MHz, 50 MHz, 525 MHz and 1. 
100 ns time interval resolution and t 
interval averaging 
Up to 8 digits 
Auto ranging 
Unique time interval hold off 
Expandable with interchangeable m 
Optional FCC type approved TCXC 
Portable-battery operation with all modules 
Compact and rugged 
High reliability MOS/LSI circuitry and LED display 
Designed for Quick & easy owner-servicing 

odules 
1 time base 

display technology haw 
capable counter at  a SUI . .  

on module that you need now. Expand the capability later with more 
modules, if and when you need them. 

Autoranging 
Autoranging is included in many of the functions, enhancing the ease 
of operation by automatically selecting a correct gate time to fill the 
display. Any frequency within the range of the 5301A, 5302A, 
5304A, 5307A and 5308A may be counted, with the counter's logic 
circuits automatically selecting the correct gate time (up to 1 second) 
for maximum resoluti 

oms while saving your 
me from modular con- 
mes and select the snap 

on without exceeding the display range. 

!off 
f is a unique feature of the 5304A Timer, .. ,.. . . .  . 

Time interval holc 
/ Time interval holdof 

Counter module. This feature allows you to aaa a rixea aelay between 
the start of a time interval measurement and the enabling of the stop 
channel. Thus any electrical pulses or irregularities in a waveshape 
that occur between the desired trigger points can be ignored. 

Digital and analog output 
Digital output is available in BCD format (standard in 5300A main- 
frame) or ASCII format via the H P  Interface Bus (to be used with 
5300B mainframe) to provide interfacing with digital printers or with 
desktop calculators and other data processing equipment. Analog 
output for long term monitoring with strip chart recorders is provided 
by a digital-to-analog converter. This provides the capability to gen- 
erate hard copy results of any measurements made by any of the 5300 
modules. 

Battery pack 
A snap between battery pack provides a truly portable, light weight, 
go-anywhere measuring system for any of the 5300 Systems. 

Serviceability 
Reliability and easy servicing have been major design criteria for all 
of the 5300 modules. A check function is built into most of the funci- 
tonal modules to allow immediate checking of the basic counter cir- 
cuits from the front panel. A user-oriented service support package is 
available that provides plug-in cards with automatic diagnostic rou- 
tines that allow the 5300 mainframes to troubleshoot themselves. 

Output via BCD, H P  Interface Bus (HP-fB), or D to A converters 

Description 
Large scale integration and solid state 'e 

helped to produce a uniquely versatile and r- 
prisingly low cost. Easy to use and reliable, this counter does what is 
important-solves your measurement problc 
money. Versatility and antiobsolenscence co 
struction. Take your choice from two mainfra 

Typical Configuration 

stem 
lor Moolie cIommunicaiiona. 
Go Anywhere Portability 

5300A 6 Dl61 E 
53008 8 M61 
53lOA BAlll 

\LOG c m m  

53008,5310A, 53058 

Tine 
P*kd Tmc Interval 

Average Merval Average 

$500 307 --- T MAINFRAM 

ny PACK $275 312 
iT MAlNFR J4bU JUI 

53118 DIGITAL TO ANI 
5312A HP-8 INTERFM 

l--l-- 



530014 5300B 

5300A and 5300B measurement system 
mainframe 

The mainframe units provide the system with power, reference fre- 
quency, display, counting logic and timing control. 

The 5300A has a 6-digit dot matrix display, standard time base, 
external time base input and BCD output as a standard rear panel 
output. The 5300B has an 8-digit 7-segment display, standard time 
base or optional TCXO time base, external time base input and no 
digital output from the mainframe. See mainframe/plug-on display 
chart below for number of display digits with a particular mainframe 
and plug-on combination. 

Time base 
Standard crystal frequency: 10 MHz. 
Stability 

Aging rate: <3 parts in 107/mo. 
Temperature: < f 5  parts in IO6, 0” to 50°C. 
Typically: < f 2  parts in IO6, 15” to 40°C. 
Line voltage: <f 1 part in IO7 for 10% line variation. 

Oscillator output: 10 MHz, approximately 1 V rms at rear panel 
BNC, IOOQ source impedance. 
External input: 1 MHz to 10 MHz, 1 V rms into 200Q. 

Opt 001 High stability time base (53006 only) 
Frequency: 10 MHz. 
Stability 

Aging rate: (1.2 parts in 106/year. 
Temperature: < + 5  parts in I O 7 , O ”  to 50°C. 
Line voltage: < + 5 parts in 108 for 10% line variation. 

Oscillator output: 10 MHz, approximately 1 V rms a t  rear panel 
BNC, lOOQ source impedance. 
External input: 1 to 10 MHz, 1 V rms into 500Q. 

Genera I 
Display: 6-digit, dot matrix (5300A) or 8-digit, 7-segment matrix 
(5300B), solid state LED display (gallium arsenide phosphide light 
emitting diodes) including decimal point and annunciator units. 
Overflow: LED light indicates when display range is exceeded. 
Display storage: holds reading between samples. Sample rate: Sam- 
ple rate control adjusts the delay from the end of one measurement to 
the start of a new measurement. Continuously variable from less than 
50 msec to greater than 5 seconds. HOLD position: display can be 
held indefinitely. Reset: Front panel pushbutton switch resets all reg- 
isters and initiates new measurement. Reset input by contact closure 
to ground or TTL type low level also available on rear panel connector 
(5300A only). 
Operating temperature: 0” to 50°C. 
Power requirements: 115 or 230 volts f IO%, 48 to 60 Hz, 25 VA 
maximum (depends on plug-on module). Mainframe power without 
plug-on nominally 5 watts. Battery operation: with 5310A re- 
chargeable battery pack (see 5310A specifications). 

Weight: net, 1.5 kg (3% Ib). Shipping, 2.5 kg (5% Ib). 
Dimensions: (with snap-on module): 89 mm H x 160 mm W x 248 
mm D (3%” x 6%’’ x 9%”). 

Digital output (5300A only) 
Digital serial, 4-bit BCD parallel available at rear panel connector. 
Code: 4-line 1-2-4-8 BCD, “1” state low, TTL type logic levels. 
Decimal point: decimal point code (binary “1 11 1”) automatically 
inserted at correct digit position. 
Print command: positive step, TTL output. 
Holdoff: contact closure to ground or TTL low level, inhibits start of 
new measurement cycle. 
Connector: 20-pin PC connector. Mating connector Viking 
2VHIOIIJN or equivalent. 
Parallel data output: available from Printer Interface. See 10533A 
specification. 
Note: digital output for 5300B Mainframe is provided by 5312A HP- 
IB Interface module. 

Mainframe/plug-on compatibility 
Plug-on Display Digits 

5301A 6 7 
5302A 6 7 
5303B 6 8 
5304A 6 7 

8 
7 5306A (Frequency) 6 

5307A 6 6 
5308A N/A 8 

with 5300A with 5300B 

5305B N/A 

(ACV, DCV, OHMS) 5 5 

Accessories Price 
Digital Recorder Interface: (for use with 5300A, $95 
BCD output) See 10533A Specifications, Page 308 
10548A Service support package: Contains an in- 
terface card and 4 diagnostic cards for easy trouble 
shooting of 5300A or 5300B 
18019A Leather carying case: Holds 5300A or 
5300B, snap-on module and 5310A battery pack plus 
accessories 
Rack mount kits 
10851A Single $40 
1085219 Double $40 
10853A Single/with plug-between $65 
10854A Double/with plug-between $65 

$35 

Ordering instructions 
5300A 6 digit mainframe 
5300B 8 digit mainframe 

Opt 001: TCXO (5300B only) 

$500 
$460 

add $180 



ELECTRONIC COUNTERS 
5300A/B System (cont.) 

10MHz 
Auto ranging 
External gate 

530 1 A 

5301A 10 MHr frequency counter module 
Input 
Range: 10 Hz to 10 MHz. 
Sensitivity (min): 25 mV rms sine wave 50 Hz to 1 MHz, 50 mV rms 
sine wave 10 Hz to 10 MHz; 150 mV p-p pulse at  minimum pulse 
width, 50 ns. Sensitivity variable to 2.5 V rms. 
impedance: 1 MQ shunted by less than 30 pF. 
Overload protection: 500 V (dc + peak ac), 250 V rms dc to 400 
Hz, 10 V rms at 10 MHz. 
Trigger level: selectable positive, negative, or zero volts. 

Frequency measurement 
Range: 10 Hz to 10 MHz. 
Gate times: manually selected 0.1, 1, or 10 seconds AUTO position 
selects gate time of 1 second for maximum resolutioi 
Accuracy: -+ 1 count f time base accuracy. 

Open/close (totalizing) 
Range: 10 MHz max count rate. 
External gate: gate signal by contact closure to ground or TTL low. 

Genera I 
Check: counts internal 10 MHz reference frequency. 
Operating temperature: 0” to 50°C. 
Power requirements: including mainframe, nominally 8 watts. 
Weight: net, 0.9 kg (2 lb). Shipping, 1.5 kg (3% Ib). 
Dimensions: see Mainframe. 
5301A 10 MHz Frequency Counter Module $225 

10533A Recorder interface specifications 
The 10533A accessory provides an interface between the 5300A 

measurement system mainframe and a standard parallel-input re- 
corder such as the HP 5055A. The interface module provides conver- 
sion from the 5300A serial data output to a standard parallel format. 
Output format: 10 parallel digits; 6 data, 1 decimal point, 1 overflow, 
1 exponent and 1 exponent sign. 
Code: 4-line 1-2-4-8 BCD; “1” state low TTL levels. 
Decimal point: floating decimal point automatically inserted at  cor- 
rect digit position. Coded “1 11 1” (”*” on standard HP 5055A print 
wheels). Internal jumper wire removes decimal point from data for- 
mat if desired. 
Overflow: coded “1 11 1” (”*”) printed in first column when 5300A 
overflow light is on. 
Exponent: 2 0, f 3, f 6 corresponding with 5300A measurement 
units. 
Print command negative step, TTL levels. 
inhibit input: +2.0V or higher prevents the 5300A from recycling. 
Power requirements: 100 mA at 5 volts, provided by 5300A main- 
frame. 
10533A Recorder Interface $225 
‘For any wave shape. trigger error bs) is less than 

0.005~8 
Signal Slope W/pd  

For period average this is lass than f0.3% of one period i period average for signals with 40 dB or 
better signal-to-noise ratio. 

50 MHz universal counter 
Automatic or manual gate selection 
100 nsec time interval resolution 

5302A 

5302A 50 MHz universal counter module 
Input channels A and B 
Range: Channel A: 10 Hz to 50,MHz, Channel B: 10 Hz to 10 MHz. 
Sensitivity (min): 25 mV rms sine wave 50 Hz to 1 MHz. 50 mV rms 
sine wave 10 Hz to 10 MHz. 100 mV rms sine wave at 50 MHz. 150 
mV p-p pulse at  minimum pulse width, 50 ns. Sensitivity variable to 
2.5 V rms. 
impedance: 1 MQ shunted by less than 30 pF. 
Overload protection: 500 V (dc + peak ac). 250 V rms, dc to 400 
Hz, 10 V rms above 10 MHz. 
Trigger level: selectable positive, negative, or zero volts. 
Slope: automatically switched to trigger on positive slope for positive 
pulse and negative slope for negative pulse. Positive slope for sinusoi- 
dal inputs. 
Marker outputs: rear BNC, TTL low level while gate is open. 

Frequency 
Range: channel A. 10 Hz to 50 MHz, prescaled by 10; channel B: 10 
Hz to 10 MHz. 
Gate times: manually selected 0.1, 1, or 10 seconds. AUTO position 
selects gate time of 1 second for maximum resolution. 
Accuracy: f 1 count f time base accuracy. 
Time interval 
Range: 500 nsec to 1000 seconds. 
Input: channels A and B. 
Resolution: 100 ns to 1 ms in decade steps. 
Accuracy: f 1 count f time base accuracy f trigger error*. 
Period 
Range: 10 Hz to 1 MHz. 
Input: channel B. 
Resolution: 100 ns to 1 ms in decade steps. 
Accuracy: f 1 count k time base accuracy f trigger error”. 
Period average 
Range: 10 Hz to 1 MHz. 
Input: channel B. 
Periods averaged: 1 to lo8 automatically selected. 
Frequency counted: 10 MHz. 
Accuracy: f 1 count f time base accuracy f trigger error*. 
Ratio 
Display: FA/FB times multiplier (N), N = 10 to lo’, selectable in 
decade steps. 
Range: channel A: 10 Hz to 1 MHz, Channel B: 10 Hz to 10 MHz. 
Accuracy: +count of FB f trigger error of FA*. 

Open/close (totalizing) 
Range: 10 MHz max. 
input: channel B opening and closing of gate initiated by front panel 
pushbutton switch. 

General 
Check: counts internal 10 MHz reference frequency. 
Operating temperature: 0” to 50°C. 
Power requirements: including mainframe, nominally 10 watts. 
Weight: net, 0.9 kg (2 Ib). Shipping, 1.5 kg (3 
Dimensions: see Mainframe. 
5302A 50 MHz Universal Counter Module 

Ib). 

$325 



CW or burst to 525 MHz 
Automatic gain control and fused input 

0 FCC tvne annrnvnrl 

5303B 

53038 Frequency counter module 
This counter module was especially designed for servicing and cali- 

brating mobile communications equipment and AM & FM broadcast 
equipment. An automatic gain control (AGC) amplifier has been 
provided on the 80 MHz channel. This provides ease-of-use by com- 
pensating for input level variations and rejecting noise up to 50% of 
the peak-to-peak level of the input signal. The front end circuitry of 
the 525 MHz channel is fuse-protected against high input signal lev- 
els that would normally cause expensive front end damage. The addi- 
tion of the battery pack makes this an ideal portable instrument for 
the lab or the field. 

ne1 A (CW or burst) 
o 525 MHz, prescaled by 8. 
fixed): 
s sine wave, dc to 500 MHz. 
s sine wave, 500 MHz to 525 MHz. 
lass through zero. 
50Q. 

Input chani 
Range: DC t 
Sensitivity (1 

100 mV rm 
125 mV rm 

Signal must 
Impedance: 
Overload protection: 5 V rms (input circuitry fuse-protected). 

Input channel B (CW or burst) 
Range: 50 Hz to 80 MHz, direct. 
Sensitivity (automatic): 
25 mV rms sine wave, 100 Hz to 50 MHz. 
50 mV rms sine wave, 50 Hz to 100 Hz and 50 MHz to 80 MHz. 

Sensitivity is adjusted automatically by AGC (automatic gain con- 
trol). Effective up to input clipping levels of 10 V p-p. 
Im 
0 1  
rm 

Fr 
Rc 
AC 

tpedance: 1 MQ shunted by less than 40 pF. 
rerload protection: 250 V rms, 50 Hz to 10 KHz declining to 10 V 
IS above 10 MHz. 

.equency measurement 
,solution: (selectable): 1, IO, 100, 1000 Hz. 
:curacy: + 1 digit f time base accuracy. 

General 
Check: counts internal 10 MHz reference frequency. 
Overflow: light indicates display exceeded. 
Operating temperature: 0" to 50°C. 
Power requirements: including mainframe, nominally 10 watts. 
Weight: net, 0.9 kg (2 Ib). Shipping, 1.5 kg (3% Ib). 
Dimensions: see 

5303B 525 Mt 

High stability tin 
Frequency: 10 MHz. 

opt  001: 

*- Stability 
Aging rate: < 1.2 part in 106/year. 
Temperature: < + 5 pa 
Line voltage: < f 5 par 

Oscillator output: 10 MI 
BNC, 200R source impede 
External input: 1 to I O  N 
'For any waveshape, trigger error is I 

rts in IO7, 0" to 50°C. 
t s  in 108 for 10% line variation. 
Hz, approximately 1 V rms at rear panel 
ince. 
IHz, 1 V rms into 500Q. 
ens than 

+ 0.005rs 
Signal Slope (v/& 

*'Trigger error io le88 than +0.3% of one period i periods averaged for 40 dB or better aignal-to- 
noise ratio. 

0 Matched input amplifiers 
0 Time interval hold-off 
0 100 nsec time interval resolution 

5304A 

5304A Timer/counter module 

Input channels A and B 
Range: DC coupled; 0 to 10 MHz, AC coupled; 100 Hz to 10 MHz. 
Sensitivity (min): 25 mV rms sine wave to 1 MHz, 50 mV rms sine 
wave to 10 MHz, 150 mV p-p pulse a t  minimum pulse width, 40 
nsec. Sensitivity can be decreased by 10 or 100 times using AT- 
TENUATOR switch. 
Impedance: 1 MQ shunted by less than 30 pF. 
Overload protection: 250 V rms on X10 and XlOO attenuator set- 
tings. On X1 attenuator setting 120 V rms up to 1 kHz, decreasing 
to 10 V rms at IO MHz. 
Trigger-level: PRESET position centers triggering about 0 volts, 
or continuously variable over the range of -1 V to +1 V times at- 
tenuator setting. 
Slope: independent selection of triggering on positive or negative 
slope. 
Channel inputs: common or separate lines. 
Gate output: rear panel BNC. TTL low level while gate is open. 

Time Interval 
Range: 500 ns to lo4 sec. 
Input: channels A and B; can be common or separate. 
Resolution: 100 ns to I O  ms in decade steps. 
Accuracy: f 1 count f time base accuracy + trigger error.* 
Time interval holdoff: front panel concentric knob which inserts 
variable delay of approximately 100 ps to 100 ms between START 
(channel A) and enabling of STOP (channel B); may be disabled. 
Electrical inputs during delay time are ignored. Delay may be digi- 
tally measured in CHECK and TIME INTERVAL positions. De- 
lay output: real panel BNC. TTL low level during delay time. 

Period average 
Range: 10 Hz to 1 MHz. 
Input: channel A. 
Periods averaged: 1 to lo3 automatically selected. 
Frequency counted: I O  MHz. 
Accuracy: f 1 count f time base accuracy k trigger error.** 

Frequency 
Range: 0 to 10 MHz. 
Input: channel A. 
Gate times: manually selected 0.1. 1, or 10 seconds. AUTO posi- 
tion selects gate time to 1 second for maximum resolution. 
Accuracy: f 1 count k time base accuracy. 

Open/close (totalizing) 
Range: 10 MHz max. 
Input: channel A opening and closing of gate initiated by front pan- 
el pushbutton switch. 

General 
Check: inserts internal 10 MHz reference frequency into channels 
A and B. 
Operating temperature: 0" to 50°C 
Power requirements: including mainframe, nominally 10 watts. 
Weight: net, 0.9 kg (2 Ib). Shipping, 1.5 kg (3% Ib). 
Dimensions: see mainframe. 

5304A Timer/counter module $385 



\M 

5300A/B System (cont.) 

DC volts, AC volts, ohms and frequency 

53059 

5305B 1300 MHr frequency countc. ...VYI.w 
Input Channel A (CW or burst) 
Range: 90 MHz to 1300 MHz, prescaled by 16. 
Sensitivity: 20 mV rms. 
impedance: 5OQ. 
Attenuator: continuously variable to give optimum noise suppression 
for signals up to 3.5 V rms. 
Overload protection: 5 V rms, maximum. Input circuitry is fuse 
protected; fuse is located in BNC connector and is accessible from the 
front panel. 
Operating dynamic range: >47 dB 

Input Channel B (Normal and High Resolution mode) 
Range: 50 Hz to 100 MHz, direct count in normal mode. 50 Hz to 10 
kHz in high resolution mode. In the high resolution mode the 5305B 
uses a phase-locked multiplier to increase resolution X 1000 over nor- 
mal measurement resolution. 
Sensitivity: 20 mV rms. 
Impedance: 1 MQ shunted by less than 40 pF. 
Overload protection: 250 V rms from 50 Hz to 10 kHz, declining to 
10 V rms above 10 MHz. 
Automatic hold: in high resolution mode, the last valid reading is 
held in display when input is terminated. 

Frequency Measurement 
Resolution (selectable) 

Normal mode (50 Hz to 1300 MHz): 0.1 Hz to 10,000 Hz in dec- 
ade steps corresponding to gate times of 10 s to 0.0001 s in decade 
steps on channel B and to gate times of 160 s to 0.0016 s in decade 
steps on channel A. 
High resolution mode (50 Hz to 10 kHz): O.OOOl,O.OOl, 0.01, 0.1, 
1,lOHzcorrespondingto 10,1,0.1,0.01,0.001 
times on channel B. 

Accuracy: 2 1 digit displayed 2 time base acc 
Display: Hz, kHz, MHz with positioned decim; 

I ,  0.0001 second gatc 

uracy. 
51 point. 

General 
Check: counts internal 10 MHz reference frequency to check count- 
ing circuits. 
Operating temperature: 0°C to 50°C. 
Power requirements: nominally 12 watts including mainframe. 
Weight: net, 1.0 kg (214 Ib). Shipping, 1.8 kg (4 lb). 
Size: with mainframe, 89 mm H (3'/,") x 160 mm W (6%") x 248 
mm L (934"). 
Compatible mainframes: 5300 

Accessory 
10855A Preamp: 22dB gain wit 
2 MHz to 1300 MHz. See 312 
53056 1300 MHz counter 

5306A 

5306A Digital multimeter/counter module 
)C voltage 

Ranre I Accuacy (60 days, 23OC 2 5'C, <bo% RH) I Semitivity 
I I 100 uv 10 v f (0.03% of readina +0.003% of ranee) 

,--. coefficient .. . I^ -," ,. .. . ^^^," .. 

I 

i 

z- 
1 wmpwrurure sueiricieni; I [U.UUL-/O VI rt.aoing/ L t U.UUWL-~O VI 

range/% 
Sample times: normal, 0.5 sec; fast, 0.05 sec. 
input: floating pair, 10 MQ resistance, all ranges. 
Effective common mode rejection (1 kQ Imbalance): DC: >80 
dB; 50 Hz or 60 Hz 20.1%: >80 dB. 
Normal mode rejection: 50 Hz or 60 Hz 20.1%: >50 dB. 
Maximum input 

High to low: 1100 V dc all ranges. 
Low to guard: 2 200 V dc or peak ac. 
Guard to ground: 2 500 V dc or 240 V rms at 50 or 60 Hz. 

AC voltage 

100 v 
1000 V 40 H 

Temperature 

Input impedance: 10 MQ shunted by (75 pF maximum. 
Maximum input voltage: see DC voltage specification. 
Effective common mode rejection (1 kQ imbalance): DC: >80 
dB; 50 Hz or 60 Hz 20.1%: >SO dB (10 V range). 

Ohms 

10 V and 100 v range: z (u.m of reaaing t .uuj% 01 range/-i). 
lo00 V range: 2 (0.5% of reading + .003% of range/%). 

100 kR 

Temperature Co~rricienr; I [W.UUWL~O UI rdI lgC/  L). 
Current through unknown: I mA on 10 kQ range; 100 p A  on 100 kQ 
range; 1 FA on IO MQ range. 
Overload protection: IO kQ range; 240 V rrns for 1 min. 140 V rrns 
continuous (warning lamp indicates overvoltage). 100 kQ, IO MQ 
ranges; 240 V rms continuous. 

Frequency 
Range: 40 Hz to 10 MHz. 
Sensitivity (min): 50 mV rms to 1 MHz; 125 mV rms to 10 MHz. 
Trigger level: automatically adjust to 40% of peak level of input. 
Overload protection: 1000 V rms. On IO V range: 240 V rms from 
40 H7 to 400 kHz, IO8 V Hz from 400 kHz to 10 MHz. 
Gate times: normal: 1 sec, fast: 0.1 sec. 
Accuracy: 2 1 count 2 time base accuracy. 
Power requirements: including mainframe, nominally 12 watts. 
Weight: net, 1.1 kg (2.3 Ib). Shipping, 1.7 kg (3.6 Ib). 

E 

3 5306A Digital Multimeter/Counter $625 

ccvacy (60 days, 23OC, f 5%C, 4 0 %  RH) 
2 (0.5% of reading +0.003% of range) 
? (0.5% of reading + 0.003% of range) : 2 (0.75% of reading + 0.003% of range) 

Senritivity 

-..*-I---_ ,n nnn-m -r  _-_-_ t o n ,  



High resolution at low frequencies 
10 mV rms sensitivity 
100 Hz and 10 kHz low pass filters 

75 MHz 
Time interval averaging 

0 Auto ranging or manual operation 

i G H  RESOLUTI 

5 3 0 7 A  High resolution counter module 
The 5307A is a period average measuring, frequency indicating (re- 

ciprocal) counter that provides very high resolution measurements in 
a minimum of time: (i.e. 60.0000 Hz in <% second). The CPM mode 
converts Hz to counts/minute. 

Input 
Range: Hz mode: 5 Hz to 2 MHz. CPM mode: 50 to 10 M counts/ 
minute (0.8333 Hz to 166 kHz). 
Sensitivity (min.): 

10 mV rms 5 Hz-1.2 MHz 120 CPM-10 MCPM 
25 mV rms 1.2 MHz-2.0 MHz 50 CPM-120 CPM 

Pulses: 
For low duty-cycle pulses ((15%). 
15 mV peak for 250 nsec pulses. 
100 mV peak for 100 nsec pulses. 
Basic sensitivity can be varied continuously up to 2.5 V rms by ad- 
justing sensitivity control. 

Attenuator: +1 or tlOO effectively raises basic input sensitivity by a 
factor of 100 (10 mV -2.5 V to 1V -250 V). 
Low pass filters: (3 dB point) 100 Hz 10 kHz 

Max. attenuation 60 dB 40 dB 
Roll-off 20 dB per decade 

Impedance: 
No filters: 1 MQ shunted by (50 pF 
100 Hz filters:l MQ shunted by series of 100 kQ and 0.015 pF 
10 kHz filters:l MQ shunted by series of 100 kQ and 150 pF 

Coupling: AC coupled amplifier. 
Overload protection: 200 V rms below 10 kHz; 2 x lo6 V Hz rms to 
0.4 MHz; 5 V rms above 0.4 MHz; 300 V rms with +lo0 attenuator. 
Trigger level: selected positive or negative for optimum triggering 
from sinusoidal inputs or f pulses. 

Frequency measurement 
Periods averaged: automatically selected for maximum resolution. 
Two periods are averaged for signals up to 100 Hz. Periods averaged 
increase decade for decade up to 200,000 periods averaged above 1 
MHz. 
Measurement time: varies from 3 12 msec for a display of 170000 to 
815 msec for a display of 999000. Hold-off adjustable from .35 psec 
to 3.5 psec and 1 msec to 10 msec. 
Accuracy: f 3  x 
Display: Hz mode: Hz and MHz with automatic decimal point. 
CPM mode: M with automatic decimal point. 
General 
Check: measures internal reference frequency. Displays 1 .OOOOO 
MHz in Hz mode, 100 000 M in CPM mode. 
Operating temperature: 0°C to 50°C. 
Power requirements: including Mainframe, nominally 10 watts. 
Weight: net, 0.98 kg (2 Ib). Shipping, 1.5 kg (3% Ib). 

f trigger error** f time base error. 

5307A High resolution counter $395 
'f3 x is due to reciprocation scheme and is worst case. 

"For any wave shape, trigger error (pa) is less than 
~ 0.00511s 

For period average this is less than +0.3% of one period + periods averaged for signal 
with 40 dB or better signal-to-noise ratio. 

% 

Signal Slope ( V l r s )  

5 3 0 8 A  Universal counter/timer module 
Input (channels A and B) 
Range: DC coupled; 0 to 75 MHz, AC coupled; 20 Hz to 75 MHz. 
Sensitivity (min): 25 mV rrns to 10 MHz, 50 mV rms to 75 MHz, 
150 mV p-p pulse at pulse width of 10 nsec. 
Impedance: 1 MQ shunted by less than 50 pF. 
Overload protection: X1: 125 V rms to 400 kHz declining to 10 V 
rms at 75 MHz. XIO: 250 V rms to 4 MHz declining to 13 V rms at 
75 MHz. 
Trigger level: variable over the range of f 2.0 V and f 20 V. 
Slope: independent selection of triggering on + or - slope. 
Rear outputs: gate, trigger levels and time base/scaling. 
Frequency 
Range: 0 to 75 MHz, Channel A or Channel B. 
Gate times: 8 selectable times from 1 ps to 10 s. 
Accuracy: f 1 count f time base accuracy. 
Frequency ratio 
Display: Fa/Fb, 1 to los peilods selectable manual or auto. 
Range: channel A: 0 to 75 MHz, Channel B: 0 to 5 MHz. 
Accuracy: -+ 1 count of Fa f trigger error of Fb.** 
Period 
Range: 0 Hz to 5 MHz, Channel B. 
Resolution: 100 nsec to 10 sec. 
Accuracy: * 1 count f time base accuracy f trigger error.** 
Display: ps, or s with positioned decimal point. 
Period average 
Range: 0.1-5 MHz; (200 nsec to 10 sec), Channel B. 
Periods averaged: 1-lo8 selectable manual or automatic. 
Accuracy: f 1 count f time base accuracy f trigger error.** 
Time interval 
Range: 200 nsec to lo9 sec. 25 ns minimum pulse width. 
Inputs: separate A and B or Common B. 
Resolution: 100 nsec to 10 sec. 
Accuracy: f 1 count f time base accuracy f trigger error.** 
Display: ps, ks or s with positioned decimal point. 
Time interval average 
Range: 1 ns to 10 s, 200 ns dead time between intervals. 
Inputs: channels A and B separate or common B. 
Intervals averaged: 1 to lo8, selectable manual or automatic. 
Accuracy: f time base accuracy f 5 ns. 

[Trigger Error** f 100 ns] * 
JIntervals Averaged 

Totalize 
--I- totalizes Channel A while Channel B is low. 
A totalizes Channel A between pulses on channel B. 
Range: 75 MHz in X1 position, 5 MHz in X10" positions. 
Accuracy: f 1 count f trigger error** on Channel B. 
General 
Auto position: automatically sets time base to give maximum resolu- 
tion within 1.1 second measurement time for Frequency, Frequency 
Ratio, Period Average, and Time Interval Average. 
Operating temperature: 0°C to 50°C. 
Power requirements: including 5300B, nominally 15 watts. 
Weight: net, 0.9 kg (2 Ib). Shipping, 1.5 kg (3% Ib). 
Note: compatible with 5300B only. 

5308A 75 MHz Timer/counter $450 



ELECTRONIC COUNTERS 
5300A/B System (cont.) 

V 
R 

531 1B 

. 

53 1 1 B Digital-to-analog converter module 
01 
Tt lanel. 
r 

perating modes 
wee modes selectable by switch on front p 

Mode I o u t p v t  
50% to 100% 

of Scale of Scale of Scale 
Normal 0 to 499 501 to 999 
PlusJMinus -999 to -001 001 to 999 
Offset 500 to 999 001 to 499 

Output selection 
Manual pushbuttons to select any three consecutive digits or the last 
two digits of the mainframe display. 

Output ranges 
Potentiometric recorder output: 0.1 V, 1.0 V, or 10 V full scale 
into >20 kQ. Dual banana plugs. 
Galvanometer recorder output: 1 mA full scale into (1.5 M 
phone jack. 

General 
Accuracy: k 0.25% of range f 50 pV/"C on potentiometric output, 
+- 20 nA/"C on galvanometer output after calibration for appropri- 
ate range. 
Calibration: zero and full scale calibration switch and adjustments 
on rear panel. 
Transfer time: t 5  ms. 
Operating temperature: 0" to 50°C. 
Power requirements: nominally 1 watt. 
Weight: net, 0.8 kg (1.7 Ib). Shipping, 1.4 kg (3.0 Ib). 
Size: Digital-to-Analog Converter plugs between Mainframe and 
plug-on module. Increases height of instrument by 38.4 mm (1.5"). 

531 1B Digital-Analog Converter $395 

5310A Battery pack 

Battery capacity: 48 watt-hours, nominal. Minimum 3, typically 5 ,  
hours of continuous operation at charging and operating temperature 
(20" to 30°C). 
Recharging time: 18 hours from minimum level (indicated by Low 
Voltage Indicator) to full charge. 
Battery voltage: 12 Vdc. 
bow voltage indicator: solid state warning light begins to glow at 
approximately 90% discharge. 
Line failure protection: allows instrument to be operated in LINE 
position with automatic switch-over to battery power if line voltage 
fails. Batteries receive trickle charge in LINE position to maintain 
charge. 
Operating temperature: operating 0" to 50°C. Charging: 0" to 
40°C, mainframe not operating. 
Power requirements: charging power via mainframe, nominal 7.5 
watts. 
5310A Battery pack module $275 

5310A Battery pack module 

5 3 1 ~ ~  

5312A HP-IB (ASCII) interface module 
The 5312A outputs fifteen characters of information in the follow- 

D D D D D D E k O  
3 . . . . .  - 

I 

Possible positions of 
Decimal Point 

6 
9 

1 
Exponent 

Digit, Blank, or Minus Sign as required 

Annunciators (Hz, SEC, VOLTS, RESISTANCE) I '  
Overflow indicator 
General 
Sample rate: controlled by mainframe front panel control or by set- 
ting rate of reset command (when in listening mode, counter can be 
reset by sending "initialize" command). 
Transfer time: 20 milliseconds. 
Transfer rate: maximum of 40 reading/sec depending on capabili- 
ties of plug-on. 
Programmability: 5300 measuring system front panel controls are 
not programmable. 
Note: the 5312A is not compatible with the 5300A mainframe which 
contains its own BCD digital output. 

5312A HP-IB Interface $350 

10855A 

10855A Broadband preamp 
Specifications 
Frequency range: 2 MHz-1300 MHz. 
3 dB Bandwidth: 1 MHz-1400 MHz, typical. 
Gain (minimum): 22 dB; 24 dB typical. 
Gain flatness across fuil frequency range: f 1 dB. 
Noise figure: (8.5 dB typical. 
Output power for 1 dB gain compression: 0 dBm. 
Harmonic distortion: -30 dB for -1 5dBm output, typical. 
Output for < -60 dB harmonic distortion: -25 dBm, typical. 
VSWR: input and output, t 2 . 2 .  
Impedance: 50Q nominal. 
Reverse isolation: >45 dB. 
Maximum input: 3.5 V rms (+24 dBm), fuse protected. 

General 
Current required at +15 V supply: 40 mA (mating connector in- 
cluded). 

10855A Broadband preamp $225 
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I Low cost counters for frequency measurements 
Models 5381A, 5382A & 5383A 

S t i  
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538 1 A 5382A 

escription 
eneral 
The 5381A. 5382A and 5383A are a logical result of HP's long 
mding leadership in frequency counter development. Leadership in 
iality, technology and efficient production procedures allows H P  to 
fer a price/performance combination in these three precision in- 
wment unsurpassed in their product category. These counters are 
signed to deliver reliable, high quality operation in such diverse 
eas as: production line testing, service and calibration (2-Way Ra- 
o and test equipment), frequency monitoring, education and 
lining. 

esolution 
The 5318A, 5382A and 5383A employ the direct counting tech- 
que and, with 7,8 and 9 digits respectively, offer resolution of 10 Hz 
0.1 sec., 1 Hz in 1 sec and 0.1 Hz in 10 seconds. 

5383A 
Frequency range: 10 Hz to 520 MHz. 
Sensitivity: 

1 MQ: 25 mV rms-20 Hz to 10 MHz. 
50 mV rms-10 Hz to 50 MHz. 

5OCk 25 mV rms-20 Hz to 520 MHz. 
Input impedance: selectable: 1 MQ, (40 pF or 50Q. 
input attenuation: 1 MQ x 1, x 10; 5(M2 x I-fuse protected. 
Accuracy: f 1 count f time base error. 
Resolution: direct count: 1 Hz in 1 second. 
Gate time: 0.1 second, 1 second, 10 seconds. 
Display: 9 LED digits, nonsignificant zero blanking. 
Display test: RESET function (activated with GATE TIME si 
illuminates all segments of all digits. 
Rear panel Input: sensitivity: 250 mV rms. 
n-.:... D--- D--A T --.. inn 1 . u -  A -  rn x n u -  

5383A 

witch) 

naiw. ncai raiiw iiipur, iuu K n L  LU IU iv ind.  
Specifications 
5381A Time base output 
Frequency range: 10 Hz to 80 MHz. 
Sensitivity: 25 mV rms-30 Hz to 20 MHz. 50 mV rms-10 Hz to 

External frequency standard: Rear Panel Input, 10 MHz. 

Frequency: I O  MHz. 
Voltage: 200 mV p p  into 50Q load., 
Control: active with Rear Panel Internal/External switch in inter- 80 MHz. 

input impedance: 1 MQ, ( 5 0  pF. 
Input attenuatlon: X1, X10, X100. 
Accuracy: f 1 count f time base error. 
Resolution: direct count; 1 Hz in 1 second. 
Gate times: 0.1 second, 1 second, 10 seconds. 
Display: 7 LED digits. 
Rear panel input: sensitivity: TTL levels or 2.5 V rms. 
Ratio: Rear Panel Input, 10 kHz to 2 MHz. 
External frequency standard: Rear Panel Input, 1 MHz. 
Time base 

Frequency: 1 MHz. 
Aging: (0.3 ppm/month. 
Temperature: f 10 ppm 0°C to 40°C. 
Line voltage: & 1 m n  for 10% line change. 

5382A 
Frequency range: 10 Hz to 225 MHz. 
Sensitivity: 25 mV rms-30 Hz to 10 MHz, 50 mV rms-10 Hz tc 
225 MHz. 
Input impedance: 1 MQ, (40 pF. 
input attenuatlon: X1, X10, X100. 
Accuracy: k 1 count f time base error. 
Resolution: direct count: 1 Hz in 1 second. 
Gate time: 0.1 second, 1 second, 10 seconds. 
Display: 8 LED digits, nonsignificant zero blanking. 
Rear panel input: sensitivity: 250 mV rms. 
Ratio: Rear Panel Input, 100 kHz to 10 MHz. 
External frequency standard: Rear Panel Input, 10 MHz. 
Time base 

Frequency: 10 MHz. 
Aging: (0.3 ppm/month. 
Temperature: f 2.5 ppm 0°C to 40°C. 
Line voltage: f0.5 ppm for 10% line change 

nal position. 

Frequency: 10 MHz. 
Aging: (0.3 ppm/month. 
Temperature: f 2.5 ppm 0°C to 40°C. 
Line voltage: f 0.5 ppm for k 10% line change. 

Time base 

TCXO Option 
Opt 001: (available for all models) Temperature Compensated Cry- 
stal Oscillator time base 

Frequency: 10 MHz. 
Aging: (0.1 ppm/month. 
Temperature: (1 ppm 0°C to 40°C. 
Line voltage: kO.1 ppm for f 10% line change. 

Note: Time base output available for both 5382A and 5383A with 
Option 001. Rear Panel Input not available. 

5380 Family general data 
Overflow: LED lamp indicator when most significant digit over- 

Reset: manual selection of reset occurs when GATE TIME switch is 
between three normal positions. 
Package: rugged, high strength metal case. 
Operating temperature: 0°C to 40°C. 
Power requirements: 100, 120, 220, 240, V rms (+5%, -10%) 
48-440 Hz; 20 VA maximum. 
Weight: net, 2.2 kg (4% Ib). Shipping, 2.8 kg (6 lb). 
Dimensions: 98 mm H x 60 mm W x 248 mm D (3%" x 6v," x 9v). 

' 
nows. 

Ordering information 
5381A Frequency Counter 
5382A Frequency Counter 
5383A Frequency Counter 

Opt 001: TCXO (all models) 

Price 
$295 
$395 
$650 

add $100 



L ELECTRONIC COUNTERS 
I *  ! *  ’+ Automatic microwave counter 

Model 5342A 

Microprocessor controlled 0 

Automatic measurement to 18 GHz (24 GHz Option) 0 

. V I  0 

Simultaneous display input level 
High sensitivity 
Aiitnmntic nr manu1 

Description 
The 5342A automatic microwave counter provides frequency and 

amplitude measurement coverage from 10 MHz through 18 GHz in a 
highly portable package. 

The powerful and versatile microprocessor controlled keyboard can 
accomplish offset tasks as a standard feature as well as providing user 
interactive diagnostic information. The eleven-digit display is section- 
alized for easy readout to one hertz resolution. 

The 5342A uses a harmonic heterodyne down conversion technique 
which combines the best performance features of the heterodyne con- 
verter and transfer oscillator techniques. Now wide FM tolerance is 
achievable along with high input sensitivity, and automatic amplitude 
discrimination. Automatic amplitude discrimination allows for the 
measurement of the largest signal present in the spectrum (500 
MHz-18 GHz) while ignoring all others. 

Amplitude measurements (Opt 002)  
Option 002 adds for the first time in a microwave counter the 

ability to measure input level of the incident sinewave signal. The in- 
strument then displays this level in dBm. The eleven-digit LED dis- 
play simultaneously presents frequency to 1 MHz resolution and 
amplitude to 0.1 dB resolution. An added benefit from Option 002 is 
that dynamic range is extended so that frequency measurements to 
+20 dBm are accomplished. This extended dynamic range is also 
available without the amplitude measurement capability by ordering 
Option 003. 

FM Tolerance 
The ability to measure a carrier frequency while being frequency 

modulated has broad appeal in the communications industry and else- 
where. The 5342A can tolerate 50 MHz peak-to-peak worst case FM 
in the wide mode, or the normal mode with accompanying faster ac- 
quisition time can be selected which gives 20 MHz peak-to-peak 
worst case FM. 
Offset functions 

The power and versatility of the microprocessor controlled key- 
board allow the user to perform offset functions by way of a few key- 
strokes. Frequency values to 1 Hz resolution can be added to or 
subtracted from the measured incoming frequency for I F  offset appli- 
cations and also for monitoring variances about a given frequency 
value. With Option 002 installed, this same offset capability is ap- 
plied to the amplitude measurements being displayed. At any time, 
these offset values can be recalled to the display for reviewing. 
Digital-to-analog converter (Opt. 004) 

The ability to convert any three consecutive displayed digits (fre- 
quency or amplitude) into an analog voltage output on the rear panel 
of the 5342A is added by option 004. This makes the monitoring of 
microwave oscillator frequency drift easy to make with only a strip 
chart recorder. 

HP Interface Bus for systems use (Opt 01 1) 
The full power of HP-IB (IEEE488-1975) is brought to fruition 

with the addition of Option 01 1. Front and rear panel controls can 
now be remotely programmed and measurement results can be out- 
putted to HP-IB-compatible instruments, calculators, or com- 
puters. This interface also can select a given frequency in the manual 
mode and reduce acquisition time to typically less than 80 msec. 



5342A Specifications 

Signal input 
input 1 
Frequency range: 500 MHz to 18 GHz. 
Sensitivity: 500 MHz to 12.4 GHz: -25 dBm. 12.4 GHz to 18 GHz: 
-20 dBm. 
Maximum input: +5 dBm (see Opt 002, 003 for higher level). 
Dynamic range: 500 MHz to 12.4 GHz: 30 dB. 12.4 GHz to 18 
GHz: 25 dB. 
Impedance: 50 ohms, nominal. 
Connector: precision Type N female. 
Damage level: +25 dBm. 
Coupling: DC to load, AC to instrument. 
SWR: <2:1,500 MHz - 10 GHz. 

<3:1, 10 GHz - 18 GHz. 
FM Tolerance: Switch selectable (rear panel) 

FM (Wide): 50 MHz peak-to-peak worst case. 
CW (Normal): 20 MHz peak-to-peak worst case. 
For modulation rates from DC to 10 MHz. 

AM Tolerance: any modulation index provided the minimum signal 
level is not less than the sensitivity specification. 
Automatic amplitude discrimination: automatically measures the 
largest of all signals present, providing that signal is 6 dB above any 
signal within 500 MHz; 20 dB above any signal, 500 MHz - 18 GHz. 
Modes of Operation 

Automatic: counter automatically acquires and displays highest 
level signal within sensitivity range. 
Manual: center frequency entered to within f 50 MHz of true val- 
ue. 

Automatic mode, normal FM: 530 msec worst case. 
Automatic mode, wide FM: 2.4 sec worst case. 
Manual mode: 80 msec after frequency entered. 

Input 2 
Frequency range: 10 Hz to 520 MHz direct count. 
Sensitivity: 50Q: 10 Hz to 520 MHz: 25 mV rms. 1 MQ: 10 Hz to 25 
MHz: 50 mV rms. 
Impedance: selectable 1 Ma, (50 pF or 5OQ nominal. 
Coupling: AC. 
Connector: type BNC female. 
Maximum input 

Acquisition time 

5OCk 3.5 V rms (+24 dBm) or 5 V DC, fuse protected 
1 MQ: 200 V DC +5.0 V rms 

Time Base 
Crystal frequency: 10 MHz. 
Stability 

Aging rate: < I  X IO-’ per month. 
Temperature: < zk 1 X 10-6 over the range 0°C to 50°C. 
Short term: < I  X 10-9 for 1 second averaging time. 
Line variation: < f 1 X 10-7 for 10% change from nominal. 

Output frequency: 10 MHz, 22.4 V square wave (TTL compati- 
ble) 1.5 V p-p into 50Q available from rear panel BNC. 
External time base: requires 10 MHz, 1.5 V p-p sinewave or 
squarewave into 1 KQ via rear panel BNC connecter. Switch selects 
either internal or external time base. 

Optional time base (Opt 001) 
Crystal frequency: 10 MHz. 
Stability 

Aging rate: <5 X IO-lO/day after 24-hour warmup. 
Temperature: <7 X 10-9 over the range 0°C to 50°C. 
Short term: < I  X IO-” for 1 s avg. time. 
Line variation: < I  X 10-10 for 10% change from nominal. 
Warm-up: <5 X 10-9 of final value 20 minutes after turn-on, at  
25°C. 

General 
Accuracy: & 1 count f time base error. 
Resolution: front panel push buttons select 1 Hz to 1 MHz 
DisDiav: 11 dinit LED disdav, sectionalized to read GHz, MHz, . - .  
kHi, and Hz. - 
Seif-check: selected from front panel pushbuttons displays 75 MHz 
for resolution chosen. 
Frequency offset: selected from front panel pushbuttons. Displayed 
frequency is offset by entered value to 1 Hz resolution. 
Sample rate: variable from less than 20 ms between measurements 
to HOLD which holds display indefinitely. 
IF out: rear panel BNC connector provides 25 MHz to 125 MHz 
output of down-converted microwave signal. 
Operating temperature: 0°C to 50°C. 
Power requirements: 100/120/220/240 V rms, +5%, -IO%, 48-66 
Hz; 100 VA max. 
Accessories furnished: power cord, 229 cm (7% ft). 
Weight: net 9.1 Kg (20 Ib). Shipping 12.7 Kg (28 Ibs). 
Size: 133 H X 213 W X 498 mm D (5%’’ X 83/gc X 195/,”). 

Amplitude Measurement (Opt 002) 
input 1 
Frequency range: 500 MHz - 18 GHz. 
Dynamic range (frequency and level): 
-22 dBm to +20 dBm 
-15 dBm to +20 dBm 
Maximum operating level: +20 dBm. 
Damage level: +25 dBm. 
Resolution: 0.1 dBm. 
Accuracy: f 1.5 dB (excluding mismatch uncertainty). 
SWR: <2:1 (amplitude measurement). 

<5:1 (frequency measurement). 
Measurement time: 100 ms + frequency measurement time. 
Display: Simultaneously displays frequency to 1 MHz resolution and 
input level. (Option 11 provides full frequency resolution on HP-1B 
output). 
input 2 (5OQ impedance only) 
Frequency range: 10 MHz-520 MHz. 
Dynamic range (frequency and level): -17 dBm to +20 dBm. 
Damage level: +24 dBm. 
Resolution: 0.1 dBm. 
Accuracy: f 1.5 dB (excluding mismatch uncertainty). 
SWR: <1.8:1. 
Measurement time: 100 ms + frequency measurement time. 
Display: Simultaneously displays frequency to 1 MHz resolution and 

500 MHz to 12.4 GHz 
12.4 GHz to 18 GHz 

input level. 

Extended Dynamic Range (Opt 003) 
Frequency range: 500 MHz to 18 GHz. 
Sensitivity: 500 MHz to 12.4 GHz: -22 dBm. 

12.4 GHz to 18 GHz: -15 dBm 
Maximum operating level: +20 dBm. 
Dynamic range: 500 MHz to 12.4 GHz: 42 dB. 

Damage level: +25 dBm. 
SWR: <5:1 

Options and accessories 
001: High Stability Time Base 
002: Amplitude Measurement 
003: Extended Dynamic Range 
004: Digital-to-Analog Converter 
01 1: Digital Input/Output (HP-IB) 
H10: Frequency extension to 24 GHz 
908: Rack Mounting Adapter Kit 
K70-59992A: Rack Mounting adapter kit with slot for 
access to front connectors from rear. 
5061-2002: Bail Handle Kit 
921 1-2682: Transit Case 
10842A: Extender Board Kit 
5342A Frequency Counter 

12.4 GHz to 18 GHz: 35 dB. 

Price 
add $500 

add $1000 
add $315 
add $250 
add $350 
add $350 

$25 

$20 
$250 
$300 

$4500 



Automatic microwave counters I '% k 
: 

Models 5340A & 5341A 

Single input 10 Hz to 18 GHz 
0 Automatic amplitude discrimination 
0 High sensitivity-35 dBm 

Optional extension to 23 GHz 
High AM and FM tolerance 
Exceptional reliability 

5340A 

The 5340A Frequency Counter provides a modern, easily used, 
more versatile instrument for the direct measurement of frequencies 
from 10 Hz through 18 GHz via a single input connector. Utilizing 
new microwave samplers incorporated in advanced phase-lock loops, 
this counter excels in virtually every specification parameter. It is 
therefore suited to a wider range of applications than ever before pos- 
sible for a fully automatic microwave counter. 

The exceptional sensitivity of this instrument enhances measure- 
ment in the microwave field, where signals are commonly low level 
and many times are connected via directional couplers or lossy de- 
vices. Wide tolerance of AM, FM., and residual noise insure accurate 
measurement of microwave carrier frequencies despite the presence 
of these deviations. Automatic amplitude discrimination allows the 
5340A to choose the largest signal in a spectrum (250 MHz to 18 
GHz) and measure only that signal's frequency, ignoring all others. 

Access to the H P  Interface Bus via Option 01 1 provides a particu- 
larly flexible system interface. The ability to program octave range 
via this input allows reduction of acquisition time to typically less 
than 40 ms. AN 181-1 describes the use of a calculator-controlled 
measurement system built around the HP Interface Bus for micro- 
wave component testing. 

5340A Specifications 
Signal input 
input 1 

Range: 10 Hz to 18 GHz. 
Symmetry: sinewave or squarewave input (40% duty factor, worst 
case). 
Sensitivity: -30 dBm, 10 Hz to 500 MHz; -35 dBm, 500 MHz to 
10 GHz; -25 dBm, 10 to 18 GHz. 
Dynamic range: 37 dB, 10 Hz to 500 MHz; 42 dB, 500 MHz to 10 
GHz; 32 dB, 10 GHz to 18 GHz. 
Impedance: 50Q. 

Connector: Precision Type N. 
Coupling: dc to load, ac to instrument. 
Damage level: +30 dBm. Total power (ac + dc) not to exceed 1 
watt. 
Acquisition time: < 150 ms mean typical. 

input 2 
Range: 10 Hz-250 MHz direct count. 
Sensitivlty: 50 mV rms. 150 mV p-p pulses to 0.1% duty factor; 
minimum pulse width 2 ns. 
Impedance: 1 MQ shunted by (25 pF. 
Connector: type BNC female. 

VSWR: <2:1, 10 Hz-12.4 GHz; <3:1, 12.4-18 GHz. 

Coupling: ac 5340A Frequency Counter $6200 

Maximum input: 200 V rms, 10 Hz to 100 Hz; 20 V rms, 100 Hz to 
100 kHz; 2 V rms, 100 kHz to 250 MHz. 

Automatic amplitude discrimination: automatically selects the 
strongest of all signals present (within 250 MHz to 18 GHz phase- 
lock range), providing signal level is: 6 dB above any signal within 200 
MHz; 10 dB above any signal within 500 MHz; 20 dB above any 
signal, 250 MHz-18 GHz. 
Maximum AM modulation: any modulation index as long as the 
minimum voltage of the signal is not less than the sensitivity specifi- 
cation. 

Time Base 
Crystal frequency: 10 MHz. 
Stability 

Aging rate: <3 X lo-' per month. 
Short term: <5 X lo-'" rms for 1 second averaging time. 
Temperature: < f 2  X 
Line variation: < f 1 X IO-' for 10% line variation from nominal. 

Output frequency: 10 MHz, 1 2 . 4  V square wave (TTL compati- 
ble) available from rear panel BNC. 
External time base: requires 10 MHz approximately 1.5 V p-p sine 
wave or square wave into 1 kQ via rear panel BNC. Switch selects 
either internal or external time base. 
Optional time base (Opt 001) aging rate: (5  X lO-"per day after 
24 our warm-up for less than 24 hour off-time. 
General 
Accuracy: f 1 count f time base error. 
Resolution: front panel switch selects 1 MHz, 100 kHz, 10 kHz, 1 
kHz, 100 Hz, 10 Hz, or 1 Hz. 
Display: eight in-line long life display tubes with positioned decimal 
point and appropriate measurement units of kHz, MHz, or GHz. 
Self check: counts and displays 10 MHz for resolution chosen. 
Sample rate: controls time between measurements. Continuously 
adjustable from 50 ms typical to 5 seconds. HOLD position holds 
display indefinitely. RESET button resets display to zero and acti- 
vates a new measurement. 
Operating temperature: 0°C to 50°C. 
Power: 115 V or 230 V f lo%, 48-66 Hz, 100 VA. 
Weighk net, 11.3 kg (25 Ib). Shipping, 14.1 kg (31'Ib). 
Size: 88.2 H X 425 W X 467 mm D (315/," X 1634" X 18%"). 

Options Price 
add $500 001: High Stability Time Base 

002: Rear Panel Connectors add $105 
0 1  1: Remote Programming-Digital Output (HP-IB) add $390 
H 1 0  Frequency Extension to 23 GHz add S 150 
908: Rack Flange Kit add $10 

over the range of 0°C to 50°C. 



Automatic or manual band-selection 
Wide FM tolerance 
Optional 1.5 GHz range 

Fast acquisition time 
High sensitivity 
Fully automatic diagnosis 

x t 

534 1 

The 5341 A Frequency Counter performs exceptionally fast mea- 
surements of frequency up to 4.5 GHz. Using a unique HP-designed 
microwave switchable filter, its automatic heterodyne measurement 
technique insures high tolerance of FM on the measured signal. In the 
normal mode of operation, the 5341A will automatically measure and 
display the lowest frequency CW signal within its sensitivity; in the 
manual mode, the operator can choose to search within any of ten 
frequency bands which cover the counter’s full range. Also a t  the op- 
erator’s command, a convenient routine provides “qualifiers” in the 
display for complete diagnostic information concerning both the mea- 
sured signal and the counter’s internal operation. 

The high sensitivity (-15 dBm in automatic mode, -20 dBm in 
manual) of the 5341A makes it ideal for measurement of low-level 
signals in the testing of UHF and microwave components and equip- 
ment. An extremely fast acquisition time (100 psec in manual mode) 
makes this counter the optimum choice for systems applications. 

Option 003 limits the frequency range of the 5341A to 1.5 GHz, at 
a considerably reduced cost. Option 011 connects the 5341A to the 
high-speed H P  Interface Bus for data output and complete program- 
mability, including the ability to remotely select the manual search 
bands. 

534 1 A Specifications 

Signal input 
Input 1 

Range: 50 MHz to 4.5 GHz. 
Impedance: 50Q nominal. 
Connector: precision Type N. 
Sensitivity: - 15 dBm (AUTO operating mode); -20 dBm (MAN- 
UAL operating mode). 
Maximum Input: +20 dBm. 
Damage level: +30 dBm. 
Operating modes: AUTO: counter automatically selects and dis- 
plays lowest frequency within its sensitivity range; MANUAL: 
Measurement band is selected manually, and counter measures 
within a 525 MHz range above displayed band number (in the 500 
MHz and 750 MHz bands, counter measures within a 250 MHz 
range). 
Measurement time: acquisition time + gate time. 
Acquisition time: 600 ps (AUTO operating mode); 100 ps  (MAN- 
UAL operating mode). 
FM tolerance: 30 MHz peak-to-peak worst case. Tolerates 500 
MHz peak-to-peak (0-500 MHz and 1.0-4.5 GHz) and 250 MHz 
peak-to-peak (500 MHz to 1.0 GHz) in center of bands. 

Input 2 
Range: 10 Hz to 80 MHz. 
Impedance: 1 MQ, shunted by 50 pF. 
Connector: type BNC female. 
Coupling: ac. 
Sensitivity: 10 millivolts. 
Maximum input: 5 volts peak-to-peak. 
Damage level: 400 volts dc; 250 volts rms ac, 10 Hz to 100 kHz, 
decreasing 6 dB per octave to 80 MHz. 

Time base 
Crystal frequency: 10 MHz. 
Stability 

Aging rate: (1 x 10-7 per month. 
Temperature: < k 1 x 10-6 over the range 0°C to 50°C. 

Output frequency: 10 MHz 1 2 . 4  V square wave (TTL compatible) 
available from rear panel BNC. 
External time base: requires 10 MHz approximately 1.5 V p-p sine 
wave or square wave into 1 kQ via rear panel BNC. Switch selects 
either internal or external time base. 
Optional time base (Opt 001) aging rate: (5 x 10-’0per day after 
24 hour warm-uu for less than 24 hour off-time. 

General 
4ccuracy: 1 count k time base err01 - ... ,. . . . . . . . . 
( 

1 r 
ttesoiurion: rront panel switcn selects 1 MHz, 100 kHz, 10 kHz, 1 
kHz, 100 Hz, 10 Hz, or 1 Hz. 
Display: ten-digit sectionalized LED display and appropriate mea- 
surement units of kHz, MHz, or GHz. 
Self check: counts and displays 1 GHz for resolution chosen. 
Sample rate: continuously adjustable from 40 msec to 10 seconds 

I 

- -  
ind HOLD. 
Dperating temperature: 0°C to 50°C 
Dower: 11 5 or 230 volts, with +5% to -10% tolerance, 48 to 66 Hz, 
104 VA . .. .. . . . . . I- . - .  hemote programming and digital output: optional (Uption 001) 
via 24-pin. series 57 Microribbon connector. Program and output in- 
formation are 7-bit ASCII code. compatible with H P  Interface Bus. 
Weight: Net 10.5 kg (23 Ib). Shipping 13.2 kg (29 Ib). 
Size: 88.2 H x 425 W x 467 mm D (315/,” x 1634’’ x 1834”). 

Options Price 
001: High Stability Time Base add $500 
002: Rear Panel Connectors add $105 

less $1000 003: 1.5 GHz Frequency Range 
01 1: Remote Programming-Digital Output (HP-IB) add $390 
908 Rack Flange Kit add $10 

5341A Frequency Counter $4950 



 ELECTRONIC 1 COUNTERS 
I "a/ Time interval probes 

Model 53636  

Solves major T.I. problems 
Precisely defines trigger points 
Greatly improves dynamic range 

Equalizes system timing errors 
Active probes minimize circuit loading 
Measures to zero time interval 

the absolute accuracy of the time interval measurement to some un- 
knnwn hiit fiuerl a m n i i n t  ~.--___.---I-..-- .... 

The 5363B calibration procedure equalizes out such system 
and allows the counter and probes to be set for 0.0 ns. When a c 
with a minimum T.I. range is used (such as H P  5345A or 53: 
fixed offset of 10.0 ns can be switched in allowing the counter t 
sure down to zero time interval. 

. I  

HP-IB programmable Time Interval Probes 

Repeatable measurements 
The 5363B provides the necessary input signal conaitioning to al- 

low a precision time interval counter to make highly accurate and 
repeatable measurements on time varying waveforms. No longer are 

Event measurement Time varying waveform 

f l  t2 t l  9 

counters restricted to "event" type measurements. Counters such as 
the 5345A, 5328A and 5370A can now be adapted to make measure- 
ments such as rise time, fall time, slew rate, propagation delay and 
phase jitter analysis. 

Trigger point calibration 
A unique scheme of Trigger Point Calibration is used instead of 

hysteresis compensation to insure that the value selected on the digi- 
tal dials or via the HP-IB is the actual triggering point rather than 
some unspecified "best estimate" of the trigger point or the center of 
the hystersis window. 

2 0  V dynamic range with 10 mV resolution 
Greatly improved dynamic range allows the trigger point to be se- 

lected in 10 mV increments from -4.99 V to +9.99 V covering the 
range of most commonly used logic circuits. The use of attenuators on 
traditional T.I. counters to extend their range increases the effective 
hystersis window by the same attenuation amount. This prevents trig- 
ger points close to the top or bottom (i.e. 10% or 20% points) of the 
waveform from being selected and sometimes creates "holes" where 
certain trigger points cannot be selected at all. The wide dynamic 
range of the 5363B overcomes these problems. 

Minimized circuit loading 
Active high impedance, low capacitance probes minimize circuit 

loading and pulse distortion while permitting test points to be moni- 
tored without the need for built-in pulse transformers or impedance 
matching devices. Each probe contains both a start and stop channel 
so that a rise time into a device can be measured with one probe, the 
rise time out of the device with the other and the propagation delay 
thru the device can be measured between the probes. 

Systematic timing errors eliminated 
Delays through probes, cables and the inherent differential delays 

inside the counter's timing channels (Le., (700 ps in 5345A) limit 

TIME TIME 

delays 
:ounter 
28A) a 
o mea- 

Automated operation 
Under calculator control the standard HP-IB capability alla 

probes and a counter to perform a wide variety of automated 
form analysis. In the lab or production line complex measurem 
go-no-go decisions can be made with push button simplicity. F 
ther details refer to the 53h3R T e c h n i c a l  nata  Sheet a n d  A N  

IWS the 
wave- 

ents or 
or fur- -___ -..__._.._ l.l. 191 on . - . .-..- . -. -. - - __. - - - - - - 

Time Interval Measurements. 

Specifications 
Dynamic range: +9.99 V to -4.99 V. 
Voltage resolution: 10 mV. 
Time resolution: depends on counter used (typ. 10 ps with 5345A 
T.I. Avg). 
impedance: 1 MQ shunted by < 15 pF. 
Effective bandwidth: 350 MHz (or 1 ns rise time). 
Minimum pulse width: input signal must remain below and above 
trigger point for a t  least 5 ns (i.e., max repetition rate of square wave 
= 100 MHz). 
Absolute accuracy 

START trigger level accuracy 

START signal slew rate 
at trigger point 

STOP trigger level accuracy 

STOP signal slew rate 
at trigger point 

f l  ns 2 f 

Trigger level accuracy (A&B)': = k 8 mV k 0.2mV/"C k 0.1 5% of 
trigger point. 
Dlfterentiai trlgger level accuracy (A&B)': used when A&B are set 
to the same voltage, same slope, and identical wave forms: f 3mV 
+0.3% of trigger point. 
Max input voltage: 30 V peak. 
Linear operating range: k 10 V. 
Output to counter: separate start and stop channels, -0.5 to +0.5 V 
into 50Q, (2 ns rise time. 
Trigger level outputs: trigger point setting +?5 mV. 
Delay compensation range: 2 ns adjustable about 0.0 ns or 10.0 ns. 
Power: 100,120,220, or 240 V ac (+5 -10%); 48 to 440 Hz; 30 VA 
max. 
Weight: 16.2 kg (7 Ib, 6 02.). 
Dimensions: rack height 88.9 mm (314"); half rack width module 
212mm(83/,");depth248mm(114/,").Probelength 122cm(4ft.). 
Environmental: operating temperature 0°C tp 55°C. 
Systems interface: HP-IB programming of all functions except de- 
lay adjust vernier (which can be measured in a system). 
'AHer calibration and within the range betwean 100 mV or 8% (whichever 
i8 greater) from the top or bottom of input signal. IIccy"IcI rS,,,~l) zz 
Recommended counters Price 
5345A Electronic Counter: 2 ns single shot T.I.. True $4400 

I 

T.I. averaging 
5328A Opt. 040 Universal Counter; 10 ns single shot 
T.I., True T.I. averaging 
5370A Universal Time Interval Counter 20 ps single 
shot, true T.I. averaging 

5363B Accessories 
10229A Hook Tip 
10218A BNC BNC to Probe Adapter 
1250-0655 BNC Tee to Probe Adapter 
lOlOOC 50Q Feedthru termination for non-50Q T.I. 
counter 
10821A Accessory Kit with 2 each of above plus adapt- 
ers 
53638  Time Interval Probes 

$1650 

$6500 

$5 
$1 1 
$15 
$22 

$125 

$2250 
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Hewlett-Packard’s comprehensive range of 
pulse and word generators ensures a cost-ef- 
fective solution to the vast majority of pulse 
test applications. In analog/digital applica- 
tions demanding detailed parametric analy- 
sis, pulse generators range from simple, 
inexpensive units, with independent param- 
eter control, to high performance, micro- 
processor-based units offering precision 
pulse generation. Individual clock speeds 
range from 1 MHz through 1 GHz, while 
output levels vary from a few millivolts to 
100 V. Where complex functional checkout 
is required, word/data generators in the H P  
range offer up to 32 k bit of freely program- 
mable memory. With multi-channel or single 
channel instruments available, parallel or 
serial requirements are easily accommodat- 
ed. The extensive range thus enables you to 
select a stimulus ideal for your test require- 
ments. 

With the ever-increasing complexity and 
performance of today’s devices under test, re- 
cent additions to the pulse/word generator 
range meet the challenge with microproces- 
sor-based control schemes. By allocating 
complex instrument functions to micro- 
processor management, many user oriented 
features emerge which minimize familiariza- 
tion time, and make device evaluation a 
quick, simple task. Features include storage 
of complete mode and parameter sets, com- 

mand sequences identical for both remote 
and front panel operation, LED display of in- 
dividual parameter values, and precise error 
indication for rapid correction of erroneous 
instructions. Direct benefits of this new gen- 
eration of H P  test instruments are faster se- 
tup times in bench applications, and reduced 
software costs in automatic test systems. 

Word generators 
Designed for applications demanding com- 

plex digital data patterns, Hewlett-Packard’s 
range of word generators offers multi-chan- 
ne1 and single channel capability to suit par- 
allel or serial data needs. Standard features 
include: 
-freely programmable memory for worst 

case pattern generation. 
-manual and remote memory programming 

for bench and automatic test setups. 
-variable clock speeds to supply dynamic test 

capability. 
-selectable output levels to si?It changing log- 

ic families and determine marginal condi- 
tions. 

-sync outputs (first bit, last bit, clock) to pro- 
vide easy interfacing to the device setup. 

-single/auto cycling for intermittent or con- 
tinuous testing. 
Additionally, individual features of each 

instrument contribute valuable testing pow- 

er. These include PRBS for extended serial 
data-streams, inter-channel delay for testing 
critical time relationships, clock speeds to 
300 MHz for high speed logic test, and mi- 
croprocessor control over all functions/para- 
meters to enable simple, straightforward 
programming syntax. 
Serial 

In serial applications, a recent addition, the 
Model 8018A, offers 2 k bit of freely pro- 
grammable memory, PRBS generation, and 
up to 50 MHz clock speeds to generate the 
most complex serial data patterns. For this 
reason, the 8018A provides unique benefits 
in modern application sectors such as avion- 
ics, fibre optic links, telecommunications and 
PCM telephone networks. 
Parallel 

For parallel applications, the latest addi- 
tion to the H P  range is the microprocessor- 
controlled Model 8170A. Generating data in 
parallel 8-bit or 16-bit format, to memory 
depth of 4 k or 2 k words, the 8170A is de- 
signed for functional checkout of today’s 
multi-channel logic devices and subassemb- 
lies. With data traffic in modern digital sys- 
tems concentrated on a shared bus, the 
8 170A‘s direct bus driving capability, com- 
bined with an H P  logic state analyzer, pro- 
vides the ideal stimulus/response setup for 
complete system checkout. 



PULSE 4% WORD GENERATORS 
General information 

Pulse Generators 
Pulse generators are designed primarily for 

applications requiring parametric analysis. 
As a result, all HP pulse generators offer in- 
dependent pulse parameter control together 
with high timing stability. Instruments range 
from basic units for clocking simple logic cir- 
cuits, to the high performance models, 
8160A and 8165A. offering precision control 
over all pulse parameters, full HP-IB capa- 
bility and microprocessor control schemes. 

For every instrument in the range, logical 
front panel layout, where related controls are 
grouped together, guarantees quick familiar- 
ization and rapid, error-free use. In addition, 
great emphasis has always been placed on 
ruggedness, reliability and serviceability. 
The generators are developed and produced 
using high quality standard components, to- 
gether with custom-designed IC's for achiev- 
ing unique specifications. Resultant tech- 
nical benefits are, for example, broad operat- 
ing temperature range (Oo-5O0C), essential 
to rack applications, and output protection 
agair 1st open- and short-circuits. 

ways know what pulses to expect from your 
generator. 
Counted burst generation 

Applications such as digital circuit design 
or radar testing often require a burst of 
pulses with an exact predetermined length. A 
digital circuit such as a shift register could be 
clocked to a particular state at its operating 
frequency using such a pulse burst. Counted 
burst mode is available in several Hewlett- 
Packard generators and greatly simplifies 
stable burst generation. The number of 
pulses desired is simply dialed into a thumb- 
wheel switch and a burst of this length will be 
produced upon command. All pulse param- 
eters (frequency, width etc.) may then be 
varied without affecting the number of 
pulses. 

" 
0 
t t  

!pendent parameters 
variable pulse parameters on H P  pulse . .. . .  . 

lnde 

generators can be adjusted independently of 
one another. This means, for example, if 
pulse offset is varied, the amplitude is not af- 
fected, and if amplitude is changed, transi- 
tion times remain the same. A further 
feature is complete specification of all pulse 
parameters including thorough specification 
of pulse peturbations and jitter. Thus you al- 

All 

50 o h v  source impedance 
All Hewlett-Packard pulse generators have 

constant 50 ohm source impedance, a feature 
very important in producing clean output 
pulses. Signal reflections from the circuit un- 
-'er test are effectively absorbed by the 50 

hm source thus avoiding re-reflection to the 
:sted circuit. The internal 50 ohm source 
Is0 enables back terminated operation in 
fhich high impedance loads may be driven 

without an external terminating resistor. 
Many H P  generators provide, in addition, 

a switch selectable source impedance. This 
way, you can choose the best termination 
configuration for your application. 

Time synthesizers 
A time synthesizer (sometimes ref erred to 

as a delay generator) is a special type of pulse 
generator where the emphasis is on the very 
precise time positioning of the output pulse. 
In this case the delay is generated very pre- 
cisely by counting cycles of a stable quartz 
oscillator. 

Other important characteristics of a time 
synthesizer are the ability to generate a pre- 
cise, jitter-free delay with respect to a ran- 
domly occurring external pulse. In the 
Hewlett Packard 5359A. this is achieved by 
means of a unique circuit involving a phase- 
startable-phase-lockable oscillator. This cir- 
cuit has the characteristic of always starting 
with a constant phase relationship to an ex- 
ternal pulse and thereafter frequency stabil- 
ity is maintained by phase locking to a stable 
reference while still retaining the initial 
phase information. Thus, the k 1 count clock 
errors inherent in digital counting schemes is 
completely eliminated. 

Time synthesizers are mainly used in radar 
and lasar ranging, digital communications, 
and nuclear applications. 
Word and Data Generator 
Selection Chart 

0 ideal 0 applicable 0 with adapter 15451A 
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1 mHz to 50 MHz 
sine, ramp and pulse waveforms 
counted burst 

LINE EYT INPUT--- 

50 MHz programmable signal source 
Model 8165A 

20 Vpp amplitude 
Fully programmable 
Storage of operating parameters 

8165A with AM + Sweep Option 002 - 
50% 
Symmetry/ 
duty cycle 

20% 
Symetry/ 
duty cycle. 

80% 
Symmetry/ 
duty cycle 

Sine 

Triangle 

Square 

Ramp 

Square 

Ramp 

Square 

Introduction 
The 8 165A Programmable Signal Source generates sinewaves, tri- 

angles, ramps, square waves and pulses over a frequency range of 1 
mHz to 50 MHz. The pushbutton front panel controls and the LED 
parameter display enable rapid and accurate setting of parameters 
with no repeatability problems. When you include other features such 
as microprocessor control, remote programmability of all parameters, 
and seven operating modes, you have a versatile signal source in just a 
single instrument that can be used in a wide range of applications. 

Microprocessor control 
The 8 165A contains a microprocessor-controlled interface and key- 

board designed to simplify operating and programming. Whether op- 
erating the instrument from its keyboard or from a controller via the 
HP-IB, the microprocessor simplifies parameter and data entry. It 

also checks for illegal operations, incompatible settings, and sets up 
front panel displays. The microprocessor greatly simplifies front pan- 
el operation by enabling any parameter to be changed using only 3 
steps; a PARAMETER key, DATA keys, and an ENTRY key. 

Operating set storage 
Up to 10 complete operating sets (functions and parameters) can be 

stored in the built-in memory. Subsequently you can recall any of the 
10 sets instantaneously by pressing only two keys or using one pro- 
gram statement. And you don’t have to worry about losing operating 
sets if the 8165A is accidentally switched off or if the power fails. 
Internal batteries preserve the current and stored operating sets for 
up to four weeks. 
Stability, accuracy and resolution 

The use of phase lock loop techniques, plus a 10 MHz internal or 
external crystal reference, ensures very stable output frequencies with 
an accuracy of f 1 x deviation from programmed value. Resolu- 
tion is four digits over the frequency range of 1 mHz to 50 MHz. For 
example, in the frequency range 1-9.999 mHz, this is equivalent to a 
resoution of 1 pHz. 

Multiple waveform generation 
The multiple waveforms that can be generated by the 8165A suit it 

to a wide range of digital and analog applications. Sine, triangle or 
square waves can be generated at frequencies up to 50 MHz. Ramps 
and rectangular pulses with 20% or 80% duty cycle/symmetry can be 
generated at frequencies up to 19.99 MHz. 
Operating modes 

The 8165A can be operated in any of eight different modes: normal, 
voltage controlled oscillator (VCO), trigger, gate, counted burst, fre- 
quency modulation (FM), and optional sweep and amplitude modula- 
tion (AM). This wide range of modes enables the 8 165A to be used in 
any operating environment. 
Output capability 

The 8165A has been designed to fulfil the requirements of analog 
and digital testing. The source impedance can be set to 50 ohms or 1 k 
ohms for best termination, i.e. minimum distortion and reflection in 
each application. The 8165A can also be used as a current source, or 
supply a variable dc level. 
HP-IB programming 

The use of a microprocessor makes the 8 165A very easy to program 
across the HP-IB, and ideal in automatic test systems. All operating 
parameters and functions can be programmed and in learn mode the 
8165A can report its status and its current or stored operating sets. 
Programming is further simplified by the codes on the instrument 
front panel. The framed mnemonics are the ASCII characters re- 
quired for programming. 
For specifications see page 357. 



PULSE GEMERATORS 
Programmable pulse generator 
Model 8160A 

50 MHz repetition rate 
20 V output amplitude 
Full dual channel capability (option 020) 

1-3% pulse parameter accuracy 
HP-IB programming interface 
Storage of operating parameters 

- 8160A (with option 020) 
/’----- \ 

Introduction 
The Hewiett-Packard model 8160A is a fully programmable 50 

MHz pulse generator designed for high performance applications on 
the bench and in automatic systems. Its single or dual (option 020) 
output channels provide 20 V, 6 ns variable transition time pulses 
ideal for the majority of testing requirements. Combining high pro- 
gramming accuracy with new, microprocessor-based control capabili- 
ties model 8160A represents a significant departure from its pulse 
generator predecessors. 

For the first time, pulses can be set up without a measuring instru- 
ment to adjust each of its parameters. Pulse parameters are directly 
entered as numerical quantities using the 8!6OA’s keyboard, and are 
then displayed on LED’s. The desired pulse is generated with an un- 
matched accuracy of 1-3%, depending upon parameter. 

An advanced, easy-to-use HP-IB interface brings model 8160A’s 
high accuracy pulses to automatic testing applications. All param- 
eters and operating modes are remotely programmable using simple, 
straight-forward command sequences made possible by the micro- 
processor. Faster, easier program generation and reduced software 
costs are direct benefits. 

Precision pulse generation 
Model 8160A provides precision control over all parameters of its 

50 MHz, 20 V output pulse. Leading and trailing edge transition 
times may be independently programmed down to 6 ns. With ratios 
up to 20:l possible, triangular and sawtooth waveforms are easily 
generated. 

Variable transition times enable you to make an exact match be- 
tween the output pulse and the rise/fall time requirements of the ap- 
plication. In systems applications, for example, decreasing pulse edge 
speeds vastly reduce reflections. 

Direct entry of the high and low levels of the output pulse enable 
easy simulation of logic signals. Pulse width is variable from 10 ns to 1 
s, and delay shifts the output pulse in relation to the trigger output. 
Double pulse mode is also provided, and when 2 output channels are 
included (option 020), double pulse can be independently selected on 
either or both channels. 

Counted burst. 
Using Burst Mode a predetermined number of pulses is generated 

independent or frequency. Bursts from 0 to 9999 pulses in length may 
be produced, and can be triggered via an external signal, manually or 
with an HP-IB command. 

Microprocessor-based instrument control 
The microprocessor is the center of a new control scheme designed 

to promote the highly accurate pulse generating hardware. Pulse pa- 
rameters are directly entered via the instrument’s keyboard, and are 
then displayed on numeric LED’s with 3-digit resolution. 

In bench applications, the vernier controls give you a fine adjust 
capability to ‘tweak-in’ any pulse parameter. You can increment or 
decrement the selected parameter either in single steps or automati- 
cally a t  one of two speeds. 

Error detection by the microprocessor further simplifies pulse set- 
up by solving the old problem of incompatible settings. Should pulse 
width exceed pulse period, for example, the microprocessor indicates 
a TIMING error. All possible mis-settings are detected and the type 
of error is indicated to aid rapid correction. 

HP-16 Programming 
Microprocessor control over all interface functions makes remote 

programming as easy and straight-forward as manual control. The 
8160A employs keystroke programming so that data entry via the 
HP-IB is an exact simulation of manual entry. Bus commands for 
each front panel key simply replace manual keystrokes. 

Parameter storage 
The 8160A stores complete parameter and mode information for 9 

independent instrument set-ups. Waveforms may be stored and re- 
called either manually or via the HP-IB. 

By utilizing a single command to recall an entire instrument set-up, 
this feature is an important saver of controller time. In simple repet- 
itive testing applications, storage of test waveforms can even elimi- 
nate the need for an external controller. 

Learn mods 
When interrogated by the system controller, the 8160A outputs a 

character string to the interface bus. This string completely describes 
the pulser’s current set-up or any one of its 10 stored parameter sets. 
Using Learn Mode, you can enter and try out waveforms manually 
and then automatically transfer them via the HP-IB to the controller 
for storage in a program. 
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Accuracy: 3% of progr. value -t 0.3 ns (per. < 100 ns). 
2% of progr. value (per. 2 100 ns) 

Max. Jitter: 0.1% of programmed value + 50 ps. 

Range: 10.0 ns to 999 ms (see table 2). 
Accuracy: 1% of programmed value f 1 ns. 
Max. Jitter: 0.1% + 50 ps (width I 999 ns). 

Width 

0.05% (999 ns < width 5 9.99 ps). 
0.005% (width > 9.99 ps) 

Delay 
Range: 0.00 ns to 999 ms (measured from 50% point of leading 

Accuracy: 1% of progr. value f 1 ns (see table 2) 
Max. Jitter: 0.1% + 50 ps (delay I 999 ns) 

edge of trigger output). 

0.05% (999 ns < delay i 9.99 ps) 
0.005% (delay > 9.99 ps) 

Double Pulse (DBL) 
Range: 20.0 ns to 999 ms 
Accuracy: 1% of programmed value f 1 ns 
Max. Jitter: 0.1% + 50 ps (DBL I 999 ns). 

0.05% (999 ns < DBL 5 9.99 ps) 
0.005% (DBL > 9.99 ps) 

Output signals 
Output levels 

High level range: -9.89 V to 9.99 V 
Low level range: -9.99 V to 9.89 V 
Amplitude: 0.10 V min, 9.99 V max. (increases with hi-Z source or 
load, see table 1) 
Accuracy: 1% of progr. value 2 5 0  mV k 1% of ampl. 
Settling Time: 40 ns to specified accuracy. 

Leading edge: 06.0 ns to 9.99 ms (see table 2). 
Trailing edge: 06.0 ns to 9.99 ms (see table 2). Leading and trail- 
ing edge transition times are independently programmable within a 
common range. Ranges are overlapping. 
Accuracy: 3% of progr. value f 1 ns (see table 2) 
Linearity: 3% for transition times > 30 ns. 

Preshoot, overshoot, ringing: 5% ampl. f 10 mV. 
A ADD B: adds channel A and B outputs (opt. 020). 
Output format: normal or complement. 
Source impedance (see table 1). 

Auxiliary inputs and outputs 
External input 

Trigger level: +10 V to -10 V. 
Max. input: f 12 V in SOQ, k 20 V in 10 KQ. 
Minimum amplitude: 500 mVpp. 
Slope: positive or negative. 
Min. pulse width: 3 ns. 
Typical inp. resistance: 5OQ or (also in OFF) 1OkQ. 
Delay from trig. inp. to trig. outp.: 90 ns f 10 ns 

Transition times (10-90% amplitude). 

1 kR 
25 pF t 100 mV 

1 % * 1 % ampl. 

+19.9 V +19.7 V 19.9 v 
-9.89 V -9.99 V 100 mV 

48 R 2 (A  SEP B. 50 R )  
60 pF -2.5 % 

+9.99 V +9.89 V 19.5 V 
-19.7 V -19.9 V 200 mV 

500 R 
60 pF -5 % 

2 (A SEP B, 1 kR) 

+19.9 V +19.7 V 20.0 v 

A SEP 8; kR 
AADDB. 5 0 R  
AADDB, 1 kR 

Table 2: Output Modes/Timing (8160A into 50 R )  

25 ns 12.5 ns 1 % t 2.5 ns 8.0 ns 3 % +- 2 ns 
50 ns 25 ns 1 % ? f n s  15 ns 3 % ? 4 ns 
50 ns 25 ns 1 % t f n s  15 ns 3 % ? 4 ns 

I CUTPUTMODE IPER IWID I DEL I LEE/TRE 1 min I min I accuracy I min accuracy 
A SEP E. 50 R I 20  ns I 1 0  ns I 1 % ? 1 ns 16.0 ns I 3 % +- 1 ns 

Trigger output 
Amplitude: I 2.5 V into 500 
Typical source resistance: 50Q 
Typical pulse width: 8 ns (period < 100 ns) 

40 ns (1 00 ns < period < 1 ps) 
400 ns (period 2 1 ps) 

HP-IB capability 
All modes and parameters can be programmed. 
Memory: 9 addressable locations plus 1 for current oper. state. 

Genera I 
Repeatability: 50% of specified accuracy. 
Power-off storage: batteries maintain all stored data for up to 2 
weeks with instrument off. Hard-wired addressable location contains 
fixed operating state for confidence check. 
Power: 115/230 Vac + IO%, -22%; 48-66 Hz; 675 VA max. 
Temperature range: 15-35°C as specified. 
Accuracy derating factors for temp: 0-15"C or 35-50°C. 

Delay, width, double pulse: 0.07% /"C 
Period, high level, low level: 0.14% /"C 
Leading edge, trailing edge: 0.21% /"C. 

Capacity: 1 complete operating state per location. 

Weight: net 20.8 kg (46 Ibs). Shipping 25 kg (55 Ibs). 
Dimensions: 178 H X 426 W X 430 mm D (7 X 16.8 X 17 in.) 
Options Price 
Opt. 001: Rear panel inputs and outputs 
Opt. 0 2 0  Second channel add $4800 
Opt. 907: Front handle kit (Part No. 5061-0090) add $30 
Opt. 908: Rack flange kit (Part No. 5061-0078) add $20 
Opt. 909: Combined rack flange and front handle kit add $45 
Opt. 910: Additional operating manual add $20 

N/C 

8160A Programmable Pulse Generator $1 1000 



PULSE GENERATORS 
1 High resolution time synthesizer 

Model 5359A i 

Precise digital d e l a y s  0-160 m s  
Jitter (100 ps 
Increments  50 ps 

0 

0 

0 

Programmable  
Fully synchronous  to external trigger 
Automatic Calibration 

The 5359A Time Synthesizer produces two extremely precise, low 
jitter time delays. These delays, Td and Tw, are individually selecta- 
ble by means of the keyboard, in 50 ps or greater steps to generate 
delays of up to 160 ms. 

FIXED 
DELAY n EXTERNAL SYNC PULSE 

SYNC OUTPUT PULSE 

Tw - 
OUTPUT PULSE 

I I 

EDGE 1 I h l  
I I 

I I 

EDGE 2 

The 5359A has many applications and may be used for the calibra- 
tion of Radar, Loran, DME and Tacan Systems, or for precision gen- 
eration of delayed sweeps in oscilloscopes, and for extremely accurate 
“time positioning” control of external gates on frequency counters. In 
component and circuit test, the instrument may be used for extremely 
accurate delay line simulation. 

Specifications 
Modes 

External Trigger Mode: the delays from the sync out to the begin- 
ning of the output pulse, and the width of the output pulse, are se- 
lected. 
Internal Trigger Mode: the “period” or “frequency”, and the width 
of the output pulse, are selected. 

Delay Td: 0 ns to 160 ms. 
Width Tw: 5 ns to 160 ms (width & delay 1 1 6 0  ms). 
Period: 100 ns min. or width + 80 ns, 160 ms max. 
Frequency: same as corresponding “period”. 

Range 

Repetition rate: 10 MHz max. 
Accuracy: ? 1 ns * time base error. 
Insertion delay: fixed at (150 ns; selectable as t 5 0  ns for delays 
> 100 ns. 

Jitter: typical 100 ps rms; maximum 200 ps rms 
External trigger input: -2 V to + 2 V slope selectable. 
Sync output: 1 V - 50Q 5 V - IMQ. Width 35 ns nominal. 
Output pulse 

Amplitude: 0.5 V to 5 V into 50Q. 
Polarity: positive or negative. 
Offset: - 1  V to 1 V, or OFF. 
Transition time: <5 ns. 

External voltage must not be applied. Offset and Amplitude voltage 
into 50Q may be displayed. 
EDGE 1 OUTPUT (rear panel): occurs in Sync with leading edge of 
output pulse (same spec. as Sync out). 
EDGE 2 OUTPUT (rear panel): occurs in Sync with falling edge of 
output pulse (same spec. as Sync out). 
Events mode: substitutes external input (to 100 MHz) for the inter- 
nally counted clock (Delay and width must both be specified in events 
and not time). 
Triggered frequency mode: the same as internal frequency mode 
except the output is a burst beginning in synchronism with an exter- 
nal trigger signal, and continues for the duration of this signal. 
Calibrate mode: performs an internal calibration to remove the ef- 
fects of internal delay differences. 
External probes: provides outputs to control the 5363B probes and 
accepts inputs from the probes to include external devices in the cali- 
bration loop. 
HP-IB: All controls except trigger levels are programmable as stan- 
dard. 
Time base 

Frequency: I O  MHz 
Aging: (3  X IO-’/month 
Temperature: (2.5 X 
Line voltage: I X IO-’ for 10% change 

Frequency: I O  MHz. Aging 5 X lO-”/day. 
Temperature: 3 X 

0°C to 50°C 

001 High stability time base 

0” to 55” 
Size: 146.1 H X 425.5 W X 520.7 mm D (5.75” X 16.75” X 20.50”). 
Weight: 30 Ibs. 
Options and accessories Price 
001: High Stability Time Base add $575 
908: Rack Flange Kit add $20 
10870A: Service Kit add $430 

5359A Time S y n t h e s i z e r  $6500 



PULSE GENERATORS 

50 MHz repetition rate 
2 output channels 
16 V amplitude and offset 

Versatile source, unique level controls 
Model 8015A 

Counted burst option, 0-9999 pulses 
Ideal for MOS, TTL and analog applications 
Each control ergonomically designed 

The 801 5A is a 50 MHz dual channel pulse generator with variable 
transition times, designed for optimum flexibility in the control of any 
pulse parameter. Each of the two independent output amplifiers can 
generate * 16 V. A unique way of avoiding the usual offset and am- 
plitude adjustment problems is provided by two independent pulse 
level sliders; with the aid of a calibrated scale the slider positions de- 
termine the pulse “high” and “low” levels. 

In addition to control of pulse timing and amplitude parameters, it 
is possible to delay the pulse from channel B with respect to the pulse 
from channel A. For analyzing critical timing conditions or generat- 
ing 2-phase clocks this B Delay mode offers continuous pulse delay 
between the two channels. 

It is also possible to parallel both output amplifiers using A + B 
mode, which doubles the output current and enables a maximum out- 
put swing of 30 V (within a * 16 V window). The combination of A + B mode and B Delay mode together with variable transition times 
and individual selection of Normal/Complement format for each out- 
put permits complex waveforms to be generated; waveforms such as 
three-level signals, special codes or simulated biomedical signals. 

A range of options extends the 8015As usefulness and offers new 
solutions to applications problems. Generation of an exact number of 
pulses, for example, is difficult to achieve by the usual techniques. 
With the pulse burst option (002), however, it is possible to generate 
an exact number of pulses (predetermined by thumbwheel switches) 
a t  rep. rates up to 50 MHz. This is achieved by means of a built-in 
preset counter. A pulse burst can be initiated by an external signal or 
pushbutton control thus enabling continuous, multiple or single burst 
operation. 

Direct access to the linear output amplifiers (option 004) per- 
mits any TTL or even low level analog signal to be converted to 
MOS/CMOS levels. While one output delivers the normal pulse gen- 
erator signal, the other can be used to amplify a PRBS/word gener- 
ator output signal forming a test set for full parametric testing of 
MOS/CMOS shift registers, memories, etc. 

A safe and simple way to drive TTL devices is to use a separate 
TTL output with fixed levels, while all other parameters remain vari- 
able coincident with channel A output. This TTL output, available as 
option 005, requires no external termination because the internal 50 
ohm source impedance ensures pulse fidelity when connected to the 
test circuit. 

A particular problem with CMOS devices is that the input clock/ 
data amplitudes must never exceed the power supply voltage or the 
CMOS circuit will be destroyed. This means that if the supply voltage 
is varied as part of a parametric test, the clock/data levels must be 
adjusted first. An option that completely eliminates this problem is 
the 8015A upper output level tracking option (006). This option en- 
ables the CMOS clock/data signals to track the CMOS power supply 
voltage. Thus when carrying out CMOS parametric tests at varying 
supply voltages, the signal upper levels automatically track the supply 
voltage and device safety and proper input levels are ensured. The test 
circuit is safe even if the power supply is switched off. 

The 8015A can be used as part of an automatic test system using 
the remote contiol option (003). This option enables the range and 
vernier settings for the pulse period, delay, width, transition times and 
output levels to be remotely controlled. Range control is achieved by 
contact closure to ground using TTL compatible levels. Vernier con- 
trol is achieved by voltage or current or resistor. Remote or local con- 
trol of each parameter is selected using the appropriate front panel 
range switch. Both upper and lower signal levels of each output chan- 
nel can be controlled independently. 

Specifications 
Pulse characteristics 
Transition times: 6 ns to 0.5 s in four ranges (see table). Common 
for leading and trailing edges within each range up to maximum ra- 
tios of 1OO:l or 1:lOO. 
Non-linearity: transitions >30 ns: <5% of pulse amplitude. 
Overshoot and ringing: k 5% of pulse amplitude, possibly increas- 
ing < f 10% a t  minimum amplitude. 
Preshoot, droop: 4% of pulse amplitude. 
Pulse width: <IO ns to 1 s in four ranges. 
Width jitter: (0.1% + 50 ps for any width setting. 
Maximum output: f 16 V. 
Maximum duty cycle: >75% from 1 Hz to 1 MHz, decreasing to 
250% a t  50 MHz. Square wave; 50% k 5% from 1 Hz to 1 MHz, f 
15% a t  25 MHz. 
Pulse delay: 20 ns (+ 25 ns fixed) to 1 s, in four ranges. 
Delay jitter: <0.1% + 50 ps for any delay setting. 



Mode 
AsepB 

Swce/load Tramifion Upper Lcvd lower Levd Upper level lower Level V,-Vu lu-hi Max. Rep. 
Impedance Timer Voltage (Vu) Voltage (Vu)  Current (lu) Cunent(At) Max Min Max h Rate 
50R/50R *6 16-0.5 s +8 V to-7 V +7 V to-8 V 8V 1 v 50 MHz 

50W1 kR or 1 kR/50R 8 ns-0.5 s +16 V to-14 V +14 V to-16 V +320 mA to -280 mA +280 mA to -320 mA 16 V 2 V 320 mA 40 mA 40 MHz 

‘6 ns at 8 V. may increase to 6.5 ns at 4 V 

Repetition rate and trigger 
Repetition rate: 1 Hz to 50 MHz in four ranges (see table). 
Period jitter: t0.1% +50 ps for any rep. rate setting. 
Square wave: 0.5 Hz to 25 MHz. 
Double pulse: 25 MHz max. (simulates 50 MHz). 
B Delay: 20 MHz max. Channel B pulse delayed on channel A pulse 
by amount set on delay controls. 
Trigger output: dc coupled, 50Q (typ.) source impedance, delivering 
2 1  V across 50Q load. 9 ns f 5  ns width. 
Externally controlled operation 
External Input: 50Q f 10% or 5003 f lo%, dc coupled. 
Maximum input: f 7  V (509 input), f 2 5  V (5000 input). 
Trigger polarity: positive or negative slope selectable. 
Threshold level: +1 V to -1 V (50Q input impedance) or +10 V to - 1 OV (500Q input impedance). 
Sensitivity: 50Q input impedance, sinewaves 1 V pp,pulses f 0.5 V; 
500Q input impedance, sinewaves 10 V p-p, pulses f 5 V. 
Minimum pulse width: 5 ns in Ext. Trig., 20 ns in Burst mode. 
Delay: (50 ns between trigger input and trigger output. 
Manual button: push to activate input. 
External width: output pulse width and rate determined by width 
and rate of drive signal. 
Synchronous gating: gating signal turns on repetition rate. Last 
pulse completed even if gate ends during pulse. Max. repetition rate: 
40 MHz. 

Options 
Opt 0 0 2  pulse burst 

Number of pulses: 1-9999. 
Burst trigger source: external signal or manual. 
Repetition rate: 0 to 40 MHz. 
Minimum time between bursts: 200 ns. 
Trigger: all specifications as for EXT INPUT except minimum 
width: 2 2 0  ns. 

Timing ranges: 

pulse period 
pulse delay 
pulse width 
transition time 
Threshold voltages: lwic  0 = 0.4 V, logic 1 - 2.4 V 

Opt 003 remote control 

conlact closure lo ground or TTL compatible 
signals. One line for each range. I- 

Timing verniers: 

A + E  

I r i  I T i m  I 

50R/50R 15 ns-0.5 s +16 V to-14 V +14 V to-16 V 1 6 V 2 V  20 MHz 
50R/1 kR or 1 kR/5(K2 15 ns-0.5 s +16 V to-12 V +12 V to-16 V +640 mA to-560 mA +560 mA to-640 mA 30 V 4 V 640 mA 80 mA 20 MHz 

controlled by or voltage -’ mA -0.’ mA pulse delay 
pulse width 
transition times 90 kR or resistor 

Absolute maximum input current limits: 0 mA to - 1 . 1  mA. 
Absolute maximum input voltage limits: + 10 V to -0.1 V. 
Output levels 

input control voltage Output level* 
Upper level control set to max + (+8 V) 

0 (0 V) 
max - (-7 V) 

tower level control set to max + (+7 V) 
0 (0 V) 

max - (-8 V) -8 V 

Minimum difference between upper level and lower level con- 
trol voltage: 1 V (for 1 V output swing). 
Absolute maximum Input voltage limits: f 2 0  V. 
Pulse burst: 4 decades (1-9999). 4 lines per decade (1248 BCD for- 
mat). Contact closure to gnd. or TTL compatible levels. Threshold 
voltages are logic 0=0.4V, logic 1 ~ 2 . 4  V. 
Nota: Opt 003 includes Opt 008. To use pulse burst. Opt 002 must be ordered with 003 

Opt 004 direct output amplifier access 
Input impedance: 50 ohms 1- 5%. 
Operation: asymmetrical. 
Input voltage for max. output: 2.5 V p-p (baseline 0 V, top +2.5 
VI. 
Absolute maximum Input voltage: f 5 V. 
Gain: continuously variable between 0.8 and 6.4 by level controls 
(Zs=50 ohms, no load). 
Frequency response (-3 dB): Zs = 50 ohms, no load- 

0 to 50 MHz 

0 to 80 MHz 
Zs = 50 ohms, 50 ohm load- 

Polarity: inverting for NORM, non-inverting for COMPL. 
Note: B DELAY mode cannot be used with this option. 

Opt 005 extra TTL output 
Logic 1 level: 4.5 V min. 
Logic 0 level: 0.2 V max. (20 mA sink current). 
Source impedance: 50 ohms. 
Pulse delay: zero, coincident with channel A. 
Pulse output: normal/complement as selected by channel A. 

Opt 006 upper output level tracking 
Input voltage: +2 V to +I6 V. 
Absolute max. input voltage: +20 V. 
Absolute min. Input voltage: 0 V. 
Input impedance: 10 kQ k 5%. 
Upper level accuracy: f 5% of control voltage. 
Lower level accuracy: 0 V f 250 mV. 
Settling time to f 5% of final value: 400 ws. 

General 
Operating temperature range: 0°C to 55°C. 
Power: 100 V, 120 V, 220 V, or 240 V, +5%, -lo%, 48 to 440 
Hz,l80 VA maximum. 
Weight: net, 1 lkg (24.26 Ib). Shipping, 14.7 kg (32.4 Ib). 
Size: 133 H x 426 W x 346 mm D (5.2” x 16.75” x 13.6”). 

Options and accessories 
002: pulse burst 
003: remote control 
004: direct output amplifier access 
005: extra TTL output 
006: upper output level tracking 
907: Front Handle Kit 
908: Rack Flange Kit 
909 Rack Flange/Front Handle Kit 
910 Additional Operating and Service 

Price 
add $450 
add $895 
add $215 
add $190 
add $110 

add $20 
add $15 
add $30 

Manual add $18 

‘50 ohm into 50 ohm 8015A Pulse Generator $3015 



PULSE GENERATORS 

High power 100 V, 2 A output 
10 MHz repetition rate 

L i  i 
i Fast, high power pulse generator 
j Model 2146  

Constant duty cycle 
Counted pulse burst option 

214B (with option 001) 

The H P  21 4B pulse generator employs semiconductor technology 
for high power pulse generation at up to 10 MHz repetition rate. Deli- 
vering lOOV pulses with 15 ns risetimes, the 214B meets the speed 
demands of today's applications. 

State-of-the-art VMOS FETS used as current sources for the out- 
put amplifier tubes enable pulse width to be specified down to 25 ns. 
The 214B is thus well-equipped for low duty cycle applications such 
as laser diode pulsing or transient simulation. 

Where changing duty cycle threatens destruction to the device un- 
der test, the 214B Constant Duty Cycle (CDC) mode provides device 
protection. In CDC operation the duty cycle, hence power, remains 
constant as frequency is varied. The 214B is itself protected against 
excessive duty cycles via an overload protect circuit. 

Easy operation is assured by the timing error indication. Calibrated 
dials enable fast accurate adjustments. Operating into unmatched 
loads, clean pulse shape is guaranteed by the low reactance 50 Q 
source impedance. Pulse distortions such as preshoot and overshoot 
are specified as 5% a t  all amplitudes. 

Specifications 
Timing 
Repetition rate: 10 Hz to 10 MHz in 6 ranges. In 30V - lOOV ampli- 
tude range, maximum rep. rate is 4 MHz. Calibrated vernier provides 
continuous adjustment within ranges. Vernier accuracy: f (10% of 
setting + 1% full scale). Period Jitter: 10.1% + 300 ps. 
Pulse deiay/advance: pulse can be delayed/advanced with respect 
to the trigger output from 10 ns to IO ms ( f fixed delay of 45 ns) in 5 
ranges. Calibrated vernier provides continuous adjustment within 
ranges. Vernier accuracy: *(lo% of setting + 1% full scale) + 
fixed delay. Position Jitter: 10.1% + 500 ps 
Maximum pulse position duty cycle: 250% 
Double pulse: 5 MHz maximum in all ranges except 30V - IOOV 
range which is max. 2 MHz. Minimum separation is 100 ns. 
Pulse width: 25 ns to 10 ms in 6 decade ranges. Calibrated vernier 
provides continuous adjustment within ranges. Accuracy: f (10% of 
setting + 1% full scale) + 5 ns. Width Jitter: 10 .1% + 500 ps. 
Max. duty cycle: 210% for 30 - lOOV range. 2 5 0 %  all other 
ranges. 
Constant duty cycle mode (dlsabied in ext. trigger mode): duty 
cycle of output pulse remains constant as the period is varied. The 
duty cycle limits in this mode are typically 8% fixed for the 10 M - 1 
MHz range (max. 4 MHz); 2.5% to 10% for 1 MHz - . I  MHz range; 
.25% to 10% for .1 MHz - 10 kHz range; 0.1% for all other ranges. 
Calibrated vernier provides continuous adjustment within ranges. 

Accuracy: t- (15% of setting + 1% of full scale). 
Trigger output: 

Amplitude: L + 5  V (50 ohm into open circuit). 
Pulse width: 10 ns typical. 

Externally controlled operation 
External input (impedance 10 k ohm, dc coupled) 

Repetition rate: dc to 10 MHz. Sensltivity: 500 mVpp, dc COU- 
pled. 
Slope: pos. or neg. Trigger level: +5 V to -5 V adjustable. 
Maximum input level: f 100 V. Trigger pulse width: 1 1 0  ns. 

EXT TRIG mode: An output pulse is generated for each input pulse. 
GATE mode: gate signal turns on rep. rate generator synchronously. 
Last pulse always completed. 
BURST mode (optional): preselected number of pulses generated on 
receipt of trigger signal. Number of pulses: 1 to 9999. Minimum 
spacing between bursts: 200 ns. 
Manual: pushbutton can be used for triggering single pulses (EXT 
TRIG mode), generating gate signals (GATE mode) or triggering 
pulse bursts (BURST mode). 

Amplitude: 0.3 V to 100 V in 5 ranges. Calibrated vernier provides 
adjustment within ranges. Vernier accuracy: f 10% of setting. 
Source impedance: fixed 50 52 nominal on ranges up to 10 V. Selec- 
table 50 Q nominal or HI-Z on 10 - 30 - 100 V ranges (with 50 5 2 /  50 
Cl impedance, amplitude decreases to 5 - 15 - 50 V). 
Polarity: pos. or neg. selectable. 
Transition times: 5 15 ns for leading and trailing edges. 
Pulse top peturbations: 5 t- 5% of amplitude. 

General 
Operatlng temperature: 0°C to 55°C. 
Power: 100 V, 120 V, 220 V or 240 V, +5%, -lo%, 48 to 66 Hz, 360 
VA max. 
Size: 133 mm H x 426 mm W x 422 mm D (5.2 x 16.8 x 16.6 in.) 
Weight: net 13.6 kg (30 Ib), shipping 15.6 kg (34.3 Ib). 

Options Prices 
001: Counted Burst add $350 
907: Front Handle Kit (5061-0089) add $20 
908: Rack Mounting Kit (5061-0079) add $15 
909: Combined Front Handle and Rack Mount Kit add $30 
910: extra Operating and Service Manual add $12 

2 146 Pulse Generator $2550 

output 



PULSEGENERATOWS 

Rate 

1905A 

Model 1900 Plug-in pulse generator system 

D a t a / T i i g  Output 
1908A, 1915A 
1925A, 1917A 
1930A 1920A 

1900 System introduction 
The 1900 system with its modular construction offers flexibility and 

versatility in a pulse generator. The system comprises a series of fully 
compatible plug-in units with a maximum repetition rate of 25 MHz. 

Programmability 
Remote programming is available for the 1900 system which en- 

ables it to be built into systems for automatic testing of components or 
systems. With analog programming, pulse parameter ranges are con- 
trolled by external contact closure and verniers by analog current or 
resistance. For digital programming the 1900 system is interfaced to 
a computer via the 6940B Multiprogrammer. 

1900A Mainframe 
The 1900A mainframe provides housing, power supplies and RFI 

shielding for all 1900 system plug-ins. Plug-ins in the mainframe can 
be connected either internally or externally. 

1900A Mainframe specifications 
Size: 133H x 426W x 492 mm D (5.3" x 16.7" x 19.4"). 
Weight: net, 16 kg (35 Ib). Shipping, 21 kg (46 Ib). 
Power: 115 V or 230 V k 10%. 48 to 66 Hz, 300 watts max. 
Accessories 
Analog programming kit: P/N 01900-69502 for Opt. 001. 
Blank plug-ins: 10481A for half and quarter size plug-ins. 

1905A 25 MHz rate generator specifications 
Frequency: 25 Hz-25 MHz (int.), 0-25 MHz (ext.). 
Period jitter: <0.1%. 
External trigger: amplitude 0.5V to 5 V p-p. Slope pos. or neg. 

input impedance: 50 ohms dc coupled. 
Synch gating: -2 V gates generator on, -5 V max. 50Q imp. 
Output pulse: amp. >1.5 V (50Q/503). 
Risetime: (5 ns. Width: < I O  ns. 

1908A 25 MHz delay generator specifications 
Delay range: 15 ns to 10 ms. Jitter: (0.1% of setting. 

Rate input: 0-25 MHz; 1 V p-p min, 5 V p-p max. 
Trigger and drive outputs 

Amplitude: > 1.5 V (50Q/50Q). 
Risetime: (5 ns. 
Width: (10 ns 
Impedance: 50 ohms 

191 5A Output amplifier specifications 
Source impedance: 50 ohms or 4 k ohms 
Amplitude: k 1.25 V to * 25 V (50Q/50Q), * 2.5 V to * 50 V (HI- 
Z/50Q). 
Transition times: 7 ns (10 ns with Hi-Z source) to 1 ms. 
Internal width: 15 ns to 40 ms. Jitter: (0.5%. 
External width: determined by drive input width. 

1917A Output Amplifier specifications 
Source impedance: 50 ohms or 3 k ohms, 45 pF shunt. 
Amplitude: k0.2 V to * 10 V into 50Q, 0 V to * 14 V into 3 kQ. 
Transition times: 7 ns to 500 ps .  Separate rise and fall controls. 
Baseline offset: 52.5 V (50 ohms into 50 ohms). 
internal width: 15 ns to 40 ms. Jitter: (0.25%. 
External width: determined by drive input width. 

Options Price 
001-1900A: cables for rem. program facility add $225 
001-1905A, 1908A: analog programming add $125 
001-1916A, 1920A: analog programming add $300 
001-1917A: analog programming add $325 
Programming kit: HP 01908-69 for Opt 001 $145 
002-1900A: chassis slides add $95 
005-1905A, 1908A digital programming add $550 
005-1925A, 1930A: digital programming add $3 10 
005-1915A digital programming add $2995 
005-1917: digital programming add $2295 
007-1900A: rear panel inputs and outputs add $80 

add $25 007-1915A, 1917A: rear panel outputs 

Ordering information 
1900A Mainframe $1600 
1905A 25 MHz Rate Generator plug-in $375 
1908A Delay Generator plug-in $375 
1925A PRBS/Word Generator plug-in $1300 
1930A PRBS Generator plug-in $ 1400 
1915A Output Amplifier plug-in $2400 
1917A Output Amplifier plug-in $1150 
1920A Output Amplifier plug-in $2900 



Repetition rate 0.1 Hz to 20 MHz 
Positive / negative / symmetrical output 
Normal / complement switch 

801 1A 

The 801 1A is a versatile, reliable, low cost pulse generator. This 
compact instrument features an uncomplicated design using high 
quality components to ensure long, dependable service. Ease of oper- 
ation results from the logical and simple front panel layout. These 
qualities and the many pulse formats available emphasize the Model 
801 1A's cost-effectiveness in a wide application range. 

801 1A Specifications 
Pulse characteristics (50 ohm source/load impe- 
dances) 
Transition times: < 10 ns fixed. 
Overshoot, ringing and preshoot: < 2 5% of pulse amplitude. 
May increase to 10% at counter-clock wise positions of amplitude 
vernier. 
Pulse width: 25 ns to 100 ms in four ranges. Vernier provides con- 
tinuous adjustment within each range. 
Width jitter: < 0.1% + 50 ps on any width setting. 
Maximum duty cycle: > 50% (100% using pulse complement) 
Maximum output: 8 V. With internal 50Q and external Hi-Z or in- 
ternal Hi-Z/external 50Q, then 16 V max. 
Attenuator: 3-step attenuator provides the ranges 0.25 V - 1 V - 4 V 
- 16 V. Vernier provides continuous adjustment within each range. 
Source impedance: 50Q k 10% shunted by 30 pF, except in 4 V - 
16 V range which is 5OQ/Hi-Z, switch selectable. 
Poiarity/Format: pos., neg., or sym./norm. or compl., switch select. 
Repetition rate and trigger 
0.1 Hz to 20 MHz in 5 ranges. Vernier provides continuous adjust- 
ment within each range. Period jitter: < 0.1% + 50 ps of per. setting. 
Square Wave: 0.05 Hz to 10 MHz. 
Trigger output: dc coupled 5(M2 (typ.) source delivering 2 +1  V into 
50Q (can increase to +5 V). Trigger pulse width: 20 ns * 10 ns. 

Externally controlled operation 
input impedance: 50Q f 10%. Trigger polarity: positive. 
Maximum input: k 5 V. 
Manual: front panel pushbutton for generating single pulse. 
Repetition rate: 0 to 20 MHz. In square wave, output frequency is 
half the input frequency. 
Trigger source: manual or ext. signal. Min. ext. signal width 20 ns. 
Pulse burst mode (option 001): preselected number of pulses gen- 
erated on receipt of trigger. 
Burst trigger source: man. or ext. signal. Min. signal width 25 ns. 
General 
Operating temperature range: 0°C to 55°C. 
Power: 100 V, 120 V, 220 V, or 240 V, +5%, -lo%, 48 Hz to 440 
Hz, 70 VA max. 
Weight: net, 4 kg (9 Ib). Shipping, 6.5 kg (14.6 Ib). 
Dimensions: 126 H x 200 W x 280 mmD (5" x 7.9" x 11") 

Sensitivity: 1 V. 

PULSEGENERATORS 
Versatile pulse sources 

Models 801 l A ,  8005B 

Dual outputs, +IO V and -10 V 
TTL output 
Gating, square wave, double pulse modes 

80058 

The 8005B is a general purpose, triple output pulse generator. This 
instrument has all parameters variable and produces simultaneous 
pos. and neg. pulses. It also has a TTL output with all parameters 
variable except amplitude. This feature, together with the normal/ 
complement facility, greatly improves the ease of operation. 

80058 Specifications 
Pulse characteristics 
Transition times: 5 10 ns to 2 s. Edges independently variable. 
Non-linearity: for transition times >30 ns, < 4% of pulse amplitude. 
Preshoot, overshoot, ringing: < 5% of pulse amplitude. 
Pulse width: < 25 ns to 3 s. Jitter: (0.1% of setting + 50 ps. 
Max. duty cycle: >80% (0.3 Hz - 1 MHz), >50% (1-20 MHz). 
Square wave: 0.15 Hz - 10 MHz. 
Pulse delay: < 100 ns to 3 s. Jitter: < 0.1% of setting +50 ps. 
Pulse outputs: simultaneous pos., neg. and TTL outputs. 
Pulse amplitude: 300 mV to 10 V. 
Output protection: max. external voltage * 10 V. 
Source impedance: 50 ohms k 10% or high impedance selectable. 
TTL compatible output: +4.6 V norm. or comp. 50Q impedance. 
Repetition rate and trigger 
Repetition rate: 0.3 Hz to 20 MHz in 5 ranges. Jitter: < 0.1% + 
50 ps. 
Double pulse: 10 MHz max. Simulates 20 MHz. 
Trigger output: > +2 V ampl. across 50 ohms. Width: > 6 ns. 
Externally controlled operation 
External triggering (dc to 20 MHz) 

Delay: approx. 35 ns trig. input to trig. output. 
Maximum input: f 10 V. Sensitivity: sine 2 Vpp. 
Impedance: approx. 1 k ohms, dc coupled. Pulses: k 1 Vpeak. 
input pulse width: 1 10 ns. 
Gating 

Synchronous: gate signal turns on repetition rate. Last pulse is 
always completed. 
Asynchronous: gate signal controls output of rate generator. 

Amplitude: 2 V to 20 V (max.). Polarity: negative. 
Gate input (impedance 1 k ohms dc coupled). 

General 
Operating temperature range: 0°C to 55°C. 
Power: 115 V or 230 V, +lo%, -IS%, 48 to 440 Hz, 180 VA max. 
Weight: net 7 kg (15.5 Ib). Shipping 9 kg (20 Ib). 
Size: 130 H x 426 W x 290 mmD (5.1" x 16.8" x 11.4"). 
Options and accessories Prices 
801 1A-001: Pulse Burst add $300 
801 1A-910 extra Operating and Service Manual add $10.50 
15179A (for 801 1A): Adapter frame, Rack mount for $195 
2 units. 
80056-908: Rack Flange Kit. add $10 
80056-910: extra Operating and Service Manual. add $1 
Ordering information 
801 1A Pulse Generator $650 
80056 Pulse Generator. $1975 



PULSE GENERATORS 
I 

Parameter 

Transition 
tines 

Extremely flexible 50 MHz sources 
Models 80128 & 80138 

80128 80138 
M. bad IN M. bad OUT Int. bad IN Int. bad OUT 

5 n s - 0 . 5 ~  6 n A . 5 ~  3.5 ns fixed 5 ns fixed 
4 ranges, Verniers provtde 

Variable transition times down to 5 ns 
f 10 V amplitude; selectable source impedance 
ideal for testing TTL 

h c e  
inpedmce 

Fixed 3.5 ns transition times 
10 V amplitude; selectable source impedance 
2 outputs 

ratios of ioo:i 'or 1:100. 
50 ohms ? 10% >50 ohms 50 ohms f 3 %  >50 ohms 
shunted by shunted by 
t y p i c a I I y 
20 pF 20 pF 

typically 

80 128 

separate control of both edges I I within ' '  ranees UD to max. 

I 80128/80138 I M n n r l b a d l N  Internal bad WT 
May increase to ? 10% when 

hchc I Aoli tude I amolitude ' '  is between 0 . 4 4  V I Ovcnhoot +5% of pulse 

10 V across 50 ohms, Short 
across open circuit. cct. protection. 

to 0.2 v. 
Independent of 
amDlitude settinis 

to 0.4 V. 
DC offset switched off 

Linearity (80128): for transition times >30 ns, maximum straight 
line deviation is 5% of pulse amplitude. 
Preshoot: < f 5% of pulse amplitude. 
Pulse width: < 10 ns to 1 s in four ranges. Vernier provides continu- 
ous adjustment within ranges. 
Width jitter:<O.l% + 50 ps on any width setting. 
Maximum duty cycle: >75% from 1 Hz to 10 MHz, decreasing to 
240% at 50 MHz. Up to 100% in COMPL mode. 
Polarity: 801 2B; positive or negative selectable, NORM/COMPL/ 
SYM selectable; 8013B, one positive + one negative channel, 
NORM/COMPL selectable. 

80 138 

Pulse delay: (35 ns to 1 s (with respect to trigger output) in four 
ranges; vernier provides continuous adjustment within ranges. 
Delay jltter: (0.1% + 50 ps on any delay setting. 

Repetition rate and trigger 
1 Hz to 50 MHz in four ranges, continuous adjustment within ranges. 
Period jitter: (0.1% + 50 ps on any rate setting. 
Square wave: 0.5 HZ to 25 MHz in four ranges. Duty cycle 50% 
f 5% up to 1 MHz, tolerance increases to f 15% at 25 MHz. 
Trigger output: > +1 V across 503, 16 ns f 10 ns wide. 

External triggering 
0 to 50 MHz; for square wave output, frequency divided by factor 2. 
Trigger input: sine waves 1.5 V p-p (about zero) or pulses >0.8 V 
either polarity, >7 ns wide. Maximum input f 7 V. 
impedance: 50Q f lo%, dc coupled. 
Delay: 25 ns f 8 ns leading edge trig. input to trig, output. 
Manual: pushbutton for single pulse. 

Gating 
Synchronous gating: gating signal turns generator "on". Last pulse 
is completed even if the gate ends during pulse. 
Gate input: dc-coupled; voltage at  open connector approx. + 1.8 V. 
Shorting current 1 1 2  mA. Input impedance = 1603 
Gate input signal: voltage >+1.5 V or resistor > 1 kQ to ground 
enables rep. rate generator. Voltage <+0.8 V or resistor (1603 dis- 
ables rep. rate generator. Input TTL compatible, max. f 5V. 

External width and RZ 
External width: output pulse width determined by width of drive in- 
put signal. Amplitude, transition times selectable. Trigger output in- 
dependent of external width input signal. 
RZ mode: external drive input switched to delay generator. Period 
determined by period of drive input signal. Delay, amplitude and 
width selectable. 
Input signal: >+1 V, >7 ns wide. Max. f 5  V. 50(;1 dc coupled. 

General 
Operating temperature range: 0°C to 55°C. 
Power: 100/120/220/240 V +5%, -lo%, 48 to 400 Hz, 100 VA 
max. 
Weight: net, 4kg (8.8 Ib). Shipping, 6.5 kg (14.6 Ib). 
Size: 126 H X 200 W X 280 mm D (5 X 7.9 X 11 in.) 

Options and accessories Price 
15179A Adapter frame. Rack mounting for two units $195 
Opt 910 extra operating and service manual add $13 

Ordering information 
8012B Pulse Generator $1150 
8013B Pulse Generator $950 



* 
< 1 ns variable transition times 
250 MHz repetition rate 
Ultra-clean 50 oh 

PULSEGENERATORS i 
i Very fast 81 variable transitions, 1 ns to 0.5 ms 

Model 8082A 

Switch-selectable ECL levels 
2 5  v outputs 

The 8082A is Hewlett-Packard’s fastest pulse generator with all 
pulse parameters variable. With repetition rates to 250 MHz, transi- 
tion times down to 1 ns and amplitudes to 5 V, the 8082A is ideally 
suited for state-of-the-art TTL and ECL logic designs. Using the 
8082A. you can rapidly test logic circuits under all operating condi- 
tions by simply varying pulse parameters. Although a highly sophisti- 
cated instrument, the 8082A is still easy to operate because of its 
logical front panel layout and switch selectable ECL output levels. 
Another feature that contributes to ease of operation is the square 
wave mode. You can, for example, carry out toggle rate tests in this 
mode up to 250 MHz without having to worry about pulse duty cycle. 

Hybrid IC’s, manufactured by Hewlett-Packard, are used exten- 
sively in the design of the 8082A. These ICs eliminate the need for 
fans, reduce power consumption and enable a low reactance 50 ohm 
source impedance to be used. This source impedance absorbs 98% of 
reflections from signals up to 4 V amplitude. 

Specifications 
Pulse characteristics (5052 source and load impedance) 
Transition times: < 1 ns - 0.5 ms (10% to 90%) in 6 ranges. (750 ps 
(20% to 80%). Leading/trailing edges controlled separately on fastest 
range, independently variable over 1:lO ratio on other ranges. 
Overshoot and ringing: I f 5% of pulse amplitude may increase to 
f 10% with amplitude vernier CCW. 
Preshoot: I k 5% of pulse amplitude. 
Linearity: linearity aberration for both slopes 1 5 %  for transition 
times >5 ns. 
Output: maximum amplitude is 5 V from 50Q into 500. Maximum 
output voltage is f 5 V (amplitude + offset). 
Offset: f 2 V, into 50Q. 
DC-source impedance: 50Q & 5%. 
Reflection coefficient: reflection is 2% typical for steps with 1 ns 
rise time applied to output connector on all amplitude ranges except 
5 V range. On the 5 V range, the reflection may be 15%. 
Output protection: cannot be damaged by open or short circuits or 
application of ext. 5 f 6 V or f 200 mA independent of control set- 
tings. 
Attenuator: two separate three step-attenuators reduce the outputs 
to 1 V. Vernier is common for both outputs and reduces the output to 
0.4 V minimum. A further position provides ECL-compatible outputs 
(-0.9 V to - 1.7 V typ. open circuit). 

Timing 
Repetition rate: 250 MHz to 1 kHz in 6 ranges. 
Period jitter: <0.1% of setting +50 ps. 
Delay: 2 ns -0.5ms in 6 ranges plus typ. 17 ns fxd. with respect to 
trigger output. Duty cycle >50%. 
Delay jitter: (0.1% of setting +50ps. 
Double pulse: up to 125 MHz max. (simulates 250 MHz). 

Pulse width: <2 ns -0.5 ms in 6 ranges. 
Width jitter: (0.1% of setting +50 ps. 
Width duty cycle: >50%. 
Square wave: delay.and double pulse are disabled, max. Rep. Rate 
250 MHz. Duty cycle is 50% f 10% up to 100 MHz, 50% * 15% for 
> 100 MHz. 
Trigger output: negative going Square Wave (50% duty cycle typ.) 
>500 mV from 50Q into 50Q. Internal 50Q can be switched off by 
slide-switch on PC-board. Amplitude up to 1 V into 50Q up to 200 
MHz. 
Trigger output protection: cannot by damaged by short circuit or 
application of external f 200 mA. 

Externally controlled operation 
External input 

input impedance: 50Q -t 10%. DC coupled. 
Maximum input: k 6 V. 
Trigger level: adjustable -1.5 V to +1.5 V. 
Slope control: positive, negative or manual selectable. In the man- 
ual position all ext. functions can be controlled by push button. But- 
ton pushed in simulates an “on-signal.” 
Sensitivity: sine-wave >200 mV p-p pulses >200 mV. 
Repetition rate: 0 to 250 MHz. 

External trigger: there is approximately 7 ns delay between the 
external input and the trigger output. Rep. rate is externally con- 
trolled (is triggered by external signal). Trigger output provides the 
pulse-shaped input signal. Square wave mode is disabled. 
Synchronous gating: gating signal turns rep. rate generator on. 
Last pulse normal width even if gate ends during pulse. 
External width: output pulse width determined by width of drive 
input. Rep. rate and delay are disabled. Trigger output provides 
shaped input signal. 

External-controlled modes: 

General 
Operating temperature: 0°C to 55°C. 
Power requirements: 100 V, 120 V, 220 V, 240 V(+5%, -10%) 48- 
440 Hz. Power consumption 85 VA max. 
Weight: net, 7.9 kg (17.44 Ib). Shipping 8.9 kg (19.63 Ib). 
Size: 133 mm H x 426 W x 345 mm D(5.2” x 16.75” x 13.6“). 
Options Price 
907: Front Handle Kit add $20 
908: Rack Flange Kit add $15 
909: Rack Flange & Front Handle Combination add $30 
910 Additional Operating and Service Manual add $12 

8082A Pulse Generator $3800 



PULSE GENERATORS 
Clean waveshape, all parameters variable 
Model 80076 

100 MHz repitition rate 
Variable transition times down to 2 ns. 

Extremely linear slopes 
Designed to drive TTL-S and commonly used ECL 

1 ns/cm 
0.5 Vlcm 
1 GHz bandwidth 

The 8007B is a high speed pulse generator that is well suited for 
STTL and ECL applications. 

The output can be set to positive or negative polarity, complement 
or symmetrical to ground. A high dc-offset of up to f 4  V is also 
included. 

External triggering and synchronous gating are provided. The trig- 
ger level is adjustable for all externally controlled modes with the 
slope polarity selectable. This is very useful for avoiding malfunctions 
caused by noise and ringing on the external trigger signal. 

In “External Width” mode the external input and pulse output have 
equal width. Transition times and amplitude of the output pulse can 
be set by the front panel controls. This mode is useful for shaping 
N R Z  signals, as the width information is passed on to the output 
pulse unchanged. 

The “Width Trigger” mode is suitable for RZ signal shaping. De- 
lay, width, transition times and amplitude are determined by the front 
panel controls. 

Specifications 
Pulse characteristics (50Q source and load impedance) 
Transition times: (2 ns to 250 ps, three ranges (common for both 
transistion times). Independent verniers for adjusting leading and 
trailing edge within each range up to maximum ratios of 1 :SO or 5O:l. 
Linearity: maximum deviation from a straight line between 10% and 
90% points 1 5 %  of pulse amplitude. 
Preshoot, overshoot, ringing: < k 5% of pulse amplitude. 
Pulse width: ( 5  ns to 50 ms in five ranges. Vernier provides continu- 
ous adjustment within ranges. 
Width jitter: (0.1% on any width setting. 
Maximum duty cycle: normal >SO%; complement approx. 100%. 
Amplitude: 5 V max (10 V across open circuit) to 0.2 V in four 
ranges; vernier adjustment within ranges. Pulse can be switched off. 

Pulse output: + or - polarity selectable; normal, complement, or 
symmetrical to ground. 
Source impedance: 5052 f 452 shunted by typ. 10 pF. 
DC-offset: f 4 V across 5052 load. Independent of amplitude setting, 
can be switched off. 
Pulse delay: (30 ns to 50 ms with respect to trigger output. Five 
ranges, with continuous adjustment within ranges. 
Delay jitter: (0.1% on any delay setting. 

Repetition rate and trigger 
10 Hz to 100 MHz in 5 ranges. Continuous adjustment within ranges. 
Period jitter: (0.1%. 
Double pulse: available only up to pulse rate setting of 50 MHz, 
representing an output pulse rate of 100 MHz. 
Trigger output: > + I  V across 5052, 411s 5 2  ns wide. 

External triggering (0 to 100 MHz) 
Delay: approx. 15 ns between trig. input and trig. output. 
Manual: front panel pushbutton for single pulse. 

External width and width trigger 
External width: output pulse width determined by width of drive in- 
put. 
Width trigger: external drive input switched to the width generator. 
Pulse width determined by front panel width setting. 
Rate generator: provides trigger pulses independent of drive input. 

Synchronous gating 
Gating signal turns generator “on.” Last pulse is completed even if 
gate ends during pulse. 

External input 
Impedance: 5052, dc-coupled. Max input f 5 V. 
Level: adjustable from +1 V to -1 V, Polarity: + or -. 
Sensitivity: sine waves 1 V p-p; pulses 1 V. 

General 
Operating temperature range: 0°C to +55”C. 
Powerrequlrements: l lSor230V+lO%, -15%,48 to440Hz. 100 
VA (maximum). 
Weight: net, 8 kg (17.6 Ib). Shipping, 9 kg (19.8 Ib). 
Sire: 128 H x 426 W x 345 mm D (5” x 16.8” x 13.6”). 
Options Price 
908: Rack Flange Kit add $10 
910: Additional Operating and Service Manual add $1 1 

80078 Pulse Generator $2600 



PULSE GENERATORS $p- 

8080 System: general information/mainframe 
Model 8080A 

General introduction 
The Hewlett-Packard 8080 Pulse/Word Generator System is a 

powerful new tool in the design of subnanosecond logic and communi- 
cations systems. The 8080 system combines the waveform generation 
techniques necessary for testing today's high speed circuits with the 
modularity for future system upgrading and expansion. 

Flexibility built into the system gives you a choice of components 
from two fully compatible module families. Building blocks are avail- 
able for either 300 MHz or 1 GHz operation. You can incorporate 
valuable test capabilities such as pulse advance and delay, interchan- 
ne1 delay, word generation and multichannel operation in your sys- 
tem. The result is a high performance, precision pulse generator 
tailored to fit your application at minimum cost. 

System description 
Each of the 8080 system modules is a typical pulse or word gener- 

ator functional block. Repetition rate generators and output amplifi- 
ers are available for either 300 MHz or 1 GHz operation. The 64-bit 
serial word generator module brings high speed data stream capabili- 
t y  to the system, and a 1 GHz delay generator/frequency divider pro- 
vides interchannel delay in 100 ps increments, as well as half- 
frequency operation. The full-rack-width mainframe houses and pow- 
ers the modules. 

Using these modules you can configure systems with capabilities 
covering a broad spectrum of stimulus applications. A basic square 
wave signal source, for example, consisting of repetition rate gener- 
ator and output amplifier can provide clocking signals for assemblies 
of logic circuits. More complex systems, even multi mainframe, can 
produce single or multichannel data streams optimized for subnano- 
second PCM research or IC testing. 

The combination of pulse and word generation capability in an inte- 
grated system makes possible economical, easy-to-use testing solu- 
tions and ensures easy expansion a t  a later date should test 
requirements change. 

The two systems described as follows are typical of the wide range 
of systems that can be configured using the fully compatible 8080 
modules. 

8080 Description. 
The Model 8080A Mainframe provides housing and dc power sup- 

plies for the 8080 system modules. The modules are built in %, % and 
'4 mainframe widths and can be accommodated in the mainframe in 
any position and combination. 

The ease with which modules can be exchanged greatly improves 
serviceability because a defective module can be isolated rapidly and 
repaired or exchanged. Ease of maintenance is further enchanced by 
the free access provided to all circuits and assemblies in the system. 

The entire system is RFI shielded including a power line filter and 
sealing gaskets on the modules. 

8080A Specifications 
Compatibility 
Electrical: provides power for all modules in any combination of 14,1/4 

or '/,-size modules. 
Mechanical: mainframe compartments accepts up to two $-size, 
four '/,-size or eight '/,-size modules in any combination. 

General 
Operating temperature range: 0°C to 55°C. 
Power: 115 V or 230 V, +IO%, -22%. Frequency 48 Hz to 66 Hz 
single phase. Up to 200 VA. Power available for modules 55 watts dc. 
Weight: net 5 kg (11 lb). Shipping, 8.7 kg (19.1 Ib). 
Size: 133 mmH X 426 mmW X 422 mmD (5.24" X 16.77" X 
16.6 1 "). 

Options and accessories 
907: Front handle kit. 
908: rack flange kit. 
909: rack flange/front handle kit. 
9 10: additional instrument manual (includes binder 
and system description) 
15400A: blank panel, quarter mainframe width 
15401A blank panel, eighth mainframe width 
15402A: Feedthru panel (6x BNC) eighth mainframe 
width. 

Prices 
add $20 
add $15 
add $30 
add $18 

$38 
$38 
$38 

8 0 8 0 A  Mainframe $1330 



PULSE GENERATORS ' ' 7  8080 System: 300 MHz word generator example 
Models 8081A, 8083A and 8084A 

300 MHz clock rate 
1800 ps transition times 
16, 32 or 64 bit word lengths 

RZ/NRZ formats 
+. 2 V output amplitude (into 50 ohm) 
Selectable preset ECL outputs 

I 

300 MHz word generator system 
Combining the Model 8084A word generator module with a repeti- 

tion rate generator and an output amplifier produces a high perfor- 
mance 300 MHz serial data generator. The variable content digital 
bit stream and synchronizing clock of such a system provide the wave- 
forms necessary for test and development in integrated circuits and 
telecommunications systems components such as shift registers, mo- 
dulators and multiplexers. 

The Model 8081A repetition rate generator supplies the system 
clock. It drives the word generator module at rates from 10 Hz to 300 
MHz. The Model 8083A output amplifier applies amplitude, rise- 
time and pulse shape parameters to the word generator output signal 
and conditions it to provide clean waveforms to an external 50 ohm 
environment. 

c L K m  

Data 
Formats 

With a single switch you can rapidly select preset ECL-compatible 
signal levels. When different or more precise levels are required, out- 
put pulse amplitude and offset are also separately adjustable. The 
word generator module gives you a choice of R Z  or NRZ data format 
and provides word framing signals to trigger an oscilloscope. Simulta- 
neously data and data signals, supplied by the complementary output 
amplifier are particularly useful for testing balanced transmission 
line systems and line receivers, or for simulating dual-ended IC out- 
puts. 

8081 Specifications 
Timing 
Repetition rate: 10 Hz-300 MHz 
Period jitter: 50.1% -+50 ps. 

External inputs (impedance 50 ohms typical) 
Trigger mode: 0-300 MHz repetition rate, L 1.7 ns pulse width. 
Gate on/off time: >1 period/>l period + 10 ns 
Trigger level and slope: - 1 V to + 1 V, pos. or neg. edge select. 
Sensitivity: 200 mVpp. 
Maximum input voltage: f 6 V. 

External trigger output (impedance 50 ohms typical) 
HighAow slgnal levels: more pos. than -100mV/more neg. than 
-500 mV. 

I 

Min. amplitude: 500 mVpp. 
Transition times (10-90%): 5 1 . 2  ns 
Duty cycle: 50% f 10% 
Max. external voltage: f 2 V 

8083A Specifications 
Output channels. Simultaneous normal and comple- 
ment outputs. 
Source impedance: 50 ohms f 5%. 
Polarity: neg./pos. selectable 

Output pulse 
Amplitude (Into 50 ohm load): 0.2 V to 2 V in two ranges continu- 
ously adjustable, plus ECL range (-0.8 V to -1.6 V adjustable). 
Maximum levels: f 4 V  
Offset (into 50 ohm load): f 1 V common to both channels. 
Transition time (10% to 90%): 5 8 0 0  ps. 
Duty cycle (with drive Input duty cycle of 50%): 50% f 10% 
Preshoot, overshoot and ringing: 510% 
Output protection: max. applied ext. voltage f 2 V in pos. mode and 
OV to -4V in neg. mode, or max. ext. current f 40mA. 

8084 Specifications 
Data capacity (1 channel) 
Data stream length: 16, 32 or 64 bits selectable. 

Cycle command input (impedance 50 ohm & 109'0,600 
ohm 
Amplltude:~O.8 V. 
Max. input: f 6  V. 
Width: 1 3  ns. 
Time between cycle comms: word length +2x clk per. + 100 ns 

External outputs (Clock, First Bit, Last Bit) 
Clock: delivers one pulse per bit. R Z  format. 
First Bit (FB): coincident with first bit of word. N R Z  format. 
Last Bit (LB): coincident with last bit of word. N R Z  format. 
High/low slgnal levels: more pos. than -100 mV/more neg. than 
-500 mV or >+500 mV/<+100 mV, switch selectable. 
Hln. Amplitude: >500 mVpp. Source impedances: 50 ohm f 5%. 
Transition times (10%-90%): FB and LB 5 1 . 5  ns, Clock 5 1 . 2  ns. 
RZ duty cycle (with 50% duty cycle drive Input): 50% f 10% 

General 
Size: (808 1A) '/,-size; (8083A) '/,-size; (8384A) '/,-size 

8081A, 8083A and 8084A option 
9 1 0  additional operating and service manual 

Ordering information 

8083A 300 MHz Output Amplifier module 
8084A 300 MHz Word Generator module 

Prices 
add $7.50 

$975 
$870 

$2705 

8081A 300 MHz Rep. Rate Generator module 



-7 PULSE GENERATORS 

0 1 GHz repetition r a t e  
5300 p s  transition t imes  
High resolution r a t e  controls 

* 

8080 System: I GHz example ’-’ 
Models 8091A, 8092A, and 8093A 

Digital d e l a y / a d v a n c e  in 100 p s  s t e p s  
S e l e c t a b l e  half f requency operat ion 
+- 1.2V output amplitude (into 50 ohm) 

809 1 A 8092A 8093A 8093A 

1 

fl 
1 

0 .  
the waveforms it generates are ideal for testing the fastest integrated 
circuits and optical components. 

Using the delay and half-frequency capability of the Model 8092A, 
clock and data signals necessary for flip-flop and shift register testing 
can be generated. 

u 

Duty Cycle: 50% +. 10%. 
Max. external voltage: + 2 V. 

8092A Specifications 

Range: *9.9 ns in  loo ps steps. 

I GHz pulse generator system 
Models 8091A repetition rate generator, 8092A delay generator/ 

requency divider, and two 8093A output amplifiers form a versatile 
GHz pulse generator system. The system includes two output stages 
rith fully independent level controls and the capability to offset the 
utDuts timewise from one another. This system confiRuration and 

(channel A reference) 

CHANNEL A 

Waveforms C H A N N E L B  

output 

-cc- - 
INTERCHANNEL 
DELAY /ADVANCE 

- 

The full frequency output drives the tested device’s clock input, and 
the half-frequency waveform supplies the data input. Setup and hold 
times are then easily determined by adjusting the interchannel delay, 
which is variable up to 10 clock periods. 

Where formerly two separate, synchronized pulse generators were 
required to perform the above measurements, the 8080 system pro- 
vides the necessary capabilities in a single, integrated solution. This 
together with the testing precision afforded by 300 ps rise and fall 
time test pulses. 

Timing 
809 1 A Specifications 

Repetition rate: 100 Hz-l GHz. 
Period jitter: 10.1% +20 DS 

I 

External inputs (impedance 50 ohm typical) 
rrigger mode: 0-1 GHz rep. rate; 10.5 ns pulse width. 
;ate onloff time: > I  period/>l period + IO ns. 
rrigger level and slope: -1 V to + I  V, pos. or neg. edge select. 
Sensitivity: >300 MHz: pulse/sine 600 mV p-p 

Max. Input voltage: k 6 V 
5300 MHz: pulse 200 mV p-p; sine 1 V p-p. 

txrernai rrigger ourpur (irnpeoance JU onrn typical) 
Levels: more pos. than -100 mV/more neg. than -500 mV. 
Min. amplitude: 1 6 0 0  mV p-p 
Transition time (10-90%): 1500 ps. 

Frequency divis m: Channel B output frequency can be set by 
front panel switch to f (channel A) or 1/2 f (channel A). 

Trigger output (f/2): Trigger output is only in f/2mode. 

Transition times (10%-90°h): e 1 ns. 
Reset input (impedance 1 k ohm typical) 
Negative-going transition resets ch. B to low level in f/2 mode. 

Input frequency: 0-2 MHz. 
Reset time: 20.5 p s .  

Maximum external voltage: -t 6 V. 
Transition times (10%-90%): 1 1 0  ns. 
Manual pushbutton: resets ch. B to low in f/2 mode. 

CauSout channel 
Format: normal or complement selectable. 
Source Impedance: 50 ohm & 5%. 
Polarity: neg/pos selectable 

Output pulse 
Amplitude (Into 50 ohm load): 0.6 V to 1.2 V continuously adjust- 
able, plus ECL range (-0.8 V to -1.6 V adjustable). 
Maximum levels: -t 4 V offset (into 50 ohm load): k 1.2 V. 
Transition times (10% to 90%): 300 ps. 
Duty cycle (with drive input duty cycle of 50%): 50% k 10%. 
Preshoot, overshoot, ringing: 10% to 500 MHz, 1 1 5 %  >500 
MHz. 
Output protection: max. applied ext. voltage: & 2 V 

Genera I 
Size: (8019A) 1 /4-size; (8092A) 1 /4-size; (8093A) 1 /I-size. 
Weight: (8091A) net, 1.2 kg (2.6 Ib), ship., 2.8 kg (6.2 Ib); (8092A) 
net, 1 kg (2.2 Ib), ship., 2.7 kg (5.9 Ib); (8093A) net, 0.6 kg (1.3 Ib), 
ship., 2.2 kg (4.8 Ib) 
8091A, 8092A and 8093A oDtion Prices 
910 additional operating and service manual. add $7.50 

Ordering information 
8091A 1 GHz Rep. Rate Generator module 
8092A Delay Generator/Frequency Divider module 
8093A 1 GHz Output Amplifier module 

8093A Specifications 

$3145 
$2805 
$1525 



WORD GENERATOR 
[ Logic pattern generator 

Model 8170A i 

8 k memory 
8 b i t /  16 bit parallel output 
Mini-probe connections to DUT 

Full programmability (HP-IB) 
2 wire13 wire handshake capability 
RS 232C serial bus compatibility 

8170A with Option 001 

Introduction 
The 8 170A Logic Pattern Generator is a real-time test stimulus for 

functional checkout of today's multi-channel logic devices and subas- 
semblies. With data traffic in modern digital systems routed over a 
shared bus, the 8 170A's direct bus driving capability makes design 
verification a t  every stage in system development and production a 
quick, straightforward task. 

Data generation by the 8170A is in parallel 8-bit or 16-bit format, 
to a memory depth of 1024 or 512 words respectively (optionally ex- 
tendable to four times that capacity). This, combined with a variable 
clock rate up to 2 MHz permits thorough functional testing a t  full 
system operating speed. In addition, output levels of the 8170A en- 
sure a direct match to today's most widely employed logic families- 
TTL and CMOS, while specially designed mini-probes minimize 
hook-up problems to the device under test. 

Microprocessor control 
Designed around the 6800 microprocessor, the 8 170A's control 

scheme permits data, address and operating modes to be entered di- 
rectly via the instrument keyboard. A sophisticated feature of key- 
board programming is the multi-code format available for address 
and data. Codes include octal, decimal and hexadecimal (see specifi- 
cations), the microprocessor automatically performing code conver- 
sion to the binary base. When fast program check or recall is 
required, LED's display individual data-address lines in the selected 
code. 

Internal address mode 
The 8170A's internal address mode is specifically intended for driv- 

ing digital busses. Typical bus traffic is simulated by generating data 
in an ascending address sequence, the first and last address being pre- 

set by the user. The 8170A can be thus programmed for detailed in- 
vestigation of selected bus functions. 

Whether the tested bus operates synchronously or asynchronously, 
the 8 170A generates the necessary test signal. With NORM selected, 
the 8170A outputs data in response to a clock signal (internal, exter- 
nal or manual). Where a bus operates in an asynchronous 2-wire or 3- 
wire handshake system, the 8 170A generates data and data valid sig- 
nals in accordance with the selected protocol. 
External address mode 

In external address mode, 8170A operation is analogous to the RE- 
PROM. Data is output according to the state of externally applied 
address and enable lines. The main advantage using the 8170A is the 
ease with which data can be loaded or modified via the keyboard-as 
opposed to generally complicated processes demanded by RE- 
PROM's. Where time is a valuable commodity such as in software 
test and development, the 81 70A presents significant savings in this 
mode. 
HP-IB 

With full programmability via the HP-IB interface bus, the 
8 170A's application base extends to automated test systems. Employ- 
ing microprocessor control over all interface functions, a syntax has 
been developed to make remote programming of the 81 70A as simple 
as manual operation. 
RS 232C-CCITT V24 

In many applications, a multi-line readout is necessary for quick 
program set-ups and checks. For this reason, the 8 170A is designed to 
be compatible with the serial RS  232C/CCITT V24 interface stan- 
dard. By linking the 8 170A to a low cost data terminal over this inter- 
face, the multi-line listing of the 8170A memory enables fast program 
verification. 



WORD GENERATORS 

112 clk. per f50 ns 

Logic Pattern Generator 
Model 8170A 

10 ps (typ.) 250 os (typ.) I clk. per 250 ns 

Specifications 
* Memory size 

Capacity: 8192 bit. 
Data bus format: 8 bit x 1024 words or 16 bit x 512 words. 
Operating states 
IDLE: permits entry of address, data and operating parameters. Data 
and DAV output in 3-state. 
ACTIVE: continuous data output. 
BREAK: pause in data output. FWD/BACK enables further data 
output. 
Address modes 
Internal: data generation in ascending address sequence from First to 
Last address. 
External: data output follows external address and enable signals. 
DAV generated a t  each new address. Data and-DAV in 3-state when 
instrument not enabled. Clock and cycle modes disabled. 
Maximum address rate: 2 MHz. 
Address to output delay: 400 ns typ., 450 ns max. 
Enable to output delay: 100 ns typ., 130 ns max. DAV at min. 
delay. 
Clocking 
Internal: 20 Hz to 2 MHz in 5 decade ranges. 
Rate jitter: <0.2% 
External: dc to 2 MHz. For inp. specs, see “Auxiliary inputs”. 
Manual: operated by FWD and BACK key. 
Handshake: 2-wire/3-wire handshake capability selectable. 
Cycle modes 
Auto cycle: data is continuously generated between F- and L- 
ADDR. 
Single cycle: data is generated once between F- and L-ADDR. 
After cycle completion, 8170A returns to IDLE state. 
Output signals 
Data: pods provide 16 output lines DO-D7 (model 15455A), low byte, 
and D8-Dl5 (model 15456A), high byte. Pos./neg. true select on rear 
panel. 
Control: data valid (DAV) generated with each word. Pos./neg. true 
selectable on rear panel. 
DAV delay (adjustable on rear panel) 

Non-handshake: 100 ns to 700 ns. 
2- or 3-wire handshake: 300 ns to 800 ns. 

DAV width: see following table. 

IWTClock MANCkck I EXT. clock 

I I Width 40 m to 200 m I >ZOO m 

Format: NRZ. 
Levels: standard TTL. 
Fan out: 5 standard TTL. 

PROBE: +5 V dc. 
Address driver outputs (opt. 002): provides 10 address output 
lines A0 to A9, positive true. 3-state capability in idle state. 

Fan out: 10 standard TTL. 
Levels: high L+2.4 V, low 1+0.5 V. 
Signal characteristics (Into 1 standard TTL) 
Transition times (+0.5 V to +2.4 V): 5 5 0  ns. 
Distorted high level: ?+2.4 V. 
Distorted low level: 1+0.8 V. 

Pod input signals 
Input RC: 30 kR/25 pF. 
Levels: high 2 + 2 . 0  V; low 5+0.8  V. 
Max. external voltage: f 18 V. 
Address input pod (Model 15453A): 10 addressable input lines 
AO-A9 for operation in external address mode. 
Control input pod (Model 15454A): following inp. lines available: 

Ready for data (RFD), data accepted (DAC): for handshake 
mode. In 2-wire handshake RFD level selectable pos./neg. true. In 
3-wire handshake, fixed levels for RFD, DAC (see IEE Std. 488- 
1975) 
Enable E l ,  E2 (E3, E4 at rear panel): for operation in ext. ad- 
dress mode. Selectable levels pos./neg./don’t care. 
Address A10, A l l :  for extended memory, option 001. 

Auxiliary inputs 
Clock in: for external clock signal input. 
Start In: external signal starts data generation. Prompts 8 170A tran- 
sition from idle/break to active state. 
Stop in: external signal stops data generation. Prompts 8170A tran- 
sition from active/break state to idle state. 
Break in: external signal halts 8170A a t  current address, outputs re- 
main active. Prompts 8 170A transition from active to break state. 
Input conditions (all positive edge triggered) 

Input RC: 30 kill25 pF. 
Levels: high 1 + 2 . 0  V, low 1+0.8  V. 
Min. width (at +1.3 V): Clock 40 ns; StartlStoplBreak 20 ns. 
Max. external voltage: f 18 V. 

HP-IB 
Keyboard mode: remote programming of all front panel keys and 
functions. Coded loading and readout of data. 
Data mode: fast binary loading and readout of data only. 
RS 232C/CCITT V24. 
Remote programming and listing of memory content, and display of 
current data bus format and address/data coding. 
Baud rate: 110, 150, 300, 600, 1200, 2400, 4800, 9600 selectable. 
General 
Power: 100, 120, 220 or 240 V, +5% - 10%. 48 - 66 Hz, 110 VA 
max. 
Environmental: 0 to 55”C, with relat. humidity to 95% a t  40°C. 
Weight: net 11 kg (24.3 Ibs), shipping 15 kg (33.2 Ibs). 
Dimensions: 133 H X 426 W X 422 mm D (5.2 X 16.8 X 16.6 in). 
Accessories supplied 
2 data output pods, 1 address input pod. 1 control pod, a 2 metre 
power cord and an operating/service manual. 
Options and accessories Price 
Option 001: additional 24 k bit memory for output for- add $545 
mat 8 bit X4096 words, or 16 bit X 2048 words. 
Option 002: address driver (Model 15452A). add $280 
Option 907: front handle kit (part no. 5061-0089). add $20 
Option 908 rack mount kit (part no. 5061-0077). add $15 
Option 909: combined front handle and rack mount add $30 
kit. 
Option 910: extra operating and service manual. add $14 
15457A pod connector: easier test connections. add $48 
15263A card reader: rapid memory loading add $600 

8170A Logic pattern generator $5430 



P m  WORD GENERATORS 
1 Highly flexible word generator, 9 x 32 bit 

Model 8016A 

DC to 50 MHz repetition rate 
2 complementary outputs per channel, RZ/NRZ formats 
Variable RZ width, 4 delay channels 

Channel serializer 
TTL/ECL output levels selectable 
Optional HP-18 programming of bit pattern 

_-I_-- :--- 
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80 16A 

The 8016A is a parallel and serial data generator that provides digi- 
tal stimulus for a very wide range of applications. For the digital de- 
signer the 8016A is a natural companion to multichannel data display 
devices such as logic analyzers. It forms an ideal system component 
for large test systems because it can provide the combination of digi- 
tal patterns plus adjustable timing parameters necessary for testing 
IC‘s and circuit boards. It is also a quite useful time saver for design 
and test of complex communications systems. 

The large memory size and ease with which bit patterns are pro- 
grammed produce a flexibility of signal output, both in content and in 
format. Data loading and output can be in either a parallel or serial 
format. In parallel mode, data is input and output as 32 sequential 
bytes, each 8 bits wide. In serial mode data is handled as 32 bit serial 
words, and 8 independent words are available. A built-in channel ser- 
ializer also permits cascading the channels to produce a word length 
of up to 256 bits. Maximum use of the memory is thus retained when 
fewer channels are required. 

A strobe output provides additional data formatting capability. The 
strobe can function either as a ninth data channel 32 bits long, or as a 
floating 32 bit trigger word assignable to any or all of the 32 bit sec- 
tions of a serialized data frame. The strobe is thus perfect as a word 
framing pulse or as a qualifier signal to label address and data infor- 
mation contained in the same data stream. Additional synchronizing 
signals are provided by the first and last bit outputs and the clock 
output. 

The 8016A’s front panel control scheme provides simple control of 
all of the 8016A’s complex waveform generation capabilities. The 
data entry controls are optimized to a “row of 16, column of 8” ar- 
rangement. Each pushbutton and adjacent LED form one bit of a 
buffer switch register whose states are displayed on the LEDs. Data 
is loaded either into the row pushbuttons as serial words or into the 
column pushbuttons as 8 bit parallel bytes. A single press of the load 
data switch then transfers the data to the high speed memory. If data 

needs to be edited, a “fetch” facility returns data to the buffer regis- 
ter, where it is again displayed on the LEDs. Bit patterns may also be 
more rapidly loaded into the 8016A via an optional card reader. The 
entire memory may thus be loaded in less than 2 seconds. 

Complete testing of digital circuits and systems requires not only 
digital patterns but control of the analog parameters of the pulses as 
well. Pulse widths, levels, and interchannel delays must all be adjust- 
able both for proper functional testing and, in additon, to measure 
such dynamic parameters as setup and hold times, clock pulse width 
sensitivities, and the system sensitivity to propagation delay vari- 
ations. To meet these testing requirements the 8016A first includes 6 
independent delay circuits. Two selectable delay ranges, 0-100 ns or 
0.1-1 ps are provided. Output levels of the 8016A’s 50Q output ampli- 
fiers may also be adjusted to meet either ECL or TTL test specifica- 
tions. Transition times of t 3  ns for TTL and (2.5 ns for ECL pulses 
are also in line with testing requirements. In addition a choice of RZ 
or NRZ formats with variable RZ pulse width is provided. This com- 
bination of pattern and pulse parameter control means the 8016A can 
often provide problem solutions which would otherwise require a set- 
up of separate pulse and word generators. 

Its simple but very flexible bit pattern programmability combined 
with its short cycle time (50 MHz clock) make the 8016A especially 
effective in simulating worst case conditions in IC testing, e.g. high 
speed testing of critical areas of memory. Similarly, the 8016A is a 
time saver in component evaluation environments because test setups 
can be rapidly built and reconfigured to meet the demands of testing 
small quantities of a wide variety of IC types. In addition the 8016A is 
very useful in feeding controlled bit patterns into data buses, data 
communications systems, and telemetry systems, both for testing and 
for simulation purposes. 

Model 15450A four-channel adapter and model 15451A TTL- 
CMOS translator can both be used as accessories for the 8016A (see 
page 343). 



WORD GENERATORS 
Highly flexible word generator, 9 x 32 btt 

Model 8016A (cont.) 

Specifications 
Data capacity 
Data can be loaded in parallel or serial form depending on the posi- 
tion of the PROGRAM MODE switch. The data is loaded via a sin- 
gle row and single column of pushbuttons, each pushbutton control- 
ling a one-bit buffer register. 
Number of channels: 8 data channels plus 1 strobe channel. 
Number of bits per channel: 32 (fixed). 
Total bit capacity: 288. 

Serial capacity 
One word consists of 32 bits in serial. A front panel switch serializes 
words to form a frame. 
Serial formats: 
9 words on 9 channels, including strobe word, each 32 bits long. 
4 frames on 4 channels, each consisting of 2 words or 64 bits. 
2 frames on 2 channels, each consisting of 4 words or 128 bits. 
1 frame on 1 channel consisting of 8 words or 256 bits. 

Parallel capacity 
Parallel format: 32 words with up to 9 bits in parallel-strobe channel 
inrliirled-will he Penerated. The number of bits oer word deoends on 

External: dc up to 50 MHz or manual triggering. 
Clock input 

Repetition rate: 0 to 50 MHz. 
Trigger pulse width: 110 nsec. 
Trigger amplitude: selectable by internal switches on Bit Rate 
board A5. Max. Amplitude: ?7 V at 100% duty cycle. 
Ext. + (TTL): + amplitude 2+2 V, input impedance 1 1  k to 
GND. 
Ext. +: amplitude I+ 1 V, input impedance 50 ohms to GND. 
Ext. -(ECL): amplitude 1-1.6 V, input impedance 50 ohms to 
-2 v. 
Ext. -: Trigger level adjustable at Potentiometer A5R114 from + 1 
v to -1 v. 

Input impedance: 50 ohms to GND. 

Recycling 
Auto mode: data is recycled continuously. 
Single cycle (2 modes): a) one word generated for each cycle com- 
mand. b) words generated as long as the cycle command is active. 
Last word always completed. If channels are serialized, the serialized 

>,,.*.. . m o ) . . .  l \ r , I . & . , .  ., wora (04 om, ILU DIIS, LYJ airs) 13 always compiereu. 
Period between cycle commands: Byte (frame) length plus 

Amplitude: >+2 V, 1+10 V. 

Input impedance: 1 ks2. 

r - -  -~ ~ r - - ~  ~~~ 
_ _  .. _._ _ _  ~ -..- .~ ~..- 

the number of output channels serialized. 
Data outputs 200 ns. 
Two separate outputs per channel, one for normal and one for com- 
plement. Width: L 12 ns. 
Amplitude: TTL or ECL voltage levels, variable by front panel con- 
trol. 
Source lnpedance: 50 ohms 
Delay: four channels can be separately delayed between 0 ns and 1 ps 
with reference to the channels 1, 3, 5 or 7. 
Two ranges: 0 ns - 100 ns 

0.1 ps - 1 ps 
Ranges are common to all delayable channels. Channels have individ- 
ual vernier controls. 
Delay jitter: 10.1% + 5 ps. 
Skewtime: Skewtime of undelayable channels (3, 5, 7) in reference 
to channel one: k 1 ns. 
Format: RZ or NRZ separately selectable for each data channel and 
strobe channel. 
RZ Width: 10 nsec to 1 psec in two ranges. Vernier provides continu- 
ous adjustment within ranges. Range switch and vernier common to 
all channels. 
Width jitter: +0.2% + 50ps 

Auxiliary outputs 
First bit: corresponds with parallel word one or with the first bit of 
the serial word. Format is NRZ. 
Last bit: corresponds with the last parallel word or with the last bit of 
the last word of a frame. Format is NRZ. 
Clock: delivers one pulse per bit. Format is RZ. 
Clock pulse width: controlled by RZ-Width control. Clock pulse 
may be delayed between 0 ns and Ips in reference to channels 1,3,5 
or 7. 
Strobe word: separate LOAD and FETCH pushbuttons and length 
32 bits (can be extended to 256 bits by repetition). The strobe word 
may be delayed beteen 0 ns and 1 psec in reference to channels 1,3,5 
or 7. 
Amplitude of aux. outputs: TTL or ECL voltage levels variable by 
front panel control. 
Source impedance: 50 ohms. 

Probe power 
ECL: -5.2 V dc _+ 10%; 80 mA. 
TTL: +5 V dc f 10%; 100 mA. 

Bit rate 
Internal: 0.5 Hz to 50 MHz in eight ranges. Vernier provides con- 
tinuous adjustment within ranges. 

Manual reset 
Auto cycle: all channel outputs are set to “0”. The next clock pulse 
after RESET generates byte number one. 
Single cycle: all channel outputs are reset to word pause. Word 
pause can either be “ZERO” or “LAST B Y T E ,  controlled by a rear 
panel switch. 

Pulse characteristics 
The level of all output signals is controlled by a TTL/ECL switch. 
Adjusts for amplitude and offset. Source Impedance is 50 ohms. 
TTL (across 50 ohms): HIGH LEVEL variable from 2.5 V to 1 V. 
LOW LEVEL 10.2 V. 
Transition times: 13.0 ns (First/Last Bit Trigger (4.0 ns). 
ECL (across 50 ohms): HIGH LEVEL OFFSET variable from 
-0.9 to +1.1 V. Amplitude variable from 0.3 V to 1.0 V. 
Transition times: 12.5 ns (First/Last Bit Trigger t4.0 ns). 

General 
Operating temperature range: 0°C to +50°C. 
Power requirements: 100 V/120 V/220 V or 240 V +5%, -lo%, 
48 Hz to 66 Hz, 200 VA (maximum). 
Weight: net, 14.5 kg (31.96 Ib). Shipping, 16 kg (35.27 Ib). 
Size: 177 H x 426 W x 422 mm D (7” x 16.8” x 16.6”). 
Options and accessories Price 
001: remote programming. Bit pattern can be pro- 
grammed by any controller that is compatible with the add $650 
HP Interface Bus (HP-IB) 
002: Card Reader. This option enables rapid loading 
of the data and strobe channel bit patterns. The card 
reader accepts marked or punched cards (HP Part 
Number 9320-0595) and transmits the data/control in- 
formation to the 8016A via the HP-IB (Option 001 
required) add $600 
907: Front Handle Kit add $30 
908: Rack Flange Kit add $20 
909 Rack Flange & Front Handle Combination Kit add $45 
910 Additional Operating and Service Manual add $18 
15450A four-channel adapter add 5180 

add $250 15451A: four-channel TTL-CMOS translator 

8016A 9 x 32 Bit Word Generator $7 170 
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50 MHz serial data/PRBS generator 
Model 8018A 

PRBS W2 W3 PRBS WL 

2048 bit, dual channel  memory 
Variable word a n d  pat tern length 
TTL, ECL. CMOS compatible  

PRBS generat ion 
HP-IB interface 
Mixed PRBS/word  output for serial d a t a  links 
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The Hewlett-Packard model 8018A is a high performance data 
generator designed to meet all of your requirements for serial stimu- 
lus up to 50 Mbits/s. Its dual channel memory, for example, contains 
2048 individually programmable serial bits, sufficient capacity for 
the most complex data pattern requirements. Both word and data 
stream length are variable so you can configure data streams that 
exactly match your testing applications. 

Pattern generating capability is enhanced by a Pseudo-Random Bi- 
nary Sequency (PRBS) generator. PRBS is a convenient means of 
generating “worst-case” test patterns and extends pattern length to 
over 1 million bits. An innovative new technique even lets you mix 

PRBS and programmable data words in a single stream, perfect for 
simulating preamble-data-postamble patterns in serial data link ap- 
plications. 

A high performance output amplifier adds to the 8018A’s wide ap- 
plicability. It delivers clean, 6 ns pulses with repetition rates from dc 
to 50 Mbits/s. Output amplitude is variable up to 15 volts into 50R. 
This enables you to directly drive logic circuits ranging from TTL to 
CMOS. Output levels for emitter-coupled-logic (ECL) are also pro- 
vided. 

This wide range of operating modes has been designed to shorten 
and simplify troubleshooting tasks whenever a serial data source is 
required. In aerospace, telecommunications, integrated circuits, and 
in computer and peripheral interfacing, the 801 8A provides the 
stimulus you need for digital design and testing. 

For production and other systems environments an HP-IB pro- 
gramming interface (option 001) provides remote control of data gen- 
erating functions. The interface controller can be anything from a 
large computer system to a simple card reader. The 15263A card 
reader (option 002) is especially suited to this purpose. Cards can be 
marked with instructions or data for rapid and error free memory 
loading. A 4-channel adaptor (HPI 5450A) and 4-channel TTL- 
CMOS translator (15451A) are also available as accessories for the 
8018A (see page 343). 

Specifications 
Word and data generation 
Number of channels: 2. 
Channel length: 1024 bits (2048 bit total memory capacity). 
Word length (M): 3 to 32 bits (to 2048 bits in Data mode). 
Number of words (N): variable from 1 to 99. 
Channel serialization: channels may be cascaded to extend Channel 
A length to 2048 bits. 
Data content: each bit is individually programmable using front 
panel switches, or remotely via optional HP-IB interface. 
Data formatting: RZ and N R Z  formats independently selectable for 
both output channels. Width in R Z  format approximates width of 
clock output pulse. 
Data generation modes 

Word mode: data frame consists of N words of length M bits/ 
word. 
Data mode: data frame consists of a continuous pattern of length 
between 3 and 2048 bits. Frame length is determined by 4-digit 
number set into thumbwheel switches. 



PRBS mode: Pseudo-Random Binary Sequence of length 2"-1 bits 
is produced: n = 9, 10, 15, 20. 
Mixed mode: Same as WORD mode except with PRBS sequence 
inserted after every odd number word. Simulates preamble, data 
message, postamble. 

Frame length: 1 to 99 words (WORD mode) or 3 to 2048 bits 
(DATA mode). 
Channel set/ciear: fills selected data channel with ones or zeros. 
Data outputs 
DATA A, 

Pulse amplitude: variable in three ranges from 1.3 V to 15 V plus 
fixed ECL position. See table. 
Output format: simultaneous Data and Data waveformsare pro- 
vided. Data output is positive-going with OV baseline. Data is in- 
verted with identical upper and lower level voltages. 
ECL position: positive-going pulse with 0.6 to 1 .O V amplitude, and 
+0.5 to - 1.6 V offset. Amplitude and offset internally adjustable. 5 
ns maximum transition time. Levels preset for standard ECL. (50Q 
source and load resistance). 
Maximum transition times (10-90%): 6 ns. See table. 
Maximum preshoot, overshoot, pulse top/baseiine distor- 
tion: 10% of amplitude. 15% in ECL position. 
Source resistance: selectable 50Q or 1 KQ. 
Relation to clock pulse: leading edge of Channel B output coin- 
cides with leading edge of clock output f 3 ns. 
Overload protection: cannot be damaged by externally applied 
voltages between 0 and 16 volts. Protected against open and short 
circuits. 

DATA B 
Pulse amplitude: 2.4 V min. into SOQ, 4.8 V min. into open 
circuit. 
Polarity: positive. 
Source resistance: 50Q. 
Relation to clock pulse: leading edge of Channel B output coin- 
cides with leading edge of clock output f 3 ns. 
Overload protection: cannot be damaged by externally applied 
voltages between +5  and -2 volts. Additionally protected against 
voltages between 0 and 16 volts when current limited to 20 mA. 
Protected against open circuit and shorts to ground. 

Synchronizing outputs 
Clock: RZ pulse, occurs with each data bit. 
First bit: RZ pulse, identifies first bit of data pattern. 
Last bit: RZ pulse, identifies last bit of data pattern. 
Word trigger: RZ pulse, identifies first bit of each word. 
PRBS trigger: NRZ pulse, identifies beginning of each PRBS pat- 
tern. 
Amplitude 

Clock: 2.4 V min. into SOQ, 4.8 V min. into open circuit. 
FB, LB, WT, PRBS TRIG: 1.2 V min. into 50Q, 2.4 V min. into open 
circuit. 

Source resistance: 50Q. 
Width: 

Clock, FB, LB, WT: 50% f 20% of period in internal clock mode. 
Approximates width of externally applied clock pulse in external 
clock mode. 
PRBS trigger: 3 clock cycles. 
Overload protection: cannot be damaged by externally applied 
voltages between +5 and -2 volts. Additionally protected against 
voltages between 0 and 16 volts when current limited to 20 mA. 
Protected against open circuits and shorts to ground. 

Clocking 
internal 

Bit rate: 50 Hz to 50 MHz (40 MHz max. in MIXED mode). 
Jitter: 0.2% + 50 ps. 
Controls: 5 ranges and 3 turn potentiometer for fine adjust. 

External clock input 
Bit rate: DC to 50 MHz (40 MHz max. in MIXED mode). 
Nominal trigger level: 0.5 V (EXT+), -1.2 V (EXT-). 
Minimum pulse amplitude: 1.0 V (EXT+), 0.8 V (EXT-). 
Trigger slope: positive. 
Minimum pulse width: 10 ns. 
input resistance: 50Q to ground. 
Overload protection: f 7  V. 0-16 V when current limited to 20 
mA. By means of an internal switch, the CLOCK input may be 
switched to a high impedance mode. The following specifications 
then apply. 
Input resistance: 1 LS-TTL load in series with 300Q. 
Bit rate: DC to 40 MHz. 
Trigger pulse: TTL levels. Amplitude may be increased to 16 volts 
when current limited to 20 mA. 
Minimum pulse width: 15 ns. 

Manual: pushbutton switch enables single bit output. 

Cycle modes 
Auto: data frame recycles continuously. 
Bit: single bits are triggered by pulses at  the CYCLE INPUT. If the 
input is held high, data bits are continuously generated. Data genera- 
tion ceases when the input goes low and continues from where it 
stopped when the input is returned to the high state. 
Word: single words are triggered by pulses at the CYCLE INPUT. If 
the input is held high, words are continuously generated. When the 
input goes low, data generation ceases after completion of the current 
word. Data generation continues with the next word when the CY- 
CLE INPUT is returned to the high state. 
Frame: single data frames are generated by pulses at the cycle input. 
If the input is held high, frames are continuously generated. When 
the input goes low, the current frame is completed and data genera- 
tion ceases. 
Cycle input 

Nominal trigger level: 0.5 V. 
Trigger slope: positive. 
Minimum pulse amplitude: 1.0 V. 
Minimum pulse width: 10 ns. 
input resistance: 50Q to ground. 
Overload protection: f7 V. 0-16 V when current limited to 20 
mA. By means of an internal switch, the CYCLE INPUT can be set 
to high impedance. The following specifications apply. 
input impedance: 1 LS-TTL load in series with 3003. 
Trigger pulse: TTL levels. 
Minimum pulse width: 15 ns. 

Manual: Switch enables outputting single bits, words, or frames. 
Reset: Returns generator to bitl. 

General 
Power requirements: 100 V, 120 V, 220 V, or 240 V; f 5 to -lo%, 
48 to 440 Hz. 230 V A max. 
Environmental: 0 to 50°C, and with relative humidity to 95% at 
40°C. 
Weight: net 12 kg (26.5 Ibs). Shipping 16 kg (35.3 Ibs). 
Size: 133 H x 426 W X 422 mm D (5.2" X 16.8" X 16.6"). 

Options Price 
Opt 001: HP-IB Interface. Permits loading the 8018A add $650 
memory, word length, and number of words from any 
HP-IB compatible controller. Starting and stopping of 
data generation is also remotely controllable. 
Opt 002: 15263A Card Reader. Provides fast loading 
of 8018A. Data stored on punched or marked cards is 
loaded into the 8018A via its HP-IB interface. Requires 

Opt 907: Front Handle Kit 
Opt 908: Rack Mounting Kit 
Opt 910 Extra Operating and Service manual 

add $600 

o p t  001. 
add $20 
add $15 
add $20 

8018A Serial Data Generator $3475 



I WORD GENERATORS 
I 

, 2 X 16 bit word & PRBS generator 
Model 8006A 

0 10 MHz repetition rate 
0 Selectable PRBS and word length 
0 Selectable formats RZ / NRZ, normal / complement 

0 

0 

0 

TTL compatible output 
Bit pattern programmable 
Single and continuous cycling 

External clock 

NRZ Output (16 bit 
continuous word 
recycling) 

RZ Output signal 

First bit synch pulse 

The 8006A generates serial digital words of variable length a t  clock 
rates up to 10 MHz. An easy selection of two 16 bit words is available. 
These two words can be serialized to produce a 32 bit word a t  each 
output. Selectable operating modes include positive return-to-zero 
(RZ) format, positive and negative non-return-to-zero (NRZ) for- 
mat, manual or automatic word cycling, complementary output sig- 
nals, and remote programming of the data content. The remote 
programming feature allows conversion of parallel words to serial 
words. Two outputs provide trigger pulses coincident with the first 
and the last bit. 

Additionally, a pseudo-random binary sequence variable from 7 to 
65535 bits can be obtained from channel A output, with the inverted 
sequence available a t  channel B. 

Specifications 
Word generation 
One 4 to 32 bit word (even numbers only) or two 2 to 16 bit words. No 
clock period between words. 
Word content: independently set for both words by front panel 
switches or remote programming (parallel data input). Complement 
of each word selectable by front panel switches, WORD A-WORD 
A, WORD B-WORD B. 
Word cycling: continuous or by cycle command (external trigger or 
manual). 
Bit rate: internal, 10 Hz to 10 MHz, four ranges, continuous adjust- 
ment within ranges. Manual or external clock 0 to 10 MHz. 
Reset: manual reset of word outputs to bit 1 in AUTO CYCLE mode 
and to word pause in SINGLE CYCLE mode. 
Word format: RZ/NRZ/-NRZ selectable for each word output. 
Positive outputs have current sink capability to drive integrated cir- 
cuits (TTL/DTL). 
Synch outputs: trigger pulses corresponding to the first bit (leading 
edge) and last bit (trailing edge). 

Pseudo-random sequence generation PRN: provides a linear 
shift register sequence a t  channel A output and the inverted sequence 
at channel B output. Maximum bit rate is 9 MHz. 
Sequence length: variable from 7 to 65535 bits. 
Trigger pulse: selectable for each bit in sequence. 

Interface 
Clock input 

Repetition rate: 0 to 10 MHz, amplitude 1 t- 2 V, I f 10 V. 
Width: >15 ns at +1 V. Input impedance: >50OQ. 

Minimum period: word length plus 100 ns. Amplitude > +2 V, 
< +10 v. 
Width: > 15 ns at +1 V. Input impedance: >500Q. 

External data inputs: no storage capability for programmed data. 
Low state: contact closure, TTL low, or voltage source > O  V, 
< +0.8 V. 
High state: open, TTL high or voltage source > +2.4 V, < +5 V. 

Synch outputs 
Amplitude: > +2 V across 50Q. 
Width: approx. 40 ns. Output impedance: 50Q. 

Clock output (rear panel) 
Amplitude: 2 V across 50Q. 
Source impedance: approximately 50Q. 
Pulse width: approximately 30 ns. 

Positive NRZ, RZ: high: +2.5 V across 50Q, source impedance 
50Q. Low: 2 -0.3 V, 5 +0.3 V, source impedance approx. OQ. 
Current sink capability 80 mA maximum. 
RZ pulse width: approx. 45 ns. 
Negative NRZ: high: 0 V. low: -5 V across 50Q, source impedance 
50Q. 
Transition times: < 10 ns. 

General 
Operating temperature: 0°C to 50°C. 
Power: 115 V or 230 V, +lo%, -15%. 48 Hz to 440 Hz, 59 VA. 
Weight: net, 6 kg (13% Ib). 
Size: 86 H x 426 W x 335 mm D (3.4” x 16.8” x 13.2”). 
Options Price 
90& Rack Flange Kit add $10 
910: additional Operating and Service Manual add $14 

8006A 2 x 16 bit Word and PRBS Generator $2180 

Cycle command input 

Word outputs 



WORD GENERATORS 
15263A card reader for rapid data loading 
15450A adapter for easy circuit connections 
15451A translator gives CMOS output levels 

15263A 

15450A 

15451A 

15263A card reader 
Description 

The 15263A is a convenient and easy-to-use remote programming 
device. It provides parallel instructions or data and is especially suited 
for the HP 8016A Parallel Word Generator or H P  801 8A Serial Data 
Generator; both provide the power supply voltage necessary for driv- 
ing the card reader. Rapid and error free memory loading of either 
generator is obtained. Any bit pattern can easily be programmed by 
marking cards accordingly. A card is typically read in 1.5 seconds and 
makes data re-loading or modification a fast and uncomplicated oper- 
ation. 
Specifications 
Logic levels (TTL neg.true): HI (0) + 2.5 V to + 5 V, LO (1) 0 V to 
+0.4 V. 
Genera I 

Operating temperature range: 0°C to 55°C. 
Power: + 5 V, 550 mW. 
Weight: 0.6 kg (1.31 Ib.) Shipping 1.6 kg (3.5 Ib). 
Size: 57H x 115W x 195 mm D (2.2” x 4.5” x 7.6”). 

Accessories supplied: 50 cards, part number 9320-0595 

Description 
The Model 15450A Four-channel Adapter facilitates easy connec- 

tion from a pulse or data generator to the circuit-under-test, and helps 
to avoid the distortion problems often encountered in improvised con- 
nections. These advantages are of particular significance where 
multi-channel data and pulse stimulus is required; in such instances, 

15450A four-channel adapter 

Accessories for logic signal sources ’ I 

I Models 15263A, 15450A & 15451A 

the AdaDter is an ideal companion for the H P  8016A Word Gener- 

he Adapter are carried by a cable assembly. This consists 
Ihm cables with BNC connectors which plug directly to 
mce .  The outputs from the Adapter are carried by 4 
able, connecting leads with small hook-type probes which 
ly to the circuit-under-test; even DIP‘S can be connected 
th probes removed, the connecting leads will plug onto 
ins. 
!ze distortion due to reflections from the circuit-under- 
annel is terminated by a passive load inside the Adapter 
irallel ground leads (also with hook-type probes) are pro- 
ire good grounding to the device-under-test. 

ations 
AC/DC characteristics: dependent on signal source. 
Internal load: 47.5 ohms in series with 33 pF. 
General 

Operating temperature: O°C to 50°C. 
Size: body size 95 H x 54 W x 22 mm D (3.7” x 2.1” x 0.9”). Total 
length including cable 152 cm (60 in). 

1545 1 A four-channel TTL-CMOS translator 
Description 

The model 15451A is a four channel active signal translator which 
amplifies TTL signals to CMOS levels. Its capabilities are perfect for 
adding CMOS compatibility to pulse and word generators with 5 volt 
outputs such as HP‘s Model 8016A Word Generator. The 15451A’s 
four inputs conveniently connect to the signal source with BNC con- 
nectors. Its four outputs are easily interfaced to the test circuits via 
small probes which directly attach to circuit nodes. Even adjacent 
pins of dual-in-line IC packages are reliably and simply contacted 
using these small hook-type probes. With probes removed, the con- 
necting leads will plug onto back plane pins. 

The 15451A is normally powered from the V,, supply of the cir- 
cuit-under-test and accepts supplies in the range of 5 to 18 volts. The 
applied power supply voltage is also used to determine the output sig- 
nal amplitude. This level-tracking capability means that pulse ampli- 
tudes need not be reset when the CMOS power-supply voltage is 
adjusted. It further guarantees that pulse amplitudes never exceed 
the V,, supply voltage - even when the power supply is switched off 
(pulse amplitude greater than V,, is a forbidden condition with 
CMOS logic, violation of which can cause rapid destruction of the 
tested IC). 

Specifications 
Inputs 

Number of channels: 4. Fan-in: 2 standard LS TTL loads. 
Max. input frequency/transition time: I O  MHz/l ps. 
Input signal levels: low OV to +0.8 V, high +2 V to +5 V. 
Max./min. input voltage: +7 V/-1 V. 

Outputs (source impedance 220 ohms) Following specs. relate to 
5 MHz square wave input signal with V,, = 15 V and load capaci- 
tance = 50 pF per channel 

Output signal level: high (V,, - 1 V) typ., low +IO0 mV typ. 
Transition times (20%-8O%): LO to HI 23 ns typ., HI  to LO 16 ns 
tYP. 
Propagation delay: LO to HI 45 ns typ., HI to LO 35 ns typ. 

lnterchannel skew: 2 ns typ. 

General 
Operating temperature: 0°C to 50°C. 
Power: +5 V to +I8 V at 250 mA 
Size: body size 95 H x 54 W x 22 mm D (3.7” x 0.9” x 2.1”). 
Total length including cable 152 cm (60”). 

Options Price 
15263A: opt. 910 extra operating and service manual $6.38 
15450A & 15451A: opt 910 extra operating note $1.40 
Ordering information 
152634 Card Reader $600 
15450A four-channel adapter $180 
15451A four-channel TTL-CMOS translator $250 



WORD GENERATORS 
PRBS and WORD generation up to 150 Mb/s 
Model 3762A 

223 - 1  PRBS and 16-bit WORD 
Dual channel generation 

Zero substitution 
Binary NRZ/RZ/CMI interfaces 

The 3762A Data Generator is designed primarily for use with the 
3763A Error Detector as a 150 Mb/s PCM/TDM error detection 
system for evaluating high-speed digital transmission equipment. 
However, sufficient versatility is built into the 3762A to make it 
ideally suited to many other applications requiring a PRBS/ WORD 
generator. 

The generator can be clocked internally or externally Two internal 
crystal clocks are provided at standard rates for digital transmission, 
in the range 30 to 150 Mb/s. These can be offset by up to -t 60 ppm 
from nominal for, say, testing the tolerance of a system to frequency 
shift. External clocks can be in the range 1 kHz to 150 MHz, with 
choice of input termination and trigger level. A clock gating input 
allows burst mode gating control of pattern generation. 

The 3762A is a dual channel generator with the data on one chan- 
nel delayed relative to that of the other. The patterns available are 
2'O -1, 215 -1, and zz3 -1 bit pseudo-random binary sequences 
(PRBS), two 10- or 16-bit programmable words, two 1010.. . . . . . . 
repetitive patterns, and two 8-bit programmable words alternated by 
an external signal. Blocks of zeros may be substituted into PRBS pat- 
terns to test pattern sensitive circuits. The position of the zero block 
within the sequence can be selected via a trigger word, using the 
WORD switches. 

The data outputs are available in both binary and coded format. 
The binary interfaces have variable amplitude and dc offset to suit 
different logic families. The coded data outputs are a t  standard levels 
and impedances for direct connection to digital transmission equip- 
ment. 

Specifications 
Internal Clock: two crystal clocks in the range 30 to 150 MHz; crys- 
tals fitted in standard unit are 139.264 and 141.040 MHz; accuracy 
better than k 3 ppm at ambient; offset continuously variable up to f 
60 ppm about crystal frequency. 
External Clock Input: 1 kHz to 150 MHz; 7532; triggering on +ve 
slope, min pulse width 3 ns, auto, gnd, or ECL threshold switch; sensi- 
tivity better than 300 mV pk-pk; 3 V pk-pk max, limits k 3 V. 
Burst Gating Input (rear panel): disables clock for burst mode oper- 
ation: 503 to -2 V; ECL levels. 
Clock Output: CLOCK or CLOCK, squarewave; 753; amplitude 
preset in range 1 .O to 2.0 V pk-pk min, or fixed ECL; dc offset preset 
in range 0 to 2 2 V min, or fixed ECL; transition times < 1.8 ns at 2.0 
V pk-pk; overshoot/preshoot < 10% of pulse amplitude. 
Aux Clock Output (rear panel): format as main clock output; imped- 
ance, unbalanced, low; ECL levels. 
Patterns: 2" -1, 215 -1, and zz3 -1 bit PRBS; two 10-or 16-bit pro- 
grammable words; two 1010.. . . , . . .repetitive patterns; two 8-bit 
programmable words alternated by an external signal; error add 

facilities; zero substitution (PRBS only), patterns can be gated off for 
1 to 999 clock periods after trigger pulse. 
Alternating Word Control Input (rear panel): 1 k0; sensitivity, 250 
mV pk-pk squarewave, dc to 100 kHz, 0.5 V pk-pk sine or triangular 
wave, 200 Hz to 100 kHz; max input 5 V rms. 
Data Output A: PRBS or WORD A; DATA or DATA, in CMI, 
NRZ, or RZ format: 750; 

CMI Format: 139.264 and 141.040 Mb/s, unspecified at other fre- 
quencies; f 0.5 V pk-pk f 10%; transition times (2.0 ns; over- 
shoot/preshoot 4% at 1 V pk-pk. 
Binary Format: 1 kb/s to 150 Mb/s; amplitude preset in range 1 to 
2 V pk-pk min or ECL; dc offset preset in range 0 to f 2 V min or 
ECL; transition times (1.8 ns at 2 V pk-pk; overshoot/preshoot 
< 10% of pulse amplitude. 

Data Output B: PRBS delayed or WORD B, in N R Z  or R Z  format; 
approx delay in PRBS, half sequence with respect to data output A. 
Other specifications as for data output A; output B not available if 
output A is CMI coded. 
Trigger Output: one pulse every sequence or word; position variable, 
selected by WORD B, switches; two clock periods wide except with 
zero substitution when stretched to approx that of zero block; 500; 1 
V pk min. 
Data Monitor 1 (rear panel): data as data output A; format, binary 
NRZ before coding; impedance, unbalanced, low; ECL levels. 
Data Monitor 2 (rear panel): data as data output B; not available 
when using CMI; format, binary N R Z  other specifications as for 
data monitor 1. 

General 
Size: 133 H x 425 W x 440 mm D (5%" x 16%'' x 1754,"). 
Weight: 12 kg (26.5 Ib). 
Power Supply: 115 V + 10% -22% or 230 V + 10% -18%. ac. 48 to 
66 Hz; power consumption approx 12 VA. 
Options Price 

-$70 
60.032 and 30.016 MHz. 

-$210 
DATA or DATA, switched a t  the binary level indepen- 
dent of output A; format R Z  coded HDB3 or B3ZS or 
AMI (internal switch); 75% frequencies are 139.264 
and 120.000 MHz. 
202: as option 201 except frequencies are 139.264 and 
34.368 MHz. 
330 as option 201 except external clock input, clock 
output, and data output A changed to 503, and fre- 
quencies are 137.088 and 44.736 MHz. 
801: front cover. +$38 

376214 Data Generator $8 135 

105: 753 interfaces changed to 50Q frequencies are 

201: data output B changed to read: 30 to 120 Mb/s; 

-$250 

- % B O  



OSCILLATORS & FUNCTION GENERATORS 

Oscillators & function gener- 
ators 

Signal sources have been described by var- 
ious names-oscillators, test oscillatoi - 
audio signal generators, function generato 
etc. Different names are applied, dependii 
on design and intended use of the source. TI 
name “test oscillator” has been used to d 
scribe an oscillator having a calibrated atte 
uator and output monitor. The term “sign 
generator” is reserved for an oscillator with 
modulation capability. 

A function generator is a signal generator 
that delivers a choice of different waveforms 
with frequencies adjustable over a wide 
range. Function generators produce sine, tri- 
angle, square wave, saw-tooth waves, pulses, 
sweep, and modulation. Hewlett-Packard’s 
function generators extend from a low fre- 
quency of .000001 Hz (HP 3325A) up to a 
high frequency of 50 MHz (HP 8165A). The 
H P  3325A also provides synthesizer frequen- 
cy accuracy up to 20 MHz for sinewaves. 

Basic requirements 
In selecting an oscillator or function gener- 

ator, the user will be most interested in its 
frequency coverage. The question to be an- 
swered here is, “Will the instrument supply 
both the lowest and highest frequencies of in- 
terest for anticipated tests?” As shown in Ta- 
ble l ,  Hewlett-Packard manufactures a 
broad range of oscillators and function gen- 
erators covering the frequency spectrum 
from .000001 Hz to 50 MHz. 

The user’s next concern will be with avail- 
able output power or voltage. Some tests re- 
quire large amounts of power, while others 
merely require sufficient voltage output. For 
almost any application, there is a Hewlett- 
Packard oscillator capable of delivering de- 
sired voltage output into a high impedance 
load or of supplying desired power into lower 
impedance loads. 

Besides frequency range and power output, 
the user will be interested in instrument sta- 
bility, its dial resolution, and the amount of 
harmonic distortion, hum and noise in the 
output signal, and functions available. See 
Table 1 for a comparison of Hewlett-Pack- 
ard oscillators and function generators. 

Frequency stability 
Frequency stability of an oscillator deter- 

mines the ability of the instrument to main- 
tain a selected frequency over a period of 
time. Component aging, power-supply vari- 
ations and temperature changes all affect 
stability. Carefully chosen components, such 
as precision resistors and variable capacitors 
in the frequency-determining networks, con- 
tribute to long-term stability. The H P  3325A 
is a synthesized function generator and, 
therefore, provides considerably better accu- 
racy and stability than conventional oscilla- 
tors and function generators. 

General information 

POWER I OUTPUT I INST. FREOUENCV RANGE 

‘Two Generators. AM, FM, Sweep, Trigger/Gate “Synthesizer/Function Generator.Op1. 002.400 mW lo 1 MHz, HP-IB 

Amplitude stability 
Amplitude stability is important in certain 

oscillator ap&ations. Amplitude stability is 
inherent in the Hewlett-Packard RC oscilla- 
tor circuit because of a large negative feed- 
back factor and amplitude stabilizing 
techniques. “Frequency response,” or ampli- 
tude variation as frequency is changed, is of 
special interest when the oscillator is used for 
response measurements throughout a wide 
range of frequencies. 
Distortion 

Distortion in the oscillator’s output signal 
is a measure of the purity of the oscillator’s 
waveform. 

Oscillator distortion can be undesirable for 
harmonic distortion testing of amplifiers, for 
example. If the amount of distortion contrib- 
uted by the oscillator is more than 20 dB be- 
low the distortion contributed by the 
amplifier, an error in the harmonic distortion 
measurement will be less than 10 percent. 
Total harmonic distortion, as much as 95 dB 
below the carrier, is available in the audio 
range with the 239A. 

Hum and noise 
Hum and noise can be introduced a t  a vari- 

ety of points in oscillator circuits; but when 
the circuit operates at a relatively high level, 
the amount of hum and noise introduced into 
the device under test is usually negligible. 

Hum and noise introduced by a power ampli- 
fier usually remain constant as output signal 
amplitude is diminished. Hence, even though 
hum and noise power may be quite small 
compared to rated output, these spurious sig- 
nals sometimes become a significant portion 
of low-level output signals. To overcome such 
a limitation, many Hewlett-Packard oscilla- 
tors have their amplitude control on the out- 
put side of the power amplifier so that hum 
and noise are reduced proportionally with the 
signal when low-level signals are desired for 
test purposes. 
Function generators 

The function generator is a versatile, 
multi-waveform signal source capable of 
very wide frequency coverage. Available are 
functions ranging from modulation (33 12A), 
sweep (3312A, 3325A), and trigger/gated 
waveforms (3310A/B, 3312A) to synthesiz- 
er control and HP-IB programmability 
(3325A). The 3325A not only provides syn- 
thesizer frequency accuracy and HP-IB, but 
very precise waveforms as well. The function 
generator is an indispensable general purpose 
signal source for production testing, instru- 
ment repair, and the electronics laboratory. 
Diverse fields of applications in which the 
function generator is being used include 
medical research, education, chemical, com- 
munications, geophysics, industrial control, 
military, and aerospace. 



OSCILLATORS $< FUNCTION GENERATORS 
5 Hz to 600 kHz audio oscillators i 

, Models 200CD, 200CD Opt: H20, & 201C 

Description 
These Hewlett-Packard oscillators have high stability and accu- 

rate, easily resettable tuning circuits. Low-impedance operating lev- 
els, together with superior insulation, guarantee peak performance 
throughout years of trouble-free service. The instruments have a wide 
frequency range, long dial lengths and feature an improved vernier 
frequency control. 

Accessories available 
1 lOOOA Cable Assembly 
1 100 1 A Cable Assembly 
11004A Line Matching Transformer 
11005A Line Matching Transformer 

Price 
$17 
$17 
$85 

$130 

Specifications 



OSCILLATORS & FUMCTlON GENERATORS ~ 

10 Hz to 110 kHz low distortion oscillator k.' 1 
I Model 239A 

< -95 dB THD to 20 kHz 
0 Calibrated Attenuator 

10 Hz to 110 kHz 

. *,.." . . ./. . . . . " .  

239A 

Description 
The H P  239A Oscillator provides a low distortion sine-wave output 

with > 3 Vrms amplitude from 10 Hz to 110 kHz and less than -95 
dB (.0018%) total harmonic distortion (THD) to 20 kHz, increasing 
to -70 dB (.032%) a t  1 IO kHz. Low THD performance combined 
with a 6003 output that can be floated to 30 V peak makes the 239A 
an excellent general purpose audio test source. 

Companion Oscillator for distortion measurements 
The 239A Oscillator is electrically similar to the built-in oscillator 

used in the H P  339A Distortion Measurement Set and can be used in 
conjunction with the 339A where a remote audio source is needed for 
low distortion measurements such as broadcast studio through trans- 
mitter tests. Use of the 239A can improve the range of distortion mea- 
surements with earlier model analyzers. Its small size and weight 
makes the 239A convenient to use on the bench or easy to carry for 
remote tests. 
Calibrated output attenuator 

The accurately calibrated output allows measurements to be made 
without time consuming external calibration. The output level can be 
changed in 10 dB steps with f 0.25 dB/step accuracy over a 60 dB 
range from a maximum calibrated output of + 10 dBV (3.16 Vrms). 

f l  
mV with the amplitude vernier control. 

Level flatness is * 0.1 dB from 20 H * 
0.2 dB over the full frequency range. 
Accurate frequency selection 

Frequency selection with f 2% accuracy is easily made with 2-digit 
resolution using rotary knob tuning and the multiplier push-buttons. 
The frequency vernier control provides continuous frequency cover- 
age between the second digit switch settings. 

The output is continuously variable betu 

239A Specifications 
Frequency: 10 Hz to 110 kHz in 4 overlapping decade ranges with 2- 
digit resolution. Frequency vernier provides continuous frequency 
coverage between second digit switch settings. Frequency accuracy: 
f 2% of selected frequency (with Frequency Vernier in CAL posi- 
tion). 
Output level: Maximum calibrated output (1 kHz, 600Q load): + 10 
dBV (3.16 Vrms) f .2 dB 
Output variable from < 1 mV to 3.16 Vrms into 600 ohms. 
Output attenuator: Range: 60 dB in 10 dB steps; Accuracy: f .25 
dB/10 dB step. Maximum Cumulative Error 1 dB; Output Verni- 
er: > 10 dB range, continuously variable 
Level flatness: 20 Hz to 20 kHz: I f 0.1 dB; 10 Hz to 110 kHz: I 
f 0.2 dB 
Distortion (2600Q Load, I 3 V Output): 10 Hz to 20 kHz: < -95 
dB (0.0018%) THD; 20 kHz to 30 kHz: < -85 dB (0.0056%) THD; 
30 kHz to 50 kHz: < -80 dB (0.01%) THD; 50 kHz to 110 kHz: < 
-70 dB (0.032%) THD 
Output impedance: 600Q 2 5% 
Output terminals may be floated up to 30 V peak. 
Operating environment: Temperature: 0°C to 50°C (+32"F to + 122°F) 
Humidity Range: < 95%, 0°C to 40°C (+32"F to +104"F) 
Storage Temperature: -40°C to +75"C (-40°F to +167"F) 
Power: 100/120/220/240 V, +5%, -IO%, 48 to 66 Hz, 10 VA max. 
Weight: Net 2.5 kg (5.5 Ibs.); Shipping 3.9 kg (8.5 Ibs.) 
Dimensions: 106 mmW x 88 mm H x 269 mm D (8.4" x 3.5" x 10.6") 

239A Oscillator $575 



OSCILLATORS 1Sh FUMCT10N GENERATORS 
j 4 HZ to 2 MHZ sine, square wave oscillators 

Models 209A, 204C & 2040 

209A 

Description 

204C 

The HP 209A is a small, lightweight, sine/square oscillator. Stable, 
accurate signals can be synchronized with an external source over a 
frequency range from 4 Hz to 2 MHz. Separately adjustable sine/ 
square outputs are located on the front panel. Distortion and flatness 
can be minimized at  low frequencies by a rear panel low distortion 
mode switch. 

The HP 204C is a small, lightweight capacitive-tuned oscillator. 
Interchangeable power packs, line, rechargeable batteries or mercury 
batteries make this instrument ideal for both field and laboratory use. 

The HP 204D Oscillator is identical to the 204C with the addition 
of an 80 dB attenuator and vernier. The attenuator with the vernier 
provides excellent output amplitude settability. 

209A Specifications 
Frequency: 4 Hz to 2 MHz in 6 ranges. 
Dial accuracy: f 3% of frequency setting. 
Flatness at maximum output into 6003 load. 1 kHz reference 

Low distortion mode I +1% I ?0.5% I ?l% I +5% 
Nnrmal mode 1 +5%.-1% I ?0.5% I + l% 1 ?5% 

4 100 300 k 1 M 2 M (Hz) 

Distortion: 200 Hz to 200 kHz, 0.1% (-60 dB); 4 Hz to 200 Hz, 
(0.2% (-54 dB); 200 kHz-2 MHz, (1% (-40 dB). 
Hum and nolse: (0.01% of input. 

Output characteristics sine wave 
Output voltage: 5 V rms (40 mW) into 600% 10 V open circuit. 
Output Impedance: 6003. 
Output control: >26 dB range continuously adjustable. 
Output balance: 40 dB below 20 kHz. Output can be floated up to 
f 500 V peak between output and chassis ground. 

Output characteristics square wave 
Output voltage: 20 V p p  open circuit symmetrical about 0 V. Out- 
put can be floated up to f 500 Vp. 
Rise and fall time: (50 ns into 6003. Symmetry: f5%. 
Output impedance: 6003. 
Synchronization 
Sync output: sine wave in phase with output; > 1.5 V rms, > 1 V 
rms, 50 kHz to 2 MHz into IO megohm shunted by 100 pF. 
Sync Input: same as 204C. 

204C Specifications 
Frequency: 5 Hz to 1.2 MHz in 6 overlapping ranges. 
Dial accuracy: f 3% of frequency setting. 
Flatness at maximum output into 6009 load, 1 kHz reference 

Low distortion mode I *1% I ?0.5% I ? 1% 
Normal mode I +5%,-1% I +0.5% I ? 1% I 

5 100 300 k 1.2 M (Hz) 

204D 

Dlstortlon: 30 Hz to 100 kHz. 0.1% (-60 dB); 5 Hz to 30 Hz, 
(0.6% (-44 dB); 100 kHz-1.2 MHz, linearly derated to <l%. 
Hum and nolse: (0.01% of output. 

Output characteristics 
Output voltage: >2.5 V rms (10 mW or + 10 dBm) into 6003; >5  
V rms open circuit. 
Output Impedance: 6003. 
Output control: >40 dB range; continuously adjustable. 
Output balance: >40 dB below 20 kHz. Can be floated up to f 500 
V peak between output and chassis ground. 

Synchronization 
Sync output: sine wave in phase with output: >lo0 mV rms into 
< 100 pF over entire range; impedance 10 k3. 
Sync Input: oscillator can be synchronized to external signal. Sync 
range, the difference between sync frequency and set frequency, is a 
linear function of sync voltage. j l l%/V rms for sine wave with a 
maximum input of k 7 V peak (k 5 V ‘rms). 

2040 Specifications 
(Identical to 204C except “output control” is replaced by the follow- 
ing): 

Output attenuator 
Range: 80 dB in 10 dB steps. 
Overall accuracy: k0.3 dB, + IO dB through -60 dB ranges; +-OS 
dB on -70 dB range. 
Output vernier: > 10 dB range, continuously adjustable. 

General 
Operating temperature: Specifications are met from 0°C to 55°C. 
Power: standard: AC-line 115 V or 230 V f IO%, 48 Hz to 66 Hz, 
(7 VA max. Opt. 001: mercury batteries 300 hours operation. Opt. 
002: line/rechargeable batteries 115V or 230V f IO%, 48 Hz to 66 
Hz, (7 VA max. 22 hours operation per recharge. 
Dimensions: 155 mm H (without removable feet) X 130 mm W X 
203 mm D (6%&” X 5v X 8”). 
Weight: net 2.7 kg (6 Ib). Shipping, 3.6 kg (8 Ib). 
Options and accessories Price 
Option 001, 204C/D (for mercury batteries) add $90 
Option 002, 204 C/D (for rechargeable batt/AC-line) add $100 
11 137B Rechargeable battery/AC power pack for $150 
204C/D 
11075A Instrument case $145 
5060-8762 Rack adapter frame $65 

Ordering information 
2WA Sine, square wave oscillator 
204C Sine wave oscillator 
204D Sine wave oscillator 

$550 
$415 
$525 



OSCILLATORS & FUNCTION GENERATORS 
10 Hz to 1 MHz digital oscillator 

Model 4204A 

0 0.2% frequency accuracy 
0 Accurate 80 dB output attenuator 

0.01% frequency repeatability 
0 Excellent stability 

Flat frequency response 

Description 
Hewlett-Packard's 4204A Digital Oscillator provides accurate, sta- 

ble test signals for both laboratory and production work. This one 
instrument does the job of an audio oscillator, an ac voltmeter, and an 
electronic counter when an accurate frequency source of known am- 
plitude is required. 

Any frequency between 10.0 Hz and 999.9 kHz can be digitally 
selected with an in-line rotary switch to four significant figures. As 
many as 36,900 discrete frequencies are available. Infinite resolution 
is provided by one vernier control, which also extends the upper fre- 
quency limit to 1 MHz. Frequency accuracy is better than k0.2% 
and repeatability is typically better than -tO.OI%. 

A built-in high impedance voltmeter measures output. The meter is 
calibrated to read volts or dBm into a matched 600 ohm load. (0 dBm 
= 1 mW into 600 Ohms.) The output attenuator has an 80 dB range, 
adjustable in 10 dB steps with a 20 dB vernier. Maximum output 
power can be increased to 10 volts (22 dBm) into 600 Ohms or 20 
volts open circuit. 

Frequency response is flat with less than f 3% variation over the 
entire frequency range a t  any attenuator setting. Frequency stability 
is better than IO parts in 106 per minute. 

Specifications 
Frequency range: IO Hz to 1 MHz, 4 ranges. 
Frequency accuracy: k0.2% or kO.1 Hz (at 25°C). 
Frequency stability 

k 10% line voltage variatlon: less than 20.01%. 
Change of frequency with temperature: < k 100 ppm/"C. 

Drift: < 10 ppm/minute. 
Frequency response: flat within +3%, 9.999 kHz ref. (25°C 
k S T ) .  
Output: 10 V (22 dBm) into 600 ohms (160 mW). 20 V open circuit. 
Output attenuator: 80 dB in 10 dB steps: < k0.5 dB error. 

Output monitor: voltmeter monitors level a t  input of attenuator in 
volts or dB. 
Accuracy: k 2% of full scale. 
Flatness: k 1% a t  full scale, 10 Hz to 500 kHz; f 2% at full scale, 
500 kHz to 1 MHz. 
Distortion: less than 0.3%, 30 Hz to 100 kHz. Less than 1%,10 Hz to 
600 kHz. Less than 1.2%. 10 Hz to 1 MHz. 
Hum and noise: less than 0.05% of output. 
Temperature range: 0°C to +50°C. 
Power: 115 V/230 V switch, k lo%, 10 VA, 50 to 60 Hz. 
Weight: net, 8.5 kg (19 Ib). Shipping, 11 kg (28 Ib). 
Dimensions: 141 mm H x 426 mm W x 336 mm D (5y," x 16%" x 
13Y,"). 
Accessories available Price 
llOOOA Cable: dual banana plugs $17 
llOOlA Cable: banana plug to BNC male connector $17 
11004A Line Matching Transformer has a frequency $85 
response of 5 kHz to 600 kHz providing fully balanced 
outputs for 135 or 600 ohms. 
11005A Line Matching Transformer has a frequency 
response of 20 Hz to 45 kHz providing full balanced 
output into 600 ohms. 
16252A Matching Transformer has a frequency re- 
sponse of 10 kHz to 1 MHz providing unbalanced 75 
ohm output, terminated in UG-657/U female BNC 
connector. 
Options 
001: 4204A Output Monitor top scale calibrated in add $25 
dBm/600Q. Bottom scale calibrated in volts 
906 Rack Flange Kit add $10 
910 Extra Manual add $9 

4204A Digitial Oscillator $1885 

$130 

$130 



OSCILLATORS & FUNCTION GENERATORS 
0.1 Hz to 1 MHz 
Model 3 3 1  1A 

Description 
The 331 1A Function Generator offers wide functional capability a t  

a modest price. This compact unit has seven decades of range from 
0.1 Hz to 1 MHz. Pushbutton range and function selection add con- 
venience to versatility. Added features normally not found on func- 
tion generators in this price range are 1O:l voltage control and a 
separate pulse output suitable for synchronization or driving TTL 
logic circuits. 

output 
Ten V p-p into 60052 (20 V p p  O.C.). This output may be attenuat- 

ed by >30 dB by a variable attenuator and offset by f 5 V. The DC 
offset allows the sine, square, and triangle functions to be positioned 
to the most desired level. This feature adds to the usefulness of all 
three functions. 

vco 
to sweep the 331 1A > 101 in frequency. 
Pulse output 

A separate TTL compatible pulse output provides current sinking 
for up to 20 TTL loads. The pulse has a 15/85 aspect ratio with a 
(25 ns rise time. 

The DC coupled voltage control allows the use of an external source 

Specifications 
Waveforms: sinusoid, square, triangle, and positive pulse. 
Frequency range: 0.1 Hz to 1 MHz in seven decade ranges. 
Dial accuracy: f 5% of full scale. 
Isolation: using an external supply, outputs may be floated up to 
f 500 V relative to the instrument case (earth ground). 

600 Ohm output 
Maxlmum output amplitude: 20 V p-p open circuit; 10 V p-p into 
6003. 
Amplitude control: continuously variable, >30 dB range. DC off- 

set: up to ? 10 V open circuit, f 5 V into 60(H1, continuously adjust- 
able and independent of amplitude control. Maximum V,, peak + V,, 
offset without clipping is f 10 V open circuit, f 5 V into 60W. 
Output impedance: 600Q f 10%. 
Sine wave amplitude flatness: within f 3% of 10 kHz reference 
(maximum output amplitude) to 100 kHz, f 6 %  to 1 MHz. 
Sine wave total harmonic distortion: <3% (maximum output am- 
plitude). 
Triangle linearity: deviation (1% from best straight line a t  100 Hz 
(maximum output amplitude). 
Square wave transition time: rise time: (100 ns; fall time: (100 
ns. 
Square wave time axis symmetry error: f 2% maximum to 100 
kHz. 

Pulse output 
Output amplitude: >3 V positive (open circuit) TTL compatible. 
Duty cycle: 13.5% to 16.5% of the total period. 
Transition times: (2511s. 
External frequency control 
VCO range: >10:1 on any frequency range. 
input requirement: with frequency dial set to 1.0, a linear ramp of 
0.0 V to - 10 V f 2 V will linearly increase frequency > 101  
Input impedance: 10 kQ f 10% in parallel with (60 pFd. 

General 
Operating temperature: 0°C to 55°C; specifications apply from 
+15"C to +35"C. 
Storage temperature: -40°C to +75"C. 
Power: 100/120/220/240 V -lo%, +5% switchable: 48 Hz to 66 
Hz; 1 1 2  VA. 
Dimensions: 89 mm H x 159 mm W x 248 mm D (3%" x 6%" x 9%"). 
Weight: net, 1.5 kg (3% Ib); shipping, 2.5 kg (5% Ib). 
Rack Mount Kits: 10851A for one 3311A. 10852A for two. 

3 3 1  1A Function Generator $295 



OSCILLATORS 

0 AM-FM, sweep, trigger, gate and burst 

& FUNCTION GENERATORS : 

Function generator '*,d I 

Model 3312A i 

Description 
Hewlett-Packard's 33 12 A Function Generator combines two sepa- 

rate, independent function generators with a modulator section in one 
compact instrument. 

The main generator can-via pushbutton control-be triggered by 
the modulation generator to provide sweep functions, AM, FM or 
tone burst. 

Ten V p-p into 5(x2 provides adequate power for most applications. 
The output attenuator has a range of more than 10,OOO:l so clean 
low-level signals from 10 V to 1 mV p-p into 50Q can be obtained. 
The main generator includes dc offset up to 10 volts p-p into 50Q. 

erating a multitude of functions. 

Output waveforms: sine, square, triangle, f ramp, pulse, AM, FM, 
sweep, triggered and gated. 

Frequency characteristics 
Range: 0.1 Hz to 13 MHz in 8 decades ranges. 
Dial accuracy: f 5% of full scale. 
Square wave rise or fail time (10% to 90%): (18 nsec. 
Aberrations: (10%. 
Triangle linearity error: (1% at 100 Hz. 
Variable symmetry: 80:20:80 to 1 MHz. 
Sine wave distortion: <OS% (-46dB) THD from 10 Hz to 50 
kHz. >30 dB below fundamental from 50 kHz to 13 MHz. 

Output characteristics 
impedance: 50Q f 10%. 
Level: 20 V p-p into open circuit, 10 V p-p into 50Q. 
Level flatness (sine wave): < f 3% from 10 Hz to 100 kHz at  full 
rated output (1 kHz reference). < f 10% from 100 kHz to 10 MHz. 
Attenuator: 1:1, lO:l, 100:1, 1OOO:l and >10:1 continuous control. 
Attenuator error: ( 5 % .  
Sync output: impedance: 50Q f lo%, > 1 V p-p square wave into 
open circuit. Duty cycle varies with symmetry control. 
DC offset: Variable up to f 10 volts. Instantaneous ac voltage + 
Vdc offset cannot exceed f 10 V (open circuit) or f 5 V (terminated 
50 ohm). 

Modulation characteristics 
Types: internal AM, FM, sweep, trigger, gate or burst; external AM, 
FM, sweep, trigger, gate or burst. 
Waveforms: sine, square, triangle, ramp or pulse variable symmetry. 
Frequency range: 0.01 Hz to 10 kHz. 
Output level: >1.0 V p-p into 10 kQ. 

Hewlett-Packard's 3312A is an effective low cost solution for gen- 

3312A Specifications 

Amplitude modulation 
Depth: 0 to 100%. 
Modulation frequency: 0.01 Hz to 10 kHz (internal). DC to >1 
MHz (external). 
Carrier 3 dB bandwidth: (100 Hz to >5 MHz. 
Carrier envelope distortion: <2% at 70% sine wave modulation 
with f, = 1 MHz, f, = 1 kHz. 
External sensitivity: (10 V p-p for 100% modulation. 

Frequency modulation 
Deviation: 0 to & 5% (internal). 
Modulation frequency: internal: 0.01 Hz to 10 kHz; external: DC to 
>50 kHz. 
Distortion: (-35 dB at f, = 10 MHz, f, = 1 kHz, 10% modulation. 

Sweep characteristics 
Sweep width: >100:1 on any range. 
Sweep rate: 0.01 Hz to 10 kHz, 90:lO ramp, and 0 Hz Range (pro- 
vides manual setting of "Sweep Start" without modulation generator 
oscillating). 
Sweep mode: repetitive linear sweep between start and stop fre- 
quency settings. Retrace time can be increased with symmetry 
control. 
Ramp output: 0 to >-4 p-p into 5 kQ. 
Gate characteristics: start/stop phase range: +90" to -80". 
Frequency range: 0.1 Hz to 1 MHz (useful to 10 MHz). 
Gating signal frequency range (external): DC to 1 MHz, TTL 
compatible. 

External frequency control 
Range: 1000: 1 on any range. 
input requirement: with dial set at  IO, 0 to -2 V f 20% will linearly 
decrease frequency > 1000: 1. An ac voltage will FM the frequency 
about a dial setting within the limits (0.1 < f < 10) x range setting. 
Linearity: the frequency versus voltage curve will be linear within 
0.5% over a 1OO:l frequency range. 
input impedance: 2.8 kQ f 5%. 

General 
Operating temperature: 0°C to +55"C; specifications apply from 
0°C to 40°C. 
Storage temperature: -40°C to +75"C. 
Power: 100 V, 120 V, 220 V, 240 V +5%, -lo%, switchable; 48 Hz 
to 440 Hz; 5 2 5  VA. 
Size: 102 mm H x 213 mm W x 377 mm D (4" x 834 x 1413&"). 
Weight: net, 3.8 kg ( 8  Ibs, 6 02). Shipping, 5.9 kg (13 Ibs). 

3312A Function Generator $950 



OSCILLATORS & FUNCTION GENERATORS 
4 .000001 Hz to 20 MHz Synthesized Function Generator 

Model 3325A 

3325A 0 
W 

Description 
The HP 3325A Synthesizer/Function Generator provides high pre- 

cision square, triangle, positive and negative ramps and sinewaves 
with synthesizer accuracy with up to 11 digit (1 microHertz) resolu- 
tion. Frequency coverage starts at  an unprecedented 1 microHertz 
(.oooOOl Hz) and extends to 10.999 999 999 MHz for squarewaves, 
10.999 999 999 kHz for triangles and ramps, and to 20.999 999 999 
MHz for sinewaves. Output is 1 mV to 1OV p-p with 4 digits and full 
band sweep featured. 

Precision waveforms 
As a high performance function generator the 3325A provides pre- 

cision, symmetrical squarewaves to 10.999 999 999 MHz with 20 
nsec rise time and .02% + 3 nsec symmetry. Settling time is less than 
1 p sec to within .05% of final value. Use this function for testing 
amplifier rise time and precision timing and gating. 

Ultralinear triangles and both positive and negative ramps provide 
less than .05% linearity to 10.999 999 999 kHz at  full output. The 10 
V p-p output can be increased to 40 V p-p to 1 MHz for square and 
sinewaves with option 002. Use the triangle waves for characteriza- 
tion of audio amplifiers including linearity, gain compression and fre- 
quency response. Precision ramps can be used for VCO testing and 
process control. 

More Features 
Phase offset 

The phase of the output can be changed k719.9" with . l o  resolu- 
tion. The phase is advanced (or retarded) with respect to the starting 
phase. Zero phase can be assigned as a new reference point. Two 
3325A units can be phase locked together for dual phase output appli- 
cations. Use the Modify function to change the phase . l o  at a step. 

DC offset 
All four functions can be offset up to f 4.5 VDC. Maximum offset 

depends on the amplitude range selected. With all functions turned 
off (DC only), t- 5 VDC is available with a source impedance of 50 a. 
With option 002 DC offset is 4 times the range of the standard instru- 
ment. 

Storage registers 
Ten storage registers can be programmed with ten different combi- 

nations of function/parameter settings from the front panel, stored 
and then recalled. Time is saved when a large number of parameters 
are changed for each test. 

Units conversion 
The 3325A can display 11 digits of frequency and 4 digits of volts or 

millivolts from 1 mV to 10 volts peak to peak. Conversion to RMS or 
dBm is simple with the touch of a button. Needless calculations and 
time are saved. 

Synthesizer Accuracy 
The 3325A not only provides precision square, triangle and ramp 

waveforms, but also low distortion sinewaves from 1 microhertz to 
20.999 999 999 MHz. . .all with the same synthesizer accuracy, sta- 
bility and resolution. Sinewave harmonics are 65 dB down below 50 
kHz and you can externally modulate with AM and PM. 

Fully Programmable 
All necessary functions on the 3325A can be controlled from the 

HP-IB. This not only includes the programming of frequency, ampli- 
tude, phase and DC offset, but it also includes function selection, 
modulation, all sweep parameters, amplitude calibration and self- 
test. The 3325A also has a Talk mode which allows the instrument to 
output one ASCII coded parameter at  a time when interrogated from 
the controller. 

A Wideband Sweeper 
Phase continuous 

A major contribution is wideband phase continuous sweep, covering 
up to the full frequency range of each waveform. Sweep log or linear, 
single or continuous without the phase discontinuities usually associ- 
ated with synthesizers. Phase lock loop testing is made easier. 

New Technology 
The 3325A provides unprecedented performance per dollar thanks 

to several major contributions from advances in H P  technology. A 
single loop Fractional-N synthesis technique allows synthesizer accu- 
racy with 1 1 digits of resolution, and as an added bonus. . .phase con- 
tinuous frequency sweep. Fewer parts and integrated circuit 
technology make the difference. A unique method of triangle and 
ramp waveform generation provides excellent linearity. Add micro- 
processor control and Hewlett-Packard Interface Bus (HP-IB) oper- 
ation and the result is more performance, flexibility and versatility on 
the bench or in automatic test systems than previously available, and 
at a lower cost. 
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ynthesizer section, page 364. 
raveforms 
he, Square, Triangle, negative and positive Ramps 
requency 
Range: 
Sine: 1 pHz to 20.C - - - - - . . - . __.- 

Square: I pHz to 10.999 999 999 MHz 
TriangWRamps: 1 pHz to 10.999 999 999 kHz 
Resolution: 1 pHz, < 100 kHz 

1 mHz I 100 kHz 
Accuracy: 5 5 X IO-' of selected value, 20" to 30" C 
lain Signal Output (all waveforms) 
~ ~ ~ ~ r ( ~ ~ ~ ~ -  <no 

h max min max 

W a r e  I Triangle/Ramps 
I I I 

Resolution: 0. 
Amplitude Acci 
Squarewaves/! 

10 Hz to 10 k 
10 kHz to 20 

Triangles/Rampa 
10 Hz to 2 kHz: + 1% 2 "* '  

2 kHz to  10 kHz: 5 6 %  ( 
Squarewave characterlst 

Rise/fall time: 5 20 ns 
Overshoot: 5 5% of pea 
Settllng time: < 1 ps to : 
at full output with no loac 
Symmetry: 5 .02% of pt 

TriangWramp character 
TriangWramp linearity; IIU-/O LO Y U ~ ,  I U  K n q .  Z . U J / O  UI IUII  

p-p output for each ran 
Ramp retrace time: 5 

DC Offset 
Range: 
DC only (no ac signal 

to k4 .5  mV on lowest range 
Resolution: 4 digits 

DC only: + .4% of full output for each range 
DC + AC to  1 MHz: + 1.2%, ramps + 2.4% 

Range: k719.9" with respect to arbitrary starting phase or as- 
signed zero phase 
Resolution: . I  
Increment Accuracy: k 

Phase Modulation 
Squarewave range: + 4 
Triangle range: k42.5" 
Positive and negative ramps: k85" 
Modulation frequency range: DC - 5 kHz 
Connector: Rear panel BNC 
Impedance: 20 kR 

-m 

Accuracy 

DC + AC, 1 MHz-20 MHz: +3% 
Phase Offset 

ge 
I 3 ps, 90% to 10% 

F Erequency Sweep 
Sweep time: 
Linear: 0.01 s to 99.99 s 
Logarithmic: 2 s to 99.99 s single, 0.1 s to 99.99 s continuous - .. - ^ .  . .  . 
Maximum sweep width: Full frequency range ot the main signal 
outDut for the waveform in use, except minimum log start frequency 
I2 
P 
C 

i I'Hz. 
'hase continuity: Sweep is phase continuous over the full frequen- 
y range of the main output 
xiliary Inputs and Outputs 

. C  . . - . . . . - - - - . 
y reference. Signal from 0 dBm to + 20 dBm into 50 Q.  Reference 
ignal must be a subharmonic of 10 MHz from 1 MHz to 10 MHz. 
iync output: Square wave with V (high) L 1.2V, V (low) I 0.2V 
nto 50Q 
, I...- __I _ _ _ _ _ _  ___I ___.. n JD- ̂ __*___* P-- -L.."- 1--12-.- ,.,4,4: 

Au 
Reference input: kor phase-locking j j L 3 A  to an external ~. rrequen- 
C 
S 
6 
ii 
1 Mnz reTerence ourput: u UDIII uuipui IUI plidse-iuuuilg LLUUI- 

tional instruments to the 3325A 
X-Axis drive: 0 to 10 V dc linear ramp proportional to sweep fre- 
quency, .l% linearity, 10 - 90% 
Sweep marker output: High to low TTL compatible voltage tran- 
sition at keyboard selected marker frequency 

Option 001 High Stability Frequency Reference 
Aging rate: -t5 X 10-*/week, 5 1 X IO-'/mo. 
Accuracy: k 5  X lo-* (0' to +50"C) 

Option 002 High Voltage Output 
Frequency range:l pHz to 1 MH2 

Amplitude: 
Range: 4.000 mV pp to 40.00V pp (500 Q, < 500 pf load). 
Accuracy: + 2% of full output for each range at 2 kHz. 
Flatness: f 10% 
Squarewave rise/fall time: 5 100 ns, 10% to 90% at full output 
with 500 Q, 500 pf load. 
Squarewave overshoot: (10% of peak to peak amplitude with 
500 Q, 500 pf load. 
Output impedance: < 2 Q at DC, < 10 R at 1 MHz 

Range: 4 times the specified range of the standard instrument 
Accuracy: +( l% of full output for each range + 25 mV) 
Maximum output current: 40 mApp. 

DC offset: 

General 
Operating Environment: 

Temperature: 0°C to 55°C 
Relative humidity: 95%. 0°C to 40°C 
Altitude: 5 15,000 ft. 
Storage temperature: -40°C to +75"C 
Storage altitude: I 50,000 ft. 
Power: 100/120/220/240V, +5%, -10%; 48 to 66 Hz; 60 VA, 100 
VA with all options; IO VA standby 

Weight: 9 kg (20 Ibs.) net; 14.5 kg (32 Ibs.) shipping 
Dimensions: 132.6 mm high X 425.5 mm wide X 497.8 mm deep 
(5%'' X 16%" X 19%") 
Accessories: 11356A Ground Isolator for breaking signal grounds 
between input/output connectors. 

Ordering Information Price 
3325A Synthesized Function Generator $3,000 
Opt. 001 High Frequency Reference add $550 
Opt. 002 High Voltage Output add $200 

P/N506 1-0089) 
Opt. 908 Rack Flange Kit (Stand alone orders $15 
P/N5061-0077) 
Opt. 909 Rack Flange and Handle Combination Kit $30 
(Stand alone orders P/N5061-0083) 
11356A Ground Isolator $50 

Opt. 907 Front Handle Kit (Stand alone orders $20 



OSCILLATORS & FUNCTION GENERATORS 
0.0005 Hz to 5 MHz function generators 
Model 3310A/B 

I 

~ 

J 

I 

33 1 OA 

Description 
The 33 10A Function Generator is a compacr voltage-conrroiiea 

generator with 10 decades of range. Ramp and pulse functions are 
available in addition to sine, square and triangle. DC offset and exter- 
nal voltage control provide wide versatility. A fast rise time sync out- 
put is provided. Aspect ratio of nonsymmetrical function is 15%/85%. 

The 3310B has all the features of the standard 3310A plus single 
and multide cvcle outDut caDability. . -  

3310A Specifications 
Output waveforms: sinusoidal, .. . re, triangle, positive pulse, neg- - .  , squa 
alive pulse, positive ramp ana negative ramp. Yulses and ramps have 
a fixed 15% or 85% duty cycle. 
Frequency range: 0.0005 Hz to 5 MHz in 

Sine wave frequency response 
0.0005 Hz to 50 kHz: f 1 %  50 kHz to 5 MHz: 24%. Reference, 1 
kHz at full amplitude into 50Q. 

Dial accuracy 
0.0005 Hz to 500 kHz all functions: f (1% of setting + 1% of full 
scale). 
500 kHz to 5 MHz sine, square and trian 
3% of full scale). 
500 kHz to 5 MHz pulse and ramps: f f 1070 or serrine t 170 or IUII 
scale). 
Maximum output on high: >30 V p 
50Q (except for pulses at  frequency > 
Pulse (frequency >2 MHz): >24 V p-p open circuit: > I L  v p-p 
into 50Q. 
Minimum output on low: t 3 0  
into 50Q. 
Output level control: range >31 
for a total range of >60 dB; lo\r U U L ~ U L  IS JU UD UUWII IIUIII  IIIKII 

output. 

10 decade ranges. 

_ _  - . - - - 

- 

Igie: f (3% of setting + 
m .e. . I .m .'.e .. 

Y 

.p open circuit: > 15 V p-p into 
>2 MHz). . .. . .- _. 

mV p-p open circuit: (15 mV p-p 

Sine wave distortion 
0.0005 to 10 Hz: >40 dB (1%). 
10 Hz to 50 kHz (on 1 k range): > 
50 kHz to 500 kHz: >40 dB (1%). 
500 kHz to 5 MHz: >30 dB (3%). 
Square wave and pulse response. llov aI.U L.L..vY ab 

Triangle and ramp linearity: 0.0005 Hz to 50 kHz, < 1%. 
Impedance: 509. 

Sync 
Amplitude: >4 V p p  open circuit, >2  V p-p into 50Q. 

full output. 

$4 
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DC offset 
Amplitude: f 10 V G ~ B I  -11bu11, I J  v IIILU JUU ~ ~ U J U S L ~ U I G I .  

Note: max V ac peak + V dc offset is 2 15 V open circuit, 2 7.5 V 
into 50Q. 
External frequency control: 50:l on any range. 
Input requirement: with dial set to low end mark, a positive ramp of 
0 to +10 V f 1V will linearly increase frequency 501. With dial set 
at  50, a linear negative ramp of 0 to -10 V k 1 V will linearly de- 
crease frequency 50:l. An ac voltage will FM the frequency about a 
dial setting within the limits (1 t f  (50) x range setting. 
Linearity: ratio of output frequency to input voltage (AF/AV) will be 
linear within 0.5%. 
Sensitivity: approximately 100 mV/minor division 
input impedance: 10 kQ. 

General 
Power: 115 V or 230 V f 10%,48 Hz to 440 1 
Dimensions: 114 mm H (without removable ftt;Ll, 1 7 1  mrn W ,  L U ~  
mm D(4b5"x 7 W x  8"). 
Weight: net, 2.7 kg (6 Ib); shipping, 4.5 kg (10 Ib). 

Accessories available 
HP Part No. 5060-8750 filler strip for use with H P  1051A Combin- 
ing Case or HP 5060-8762 Rack Adapter Frame. 

3310B Specifications 
Same as 3310A with the following additions: 
Modes of operation: free run, single cycle, multiple cycle. 
Frequency range: 0.0005 Hz to 50 kHz (usable to 5 MHz). 
Single cycle": ext trigger (ac coupled) requires a positive-going 
square wave or pulse from 1 V p-p to 10 V p-p. The triggering signal 
can be dc offset, but (V ac peak + V dc) 5 f 10 V ext gate (dc coup- 
led) will trigger a single cycle on any positive waveform 2 1 V but 
1 1 0  V which has a period greater than the period of the 3310B out- 
put, and a duty cycle less than the period of the 3310B output. The 
gate signal cannot exceed 10 V. 
Multiple cycle": manual trigger will cause the 3310B to free run 
when depressed. When the trigger button is released, the waveform 
will stop on the same phase as it started. Ext. gate will cause the 
3310B to free run when the gate is held at  between +1 and +10 V. 
When the gate signal goes to zero, the 3310B will stop on the same 
phase as it started. 
Start-stop phase: the start-stop phase can be. adjusted over a range 
of approximately k90". 

Ordering information Price 
3310A Function Generator $840 
3310B Function Generaor $950 
**This specification applies on the X.ooO1 to X1 k range only. 



OSCILLATORS AND FUNCTION GENERATORS 
10 Hz to 10 MHz test oscillators 

Models 651B,652A, 654A 

MOOEL No. 

Description 

Frequency 
Range 
Frequency 
Accuracy 
Frequency 
Response 
(Flatness) 

./I . ._ _. . . \\ 
I 

6518 6521 6541 
Same as Model 651B, HP‘s Model 652A offers an ex- 
pandable output monitor for amplitude control to 0.25% 
across its entire frequency band for greater output and 

Amplitude and frequency stability of this solid state 
capacitancetuned test oscillator provides high quality 
signals for general purpose lab or production measure- 
ments. resettability. panded meter. 
10 Hz to 10 MHz. 6 bands. 

f 2%. 100 Hz to 1 MHz; f 38, 10 Hz to 100 Hz and 1 MHz to 10 MHz. 

k 2%, 100 Hz to 1 MHz; f 3% 10 Hz to 100 Hz; ( 2 4 %  
1 MHz to 10 MHz applies only at 500 or 750 output 
and amplitude readjusted to a reference on the output 

Similar to the 6516 Test Oscillator, HP‘s 654A 
has balanced outputs of 135Q2. 1500, and 6003. 
Automatic leveling over entire frequeny range and ex- 

f 2% 100 Hz to 5 MHz; 2 3% 10 Hz to 100 Hz; 
f 4% 5 MHz to 10 MHz. 
( f 10 dBm and 0 dBm) 20.5% from 10 Hz to 10 
MHz for unbalanced outputs and 10 Hz to 5 MHz for 
1350 and 150Q outputs, and 10 HZ to 1 MHz for 

f0.25%. 3 V and 1 V range; k 0.75%. 0.3 V to 0.3 mV 
range; f 1.75% 0.1 mV range. (Amplitude readjusted 
using expanded scale on output monitor). 

mnnitnr \ ~jnno outout. 

Specifications 

output 

OUttIUt 

3 16 V into 5(K2 or 6000; 6 32 V open circuit. 0.1 mV to 3.16 V full scale, 10 steps in 1. 3, 10 sequence; -70 
dBm to +23 dBm (500 output) full scale, 10 dBm per step; 20 dB coarse and fine adlustable amplitude control. 

+11 dBrn to -90 dBm, 10 dB and 1 dB steps with 
adjustable f 1 dB meter range, calibrated for each im 
pedance 01 500 and 750 unbalanced and 1350, 
1500 and 6000 balanced. 

I 

Distortion I <l%, 10 Hz to 2 MHz; 4%. 2 MHz to 5 MHz; 1 4 %  5 MHz to 10 MHz. 

Monitor 
(Monitor‘s 
Level at 
input 01 
attenuator) 
Output’ 
Connectors 

Attenuator 

Temperature 
Range 
Power 
Weight 
Dim ens i o n s 
PRICE 

10 Hz to 1 MHz, >40 dB below fundamental; 1 MHz 
to 10 MHz. >34 dB below fundamental. 

Top scale calibrated in volts, bottom scale in dB. Ac- 
curacy f 2% of full scale. 

Same as 6516 ptus Expand Scale which expands ref- 
erence voltage of the normal scale from 0.9 to 1.0 or 
2.8 to 3.2 

k 1 dBm with full scale with 0.02 dB resolution. 
Accuracy fO.05 dB. 

BNC connectors. 
90 dB range in 10 dB steps; eO.075 dB, -60 dBm to +20 dBM e 0 . 2  dB, -70 dBm to -60 dBm. 99 dB range in 10 dB and 1 dB steps; e 1.5% (0.15 

dB) except k 10% (1 dB) at output levels below 60 
dBm at frequencies >300 kHz. 

0°C to +55% (32°F to 130°F). 
115V or 230 V f 10%. 48 Hz to 66 Hz. 30 VA max. 
Net, 7.6 kg (17 Ib). Shipping, 9.90 kg (22 Ib). 
133 mm H x 425 mm W x 286 mm D (5.21” x 16.75” x 11.25”). 

I 115 V or 230 V f lo%, 50 HZ to 66 Hz, 35 VA max. 
I Net, 9.4 kg (21 Ib). Shipping, 11.8 kg (26 Ib). 

$1000 $1160 $1370 

‘Maximum dc voltage that can be applied to output < f 3 V p. 



OSCILLATORS & FUhCKXh!l GE 
i 50 MHz programmable signa! source 

Model 8165A 

0 1 mHz to 50 MHz 
a sine, ramp and pulse waveforms 
0 counted burst 

20 Vpp amplitude 
a Fully programmable 

Storage of operating parameters 

50°h 
Symmetry1 
duty cycle 

20% 
Symmetry I 
duty cycle 

80C 
Symmetry/ 
duty cycle 

Sine 

Triangle 

Square 

Ramp 

Square 

Ramp 

Square 

Introduction 
The 8 165A Programmable Signal Source generates sinewaves, tri- 

angles, ramps, square waves and pulses over a frequency range of 1 
mHz to 50 MHz. The pushbutton front panel controls and the LED 
parameter display enable rapid and accurate setting of parameters 
with no repeatability problems. When you include other features such 
as microprocessor control, remote programmability of all parameters, 
and seven operating modes, you have a versatile signal source in just a 
single instrument that can be used in a wide range of applications. 

Microprocessor control 
The 8 165A contains a microprocessor-controlled interface and key- 

board designed to simplify operating and programming. Whether op- 
erating the instrument from its keyboard or from a controller via the 
HP-IB, the microprocessor simplifies parameter and data entry. It 

also checks for illegal operations, incompatible settings, and sets up 
front panel displays. The microprocessor greatly simplifies front pan- 
el operation by enabling any parameter to be changed using only 3 
steps; a PARAMETER key, DATA keys, and an ENTRY key. 

Operating set storage 
Up to 10 complete operating sets (functions and parameters) can be 

stored in the built-in memory. Subsequently you can recall any of the 
I O  sets instantaneously by pressing only two keys or using one pro- 
gram statement. And you don’t have to worry about losing operating 
sets if the 8165A is accidentally switched off or if the power fails. 
Internal batteries preserve the current and stored operating sets for 
up to four weeks. 

Stability, accuracy and resolution 
The use of phase lock loop techniques, plus a 10 MHz internal or 

external crystal reference ensures very stable output frequencies with 
an accuracy of k 1 X IO- deviation from programmed value. Resolu- 
tion is four digits over the frequency range of 1 mHz to 50 MHz. For 
example, in the frequency range 1-9.999 mHz, this is equivalent to a 
resolution of 1 ~ H z .  

Multiple waveform generation 
The multiple waveforms that can be generated by the 8165A suit it 

to a wide range of digital and analog applications. Sine, triangle or 
square waves can be generated at frequencies up to 5OMHz. Ramps 
and rectangular pulses with 20% or 80% duty cycle/symmetry can be 
generated at frequencies up to 19.99 MHz. 

Operating modes 
The 8 165A can be operated in any of eight different modes; normal, 

voltage controlled oscillator (VCO), trigger, gate, counted burst, fre- 
quency modulation (FM), and optional sweep and amplitude modula- 
tion (AM). This wide range of modes enables the 8165A to be used in 
any operating environment. 
Output capability 

The 8165A has been designed to fulfil the requirements of analog 
and digital testing. The source impedance can be set to 50 ohms or 1 k 
ohms for best termination, i.e. minimum distortion and reflection in 
each application. The 8165A can also be used as a current source, or 
supply a variable dc level. 
HB-IB programming 

The use of a microprocessor makes the 8165A very easy to program 
across the HP-IB, and ideal in automatic test systems. All operating 
parameters and functions can be programmed and in learn mode the 
8165A can report its status and its current or stored operating sets. 
Programming is further simplified by the codes on the instrument 
front panel. The framed mnemonics are the ASCII characters re- 
quired for programming. 

5 



Specifications 
Waveforms 

80% symmetry) 
Freguency Characteristics 
Range: 1 .OOO mHz to 50.00 MHz (1 .OOO mHz to 19.99 MHz for 20 
and 80% duty cycle/symmetry). 
Output characteristics 
Range: amplitude and offset independently variable within f 10 V. 
Source impedance: selectable 50Q f 1% or 1 kQ f 10% in parallel 
with 50 pF. 
Amplitude: 10.0 mVpp to 10.0 Vpp (5052 into 50Q) 

Accuracv 

Sine, square/pulse (20,50,80% duty cycle), triangle/ramp (20,50, 

2.00 Vpp to 20.0 Vpp (1 kQ into 5OQ) 

-~ ~ 

Frequency 
1kHz 

1 kHr-5MHz 
5 MHr-20 MHz 

Triangle Triangle Me 
Sina M a r c  (50%) (20% 80%) (20% 80%) 
+2% +2% + 2 %  + 2% * 2% 
+2% +2% +2% * 5% 2 2% 
+5% +5% 2 5 %  * 5% f 5% 

20 MHz-50 MHz 

Resolution: 3 digits. 
Offset: 0 f 10 mV to f5 .00  V (5051 into 50Q). 

0 f 20 mV to f 10.0 V (1 M into 50Q). 
Accuracy: k 1% programmed value f 1% signal Vpp f 20 mv. 
Resolution: 2 digits (10 to 99 mV), 3 digits ( I 1 0 0  mv).  
Sine characteristics 

Distortion: total harmonic distortion (THD) for fundamental up to 
1 MHz: < f 1%. 
Harmonic signals (fundamental 1-10 MHz): (-36 dB. 
Harmonic signals (fundamental above 10 MHz): (-30 dB. 
Non-harmonic: (-40 dB. 

Square/pulse characteristics 
Duty cycle: 20, 50, 80% selectable. 
Transition times (10% to 90%): <5 ns (5052 into 50Q), (7 ns (1 
kQ into 50Q). 
Overshoot/rlnging: < f 5% (5052 into 5051), < f 10% (1 k52 into 
50Q). 
Preshoot: < f 5% (5051 into son), < f 10% (1 k52 into 50Q). 

Symmetry: 20, 50, 80% selectable. 
Linearity: (10% to 90%): 
< f 1% (up to 5 MHz), < f 5% (above 5 MHz). 

TriangWramp characteristics 

Operating modes 
Norm: continuous waveform is generated, phase locked to an internal 
10 MHz crystal reference. 
VCO: external voltage Vi, (f,,,,, = 100 kHz) sweeps output frequency 
over a band. The band is determined by the frequency setting, and the 
frequency shift by the amplitude of V,. 
Trig: each trigger input cycle or manual command generates one out- 
put cycle, min trigger pulse width: 10 ns. 
Gate: external signal enables oscillator when more positive than 
threshold. First and last output cycles are always complete, min. pulse 
width: 10 ns. 
Burst: a preprogrammed number of output cycles is generated on re- 
ceipt of an input trigger signal or manual command, min. time be- 
tween bursts: 50 ns. Burst length: l to 9999 cycles. Min. trigger pulse 
width: 10 ns. 
Frequency modulation: output is frequency modulated by an exter- 
nal voltage applied to a rear panel BNC, 0 to f 1 V modulates 0 to 
f 1% deviation. 

- - 25% +5% +5% to 
-20% 

Modulating frequency: 100 Hz to 20 kHz (Norm mode), dc to 20 
kHz (Gate mode with carrier frequency I 1 kHz). 

Auxiliary inputs and outputs 
Ext. Input: common front panel BNC for external signals used in 
VCO, Trig, Gate, Burst and (Option 001) Sweep ext./trig. 

Signal threshold: +250 mV (upper), 0 V (lower). 
Max input: & 20 V. 
input impedance: 10 M f 10%. 

Amplitude: 0.8 V,, into 50Q (low level zero V, high +0.8 V). 
Duty cycle: as main output. 

Sync output: front panel BNC provides one trigger cycle per main 
output cycle. 

Ext. 10 MHz Ref: rear panel BNC for connection of 10 MHz, TTL, 
system clock, selected by rear panel switch. 

HP-IB programming (IEEE Std 488) 
Settling times 

Frequency: t 2 0 0  ms to settle to final value. 
Other functions: 20 ms. 

10 addressable locations plus one for current operating state. 
Memory 

Capacity: each location can store a complete set of operating param- 
eters and modes. 
Access time: 20 ms each location. 
Storage time: internal battery provides memory retention for ap- 
prox 4 weeks a t  room temperature. 
Options 
00 1 Sweep: provides logarithmic frequency sweep between limits 
set in on the 8165A. Rear panel BNC provides triangular sweep volt- 
age (VlW-,,), 0 to 2.99 V amplitude. 

Sweep rate: O . O l , O . l ,  1 ,  10, 100, 1000 seconds per decade selec- 
table. 
Trigger: internal for continuous sweep, external produces one up- 
down sweep per trigger pulse. 

General 
Power requirements: 100 V, 120 V, 220 V or 240 V; +5 to -lo%, 
48 to 66 Hz, 200 V A max. 
Environmental: operates to specifications from 0 to 50°C, and with 
relative humidity to 95% a t  40°C. 
Storage: -20 to +70°C. 
Weight: net 12 kg (26.5 Ibs). Shipping 16 kg (35.3 Ibs). 
Size: 133 mm H X 426 mm W X 422 mm D (5.2” X 16.8” X 16.6”). 
Accessories available Price 

The following cables for interconnecting HP-IB instruments to the 
bus are available: 
10631A 1 m (3.3 ft), 10631B 2 m (6.5 ft) $60 
10631C 4 m (13 ft), 10631D 0.5 m (1.6 ft) $75 

Options 
002: Sweep + AM 
907: Front Handle Kit 
908: Rack Mounting Kit 
909: Combined Front Handle and Rack Mounting Kit 
910 additional Operating and Service Manual 
8165A Programmable Signal Source 

add $7 10 
add $20 
add $15 
add $30 
add $22 

$6 145 



1 i)m FREQUENCY SYNTHESIZERS 
General information I 

. ...l 

extends from dc to 18 GHz. The table below highlights HP’s complete lineof frequenc; synhesizers. 

Level 
Fwmr Freqency Freqmcy Range Levd Remote OthU 

HP Model Range ReHllutibll Stability dBm - 5M2 Resolution Control Features. 

(Pg 360) 5 ranges 10 kHz (4 digits) Vernier 

(Pg 360) 5 ranges 10 kHz (4 digits) (4 digits) Amp1 

(Pg 598) 17 MHz (20 Hz with + 1199 (4 digits) 

3320A DC 13 MHz 0 01 Hz to lO-’/day 0 to + 13 3/r turn Freq 1 

33206 DC - 13 MHz 0 01 Hz to lO-’/day -73 to + 27 0 01 d6 Freq & 1,8 

3320C 10 kHz to 10 kHz 10-7/day -79 99 to 0 0 1  d6 - 1 

Vernier in) 

3325A”’ DC - 20 MHz 000001 Hz 5 x 10-6/yr -56 02 to 01 d6 or Freq & 8, 11. 12, 

001 Hz (sine) 01v 
(11 digits) (4 digits) 

33306 DC . 13 MHz 0 1 Hz lO-e/day -87 to + 13 0 0 1  d6 Freq & 2. 3, 4, 6. 8 

(Pg 352 &364) (sine) or + 23 98 001 mV to Amp1 13 

(Pg 362) (9 digits) (4 digits) Amp1 

(Pg 366) (4 digits) Amp1 
3335A 200 Hz 80 MHz 001 Hz 10-8Iday -87 to + 13 0 0 1  d6 Freq & 2, 3, 8 

Local 
8660A/C*’ 10 kHz to 1 Hz or 2 Hz 3 x 10-8fday -146 to + 13 10 dB steps Freq , 866011 

(3 plug ins) Remote I d 6  Modulation 8660C 

Freq , FM 8. 9 

(Pg 374) 2600 MHz (10 digits) plus Vernier Amp1 & 5. 2, 8 

Steps 3, 5, 7, 8 
>+ 8 - 8671A 2 t o 6 2  1 kHz 5 x 10-l0/day 

(Pg 380) GHz Modulation 

I I Steps 
‘Other features: (1) 10-n/day freq. stability optional. (2) 5 x 10-lo/day. (3) digital freq. sweep, (4) digital ampl. sweep. (5) internal AM/FM,  @M. (6) External AM. 
(7) 3 x 1 0 - P / d a ~  stability Opt. 0 0 1  (6) HP-IB, (9) External FM, (10) External AM 8 FM. (1 1) 5 X 10-n/week stability, Opt. 001,  (12) external AM (L. @M. (13) phase continuous sweep. 

“The 8 6 6 0 A / C  and 8672A ere synthesized signal generators. They sre discussed in deteil’in the section labeled “Signal Generators.” 
“‘The 3325A SynthesizerlFunction Generator includes squareweves. positive and negative ramps, end triangle waveforms in addition to sinewaves. The waveform capability is 

discussed in detail in the section marked “Oscillators end Function Generators”. 



Today’s measurement needs are placing in- 
creasingly stringent requirements on signal 
sources for greater frequency resolution and 
stability. Narrowband component testing, 
satellite and terrestrial communications, IO- 
cal oscillator and automatic test systems are 
only a few of the many applications that con- 
tinually require better and better signal 
sources. 

Increased amplitude accuracy and resolu- 
tion are also must requirements in many ap- 
plications. The telecommunication industry’s 
Frequency Division Multiplex (FDM) sys- 
tems require high amplitude accuracy and 
resolution (0.01 dB) as well as high frequen- 
cy resolution and stability. These require- 
ments are also finding their place in to many 
R & D and production test situations. 

With new technology continuing cost re- 
ductions in synthesis techniques, the synthe- 
sizer is finding use as a precision oscillator 
and signal generator as well as the more tra- 
ditional uses as a synthesizer. 

Frequency synthesizer definition 
A frequency synthesizer is an instrument 

that translates the frequency stability of a 
single reference frequency to any one of 
many other desired frequencies. This defini- 
tion of a synthesizer distinguishes it from the 
oscillator or signal generator, which derives 
its frequency from a tuned circuit or resonant 
cavity. The stability and resolution of these 
sources are limited by the oscillator compo- 
nents used. However, the synthesizer’s out- 
put frequency is synthesized or created by 
some type of arithmetic operation on the bas- 
ic frequency reference as shown in the syn- 
thesizer model below. 

-Fractional-N allows the +N function nor- 
mally used in the phase locked loop of indi- 
rect synthesizers to divide by fractional 
rather than just integer numbers, resulting in 
less comDlexitv and lower cost. 

level generators as well as synthesizers. Pre- 
cise level control, using a True-RMS leveling 
loop, eliminates the need for external leveling 
and level monitoring. 

Signal quality 
The common specifications which describe 

signal sources include frequency range and 
resolution, amplitude range and resolution, 
distortion and stability. The two primary ad- 
ditional specifications pertinent to the syn- 
thesizer are phase noise and spurious 
content. 
Phase noise: Phase noise describes the 
short term frequency stability of a signal 
source. Internal short-term frequency fluctu- 
ations will produce phase modulation side- 
bands about the nominal frequency. Phase 
noise is a measure of the magnitude of these 
sidebands. There are two common methods 
of specifying phase noise-a sideband plot 
and integrated phase noise. 

The first method expresses phase noise as 
the ratio of the power in one phase noise side- 
band per hertz of bandwidth to the total sig- 
nal power. A sideband plot of the phase noise 
graphically displays the magnitude and fre- 
quency components (spectral density) of the 
phase noise. 

-100 

-110 

1 10 Im I K  1OU 1MU 1M 

OFFSET FROM CARRIER 

Typical 3336A SSB Phase Ndae 
Reference 
Frequency 

Any desired frequency can be obtained by 
selecting the appropriate values for m and n. 
The frequency reference in the above model 
is in many cases an internal crystal, often 
oven stabilized, while in other cases the refer- 
ence is an external standard such as a crystal, 
rubidium gas cell or cesium beam. 

Frequency generation 
Most synthesizers employ direct or indirect 

synthesis techniques for generating the out- 
put frequency. In the direct synthesis 
method, a series of arithmetic operations 
(multiplying, dividing, mixing) are per- 
formed on the reference to achieve the de- 
sired output frequency. High switching speed 
(microseconds) is the primary advantage of 
direct synthesizers. 

Many Hewlett-Packard synthesizers use 
the indirect synthesis method which derives 
its output frequency from one or more volt- 
age tuned oscillators, (VTO), phase locked to 
a reference frequency. The VTO outputs are 
then combined to achieve the desired output 
frequency. HP’s 3325A and 3335A synthe- 
sizers use the new fractional-N technique, al- 
lowing more resolution with fewer loops. 

Integrated phase noise is the ratio of the 
rms value of the total phase noise sidebands 
in a 30 kHz bandwidth around the carrier 
(excluding f 1 Hz) to the power of the car- 
rier. 

For a detailed treatment of the subject of 
phase noise refer to Application Note #207. 
Spurious signals: Spurious signals are dis- 
crete, non-harmonically related signals ap- 
pearing in the output. The spurious output 
specification is the maximum level, in dB be- 
low the carrier, of any spurious signal. 

Hewlett-Packard synthesizers 
Hewlett-Packard offers a wide range of 

high quality frequency synthesizers covering 
the frequency range of DC to 18 GHz. In ad- 
dition to being high performance synthesiz- 
ers, they incorporate many additional 
features which allow them to fulfill the needs 
for either bench or programmable precision 
signal sources or as versatile programmable 
signal generators. 

Precise level control 
Precision amplitude capability consisting 

of 100 dB amplitude range, 0.05 dB flatness, 
and 0.01 dB resolution allow the 3320B/C, 
3330B and 3335A to perform as precision 

Synthesizer/function generator 
The HP 3325A is both a synthesizer and a 

function generator providing high purity syn- 
thesized sinewaves from .000001 Hz to 20 
MHz, precision squarewaves to 10 MHz, lin- 
ear ramps and triangle waveforms to 10 kHz, 
11 digit resolution (1 microhertz <I00 
kHz), wideband phase continuous sweep, 
and HP-IB programmability. Additionally, 
the low price makes the 3325A an excellent 
choice for low frequency systems or bench 
applications. For detailed information on the 
precision waveforms, refer to the Oscillators 
and Function Generators section. 

Synthesized signal generators 
The combined frequency ranges of the HP 

8660A, 8660C, and 8672A Synthesized Sig- 
nal Generators span 10 kHz to 18 GHz. 
These generators couple the frequency accu- 
racy and stability of synthesizers with the 
modulation capability and precise, calibrat- 
ed, wide-range level control of high quaiity 
signal generators. In addition, each of these 
generators offer HP-IB remote control of 
frequency, level, and modulation. Complete 
details of these and other signal generators 
are contained in the Signal Generators sec- 
tion of this catalog. 

Synthesized level generator 
The HP 3335A is a synthesized level gener- 

ator covering the range of 200 Hz to 80 
MHz. Balanced outputs, telecommunication 
output impedances and special connectors 
make this instrument ideal for the telecom- 
munications industry as a stand-alone gener- 
ator with synthesizer stability or as a 
companion generator for the H P  3745A/B 
SLMS. For more information on this gener- 
ator, refer to the Telecommunications sec- 
tion. 

Sweep capability 
The 3330B, 3335A and 8660C are among 

the most linear sweepers ever built. Key- 
board control of built-in microprocessors 
gives these instruments digital sweep (a 
point-by-point sweep with frequency synthe- 
sizer accuracy). 

The 3325A offers a phase continuous rath- 
er than digital sweep over the full frequency 
range of its output. 

The 3330B also offers digital amplitude 
‘sweeps. Amplitude Can be swept in incre- 
ments as small as 0.01 dB to test level 
sensitive circuits like voltage-controlled os- 
cillators and automatic gain control loops. 

Programmability {HP-IB) 
The 3320B, 3325A, 3335A, 8660A/C, 

3330B, 8671A, and 8672A are programma- 
ble via the Hewlett-Packard Interface Bus 
(HP-IB), Hewlett-Packard’s implementa- 
tion of IEEE STD 488-1975. Multiple signal 
sources interfaced to the same interface bus 
each may be independently programmed for 
different functions or frequencies. 



.01 Hz to 13 MHz frequency synthesizer 
Models 3320A & 33206 

3320A 

33208 

Description 
The 3320AfB Frequency Synthesizer has the frequency accuracy, 

stability, and resolution demanded by many of today’s exacting appli- 
cations. The ease and flexibility of adding greater stability means the 
3320A/B can be tailored to your needs as they emerge. Spectral puri- 
ty and low signal-to-phase noise complement the frequency qualities 
of the 3320AfB. 

The 3320B is more than a synthesizer. It offers precise level control, 
superior frequency response, low harmonic distortion and high power 
output. 

Two choices of digital remote control afford great flexibility for to- 
day’s system applications. High precision in both frequency and am- 
plitude means that expensive system monitoring is unnecessary. 

Frequency 
The 3320A/B Frequency Synthesizer has a broad frequency range 

of 0.01 Hz to 13 MHz in seven frequency ranges. 
Three digits plus a ten-turn two-digit continuous vernier, plus 30% 

overrange capability, gives the 3320A/B one part in 106 frequency 
resolution across its total frequency range. 

Amplitude 

dBm) with a continuous +13 dBm to 0 dBm amplitude vernier. 
The 3320A has a maximum one volt rms into 50 ohms output (+ 13 

The 3320B features a four-digit leveling loop with a 0.01 dB level 

resolution of a calibrated output from +26.99 dBm to -69.99 dBm 
(-73.00 dBm under remote control). 

Frequency response of k 0.05 dB over range of 10 Hz to 13 MHz, 
and level accuracy of k0.05 dBm absolute at 10 kHz, complement 
the level capacity of the 3320B. 

Programmability/remote control 
The 3320AfB is a programmable signal source. Digital remote con- 

trol capability may be purchased installed in the instrument, or may 
be added later if the need arises. 

The 3320A, with its Option 003, allows parallel BCD remote con- 
trol of frequency only. The first digit of the frequency vernier, the 
frequency range, and the main frequency digits may be controlled 
remotely. 

The 3320B has two remote control options. Both options allow full 
control of all functions except the last vernier digit and the line 
switch. Option 004 is parallel BCD remote control capability. Option 
007 (HP-IB) is a unique bit-parallel/word serial programming op- 
tion.The Hewlett-Packard Interface Bus (HP-IB) provides a low-cost 
versatile way to interconnect instruments digitally. 

Specifications 
Frequency range: 0.01 Hz to 13 MHz in 7 ranges. 
Frequency ranges: 10 MHz, 1000 kHz, 100 kHz, 10 kHz, 1000 Hz; 
100 Hz and 10 Hz (optional). 30% overrange on all ranges. 
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Vernier Out 
Range (local or remote) 

Freauencv resolution 
Vernier In Vernier In 

(local) (remote) 
_____ 

IHz 10 kHz 10 Hz 1 kHz 
1000 kHz 1 kHz 1 Hz 100 Hz 

Frequency accuracy 
Vernier out: fO.OOl% of setting for 6 mo, 0°C to 55°C. 
Vernier In: fO.Ol% of range for 6 mo, 0°C to 55°C. 

Frequency stability 
Long term: +- 10 parts in 106 of setting per year (vernier out) with 
ambient temperature reference. Optional high stability crystal refer- 
ence oven available (Option 002). 
Signal-to-phase noise (integrated): >40 dB down in 30 kHz 
band, excluding f 1 Hz, centered on carrier. 10 MHz range, vernier 
out. Improves on lower frequency ranges. 
Harmonic distortion: with output frequencies >0.1% of range a t  
full output amplitude, any harmonically related signal will be less 
than the following levels: -60 dB with output from 5 Hz to 100 kHz; 
-50 dB with output from 100 kHz to 1 MHz; -40 dB with output 
from 1 MHz to 13 MHz. 
Spurious: >60 dB down. 
Internal frequency standard: 20 MHz crystal. 
Phase locking: the 3320A/B may be phase locked with a 200 mV to 
2 V rms signal that is any subharmonic of 20 MHz. 
Rear panel output: front or rear panel output is standard. 

Auxiliary outputs 
Tracking outputs: 20 MHz to 33 MHz offset signal. >lo0 mV 
rms/50Q. 
1 MHz reference output: 220 mV rms/5OQ (>0 dBm/SOQ). 
Low level output: same frequency as main output but remains be- 
tween 50 mV rms and 158 mV rms (into 50Q) depending on main 
output level setting. 

3320A Amplitude section 
Amplitude: maximum 1 V rms f 10% into 500. 
Amplitude range: 0 dBm to +I3  dBm range through 3/4 turn front 
panel control (not programmable). 
Frequency response: f 2 dB over total range. 
Output impedance: 50Q (75Q2, Opt 001). 

3320B Amplitude section 
Amplitude range: +26.99 dBm (Y2 watt) to -69.99 dBm (-73.00 
dBm under remote control) into 50Q. (+26.99 dBm = 5 V rms into 
5nm 
b 
F 
d 

100 kHz 

L 

100 Hz 0.1 Hz 10 Hz 

kmpii~uue u w x r u G y  ~uusuiura~; ~ ~ u . 7 . 7  UDIII, LU.UJ u u  LIL iu M ~ L .  

and (20°C to 30°C). 
Output impedance: 50Q (75Q Option 001). 
Options 
001 (3320A/B) 75 ohm: amplitude range (3320B only) +24.99 
dBm to -69.99 dBm (-75.00 dBm under remote control) into 75Q. 
002 (3320A/B) crystal oven*: 5 MHz crystal in temperature stabi- 
lized oven. Long term stability: f 1 part in lO8/day; f 1 part in 

~ 

10 kHz 10 Hz 0.01 Hz 1 Hz 
1000 Hz 1 Hz 1 mHz 0.1 Hz 
100 Hz 0.1 Hz 0.1 mHz 0.01 Hz 
10 Hz 0.01 Hz 0.01 mHz 0.001 Hz 

10’/mo. Frequency accuracy: & 1 part in 10’ of setting per mo. For 
field installation order accessory kit HP 11237A. 
003 (3320A only) BCD remote control*: allows digital remote 
control of frequency only on 3320A. The most significant digit of the 
vernier may be programmed, thus giving four digits, plus 30% over- 
range, control of frequency in seven ranges (two are optional). Fre- 
quency switching and settling time: +0.1% of range, 15 ms, 
f O . O O l %  of range, 60 ms. For field installation order accessory kit 
H P  11238A. 
004 (33208 only) BCD remote control*: allows digital remote 
control of frequency and amplitude. **Four digits of frequency, over- 
range, frequency range, Vernier In/Out, four digits of amplitude, and 
leveling loop response times are all controlled digitally. Frequency 
switching and settling time is +0.01% of range, 15 ms; +0.001% of 
range, 60 ms. Amplitude switching and settling time: (1.5 s to rated 
accuracy. For field installation, order accessory kit H P  11238C. 
006 (3320A/B) 100 Hz, 10 Hz Ranges*: adds two lower frequency 
ranges, 100.0 Hz and 10.00 Hz, yielding greater resolution for low 
frequency outputs (see resolution section of specifications). These two 
ranges are fully programmable if digital remote options are installed. 
For field installation, order Accessory Kit H P  11240A. 
007 (33208 only) HP-18 remote control*: allows bit-parallel word- 
serial remote control of all functions. **This fully-isolated option al- 
lows the 3320B to be interconnected with up to 14 additional HP-IB 
compatible instruments on a common interface bus. Using a unique 
addressing scheme, the 3320B can be singled out to receive its individ- 
ual programming instructions on the bus. This permits several 
3320B’s to be interconnected to the same interface bus, each pro- 
grammed to different frequencies and amplitudes. All front panel 
controls are disabled when in remote control. For field installation, 
order Accessory Kit, H P  11239C. 

Logic Level Requirements for all Digital Remote Control Options. 
State Requirements 

0 V to 0.4 V (5 mA max.) or contact closure 
to ground through (80 ohms. 
+2.4 V to + 5 V or removal of contact clo- 
sure to ground. 

“Low“ (logical “1”) 

“High” (logical “0”) 

General 
Operating temperature: 0°C to 55°C. 
Storage temperature: -40°C to +70°C. 
Power requirements: 115 V or 230 V f IO%, 48 Hz to 63 Hz, 110 
VA max. 
Weight 

Size: 132.6 mm H, 425 mm W, 542.9 mm D (5Y3*“ X 163/,” X 21’4”). 

3320A: net, 14.4 kg (32 Ib). Shipping, 18.1 kg (40 Ib). 
33208: net, 15.9 kg (35 Ib). Shipping, 19.5 kg (43 Ib). 

Options and accessories 
3320A/B Opt 001: 159 output 
3320A/B Opt 002: Crystal oven 
3320A Opt 003: BCD remote control 
33208 Opt 004: BCD remote control 
3320A/B Opt 006: 100 Hz/lO Hz ranges 
33208 Opt 007: HP-IB remote control 
11048C: 50Q feedthrough termination 
110948: 7522 feedthrough termination 
1 1473-74A: Balancing Transformers. 
(see page 55) 
11475A: Balar 
(see page 55) 

Price 

$500 
$370 
$450 
$250 
$800 

$17 
$17 

$290 

$325 

N/C 

Ordering information 
3320A Frequency Synthesizer 
3320B Frequency Synthesizer 
**Except last vernier digit and line switch 

*Field installable. 

$2730 
$3850 



I FREQUENCY SYNTHESIZERS 

Largest d@ 
changed 

Switching and 
settling time 

I 0.1 Hz to 13 MHz automatic synthesizer 
Model 3330B 

0.1 H2 10 H2 1 kH2 100kH2, IMM 
alH2 a 1 W M  a 1 0 k k  or1OMiz 
tl ms to tl ms to tl ms to (1 ms to wlthin 

within within within 5 Hz 500 Hz: t 5 0  ms 

HP-IB 
Digital sweeping of frequency and amplitude 

500  HZ 

Description 
The fully programmable (HP-IB) 3330B Frequency Synthesizer 

has a frequency stability of f 1 x 10-8 per day, -50 dB signal-to- 
phase noise, with a constant resolution of 0.1 Hz up to 13 MHz. Am- 
plitude can be controlled to a resolution of 0.01 dB over a 100 dB 
range. 

Solid-state displays show frequency and amplitude. Nine digits of 
frequency and four digits of amplitude are displayed on the Model 
3330B. 

Spectral purity, not normally associated with frequency synthesiz- 
ers, is a unique feature of the 3330B. Spurious is >70 dB below the 
carrier and harmonics are >60 dB to 40 dB below the carrier, de- 
pending upon the frequency setting. As a sweeper, the 3330B uses 
digital sweeping for linearity. Either single or continuous sweeps may 
be set up. Parameters such as center frequency, frequency step, time 
per step, and the number of steps go into the memory, then are ex- 
ecuted by pressing a single button. The ROM operates the sweep as 
set up until told to stop. Many of the sweep parameters can be 
changed while the instrument is sweeping. The instrument sweeps 
amplitude in steps as small as 0.01 dB. The amplitude can be stepped 
a t  the end of each frequency sweep cycle to produce a family of 
curves. 

0.05 Hz <SO ms to to within 1 Hz 
within 0.01 Hz 

Specifications 
Frequency range: 0.1 Hz to 13,000,999.9 
Frequency resolution: 0.1 Hz (8 digits + 
Frequency stability 
Long term: 2 1 x 10-8 of frequency per day. 2 1 x 10-7 of frequency 
per month. 
Temperature: f 1 x of frequency a t  25°C 2 10°C. f 1 x 10-7 
of frequency a t  0°C to 55°C. 
Signal to phase noise (integrated): 50 dB down in a 30 kHz band, 
excluding f 1 Hz, centered on carrier. 
Harmonic distortion: with full output amplitude, any harmonically 
related signal will be less than the following specified levels. 

5 HZ to 100 kHz: -60 dB. 
100 kHz to 1 MHz: -50 dB. 
1 MHz to 13 MHz: -40 dB. 

Spurious 
All nonharmonically related spurious signals will be greater than 70 

Internal frequency reference: 5 MHz crystal oscillator in tem- 
perature stabilized oven. 

Frequency adjustments 
Coarse: internal adjustment adequate for five years of aging. 
Fine: one turn pot or f 5 V dc for 1.2 to 2.5 x max control with 
internal reference or 3 x 10-5 max control with rear panel switch in 
ext. ref. position without an external reference applied. 
External frequency reference: the 3330B may be phase locked 
with a 200 mV to 2 V rms signal that is any subharmonic of 20 MHz 
from 1 MHz through 10 MHz. 

Rear panel output: front or rear panel output is standard. 

Auxiliary outputs 
20 - 33 MHz tracking output: >lo0 mV rms/50Q. 
1 MHz reference output: >220 mV rms/50Q (0 dBm/5OQ). 
Synthesized search or tune: a frequency step (0.1 Hz min) may be 
entered. This step may be added to or subtracted from the synthesized 
output signal. Rate of search or tune is selected by the time per step 
control. 
Digital sweeping of frequency: accomplished by entering and set- 
ting the center frequency, a frequency step, number of steps, time per 
step, and sweep direction. 
Sweep width: the product of the step size and number of steps. 
Step size: continuously adjustable in 0.1 Hz increments. 
Step accuracy: f 1 x 10-8 per day for standard reference crystal. 
Number of steps: 10, 100, or 1000. 
Time per step: 1 ms, 3 ms, 10 ms, 30 ms, 100 ms, 300 ms, 1000 ms, 
and 3000 ms. 
Direction of sweep: up, both, down. 



Single sweep: initiated by momentary pushbutton. 
Continuous sweep: initiated by momentary pushbutton. 
Manual sweep: accomplished by holding down the freq T or freq 1 
keys. Display will follow output. 
Sweep output: stepped dc voltage proportional to sweep position, 0 
to +1ov. 
Accuracy: f 0.2% of full scale. 
Linearity: fO.1% of full scale. 

Digital outputs 
Step count: 0 to 1000 count on 12 BCD (1-2-4-8) lines to indicate 
sweep position. 
Sweep status: line to indicate when instrument is sweeping. 
Step ready: indicates instrument has spent the selected time per step 
and is ready to go to the next step. 
Sweep modification (continuous): during a continuous sweep, the 
step size, center frequency, sweep direction, and time per step may be 
changed without stopping the sweep. 
Center frequency modification: accomplished by pressing freq T or 

Frequency step: to widen or narrow the sweep width, the frequency 
step size may be expanded or contracted by factors of 2 or 10. The 
keys labeled freq step X2, freq step +2, freq step X10 and freq step 
+10 may be pressed. 
Sweep modification (single): during a single sweep, the time per 
step and direction sweep may be changed without stopping the sweep. 

Amplitude section 
Amplitude: maximum 2.1 V rms into open circuit; maximum 1.05 V 
rms into 50Q. 
Amplitude range: +I3.44 dBm to -86.55 dBm into 50Q. 
Amplitude resolution: 0.01 dB. 
Output impedance: 50Q (75Q Opt 001). 
Display: four digit readout in dBm with reference to 50Q. 
Leveled frequency response: (10 kHz reference) 10 Hz-13 
MHz.* 

fres 1. 

+13.44 dBm to -16.55 dBm: k0.05 dB. 
-16.55 dBm to -36.55 dBm: f O . l  dB. 
-36.55 dBm to -66.55 dBm: k0.2 dB. 
-66.65 dBm to -86.55 dBm: k0.4 dB. 

Amplitude attenuator accuracy: 20.02 dB/10 dB step (at 10 
kHz) of attenuation down from maximum output. 
Amplitude accuracy (absolute): k0.05 dB at 10 kHz and +13.44 
dBm ( 1 5 T  f 5°C). (For absolute accuracy a t  other frequencies and 
amplitudes, add 0.05 dB to the leveled frequency response specifica- 
tion, plus the attenuator accuracy specification.) 
Amplitude modulation: requires external modulation source. Rear 
panel BNC. ALC switch must be in slow position. 

Modulating signal: 100 Hz to 100 kHz. 
Modulation depth: 0.95 V rms modulating signal for 95% modula- 
tion depth. 

Digital sweeping of amplitude: accomplished by entering and set- 
ting the center amplitude, an amplitude step, number of steps, time 
per step and sweep direction. 
Type: linear and symmetrical about the center amplitude. 
Sweep width: product of the step size and number of steps. 
Step size: 0.01 dB to 99.99 dB in 0.01 dB increments. 
Number of steps: IO, 100, or 1000. 
Time per step: 30 ms, 100 ms, 1000 ms, 3000 ms. 
Direction of sweep: up, both, down. 
Single sweep: momentary pushbutton. Display follows output. 
Continuous sweep: momentary pushbutton. Display of center am- 
plitude or step. 
Manual sweep: accomplished by holding down the amp1 T or amp1 1 
keys. Display will follow output. Sweep output, digital outputs, sweep 

modification (continuous), sweep modification (single), all the same 
as with frequency sweep. 

Digital remote control 
Remote control of the 3330B is accomplished via the Hewlett- 

Packard Interface Bus (HP-IB) which is a standard feature of the 
instrument. Both the standard non-isolated HP-IB version and an op- 
tional isolated HP-IB version (Opt. 004) allow full programming of 
all frequency, amplitude and sweep functions. 

The HP-IB interface allows the 3330B to be interconnected with up 
to 14 additional HP-IB compatible instruments on a common inter- 
face bus. Using an industry-standard addressing scheme, the 3330B 
can be singled out to receive its individual programming instructions. 
This permits multiple 3330Bs, or other HP-IB sources, to be connect- 
ed to the same interface bus, each programmed to different frequen- 
cies and amplitudes. 

Connection of instruments to a system controller is vastly simplified 
since all HP-IB instruments are interfaced with a common 1/0 card 
and driver. Hewlett-Packard Models 98 15A, 9825A, 9830A, 983 1A 
and 9845A Calculators, and Models 21MX and 2100 Series comput- 
ers are all compatible with HP-IB. 

Options 
001: 75 ohms-1 V rms (factory installation only). Attenuation and 
output referenced to 75Q. 

002: High Stability Crystal Oven. 

'Add +0.5 dB for leveling off. 

Amplitude range: +11.25 dBm to -88.74 dBm. 

Long term frequency stability: f 1 X IO-gper day. +2 X l0-8per 
month. 
Long term temperature: f l  X 10-9 total frequency a t  25"C, 
f 10°C. k 1 X 10-8 total of frequency a t  25"C, 0°C to +Hoc. 
Frequency adjustments: same as standard instrument. 

003: deletion of Crystal Oven, 20 MHz ambient temperature crystal 
reference oscillator. 

Frequency stability: k 10 parts in 1O6/year. 
Frequency adjustments: rear panel 1 turn pot or rear panel volt- 
age control input for 30 X 

004: isolated Digital Input (factory installation only). With this op- 
tion, the digital input lines are electrically isolated from the signal 
ground. (HP-IB) 

maximum control. 

DC isolation. k 250 V. 
AC isolation: >30 dB, 0 to 1 MHz. 

Amplitude range: +26.99 dBm to -73 dBm into 50 ohms. 

005: 5 V rms-50 ohm output. This option gives the 3330B a *h watt 
output. 

General 
Operating temperature: 0°C to +55"C. 
Storage temperature: -40°C to +70°C. 
Turn on time: application of power to "On": 20 min to within k 1 X 
lo-' of the final frequency. 

Power requirements: 1 15 V or 230 V f IO%, 48 Hz to 63 Hz, 20 W 
standby, 200 W on. 
Weight: net, 22.6 kg (53 Ib). Shipping, 26.8 kg (63 lb). 
Dimensions: 177 mm H X 426 mm W X 547 mm D (7" X 1634," X 
21'47. 

Options Price 
001: 75Q-I V output N /C  
002: crystal oven add $610 

less $150 003: deletion of oven 
add $460 004: isolated HP-IB 

0 0 5  5 v-5m output add $310 

33308 Automatic Synthesizer $7400 

"Standby" to "On": 15 s to full specifications. 



FREQUENCY SYNTHESIZERS 
1  HZ to 21 MHz Automatic Synthesizer 

I 

I 
Model 3325A 

Function Generator 
Sweeper 

0 Programmable 

Description 
The 3325A Synthesizer/Function Generator is an uncompromis- 

ing, high performance synthesizer with 11 digit resolution, a function 
generator with precision waveforms, a wideband sweeper, and a fully 
programmable systems instrument. 

Synthesizer 
The 3325A is first with microhertz resolution below 100 kHz along 

with frequency coverage from .000001 Hz to 20.999 999 999 MHz. 
Signal purity, accuracy and stability are as good or better than earlier 
stand-alone H P  synthesizers. Harmonics are 65 dB down below 50 
kHz and you can externally modulate with AM and PM. 

Function Generator 
The 3325A is also a high performance function generator providing 

precision waveforms with synthesizer accuracy and resolution. 
Squarewaves to 10.999 999 999 MHz have 20 ns rise and fall times. 
Triangles and ramps with .05% linearity are available up to 10.999 
999 999 kHz. All waveforms can be DC and phase offset. 

A WIDEBAND SWEEPER 
A major contribution is wideband phase continuous sweep, covering 

up to the full frequency range of each waveform. Sweep log or linear, 
single or continuous without the phase discontinuities usually associ- 
ated with synthesizers. Phase lock loop testing is made easier. 

Make convenient swept frequency network measurement on filters, 
amplifiers or any passive or active network. Use the TTL marker to 
check the frequency of points of interest on a swept frequency display 
desired. Use the convenient "zoomn functions AFX2 and AF+2 to 
quickly change the frequency span for the display desired. 

FULLY PROGRAMMABLE 
All necessary functions are programmable on the HP-IB, making 

the 3325A a very versatile and powerful addition to automatic test 
systems. The isolated interface combined with floating outputs and 
inputs and talk mode make the 3325A easy to use in Automatic Test 
Systems. 

MORE FEATURES 
The phase of the output can be changed -1719.9" with .lo resolu- 

tion. The phase is advanced (or retarded) with respect to the starting 

3325A 

phase. Two 3325A units can be phase locked together for dual phase 
output applications. 

Ten storage registers can be programmed with ten different combi- 
nations of function/parameter settings from the front panel, stored 
and then recalled. I 

The 3325A can display 11 digits of frequency and 4 digits of volts or 
millivolts from 1 mV to 10 volts peak to peak. Conversion to RMS or 
dBm is simple with the touch of a button. 

NEW TECHNOLOGY 
The 3325A provides unprecedented performance per dollar thanks 

to several major contributions from advances in H P  technology. A 
single loop Fractional-N synthesis technique allows synthesizer accu- 
racy with 11 digits of resolution, and as an added bonus. . .phase con- 
tinuous frequency sweep. Fewer parts and integrated circuit 
technology make the difference. A unique method of triangle and 
ramp waveform generation provides excellent linearity. Add micro- 
processor control and Hewlett-Packard Interface Bus (HP-IB) oper- 
ation and the result is more performance, flexibility and versatility on 
the bench, or in automatic test systems than previously available, and 
a t  a lower cost. 

Specifications 
Refer to the 3325A Data Sheet for complete specifications. Wave- 

form specifications are shown in the "Oscillators and Function Gen- 
erators" section, page 352. 

Model 3325A 
Waveforms 

Frequency 
Range: 
Sine: 1 pHz to 20.999 999 999 MHz 
Square: 1 pHz to 10.999 999 999 MHz 
TriangWRamps: 1 pHz to 10.999 999 999 kHz 
Resolution: 1 pHz, < 100 kHz 

1 mHz 1 100 kHz 
Accuracy: f 5  X lo-' of selected value, 20" to 30°C 
Stability: f 5 X lO-'/year, 20" to 30°C 
Warm-up Time: 20 minutes to within specified accuracy 

Sine, Square, Triangle, negative and positive Ramps 



MAIN SIGNAL OUTPUT (All waveforms) 
Impedance: 50 Cl 
Connector: BNC; switchable to front or rear panel, nonswitchable 
with option 002, except by internal cable change. Output may be 
floated up to 42 V peak (AC + DC) 

Amplitude 
Range: 1 mV to 10 V p-p in 8 amplitude ranges, 1-3-10 sequence (10 
dB steps), into 50 s2 load. 

Resolution: 0.03% of full range or 0.01 dB (4 digits). 
Amplitude Flatness and Accuracy (Sine): 
IOHztoIOkHz:  f O . I d B ( f 1 % ) 2 3 V ;  + . 2 d B ( + 2 % ) , < 3 V  
10 kHz to 10 MHz: f0.3 dB (+3%) 2 3 V; f . 5  dB (+5%), < 3 V 
IO MHz to 20 MHz: k .5 dB ( f 5%) 2 . I  V;f .9 dB ( f IO%), < . I  V 

Sinewave Spectral Purity 
Phase Noise: -54 dB for a 30 kHz band centered on a 20 MHz 
carrier (excluding f 1 Hz about the carrier). 
Spurious: All non-harmonically related output signals will be more 
than 70 dB below the carrier (60db with DC offset), or less than -90 
dBm, whichever is greater. 
Sinewave Harmonic Distortion: Harmonically related signals will 
be less than the following levels (relative to the fundamental) at full 
output for each range: 

Frequency Range Harmonic Level 
10 Hz to 50 kHz 
50 kHz to 200 kHz 
200 kHz to 2 MHz 
2 MHz to 15 MHz 
15 MHz to 20 MHz 

-65 dB 
-60 dB 
-40 dB 
-30 dB 
-25 dB 

, 

Phase Offset 
Range: +. 719.9" with respect to arbitrary starting phase or assigned 
zero phase 
Resolution: .lo 
Accuracy: f .2" 

DC Offset 
Range: DC only (no AC signal): 0 to 5 5.0 V/50 52. 

DC + AC: Maximum DC offset f 4.5 V on highest range, 
decreasing tO f 4.5 mV on lowest range. 

Resolution: 4 digits 
Sinewave Amplitude Modulation 
Modulation depth at full output for each range: 0-100% 
Modulation frequency range: DC -50 kHz (0-21 MHz carrier 
frequency) 
Envelope distortion: -30 dB to 80% modulation at 1 kHz, 0 VDC 
offset 
Sensitivity: k 5 V peak for 100% modulation 
Connector: Rear panel BNC 
Input impedance: 20 kR 
Sanewave Phase Modulation 
Range: f 850°, f 5V input 
Linearity: *0.5", best fit straight line 
Modulation frequency range: DC -5 kHz 
Connector: Rear panel BNC 
Input impedance: 20 kQ 

Frequency Sweep 
Sweep time 
Linear: 0.01 s to 99.99 s 
Logarithmic: 2 s to 99.99 s single, 0.1 s to 99.99 s continuous 
Maximum sweep width: Full frequency range of the main signal 
output for the waveform in use, except minimum log start frequency 
is 1Hz. 
Phase continuity: Sweep is phase continuous over the full frequency 
range of the main output. 

AUXILIARY INPUTS AND OUTPUTS 
Reference Input: For phase-locking 3325A to an external frequency 

reference signal from 0 dBm to +20 dBm into 50 Q .  Reference signal 
must be a subharmonic of IO MHz from 1 MHz to 10 MHz. 

Auxiliary frequency output: 
Frequency range: 21 MHz to 60.999 999 999 MHz, under range 
coverage to 19.000 000 001 MHz, frequency selection from front 
panel. 
Amplitude: 0 dBm; output impedance: 50 D 
Sync output: Square wave with V (high) 21 .2  V, V (low) I 0.2 V 
into 50 R. 
X-Axis drive: 0 to +IO V DC linear ramp proportional to sweep fre- 
quency, linearity, 10-90%. +. . I %  of final value. 
Sweep marker output: High to low TTL compatible voltage transi- 
tion at keyboard selected marker frequency. 
Z-Axis blank output: TTL compatible voltage levels capable of sink- 
ing current from a positive source. Current 200 mA, voltage 45 V, 
power dissipation 1 watt maximum. 
1 MHz reference output: 0 dBm output for phase-locking additional 
instruments to the 3325A. 
10 MHr oven output: 0 dBm internal high stability frequency refer- 
ence output for phase-locking 3325A. (Opt. 001 only) 
HP-IB Control 
Frequency switching time to within 1 Hz (exclusive of program- 
ming time): I 10 ms for 100 kHz step, 1 2 5  ms for 1 MHz step, 
5 7 0  msec for 20 MHz step. 
Phase switching time to within 90" of phase lock (exclusive of 
programming time): I I5 ms. 
Amplitude switching and settling time (exclusive of program- 
ming time): (30 ms to within amplitude accuracy specifications. 
Option 001 High Stability Frequency Reference 
Aging rate: f 5 X 10-8/week, 1 X IO-'/mo. 
Accuracy: f 5  X IO-* (0' to +50°C). 
Warm-up time: Reference will be within f 1 X IO-' of final value 15 
minutes after turn-on at 25°C for an off time of less than 24 hours. 
Option 002 High Voltage Output 
Frequency range: 1 pHz to 1 MHz 
Amplitude 
Range: 4.000 mVpp to 40.00 Vpp (500 a, < 500 pf load). 
Accuracy and Flatness at Full Output: 

Sine and squarewave: 5 .2 dB (5 2%), 10 Hz - 10 kHz; f .9 dB 
(?  10%) 10 kHz- 1 MHz 
Trianglewave: f .2 dB ( f 2%) 10 Hz - 2 kHz; f .6 dB ( * 6%) 2 

Ramps: f .2 dB (+2%) 10 Hz-  2 kHz; f 1.0 dB (f 11%) 2 kHz- 
10 kHz 

Sinewave distortion: Harmonically related signals will be less than 
the following levels (relative to the fundamental full output into 500 
a, load): 10 Hz - 50 kHz: -65 dB 

Maximum output current: 40 mApp. 
Output impedance: < 2 Cl at DC, < IO C2 at 1 MHz 
DC Offset Range: 4 times the specified range of the standard instru- 
ment. 

GENERAL 
Operating Environment: 
Temperature: 0°C to 55°C. 
Relative humidity: 95%, 0°C to 40°C. 
Altitude: I 15,000 ft. 
Storage temperature: -40°C to +75"C. 
Storage altitude: I 50,000 ft. 
Power: 100/120/220/240 V, +5%, -IO%, 48 to 66 Hz; 60 VA, 100 
VA with all options; IO VA standby. 
Weight: 9 kg (20 Ibs.) net; 14.5 kg (32 Ibs.) shipping 
Dimensions: 132.6 mm high X 425.5 mm wide X 497.8 mm deep (5 
Ih" X 1634" X 195/,") 
Accessories: 11356A Ground Isolator for breaking signal grounds 
between input/output connectors. 
Ordering Information Price 
3325A Frequency Synthesizer $3000 

add $550 Opt. 001 High Stability Frequency Reference 
add $200 Opt. 002 High Voltage Output 

11356A Ground Isolator $50 

kHz - 10 kHz 

50 kHZ - 200 kHz: -60 dB 
200 kHz - 1 MHz: -40 dB 



FREQUENCY SYNTHESIZERS 
I ' 200 Hz to 80 MHz automatic synthesizer 
I Model 3335A 

1 mHz Resolution 
High Spectral Purity 
Precision Amplitude Control 
Program Storage 

Description 

HP-IB 

Covering a frequency range of 200 Hz-80 MHz, the 3335A Synth- 
esizer/Level Generator has performance characteristics that make it 
ideally suited for the telecommunications industry, as well as for tra- 
ditional synthesizer applications, including testing of Frequency Divi- 
sion Multiplex (FDM) equipment as well as R & D and production 
testing of communications systems. It features precision level control, 
milliHertz resolution, high spectral purity, internal frequency sweep, 
HP-IB programmability and numerous user conveniences. 

Internal Storage 
Up to 10 different front panel settings (frequency, level, 0 incr, etc.) 

can be stored in internal memory registers for later recall. The DIS- 
PLAY key allows viewing of register contents without altering the 
synthesizer output. 

Precision Amplitude 
Increasing channel capacity of Frequency Division Multiplex 

(FDM) systems is continually placing more stringent requirements 
on the testing of transmission parameters. To meet these performance 
standards, the 3335A incorporates a state-of-the-art attenuator re- 
sulting in attenuator accuracies of up to +.0.03 dB over the 80 MHz 
frequency range. 

Programmability 
The 3335A is fully programmable via the Hewlett-Packard Inter- 

face Bus (HP-IB), HP's implementation of IEEE Standard 
488-1975. Most Hewlett-Packard 9800 Series Programmable Cal- 
culators, as well as Models 21 MX and 2100 series minicomputers, 
are easily interfaced to the HP-IB. 
Frequency Stability 

The 3335A synthesizes its output frequency from an internal tem- 
perature-controlled crystal oscillator which provides +- 1 x lO-*/day 
frequency stability ( 2 5  x lo-'' is optional). The 3335A can also be 
phase-locked to any external frequency standards. 

Automatic Frequency Sweep 
The 3335A combines the precision frequency accuracy and stabil- 

ity of a synthesizer with the time-saving convenience of a digital 
sweeper. 

SLMS - Tracking Generator 
The 3335A operates as a tracking generator with the H P  3745A/B 

Selective Level Measuring Set (SLMS) for automatic or semi-auto- 

matic testing of FDM systems. For closed-loop tracking where the 
3335A and 3745A/B are in the same location, the frequency of the 
generator is controlled by the microprocessor in the SLMS. 

Abbreviated Specifications 
(complete specifications are shown on the 3335A data sheet.) 

Frequency 
Range: 200 Hz-80.999 999 999 MHz. 
Resolution: 0.001 Hz. 
Stability (higher stability available with Opt 001): * 1 x 10-Yday; 
-t 1 x lO-'/month. 
Frequency switching and settling time: (20 i s  to within 90" of 
final phase. 

Spectral purity 
Harmonic components (relative to fundamental, full output): 

Spurious: all non-harmonically related outputs will be greater than 
75 dB below the carrier or -125 dBm, whichever is greater. 
Integrated Phase noise (30 kHr band, excluding f 1 Hz cen- 
tered on the carrier): 9.9 MHz: -63 dB; 20 MHz: -70 dB; 40 

Amplitude 
Range 
50Q: +13.01 dBm to -86.98 dBm; 750: +11.25 dBm to -88.74 
dBm. 
Resolution: 0.01 dB. 
Absolute accuracy (full amplitude at 100 kHz, 10°C to 35°C): 
50.05 dB 
Note: To determine absolute accuracy tolerances a t  other frequencies 
or amplitudes, the flatness and attenuator specifications must be add- 
ed to the above accuracy specification. 
Flatness (relative to 100 kHz, full amplitude): 1 kHz - 25 MHz: 

Attenuator 

Accuracy (1 year) 

200 HZ - 10 MHz: -45 dB. 
10 MHz - 80 MHz: -40 dB. 

MHz: -64 dB; 80 MHz: -58 dB. 

f 0.07 dB; 200 HZ - 80 MHz: f 0.15 dB. 

Range: 98 dB in 2 dB steps. 

2,) A T T E N U A T I O N  ( d B )  F R E Q U E N C Y  
200 Hz 2 5 M H z  80MHz 



Amplitude switching tlme: (500 ms to within f0 .02  dB of final 
value. 
Sweep characteristics 
Sweep Modes: 
Single: IO or 50s single sweep from min. to max. frequency. 
Auto: repetitive sweep from min. to max. frequency at a nominal 125 
ms rate. 
Number of steps: 10 sec., 50 sec., MANUAL 1000 steps; AUTO 
(125 ms): 100 steps. 
Phase dlscontinultles: there will be no significant phase disconti- 
nuities provided the following breakpoints are not crossed: 
200 Hz - <10 MHz: lMHz points, e.g. 1 MHz, 2 MHz, etc. 
10 MHz - (20 MHz: 250 kHz points, e.g. 10.25 MHz, 10.5 MHz, 
etc. 
20 MHz - t 4 0  MHz: 500 kHz points. 
40 MHz - 80 MHz: 1 MHz points. 

Opt 001 (high stability frequency reference) 
Aging rate: f 5 x lO-'"/day; k 2 x 10-8/month; f 1 x lO-'/year. 
Opt 002/004 

For specifications not listed below, refer to standard instrument 
specifications, or the 3335A data sheets. 

Frequency 
Range: 75R: 200 Hz-80.999 999 999 MHz; 1248: 10 kHz-IO MHz; 

Resolution: .001 Hz. 
Amplitude 
Range: +11.25 dBm to -88.74 dBm. 
Resolution: 0.01 dB. 
Flatness (relative to 100 kHz at full amplitude): 

12483 50 kHz - 10 MHz: k0.15 dB; 10 kHz - 10 MHz: f0 .40  dB 

Accuracy at full output (100 kHz, 10°C to 35OC): 7583 f0.05 dB; 
1248/1358: fO.10 dB 
Amplitude accuracy (includes the effects of flatness and atten- 
uator) 

135Q 10 kH2-2 MHz. 

75R: 1 kHz - 25 MHz: 50.07 dB; 200 HZ - 80 MHz: 20.15 dB 

1358: 10 kHz - 2 MHz: A0.18 dB 

75 I1 200Hz 1 k H z  25MHz 00 MHz - 
E +1125 m 

Z J  $ 2 -4074 
I-E - 074 

0 w, -0074 

124 I1  10kHz 50kHz 10MHz - E + 11.25 
m 

+ 2 - 0.74 
3 2 - 40.74 
2 - 70.0' 

I I 
[ 2 0.60 dB I 2 0.35 dB 

135 I1 10kHz 2MHz 

? 0.35 dB 
- E + 11.25 
m 

I- 9 - 0.74 
2 2  

-40.74 
= W  
0 -I -70.0' 

'Levels down to -00.74 dBm can be selected, 
however, accuracies are unspecified due to 
spurious noise floor of -100 dBm. 

outputs 
Output Impedances: 75Q unbalanced, 1248 balanced, 1358 bal- 
anced 
Signal Balance (100 kHz): >60 dB. 

opt 002 
7583 commercial equivalent of WECO type 477B (accepts WECO 
plug 358A). 
1248: commercial equivalent of WECO type 477B at 16 mm 
(0.625") spacings (accepts WECO plug 372A) 
1358: commercial equivalent of WECO type 223A a t  16 mm 
(0.625") spacings (accepts WECO plug 241A). 

758: commercial equivalent of WECO type 560 A (accepts WECO 
plug 439A or 440A). 
124P commercial equivalent of WECO type 560A at 12.7 mm 
(0.5") spacings (accepts WECO plug 443A). 
1358: commercial equivalent of WECO type 223A a t  16 mm 
(0.625") spacings (accepts WECO plug 241A). 

Opt 004 

Opt 003 
Frequency 
Range: 758: 200 Hz - 80.999 999 999 M Hz; 15083 10 kHz - 2 M Hz 
Resolution: .001 Hz. 

Amplitude 
Range: + 11.25 to -88.74 dBm. 
Resolution: 0.01 dB. 
Flatness (relative to 100 kHz at full amplltude): 7583 1 kHz-25 

MHz: f0 .18  dB. 
Accuracy at full output (100 kHz, 10°C to 35°C): 758: f0.05 dB; 
1508: 50.10 dB. 
Amplitude accuracy (Includes the effects of flatness and atten- 
uator) 

MHz: f0.07 dB, 200 HZ-80 MHz: 20.15 dB; 1508: 10 kH2-2 

75 R 2001Hz 1 [ z  251Hz 8 0 I H z  
g + 11.25 

f 0.25 dB f 0.15 dB f 0.35 dB m 
I- 9 - 0.75 

20.30 dB -c0.20 dB f0.45 dB 2 $ -40.74- 
+ >  + 0.40 dB k0.30 dB k 0.70 dB 2 5 -00.74 

150 R 10kHz 2MHz 
+11.25 

f 0.35 dB 

? 0.05 dB 

- 0.74 

- 40.74 

- 70.0' 
'Levels down to -00.74 dBm can be selected, 
however accuracies are unspecified due to 
spurious noise floor of -100 dBm. 

outputs 
Output Impedances: 758 Unbalanced, 150Q Balanced 
Signal Balance (100 kHz): >60 dB 
Connectors 
758: BNC; 150P Pair of BNC's a t  20 mm (0.8") spacings 
General 
Operating envlronment 

Temperature: 0°C to 55°C. 
R.H.: t 9 5 % ,  0°C to +4OoC. 
Storage temperature: -40°C to +75"C. 

Power: 100/120/220/240 V, +5%, -10%; 48 to 66 Hz; 195 VA. 
Weight: net: 18.2 kg. (40 Ibs). Shipping: 26.8 kg. (59 Ib). 
Size: 132.6 mm H x 425.5 mm W x 497.8 mm D (5%'' x 16%" x 
19%"). 
Ordering information Price 
3335A $7000 
opt 001 add $580 
opt 002 add $300 
Opt 003 add $200 
opt 004 add $300 
Prices effective in U.S.A. only. 



1 CALIBRATORS 

Hewlett-Packard calibration instruments 
provide accurate and precise dc and ac 
stimulus for your calibration needs. Accurate 
dc voltage measurements capability to 1000 
volts is also available for testing dc power 
supplies and other precision dc sources. See 

1 2, d General information 

FUNCTKM RAME RESOLUnON MODEL no. PAGE 
AC volts 1 mV-1000 V* 1 ppm 745A 370 
AC volts 
DC volts 0.01v-1ooov 3 digits 69208 369 
AC amps 
DC amps 

k 





Fp CALIBRATORS ' AC calibrator, high voltage amplifier 
i Models 745A & 746A 

745A 

746A 

Description 
Hewlett-Packard's Model 745A AC Calibrator combined with 

Model 746A High Voltage Amplifier is a compact, calibrated AC 
source with continuously adjustable frequency output from 10 Hz to 
110 kHz. Output voltage can be varied from 0.1 mV to 1099.999 V in 
steps as small as 1 ppm of range over the entire frequency range. 

HP's 745A provides the first six voltage ranges, 0.1 mV to 109.9999 
V, while the combination of the 745A and 746A permits expansion to 
1099.999 V as a seventh range. Model 746A can only be used with the 
745A. 

Specifications 
Ranges 
Output voltage ranges: seven ranges with 10% overrange as fol- 

Setttbilily and resobtan 
0.100000 m V  to 1,099999 m V  in 1 n V  steps 
1.OOOW m V  to 10.99999 m V  in 10 nV steps 
10.0000 m V  to 109.9999 m V  in 100 n V  steps 
0.100000 V to 1,099999 V in 1 u V  stem 

100 m V  
. .  

10 v I 1.OOOOOV to 10.99999 V in 10 p V  steps 
1O.OOOOV to 109,9999 V in 100 p V  steps 100 v 

~ 

1000 v 100.000 V to 1099 999 V in 1 m V  steps. 

Output voltage from 100 pV to 11 0 V are available from 745A output 
terminals; voltages from 100 V to 1 100 V are available from the 746A 
output cable. 
Output frequency ranges: continuously adjustable from 10 Hz to 
110 kHz in four decade ranges with 10% overlap. 
Error measurement two ranges with zero center dial; 20.376, 
f 3%. A zero range is provided to easily switch out the effects of the 
error measurement system. 
Performance rating 
Accuracy: accuracy holds for a 90-day period and is met after a one- 
hour warm-up period at 25°C &S"C with (95% RH. This applies 
only to the 745A. Warm-up time required for HP's 746A is approxi- 
mately 30 s. 
Voltage: specifications are absolute, traceable to National Bureau of 
Standards. 
1 mV to 100 V ranges 

50 Hr to 20 kHz f (0.02% of setting + 0.002% of 

10 Hz to 20 Hz + (0.2% of setting + 0.005% of 



Frequency 

20 HZ to 50 Hz 
20 kHz to 50 kHz 

50 kHz to 110 kHz 
10 Hz to 20 HZ 

kO.O8% of setting 
kO.158  of setting 
k (0.2% of setting 

Accuacy 

7468 50 Hz to 20 kHz 

6 3 m a  --- I I-+ I 
6 . 3 r n a  

IOHz 20H2 200Hz IlOkHz 

Frequency (independent of voltage set t ing)  

k 0.04% of setting 

+ 0.005% of range) 

Voltage range 
frequency range, 

error range, and senses 
Contact closure 
NPN transistor 

Reed switch 
through diode 
NPN transistor 
through diode 

Frequency vernier 

Analog voltage 
Resistance to ground 

Frequency: f (2% of setting +0.2% of end scale). 
Error measurement: f (0.5% of setting +OS% of range). 

Requirements 
Less than 400Q to ground 

Open circuit voltage 5 V 
Short circuit current 2 mA 
Maximum voltage on program- 
ming line at closure 0 8 V 

Minimum to maximum of range 
+1 v to +10 v OC 
500Q-10kR 

Temperature coefficient 
Voltage: 1 mV to 100 V ranges: f0.0003% of setting per "C, 0°C to 
55°C. 1000 V range: +.0.0005% of setting per "C, 0°C to 55°C. 
Frequency: +0.05% of end scale per "C, 0°C to 55°C. Derate accu- 
racy specification by this temperature coefficient for operation in 
temperature range of 0°C to 20°C and 30°C to 50°C. 
Voltage stability: stability met after one-hour warm-up period at 
constant temperature with <95% RH. 1 m V to 100 V ranges: 

Long-term: f0.01% of setting for six months. 
Short-term: fO.O05% of setting for 24 hours. 

Long-term: 50 Hz to 20 kHz: f0.01% of setting for six months; 10 
Hz to 50 Hz and 20 kHz to 110 kHz: f0.02% of setting for six 
months. 
Short-term: +. 0.005% of setting for 24 hours. 

Total distortion and noise: 0.05% of setting + 10 WV over 100 
kHz bandwidth on all ranges. 
Total distortion, cycle-to-cycle instability and noise: will cause 
< f 0.005% of error when used to calibrate an average-responding 
or true rms-responding instrument from 1 mV to 1100 V. 

Output impedance: < 1R on 1 mV, 10 mV, 100 mV ranges. On the 
1 V, 10 V, 100 V, and 1000 V ranges for output current equal to or 
less than that shown in the diagram below, error is included in the 
accuracy specification. 

Load capability: 1000 pF or 50 mA on 1 mV to 100 V ranges (50 
mA allows 800 pF at 100 V, 100 kHz). 1000 pF or 63 mA on 1000 V 
range (63 mA allows 100 pF at  1000 V, 100 kHz). 
Line regulation: +0.001% of setting change in output voltage for a 
10% change in line voltage (included in accuracy specs). 
Output terminals: high and low output terminals can be floated 
f 500 V dc above chassis ground. 
Counter output: frequency counter output on 145A rear panel, 2.2 V 
f 50%, protected against short circuits. 

1000 V range 

Output characteristics 

Load regulation (no load to full load) 

5 0 m a  --- 
745A p-l ~ 

25 m a  
10% 20% 110% 

Output vo l tage  sett ing 
5 0 m a  max.  independent of frequency in the 
1,1O,lOOv ranges.  

General 
Operating temperature: 0 ° C  to 55°C. 
Storage temperature: -40°C to + 75°C. 
RFI: meets MIL-I-6181D when using shielded output connectors. 
Power 

745A: 115 V or 230 V f lo%, 50 Hz to 66 Hz, 100 VA max. 
746A: 115 V or 230 V f 10%. 50 Hz to 60 Hz, 850 VA max. 
746 aux power rated at 120 VA max. 

745A: net, 29.3 kg (65 Ib). Shipping, 36.3 kg (80 Ib). 
746A: net, 34 kg (75 Ib). Shipping, 38.5 kg (85 Ib). 

Dimensions 
745A: 221 mm H x 425 mm W x 467 mm D (8.75" x 16.75" x 
18.37"). 
746A: 177 mm H x 425 mm W x 464 mm D (7" x 16.75" x 18.25"). 

Weight 

745A Accessories furnished 
Rack mount kit. 
HP Part No. 5060-0630, 22-pin printed circuit board extender. 
H P  Part No. 5060-0043, 15-pin printed circuit board extender. 
HP Part No. 5060-0031, 10-pin printed circuit board extender. 
HP Part No. 1251-0084 remote programming plug. 
746A Accessories furnished 
Rack mount kit. 
HP Part No. 1251-0485, remote right angle connector. 
HP Part No. 1450-0356, incandescent lamp. 
HP Part No. 4040-0427, extractor. 
HP Part No. 5040-0404, probe holder. 
HP Part No. 5060-0216, joining kit bracket. 
HP Part No. 5060-0630, 22-pin printed circuit board extender. 
HP Part No. 00746-02701, foam filter. 

Ordering information 
745A AC Calibrator 
746A High Voltage Amplifier 

Price 
$5775 
$3750 



A Signal Generators to 40 GHz 

Signal generators 
Hewlett-Packard offers a complete line of 

easy to use HF, VHF, UHF, and SHF signal 
generators covering frequencies between 10 
kHz and 40 GHz. This line includes synthe- 
sized signal generators and solid-state gener- 
ators as well as a complete line of 
performance-proven vacuum tube signal 
generators. Each includes the following fea- 
tures: 1) accurate, easy-to-read frequencies, 
calibrated and variable; 2) accurately cali- 
brated variable output level; 3) wide modula- 
tion capability. 

Beside these basic features, H P  signal gen- 
erator characteristics ensure the utmost con- 
venience and accuracy for all kinds of 
measurements and signal simulations, in- 
cluding receiver sensitivity, selectivity or re- 
jection, signal-to-noise ratio, gain bandwidth 
characteristics, conversion gain, antenna 
gain, and transmission line characteristics, as 
well as power to drive bridges, slotted lines, 
filter networks, etc. 

2 to 18 GHz microwave 
synthesized signal generator 

HP's newest signal generator, Model 
8672A, provides AM/FM capability and 
calibrated output usually associated only 
with signal generators, along with the resolu- 
tion, spectral purity, stability and program- 
mability of a high quality synthesizer. The 
H P  8672A covers 2 to 18 GHz with output 
from +3 to -120 dBm. 

A companion unit, the H P  8671A. is a syn- 
thesizer only, with a minimum of +8 dBm 

from 2 to 6.2 GHz and FM only. Both units 
are programmable via the H P  Interface Bus. 

The H P  8672A will find application in sev- 
eral important areas: 1) As a programmable 
signal simulator in automatic test systems; 2) 
For satellite receiver testing requiring highly 
stable ( 5  x 10-l0/day) signals; 3) for general 
purpose lab use where its multiband capabili- 
ty can replace a benchful of separate band 
generators; and, 4) for production use where 
short runs require different frequency ranges 
from run to run. 

The 8671A will serve in local oscillator ap- 
plications requiring up-conversion or multi- 
plication for satellite communications or 
radio astronomy. SSB noise is -89 dB/Hz 
below the carrier at a 10 kHz offset. Nonhar- 
monk spurious is -70 dB. 

10 kHz to 2600 MHz synthesized 
generator 

The H P  8660A/C is a particularly versa- 
tile synthesized generator family. Two main- 
frames are available. The 8660A utilizes 
thumbwheel switches for frequency selec- 
tion. The 8660C mainframe has a more ver- 
satile keyboard control featuring synthesized 
digital sweep and frequency-step capability. 
Programming options for both BCD and HP- 
IB interfaces are available. 

Three plug-in R F  sections provide three 
separate ranges: IO kHz to 110 MHz, 1 MHz 
to 1300 MHz, and 1 MHz to 2600 MHz. 
Output levels are calibrated over > 140 dB of 
range. A wide range of modulations can be 
configured with plug-in sections. AM, FM, 

and phase modulation as well as external 
pulse modulation are available in various 
combinations. 

Solid-state, high performance 
generators 

This group of signal generators offers all 
the advantages of solid-state design, such as 
increased portability, ruggedness, and reli- 
ability, while still retaining the outstanding 
signal quality characteristics of Hewlett- 
Packard's older vacuum tube signal gener- 
ators. In addition these generators offer 
many features not found on the older gener- 
ators such as digital frequency readout 
(8640B, 8660C). ability to count external 
signals (8640B), field portability (8654AIB) 
and complete remote programming (8660A, 
8660C). 

HF to UHF 
The performance leader of the solid-state 

family is the 8640 signal generator covering 
450 kHz to 550 MHz. Frequency coverage 
can be extended to 1100 MHz with an inter- 
nal doubler (Opt 002) and an optional built- 
in audio oscillator extends the CW output 
range down to 20 Hz (Opt 001). This gener- 
ator is available in three models: the 8640A 
with mechanical slide rule frequency dial; 
the 8640B featuring a built-in 550 MHz 
counter; and the 8640M for ruggedized ap- 
plications. 

The 8640B with built-in counter includes 
two significant new features not previously 
found on Hewlett-Packard signal generators: 



1) the ability to count external signals a t  fre- 
quencies up to 550 MHz and 2) a front panel 
pushbutton to phase-lock the generator’s R F  
output to the counter time base for frequency 
stability of better than 5 x 10-8/hour. 

Internally, the heart of the 8640 is a me- 
chanically tuned high-Q cavity oscillator 
that operates over the range of 230 to 550 
MHz. This oscillator has very good inherent 
stability and exceptionally low noise charac- 
teristics. Nine lower frequency ranges are 
obtained by dividing down the basic oscilla- 
tor frequency and filtering out the unwanted 
harmonics. 

The 8640M is a ruggedized version of the 
8640B featuring phase-locked stability, digi- 
tal read-out, built-in thermal cutoff and re- 
verse power protection. The ‘M’ with its 
aluminum carrying case has been typetested 
to withstand shock, vibration and humidity 
extremes, and is specified to operate over a 
temperature range of -40°C to +55”C for 
field and flight-line measurements. 

Compact, field portable 
Compact, portable signal generators form 

another part of the solid-state family. The 
8654 covering 10 to 520 MHz features cali- 
brated output level with a full range attenua- 
tor and both AM and FM modulation 
capability. Small size and light weight make 
it well suited for field maintenance and oper- 
ational readiness checks in addition to gener- 
al purpose signal generator applications. The 

8654AlB 
Signal Generator 
86551 
SynchronizerICounter 
612A 
Signal Generator 
a 6 1 4 4 . 8 t i i ~  
Signal Generator 
618C, 6206 
Signal Generators 
6264, 6284 
Signal Generators 
938A, 940A 
Frequency Doublers 

Signal generator summary 

386 

386 

390 

391 

392 

393 

393 

10-520 MHz 

10-520 MHz 

450 to 1230 MHz 

0.8 to 2.4 GHz 
1.8 to 4.5 GHz 
3.8 to 7.6 GHz 
7 to 11 GHz 
10 to 15.5 GHz 
15 to 21 GHz 
18 to 26.5 GHz 
26.5 to 40 GHz 

output +10 to -130 dBm into 500. direct calibration, leveled output, amplitude and frequency modulation. 
solid-state, compact, weight 17.4 Ib 
phase lock frequency stabilizer for 8654A and B. 6digit LED display. Lock resolution. 500 Hz. l o w  RFI, 
external count capability to 520 MHz 
output -3 to -127 dBm into 50-ohm load; pulse or square-wave modulation, direct calibration 

output +10 (8616: +3 dBm above 3 GHz) to -127 dBm into 50 ohms, leveled below 0 dBm; internal 
square-wave; external pulse, AM and FM; auxiliary RF output 
output 0 to -127 dBm into 50 ohms, pulse, frequency or square-wave modulation, direct 
calibration, ext FM and pulse modulation, auxiliary RF output 
output +10 dBm to -90 dBm; pulse, frequency or square-wave modulation, direct calibration 

driven by 9 to 13.25 GHz source. 13.25 to 20 GHz source, HP 626A. 628A, 8690 or 8620 series 
sweepers or klystrons; 100 dB precision attenuator 

8654A is an AM generator with uncalibrated 
FM capability, while the 8654B has fully 
calibrated and metered FM and AM. 

The 8655A Synchronizer/Counter com- 
bines with the 8654A and B to phase lock the 
generator’s R F  output to the counter time 
base for frequency stability of better than 0.1 
ppm/hour. In addition the 8655A is an RFI- 
proof counter with the capability to count ex- 
ternal signals up to 520 MHz. 

Performance-proven vacuum 
tube signal generators 
HF to UHF 

The H P  606B, 608E, and 612A signal gen- 
erators collectively cover frequencies from 50 
kHz to 1.23 GHz. All feature extremely low 
drift and incidental frequency modulation, 
and may be amplitude (sine, square, pulse) 
modulated. 

UHF to SHF 
A complete line of Hewlett-Packard mi- 

crowave signal generators provides coverage 
from 800 MHz to 21 GHz. The 618C, 620B, 
626A. and 628A incorporate cavity-tuned 
klystron oscillators with very .low drift and 
residual FM. They may be pulse, square- 
wave and frequency modulated, making 
them useful for microwave receiver testing as 
well as SWR and transmission line measure- 
ments. 

The H P  8614A and 8616A signal gener- 

ators covering 0.8 to 2.4 GHz and 1.8 to 4.5 
GHz feature built-in PIN diode modulators. 
These modulators allow internal or external 
output power leveling as well as a wide range 
of pulse and amplitude modulation. 

H P  938A and 940A Frequency Doubler 
Sets provide low-cost signal generator capa- 
bility in the 18 to 40 GHz range by doubling 
the frequency of signal sources in the 9 to 20 
GHz range. 

Special signal 
generators/accessories 
For Avionics navigation and communica- 
tions applications, the 8640B option 004 
combines digital readout and phase lock fea- 
tures with a demodulated output and special 
AM circuitry. Combined with suitable exter- 
nal modulation sources, the 8640B provides 
for testing and calibration of aircraft 
VOR/ILS and Marker Beacon receivers. 

A variety of accessories are available to en- 
hance the operation of H P  signal generators. 
The list includes a spectrum generator, fre- 
quency doubler, output terminations, a fuse 
holder, balanced mixers, filters, and a series 
of PIN modulators to increase the modula- 
tion capability of microwave signal sources. 
The new H P  11720A Pulse Modulator pro- 
vides high performance pulse modulation ca- 
pablity over the range of 2 to 18 GHz. The 
11710B Down Converter extends the fre- 
quency range of the 8640 and 8654 down to 
10 kHz. 



SIGNAL GENERATORS 
Synthesized Signal Generators 
Model 8660A and 8660C 

10 kHz to  2600 MHz 
Synthesizer stability and accuracy 
1 Hz resolution (2 Hz above 1300 MHz) 

Calibrated output over > 140 dB range 
AM, FM, iPM, or pulse modulation 
Fully TTL programmable 

8660C 

8660 A X  Synthesized signal generator 
System Concept 

The 8660A/C family is a modular solid-state plug-in system. Each 
system includes: 1) a programmable synthesized signal generator 
mainframe, 2) at least one R F  section plug-in, and 3) at least one 
modulation section. This modular plug-in construction allows an 
8660 system to be configured for any specific application while mini- 
mizing the added expense of unnecessary features. 

As its name implies, the 8660 is a true frequency synthesizer. Yet it 
is finding even broader appeal as a high performance signal gener- 
ator. And being completely programmable, the 8660 is the perfect 
choice for most automated receiver or component testing situations. 

Mainframes 
There are two different synthesized signal generator mainframes to 

choose from. Both feature complete TTL programming of frequency, 
output levels, and most modulation functions. The standard program- 
ming interface is BCD and an optional HP-IB interface is available. 
Both mainframes can operate from an internal crystal reference or 
external frequency standard. 

The 8660A mainframe uses thumbwheel switches toselect CW out- 
put frequencies. Frequencies up to 1300 MHz can be entered directly 
with 1 Hz resolution. (For applications requiring frequencies above 
1300 MHz the 8660A must be used with the 86603A Option 003. The 
frequency selection process involves selecting one-half of the desired 
R F  output frequency and activating the 86603A Option 003 front 
panel doubler switch). 

The 8660C keyboard mainframe provides direct keyboard entry of 
CW frequencies up to 2600 MHz. Added capabilities of the 8660C 
include digital sweep, frequency stepping, synthesized search, and a 
ten-digit numerical display. 

Swept testing of very narrowband devices such as crystal filters is 
made possible by the 8660C's digital sweep. Since the R F  output con- 
sists of discrete synthesized steps, the result is a very linear sweep with 
extremely low residual FM. A 0-8 V horizontal sweep output is pro- 
vided for driving XY plotters, oscilloscopes, etc. 

For applications which require frequency to be changed in uniform 
increments, a frequency stepping capability is provided on the 8660C. 

For example, if a receiver with 50 kHz channel spacing is being test- 
ed, a 50 kHz step size can be entered and the frequency stepped to the 
next higher or lower channel with a single key-stroke. 

Synthesized search provides the dial tuning convenience of a signal 
generator while maintaining synthesizer signal quality. As the dial is 
turned the output frequency is tuned up or down in discrete synthe- 
sized steps which may be chosen as small as 1 Hz. 

Plug-In RF Sections 
There are three RF sections to choose from. The 86601A covers the 

10 kHz to 110 MHz frequency range with calibrated output of +13 to 
-146 dBm. The 86602B (used with the 11661B Frequency Extension 
Module) covers 1 MHz to 1300 MHz with output of +10 to -146 
dBm. The 86603A (also used with the 11 661B) covers 1 MHz to 2600 
MHz with output of +7 to -136 dBm. All R F  sections have 1 Hz 
frequency resolution except for 2 Hz above 1300 MHz with the 
86603A. In the remote mode output level can be programmed in 1 dB 
steps over the full operating range. 

Plug-In Modulation Sections 
There are five modulation sections to choose from. The 866328 and 

86633B are both AM/FM modulation sections. An accurate modula- 
tion meter indicates % AM or FM peak deviation.The 86633B differs 
from the 86632B in that the carrier is.phase locked while FM modu- 
lating a t  rates and deviations up to 100 kHz. The 86632B utilizes a 
free running VCO during FM but allows rates and deviations up to 1 
MHz. Any drift can be removed by depressing the FM C F  CAL but- 
ton. 

The 86634A offers only analog phase modulation at rates to 10 
MHz and metered deviations to 100" below 1300 MHz and 200" 
above 1300 MHz. The 86635A @M/FM Modulation Section is simi- 
lar in performance to the 86634A except rates are limited to 1 MHz 
and FM capability is also included. (The 86634A and 86635A must 
be used with Option 002 R F  sections.) 

The 8663 1 B Auxiliary Section provides both external AM and 
pulse modulation. The 86631B Auxiliary Section must be used when 
another modulation section is not installed. 

All modulation functions of the 86632B. 86633B. and 86635A are 
fully programmable. 



8660A 

Frequency Range 

v) 
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P Frequency Resolution 
E Harmonics 
L Spurious: 
I u Non Harmonically Related * 

e (CW, AM, &M only)2 
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I- 

u -  

Power Line Related 

Ratio (CW, AM, &M only)zM 
Signal To Phase Noise 

8660A/C mainframe specifications 
Frequency Accuracy and stability: CW frequency accuracy and 
long term stability are determined by reference oscillator in 8660A/C 
mainframe (3 x lO-B/day) or by external reference, if used. 
Reference oscillator 

Internal: 10 MHz quartz oscillator. Aging rate less than f 3 parts 
in lo8 per 24 hours after 72 hours warm-up. ( & 3 parts in lo9 per 24 
hours, Option 001). 
External: rear panel switch allows operation from 5 MHz or 10 
MHz frequency standard a t  a level between 0.5 V and 2.5 V rms 
into 170 ohms. 

Reference output: rear panel BNC connector provides output of 
reference signal selected a t  level of at least 0.5 V rms into 170 ohms. 
Digital sweep (8660C): auto, single or manual. Selectable speeds 
0.1, 1, or 50 seconds. 

Remote programming 
Functions 

8660A: all front panel frequency and output level, and most modu- 
lation functions are programmable. 
8660C: CW frequency, frequency stepping (STEPT, STEPJ), and 
output level, and most modulation functions are programmable. 
Note: digital sweep is NOT programmable. 

Connector type: 36-pin Cinch type 57 (mating connector sup- 
plied). [Optional HP-IB interface; 24-pin Cinch type 57 (mating 
connector NOT supplied)]. 
Logic: TTL compatible (negative true). 

Switching time: less than 5 ms to be within 100 Hz of any new fre- 
quency selected. (Less than 100 ms to be within 10 Hz). 

Programming input 

866011 866028 866031 
(with 116618) (with 116618) 

0.01-110 MHz 1-1300 MHz 1-2600 MHz 
(2599.999998 MHz) 

CF t 1 3 0 0  MHz r- CF 2 1 3 0 0  MHz 
________--------___- ------------------ (109.999999 MHz) (1299.999999 MHz) 

I 

I 

I 

1 Hz I 2 Hz 
<-40 dB (-30 dB ((-25 dB above +3 dBm) I <--20 dB' 

-80 dB -80 dB below 700 MHz I -74 dB within 
I 

-80 dB above 700 MHz within 45 MHz of carrier 
-70 dB above 700 MHz >45 MHz from carrier 
-50 dB on +10 dBm range 

I 45 MHZ of carrier' 
I -64 dB >45 MHz 
I 

I 

from carrier 
(-64 dB -70 dB (-70 dB 

>50 dB >45 dB I >39 dB 

General 
Operating temperature range: 0 to +55"C. 
Power: 100, 120,220, or 240 volts +5%, -10% 48-66 Hz. Approxi- 
mately 350 watts. 
Weight: [Mainframeonly] net, 23.8 kg (53 Ib). Shipping, 29.6 kg (65 
Ib). 

Options for 8660A/C 
001: f 3  x lO-g/day internal reference oscillator. 
002: no internal reference oscillator. 
003: operation from 50 to 400 Hz line. 
004: 100 Hz frequency resolution (200 Hz above 1300 MHz CF). 
005: HP-IB programming interface. 
100 11661B factory installed. 
009: (8660A only): front panel LED display indicates selected fre- 
quency in 1-2-4-8 BCD code. 

-70 ~ 

-80 

-90 - 

-100- 

-110 - 

-120 ~ 

-130 4 I I I I I 
1 10 102 i o 3  104 105 106 

OFFSET FROM CARRIER 
Phase Noise with 86603A above 1300 MHr increases 6 dB. 
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8660111 

0.01-110 MHz 
+13 dBm to -146 dBm 
+1 dB,+13 to-66dBm 
+ 2  dB,-66 to-146 dBm 
< f 0.5 dB 

0 to 95% 
200 Hz. CFt0.4 MHz 
10 kHz. 0.4sCF <4 MHz 

125 Hz, C F t 0 . 4  MHz 
100 kHz. C F r 4  MHz 

6 kHz,0.4sCFt4 MHz 

100 Hz, C F t 0 . 4  MHz 
60 kHz, C F 1 4  MHz 

5 kHz, 0 . 4 t C F t 4  MHz 
50 kHz.CFz4 MHz 
t l % ,  0.4-110 MHz 
<3%, 0.4-110 MHz 
<5%, 0.4-110 MHz 
DC to 1 MHz with 866328 
20 Hz to 100 kHz with 
866338 
1 MHz with 86632B 
100 kHz with 866338 
t 1 %  up to 200 kHz dev. 
<3% up to 1 MHz dev. 
200 ns 
>50 dB 

8660A 81 8660C (cont.) 

866028 8660311 
(with 116618) (with 116616) 

I 1-1300 MHz 1-1300 MHz I 1300-2600 MHz 
+10 to -146 dBm +10 to -136 dBm I +7 to -136 dBm3 
f 1.5 to-76 dBm 
f 2.0 to-146 dBm 
< + 1.0 dB 

f 2.5 dB. to- 76 dBm3 
f 3.5 dB. to-136 dBm 

< f 2.0 dB 
(1-2600 MHz) 

500 
0 to 90%4 0-5074 

10 kHz. C F t l O  MHz I 10 kHz 

I 

I 

I 

10 kHz, C F r l O  MHz 

6 kHz. C F t l O  MHz I NIA 
60 kHz, C F r l O  MHz 

5 kHz. C F t l O  MHz I N/A 
50 kHz, C F Z l O  MHz 

<1% <5% 
t 3 %  N/A 
<5% N/A 

DC to 200 kHz with 866328 and 86635A 
20 Hz to 100 kHz with 866338 

' 400 kHz w/86632B, 35A 
200 kHz ~ 1 8 6 6 3 3 6  I 200 kHz with 86632B and 86635A 

100 kHz with 866338 
< 1% up to 200 kHz dev. I (1% up to 400 kHz dev. 

50 ns 
>40 dB I >60 dB 

10 kHz to 110 MHz 1 MHz to 1300 MHz 

N/A 

N/A 
N/A 

8660 1 A 

I 
DC to 1 MHz with 86635A 

I 0 to 100 degrees I 0 to 200 degrees 
<5% up to 1 MHz rates 
t 7 %  UD to 5 MHz rates 

RF Sections specifications (cont.) 

Net 5 kg (11 Ib) 
Shipping 6 4 kg (14 Ib) 

Output Level (into 500) 
Output Accuracy 
(local and remote) 
Flatness (output level 
variation with frequency) 
Impedance 
AM Modulation Depth 
3 dB Bandwidth, 

0-30% 

t 1 5 %  up to 10 MHz rates 
Net 4 1 kg (9 Ib) 
Shipping 5 5 kg (12 lb) 

Net 5 kg (11 Ib) 
Shipping 6 4 kg (14 Ib) 

116618 Net 2 3 kg (5 Ib) Shipping 2 7 kg (6 Ib) 

0-70% 

0-90% 

Distortion.5 THD at 30% AM 
at 70%AM 
at 90%AM 

FM Rate 

Maximum Deviation (peak) 

Distortion, THD (at rates 
up to 20 kHz) 
Pulse Rise/Fall Time 
ON/OFF Ratio (with Dulse 
level control at'max.j 
bM Rate 

Maximum Peak Deviation 
Distortion. THD 

Weight 

1 MHz to 2600 MHz 

866028 86603A 

J 

3. For +3 to +7 dBm output levels, output accuracy and flatness will be slightly degraded (above 

4. For RF output level meter readinpa from +3 dB to -6 dB and only at +3 dBm and below. 

5. Applies only at 400 Hz and 1 kHz rates with output meter aet at 0 to +3 dB. AT -6 dB meter selling 

6. Phase modulation is only possible with Option 002 RF Sectiona. 
1300 MHz only). the distortion approximately doubles. 



Moauiarion secrion speciricarions 
866318 866328 866338 8663411 8663511 

- - Functions Ext. Only Int. and Ext. Int. and Ext. 
Indicated Accuracy - 
(at 400 and 1000 Hz rates) 

- - f 5% of full scale 
With 86601A RC ea**inn. 

f 7%! center freque 
With 86603A F 

f 10%. center freque 
Int. and Ext., FM CF 
CAL 
Typically less 
than 200 Hz/hr. > -  .- - -  . --,, 

( 
AM 

Functions 

Center Frequ Typically less 
Long Term Si 

(up to 20 khz rates) 

Functions 

(15°C to 35°C) - MHz rates 

Int. and Ext.. FM CF 
CAL 

than 200 Hz/hr. - 
Indicated Acc 2 5 %  of fr 

- 
PULSE Functions - 

- 
- - 
- - - 

Indicated Accuracy 00 ,..,. @M 

f 15% of lull scale up to 10 MHz rates 
0-100" Peak gM, 0-10, 100, 1000 kHZ 0-100% AM 0-1008 AM 

0-10. 100, 1000 kHz 0-10, 100 kHz FM (0-200" for C F r  FM, 0-100" Pk gM 
FM Pk. Dev. (0-20, Pk. dev. (0-20, 1300 MHz) (0-20, 200, 2000 kHz 
200, 2000 kHz FM 200 kHz FM -200" Pk. gM 
for CF 2 1 3 0 0  MHz) CF 8 1 3 0 0  2 1 3 0 0  MHz) 

Meter 

4uu nz ana 1 KMZ ZJ'X, 
200 mV minimum into 1OkQ. Available on front panel BNC connector 

Internal Modulation 
Source 
output 

Input Impedance 6000 6000 500 6000 

7 kg (6 Ib) Net, 2.7 kg (6 Ib) 

(9 Ib) (7 Ib) (9 Ib) 

Net, 1.8 kg (4 Ib) Net, 2.7 kg (6 Ib) 
Weight ing, 4.1 kg Shipping, 4.1 kg Shipping, 3.2 kg Shipping, 4.1 kg 

FM 

Ext. Onlv 

50Q Pulse 

Net, 1.4 kg (3 Ib) Net, 2. 
Shipping, 2.3 kg 
(5 Ib) (9 Ib) 

- I 111 scale 

Int. and Ext. 
2 5% of full scale up to 1 
f 8 %  of full scale up to 2 ._ . .  

f 5% of full scale 

- 
Int. and Ext. 

LU? r i b c  

Ordering information 
8660A Synthesized Signal Generator Mainframe 
8660C Synthesized Signal generator Mainframe 

Opt 001: k 3  x lO-g/day internal reference oscilla- 
tor 
Opt 002: no internal reference oscillator 
Opt 003: operation from 50 to 400 Hz line 
Opt 004: 100 Hz frequency resolution (200 Hz 
above 1300 MHZ) 
Opt 005: HP-IB programming interface 
Opt 009: (8660A only) LED display indicates se- 

Opt 100 1166B factory installed inside mainframe 
lected frequency in 1-2-4-8 BCD code 

86601A R F  Section 

Price 
$7200 
$9600 

add $210 

less $300 
add $155 
less $350 

$250 
add $210 

add $3800 
$3800 

86602B R F  Section 
86603A R F  Section 

Opt 001: no RF output attenuator (all RF Sections) 
Opt 002: adds phase modulation capability 

Opt 003: allows operation of 86603A with 8660A 
(86602B, 86603A only) 

mainframe 
11661B Frequency Extension Module 
86631B Auxiliary Section 
86632B AM/FM Modulation Section 
86633B AM/FM Modulation Section 
86634A &IM Modulation Section 
86635A &IM/FM Modulation Section 

$4875 
$7100 

less $600 

add $1650 
add $250 

$3800 
$300 

$2200 
$2200 
$1750 
$2450 



SIGNAL GENERATORS 
Synthesized signal generators 
Model 8672A 

2 to 1 8  GHz f requency range 
1 to 3 kHz f requency resolution 
Low spurious a n d  p h a s e  noise 

+3 to -120  dBm cal ibrated output 
(5 x 10-1oIday stability 
Metered  AMlFM 

^-  ,,. 

8672A 

8672A Synthesized signal generator 
The 8672A synthesized signal generator covers the entire 2.0 to 

18.0 GHz frequency range in one compact solid-state package (133 
mm, 5.25 in. high) while providing calibrated output and complete 
AM/FM modulation capability. The 8672A can replace two, three, 
or even four instruments in many applications. 

Advanced thin film technology 
An indirect synthesis approach is used to phase lock a wideband 2.0 

to 6.2 GHz YIG-tuned transistor oscillator (YTO) to the internal (or 
ext.) time base. The output of the YTO drives a YIG tuned multiplier 
(YTM), a product made possible by HP’s advanced microcircuit 
technology, to achieve the 2 to 18 GHz coverage. This YTM produces 
spectrally pure harmonics of the input frequency and selects the prop- 
er harmonic automatically. 

Excellent spectral purity 
The 8672A has been designed for very low single sideband phase 

noise (see figure 2). This characteristic is very important for L.O. 
applications and many tests on communication and radar systems. 
Non-harmonic spurious are also controlled to prevent undesired re- 
sponses. Such signals are -70 dB from 2 to 6.2 GHz and -60 dB 
from 12.4 to 18 GHz, excluding power line related frequencies. 

- 
E rn - 
b 5. 
c g 
a 

Output Frequency (GHz) 

Figure 1. Maximum power typically available on “+IO” attenuator 
setting (Overrange) at 25OC. 

Wide dynamic output range 
For broadband component and receiver testing applications the 

8672A incorporates an exceptionally flat frequency response across 
the full 2 to 18 GHz range. The addition of a calibrated 110 dB R F  
step attenuator on the output results in accurate output control from 
+3 to -120 dBm, enabling very sensitive receiver tests to be made. 
For LO applications an “overrange” position provides additional pow- 
er a t  most frequencies across the full 2 to 18 GHz band. See figure 1. 

Calibrated AM/FM modulation 
To expand the versatility of the 8672A for accurate receiver testing, 

AM/FM capability is provided (with externally applied modulation 
signals). AM depth a t  rates up to 100 kHz can be accurately set using 
the front panel meter. FM is allowed up to 10 MHz rates and peak 
deviations. The meter can also be used to monitor peak deviations on 
any of six selectable ranges. Both AM depth and FM deviation are 
linearly controlled by varying the input voltage up to 1 volt maxi- 
mum. The 8672A remains phase locked in both the AM and FM 
modes. 

Front panel status indicators 
For unambiguous operation, a series of annunciators is convenient- 

ly located on the front panel to indicate the operational “status” of the 
instrument. These include: 

1. AM/FM modes and selected ranges 
2. Output level “overrange” selection 
3. RFON/OFF 
4. “Not phase locked” indication. 
5.  Unleveled condition 
6. Remote operation. 

All functions fully programmable 
The 8672A provides full programmability of all its front panel 

functions: frequency, output level (in 1 dB steps) and modulation se- 
lection. The 8672A has an HP-IB interface (standard on all units) 
and can be used with any H P  9800 series calculator or minicomputer 
for automatic systems application. 

Fa& pulse capability available 
High performance pulse modulation of the 8672A is available by 

the addition of the accessory 11 720A Broadband Pulse Modulator. 
(See page 394). This new Pulse Modulator provides >80 dB ON/ 
OFF ratios with 5 nanosecond (typical) rise and fall times over the 2 
to 18 GHz range of the 8672A. 



8672A specifications 
(See technical data sheet for complete specifications) 

Frequency characteristics 
Frequency range: 2.0-18.0 GHz (with overrange to 18.599997 
GHz). 
Frequency resolution: 1 kHz to 6.2 GHz, 2 kHz to 12.4 GHz, 3 
kHz to 18.0 GHz. 
Time base: internal 10 MHz ( t 5  x 10-'0/day aging rate) or exter- 
nal 5 or 10 MHz. 
Frequency switching time: (15 ms to be within 1 kHz, 2-6.2 
GHz; 2kH2, 6.2-12.4 GHz; 3 kHz, 12.4-18 GHz. 

Spectral purity 
Harmonics, subharmonics and multiples ( 1 1 8  GHr): (-25 dB. 
Sinale-sideband Dhase noise (1 Hz BW. CW mode): 

Offset from F, t3OO Hz 300 Hz to 1 kHz 
2.0-6.2 GHz -50 dB -60 dB 
6.2-12.4 GHz -44 dB -54 dB 
12.4-18.0 GHz -40 dB -50 dB 

SSE 
d Noise Level 

(1 Hz EWI 
dB Below 

Carrier 

>1 kHz 
-65 dB 
-59 dB 
-55 dB 

Offset From Carrier 

Figure 2. Typical 8672A single-sideband phase noise perfor- 
mance using the internal standard, 2.0-6.2 GHz. 

Spurious (CW and AM modes) 
Non-harmonically related: 
(-70 dB, 2.0-6.2 GHz. 
(-64 dB, 6.2-1 2.4 GHz. 
(-60 dB, 12.4-18.0 GHz. 
Power line related (CW mode, and within 5 Hz below line f r s  
quency, and multiples): 

12.4-18.0 GHZ 
0 dBm range 

10 dB steo below 
f 2.25 dB 2 2.85 dB k3.05 dB 2 2.25 dB k0.4 dB/ 

Output characteristics 
Output level (+15OC to +35'C): +3 to -120 dBm 
Total indicated meter accuracy (+15"C to +35OC): 

10 dB steo below 

1 I 0 dBm range 

Remote programming accuracy: 0.75 dB better than indicated 
meter accuracy. 
Flatness (+15OC to +35"C): k0.75 dB, 2.0-6.2 GHz; k 1.00 dB, 

Output level Switching time: (20 ms. 
Source impedance: 5OQ. 
Amplitude modulation 
AM depth (for RF output meter readings 10 dB, +15"C to 
+35OC): 

2.0-12.4 GHz; k 1.25 dB, 2.0-18.0 GHz. 

0-75%, 2.0-6.2 GHz. 
0-60%, 6.2-12.4 GHz. 
0-50%, 12.4-18.0 GHz. 

Sensitivity: 30%/V, lOO%/V ranges. Max input 1 V peak into 6003. 
Rates (3 dB BW): 10 Hz-100 kHz. 
Indicated AM meter accuracy (1 00 Hr - 10 kHz rates): * 5% of 
range. 
Distortion (rates 5 1 0  kHz, RF output 10 dB, +15% to +35C): 
(3% at 30% depth. 

Frequency modulation 
Peak deviation (max): the smaller of 
IO MHz or fmd x 5, 2.0-6.2 GHz. 
10 MHz or fmd x 10, 6.2-12.4 GHz. 
10 MHz or fmd x 15, 12.4-18.0 GHz. 

Sensitivity: 30, 100, 300 kHz/V and I ,  3, 10 MHz/V ranges. Max 
input 1 volt peak into 5OQ. 
Rates (3 dB BW typical): 30,100 kHz/V ranges: 50 Hz to 10 MHz; 
300 kHz/V and 1.3, 10 MHz/V ranges: 1 kHz to 10 MHz. 
Distortion: < 12% for rates (3 kHz decreasing linearly with fre- 
quency to 5% at 20 kHz; (5% for 20 kHz to 100 kHz rates. 
indicated FM meter accuracy (100 kHr rate, +15'C to 35OC): 
+ 10% of full scale. 
Residual FM in FM and CW modes (2-6.2 GHz, residual FM dou- 
bles for 6.2-12.4 GHr, triples for 12.4-18 GHz): 

Remote programming capability 
Frequency: programmable over full range with same resolution as in 
manual mode. 
Output level: programmable over full range in 1 dB steps. 
AM modulation: OFF, 30%/V, and lOO%/V ranges. 
FM modulation: OFF, 30, 100, 300 kHz/V and I ,  3, 10 MHz/V 
ranges. 
Other: R F  ON/OFF, ALC INT./EXT. (crystal or power meter). 
Programming format: HP-IB (Hewlett-Packard Interface Bus). 

General 
Operating temperature range: 0 to +55"C. 
Power: 100, 120,220,240 V +5, -lo%, 48-66 Hz. 300 V A max. 
Weight: net, 27 kg (60 lb). Shipping. 32.5 kg (72 Ib). 
Dimensions: 133 mm H x 425 mm W x 603 mm D (5.25" x 16.75" x 
23.75"). 

Options Price 
less $600 001: No R F  output attenuator 
less $550 002: No internal reference oscillator 

003: Operation at  400 Hz line only add $250 
004: Rear panel R F  output add$  75 
005: Rear panel R F  output without R F  attenuator less $525 
006: Chassis slide kit add$  45 

8672A Synthesized Signal Generator $28,600 



SIGNAL GENERATORS 
Microwave frequency synthesizer 
Model 8671A 

2-6.2 GHz frequency range 
0 1 kHz frequency resolution 
9 (5 x 10-l01day stability 

Low spurious and phase noise 
+8 dBm minimum output power 
HP-IB programmability 

Description 
The 867 1 A microwave frequency synthesizer covers the frequency 

range 2.0 to 6.2 GHz in 1 kHz steps with excellent stability and spec- 
tral purity. It is well suited for most LO applications that require 
state-of-the-art performance as well as broadband capability. 

Spectral purity 
Spurious responses (except power line related) are greater than 70 

dB below the carrier across the full frequency band. And phase noise, 
a critical parameter in many applications, is low enough to permit 
extremely sensitive measurements. 

Output power 
The 8671A has a guaranteed output of +8 dBm a t  all frequencies. 

This is well within the operating range of most commercial mixers. 
However, for the few applications requiring greater power the 8671A 
produces clean outputs as high as +10 dBm at many frequencies. 

Wideband FM 
The 8671A also has frequency modulation capability at rates up to 

10 MHz and peak deviations up to 10 MHz (with externally applied 
signals). Carrier phase-lock is maintained in the FM mode. 

HP-IB programmability 
The standard programming interface offered with the 8671A is di- 

rectly compatible with the Hewlett-Packard Interface Bus. Program- 
mable functions include frequency, FM, and R F  ON/OFF. 

Specifications 
(See technical data sheet for complete specifications.) 

Frequency characteristics 
Frequency range: 2.0-6.2 GHz (6.199999 GHz). 
Frequency resolution: 1 kHz. 
Time base: internal 10 MHz (<5 x 10 -"'/day aging rate) or exter- 
nal 5 or 10 MHz. 
Switching time: < 15 ms to be within 1 kHz. 
Harmonics: <- 15 dBc. 
Single-sideband phase noise (1 Hr BW, CW mode) 

OffrethmF, I 10 Hz I 100 Hz I 1 kHz I 10 kHz I 100 kHz 
SSB level -58dB I -70dB I -78dB I -86 dB I -110 dB 

Output characteristics 
Power (unleveled): +8 dBm (min.), +I5 to 35°C. 

Figure 1. Typical output power available. 

Flatness: <6 dB total variation across full frequency band. 

Frequency modulation 
Peak deviation (max): 10 MHz or fmd x 5, whichever is smaller. 
Sensitivity: 50 kHz/V and 5 MHz/V ranges. Max input 2V peak. 
Rates (3 dB BW): 50 Hz to 10 MHz typical. 

Remote programming 
Frequency: programmable over full range with 1 kHz resolution. 
FM modulation: OFF, 50 kHz/V, and 5 MHz/V ranges. 
Other: RF, ON/OFF. 
Programming format: HP-IB (Hewlett-Packard Interface Bus). 

Genera I 
Operating temperature range: 0 to 55°C. 
Power: 100, 120,220, or 240 V +5, -10%. 48-66 Hz, 300 VA max. 
Weight: net, 24 kg (53 Ib); shipping, 29.5 kg (65 Ib). 
Size: 133 H x 425 W x 603 mm D (5.25" x 16.75" x 23.75"). 

Options Price 
002: No internal reference less $550 
003: Operation at 400 Hz line only add $250 
005: Rear panel R F  output add $ 75 
006: Chassis slide kit add $ 45 

8671A Microwave frequency synthesizer 
$17,600 



@J Wide frequency and power range 
Low broadband and close-in noise 
Calibrated, metered AM and FM 

Precision, high stability, AM-FM, 0.5 to 1024 MHz 
Models 8640A, 86406 

The 86408 also features: 
internal phase lock synchronizer 
external counter to 550 MHz 

8640A (with option 002) 

8640A/B Signal generator 
The 8640 Signal Generator covers the frequency range 500 kHz to 

512 MHz (450 kHz to 550 MHz with band overrange) and can be 
extended to 1100 MHz with an internal doubler (Opt 002). Using the 
11710B Down Converter, the 8640 frequency range can be extended 
down to 10 kHz. An optional audio oscillator (Opt 001) is also avail- 
able with a frequency range of 20 Hz to 600 kHz. This broad cover- 
age, together with calibrated output and modulation, provides for 
complete R F  and IF  performance tests on virtually any type of HF, 
VHF, or UHF receiver. 

Both solid state generators 8640A and B have an output level range 
of +19 to -145 dBm (2V to 0.013 fiV) which is calibrated, metered, 
and leveled to within +0.5 dB across the full frequency range of the 
instrument. 

The 8640A/B generators provide AM, FM, and pulse modulation 
for a wide range of receiver test applications. This modulation is cali- 
brated and metered for direct readout under all operating conditions. 

A reverse power protection option (Opt 003) is available to elimi- 
nate instrument damage due to accidental transmitter keying. This 
module protects against up to 50 watts of applied power and auto- 
matically resets upon removal of the excessive signal. 

Spectrally pure output signals 
Noise performance of the 8640 is state-of-the-art for a solid-state 

generator. The high-Q cavity oscillator has been optimized with use 
of a low-noise microwave transistor for spectrally pure output signals. 

At 20 kHz offsets from 230 to 450 MHz, SSB phase noise is > 130 
dB/Hz below the carrier level and rises to 122 dB/Hz at 550 MHz. 
This signal-to-noise ratio increases by approximately 6 dB for each 
division of the output frequency down to the broadband noise floor of 
better than 140 dB/Hz. This exceptional noise performance is also 
preserved during FM modulation and in the phase-locked mode of the 
8640B. 

Mechanical dial or built-in counter 
There are two versions of the 8640 Signal Generators. One, the 

8640A, has an easy-to-read slide rule dial with scales for each of the 
10 output frequency ranges. There is an additional scale to provide 
direct readout of the output frequency even in the INTERNAL 
DOUBLER band, 512-1024 MHz. 

The 8640B has the same performance features as the 8640A, but 
incorporates a built-in 550 MHz frequency counter and phase lock 
synchronizer. 

The built-in 6 digit counter displays the output frequency and can 
also be used to count external input signals from 20 Hz to 550 MHz. 
This eliminates the need for a separate frequency counter in many 
measurement systems. 
Internal pushbutton synchronizer 

At the push of a button, the 8640B built-in phase lock synchronizer 
locks the R F  output frequency to the crystal time base used in the 
counter. In this locked mode, the output stability is better than 5 X 
IO-o/h and the spectral purity and FM capability of the unlocked 
mode are preserved. For higher stability, it is possible to lock to an 
externally applied 5 MHz standard. Two 8640Bs can also be locked 
together for various 2-tone measurements. 
In the phase locked mode, increased resolution is available by using 

the 'I!? digit increment button. For example, 500 Hz resolution is possi- 
ble for frequencies between 100 and 1000 MHz. 

FM while phase locked 
When phase locked, full FM capability is preserved down to modu- 

lation rates of 50 Hz. The narrow bandwidth of the phase lock loop 
( t 5  Hz) provides for FM modulation up to 250 kHz rates and as- 
sures no degradation in noise from the unlocked mode. This crystal 
stability, coupled with the precision modulation and low noise, makes 
the 8640B ideal for testing narrowband FM or crystal-controlled re- 
ceivers. 



SIGNAL GENERATORS 
Precision, high stability, AM-FM, 0.5 to 1024 MHz 

0.5-1 8-16 
1-2 16-32 
2-4 32-64 
4-8 64-128 

Models 8640A, 8640B (cont.) 

128-256 
256-512 
512-1024 
(opt 002) 

8640A/B specitications 
(See technical data sheet for complete specifications). All specifica- 
tions apply over the nominal Frequency ranges and over the top IO dB 
of the output level vernier range unless otherwise specified. 

Frequency 
Range: 500 kHz to 512 MHz in 10 octave ranges (to 1024 MHz with 
option 002 internal frequency doubler). 
Ranges and range overlap: ranges extend 10% below and 7% above 
the nominal frequency ranges shown below. 

+13 to - 512 to 1024 - 
(Ootion 002) -145 dBm 

+12 to 
-145 dBm 

Frequency Ranges Normal 
( M W  Mode 
0.5-1 10 Hz 

Expand Expand 
x10 XlOO 
1 Hz 0.1 Hz 

UOWJU: on aigir LEU alspldy wirn AIV anu d o 0  expand; accura- 
cy depends on internal or external reference used. 

Normal: <IO ppm/l0 min. 
Locked: (8640B) (0.05 ppm/hr. 

Normal: < 15 min. 
Locked (86406): (1 min. after relocking to be within 0.1 pprn of 
steady state frequency. 

Stability: (after 2 hour warmup) 

Restabiliration time after frequency change 

output 
Range: 10 dB steps and 18 dB vernier provide the following output 
power settings ' - I -  Cnn 

Range 

.- . .. . 

-145dBm I -145dBm I 

I F r 2 E c y  I With @tian($) I 
Level flatness (referred to output at 50 MHr and applies to 1 V 
range and for top 10 dB of vernier range) 

1-16 
16-128 
128-1024 

100 Hz 10 Hz 1 Hz 
1 kHz 100 HZ 10 Hz 
10 kHz 1 kHz 100 Hz 

.."..*" 
(W I 86401/8 I 002 003 I 002/003 

0.5 to 64 I k0.5 dB I +0.75 dB I +LO dB 

F r c q u m  
Range 
WHz) 
0 5 to 

Accuracy 
8640A: mechanical dial; accuracy better than f 1 .O%, resettability 
better than 0.1%. 

Related Related 

86401 86408 86401 86408 
none I >lo0 dBc none I >lo0 dBc 

512 
512 to 
1024 

(Option 002) 

detectable I detectable 

>20 dBcl 

64 to 512 & 1.0 dB 
512 to 1024 - k 1.5 dB - k 2.0 dB 
(Option 002) 

Level accuracy: (worst case as indicated on level meter) f 1.5 dB to 
f 4 . 5  dB depending on level, frequency, and options installed. 

Spectral purity 
Harmonics (at 1 volt, +10 dBm output range and below): 

>30 dB below fundamental, 0.5 to 512 MHz. 
> I 2  dB below fundamental, 512 to 1024 MHz(option 002). 

Spurious output signals (excluding frequencies within 15 kHz 
of the signal whose effects are specified in residual AM and 
FM) 

I I Subharmanicaiv I W o n - h a d c a l v  I 

Carrier Offset Frequency 

Measured SSB Noise vs. Offset from carrier. Markers indicate 
specified limits. 

Residual AM (averaged rms): 0.3 to 3 kHz post-detection noise 
bandwidth >85 dBc. 
Residual FM (averaged rms): 0.3 to 3 kHz post-detection noise 
bandwidth. (CW and up to '/8 maximum allowable peak deviation.) 

0.5 to 512 MHz <5 Hz. 
512 to 1024 MHz (10 Hz. 

'dBc = dB below the carrier. 



Modulation 
General 
Types: Internal AM and FM: External AM, FM and PULSE simul- 
taneous AM and FM or PULSE and FM. 
Internal modulation sources: (independently adjustable output is 
available at  front panel). 
Standard: 8640A or 8640B. 

Frequency: fixed 400 Hz and 1 kHz, f 3%. 
Output level: 1 mV to 1 V rms into 6008. 

Optional: (internal variable audio oscillator Option 001, 8640A or 
8640B). 

Frequency: variable 20 Hz to 600 kHz, ? 15% plus fixed 400 Hz 
and 1 kHz f 3 % .  
Output level: 1 mV to 3 V rms into 6008 

Amplitude modulation 
Depth 

0.5 to 512 MHz: 0 to 100% for output level range from +13 dBm 
and below. 
512 to 1024 MHz: 0 to 100% for output levels of +7 dBm and 
below, excluding the top 6 dB of output vernier range. 

AM Rates: INT and EXT ac; 20 Hz to AM 3 dB bandwidth. EXT dc; 
dc to AM 3 dB bandwidth. 

AM 3 dB bandwidth: 

Frcquamy Range (W) 
0.5-1 
1-2 
2-4 
4-8 

16-32 
32-64 
64-128 
128-256 
256-512 
512-1024 

8-16 

Max- Peak Deviation (ktlz) 
5 
10 
20 
40 
ao 
160 
320 
640 
1280 
2560 
5120 

Frequency Ran;es 
0.5 to 2 MHz 
2 to a MHZ 
a to 512 MHZ 
512 to 1024 MHz 

0 to SOX AM 
20 kHz 
40 kHz 
60 kHz 
60 kHz 

External AM sensltlvlty (400 Hz and 1 kHz rates) 
0.5 to 512 MHz: (0.1 fO.OOS)% AM per mV peak into 60OQ with 
AM vernier at full clockwise position. 
512 to 1024 MHz: nominal 0.1% AM per mV peak into 6008 with 
AM vernier at  full clockwise position. 

Indicated AM accuracy (400 Hz and 1 kHz rates using Internal 
meter) 

0.5 to 512 Mhz: *5 .5% of reading rt 1.5% of full scale from 0 to 
50°C. 
512 to 1024 MHz: not specified; each generator can be individually 
calibrated using operating manual procedure. 

0.5 to 128 MHz: (0.15 radians. 
128 to 512 MHz: (0.3 radians. 
512 to 1024 MHz: (0.6 radians. 

Peak Incidental frequency deviation: equals peak incidental 
phase modulation x modulation rate. 

Peak Incidental phase modulation (at 30% AM) 

50 to 90% AM 
12.5 kHz 
25 kHz 
50 kHz 
50 kHz 

Pulse modulation 

0.5 to 512 MHz 
512 to 1024 MHz 

Frequency 

(1% <3% 
<lo% <20% 

Mode 
0-10 MHz 
10-550 MHz 

Pulse ON/ I :tzpo I 

Wamal Expand X10 Expand X l O O  
100 Hz 10 Hz 1 HZ 
10 kHz 1 kHz 100 Hz 

R ise and 
Fall <9* <4* 
Times 
Pulse 50 Hz 
Repetition to 
Rate 50 kHz 

t t p s  <I* tlps 
typical 

50 Hz 50 HZ 50 Hz 
to to to 

100 kHz 250 kHz 500 kHz 

FM 3 dB Bandwidth: internal and external ac; 20 Hz to 250 kHz 
External dc; dc to 250 kHz. (8640B locked mode: FM above 50 Hz 
only.) 
FM distortion (at 400 Hz and 1 kHz rates) 
< 1% for deviations up to '/s maximum allowable. 
(3% up to maximum allowable deviation. 

External FM sensltlvlty: 1 volt peak into 6008 yields maximum de- 
viation indicated on PEAK DEVIATION switch with FM vernier at  
full clockwise position. 
lndlcated FM accuracy: (400 Hzand 1 kHz rates from 15"to3S0C, 
using internal meter) f ( 7% of reading +1.5% of full scale). 
Incidental AM (at 400 Hz and 1 kHz rates) 

0.5 to 512 MHz: <OS% AM for FM up to '18 max allowable devi- 
ation. (1% AM for FM at maximum allowable deviation. 
512 to 1024 MHz (Opt 002): (1% AM for FM up to '/s max al- 
lowable deviation. 

vernier 
Peak Input 
Required 

Nominally +0.5 V (5 V max). Sinewave or 
Pulse return to zero into 500 

External reference Input: 5 MHz, nominally >0.5 V p-p ( 5  V 
max) into 1 k8. 

Internal Reference (after 2 h warm-up and calibration at  25°C): 
Aging Rate: t0.05 ppm/h; t 2  ppm/90 days. 
Temperature Drift: 
< f 2  ppm from 15" to 35°C. 
< f 10 ppm from 0" to 50°C. 

Typical Overall Accuracy (within 3 months of calibration and from 
15" to 35°C): f 2  ppm. 

General 
Operating temperature range: 0 to 55°C. 
Power Requirements: 100 or 120 volts (+ 5%, -10%) from 48 to 
440 Hz; or 220 or 240 volts (+S%, -10%) from 48 to 66 Hz. 175 VA 
max (Option 002: 190 VA max). 
Weight: 8640A and 8640B: net, 20.8 kg (46 Ib). Shipping, 24.1 kg 
(53 Ib). 
Dimensions: 140 mm H x 425 mm W x 476 mm D (5.5" x 16.75" x 
18.75"). 

Options add $275 
001: (internal variable audio oscillator, 20 Hz to 600 
kHz) 
002: (internal doubler 512-1024 MHz) 
003: (reverse power protection) 
004: (avionics option) 8640B only 

add $850 
add $300 
add $800 

Ordering information 
8640A Signal Generator 
8640B Signal Generator 

Price 
$5500 
$6750 



SIGNAL GENERATORS 
i t Avionics option 

Model 86408  Opt 0 0 4  

output level 
( d W  

Total Accuracy as 
Indicated on 
Level Meter 

Demodulated output from RF detector, ac and dc 
Phase shift; less than 0.01 O at 30 Hz 
External Count Capability: 1 Hz to 550 MHz 

W& option 

f 1.5 dB k2.0 dB r 2 . 5  dB Add k0.5 dB 
+15 to -10 -10 to -50 -50 to -142 003 

except from 
108 to 336 MHz 

86408  NAVICOM signal generator 
The Hewlett-Packard Model 8640B Option 004 NAV/COM Sig- 

nal Generator is an 8640B AM/FM Signal Generator specially 
adapted for testing ILS (Marker Beacon, Localizer and Glide Slope), 
VOR and VHF communications receivers used throughout the Avi- 
ation industry. VOR, LOCALIZER and VHF communications fre- 
quencies (108 to 136 MHz) are available on one frequency band for 
rapid channel selection. GLIDE SLOPE (329 to 335 MHz) and 
MARKER BEACON (75 MHz) frequencies are also easily set using 
the 6-digit LED display. 

The 8640B Option 004 provides highly stable, spectrally pure R F  
signals for testing narrow-channel, crystal controlled receivers. For 
avionics testing, external audio generators are required to provide the 
composite modulation. Designed with versatile AM and FM modula- 
tion, Option 004 features low distortion modulation when used with 
suitable, external VOR/ILS Audio Generators. 

Operation and specifications of the 8640B Option 004 are the same 
as the Standard 8640B AM/FM Signal Generator with the following 
additions: 

Demodulated output 
One front panel BNC connector provides demodulated output from 
the RF peak detector for precise AM settings. A choice of combined 
ac/dc at 1 V rms or ac only at  5 V rms is provided. 

Output level setting 
To ensure the best possible demodulated output linearity, Option 004 
combines a 10 dB step attenuator and a 1 dB step attenuator with a 
vernier. This provides output levels from +15 dBm to -142 dBm (1.3 
V to 0.018 pV). The output level can be read directly from the atten- 
uator dial in dBm or from the front panel meter in dBm or volts. 

External AM input impedance 
External AM input impedance of 2 kQ allows compatible operation 
with old and new generations of external audio generators. 

Low distortion modulation 
The 8640B Option 004 provides flat AM response and minimum 
phase shift at 30 Hz and 9960 Hz as well as constant group delay 
between 9 kHz and 11 kHz for accurate VOR and ILS testing. 

Specifications 
(These specifications apply to 8640B Option 004 in addition to stan- 
dard 8640B specifications. See 8640B AM/FM Signal Generator 
Data Sheet for complete specifications.) 

Spectral purity 
Noise: SSB Broadband noise floor: greater than 1 MHz offset from 
carrier, > 130 dB down. 

Output characteristics 
Range: +15 dBm to -142 dBm (1.3 V to 0.018 pV) 
Attenuators: a 10 dB step attenuator plus a 1 dB step attenuator 
with vernier allow selection of any output level over the full output 
level range. 
Vernier: 2 dB continuously variable from a CAL detent position. 
Level flatness: < f 0.75 dB from 0.5 to 512 MHz referred to output 
at 190 MHz. < f0 .5  dB from 108 to 336 MHz referred to output at  
190 MHz. (Flatness applies from +10 to -10 dBm.) 
Level accuracy 

Modulation characteristics 
Demodulated output (Output vernier in CAL position) (108 to 
118 and 329 to 336 MHz): an internal selector switch allows selec- 
tion of ac only or ac and dc at the demodulated output. 
AC only output: directly proportional to AM depth, (90 to 150 Hz 
modulation frequency). 

%AM equals: (20 f 0.6)% per V rms, 0 to 55°C; (20 f 0.4)% per 
V rms, 20 to 30°C; (20 f 0.2)% per V rms (using calibration sheet 
provided by factory). 

AC and DC output: Ac output voltage is directly proportional to AM 
depth (90 to 150 Hz modulation frequency). 

%AM equals: (100 k 3)% per V rms, 0 to 55°C; (100 k 2)% per V 
rms, 20 to 30OC; (100 5 1)% per V rms (using calibration sheet 
provided by factory). 

DC output equals (1.414 kO.010) V dc with vernier in CAL position. 

Amplitude modulation characteristics (+lo dBm output 
and below) 
External input impedance: nominally 2 kQ. 
Frequency response: (0.1 dB from 90 Hz through 150 Hz (108 to 
118 and 329 to 335 MHz.); (0.1 dB from 9 kHz through 11 kHz 
(108to 118MHz); +3dB(Oto50%AM)fromdcthrough50kHz(8 
to 512 MHz); f 3 dB (0 to 70% AM) from dc through 35 kHz (8 to 
512 MHz). 
Phase shift from audio Input to demodulated output (108 to 
118 MHr) (AM EX1 DC mode, meter function on VOLTS): 

30 Hz < + O . O I o  
30 Hz to 10 kHz <+3O 
9 kHz to 1 1 kHz < f 2" difference. 

86408  Avionics Opt 004  $7550 



SIGNAL GENERATORS - r ,  J c  

Time (after 
3-hr. warm-up) 
Temperature 

500 kHz to 512 MHz 
-40°C to +55"C operating temperature 
Phase lock stability, external count 

t 1 5  ppm/lO min t 2  ppm/lO min 

t 5 0  ppm/"C tl ppm/"C 

0640M 

8640M Signal generator 
The 8640M is a highly ruggedized version of the 8640B signal gen- 

erator which adds field useability and retains the excellent stability 
and signal purity of the 8640B. Six-digit display, phase-lock, and ex- 
ternal count capability similar to the 8640B are standard on the 
8640M. Internal Pulse modulation capability and 50 W reverse pow- 
er protection are also standard. 

The waterproof combination case, constructed to the requirements 
of MiI-T-21200J, provides a protective outer shell and cushioned 
mounts to assure tolerance to the shock and vibration rigors of off- 
road transportation. All controls on the front panel are drip-proof, 
and the air ducts are louvered to allow operation in wind, rain, or 
snow. 

Reliability testing to Mil-Std-781 allows prediction of MTBF's in 
excess of 2200 hours. The testing included vibration, -40°C to 
+55"C temperature cycling, and power cycling. Maintainability test- 
ing to Mil-Std-471 has verified that the mean time to repair the 
8640M is less than 2 hours. 

8640M Specifications 
Frequency 
Range: 500 kHz to 512 MHz in 10 Octave ranges (to 1024 MHz 
with External Frequency Doubler). 
Internal counter resolution: same as 8640B (except no Expand 
XI00 range; no extra !h digit). 
External counter resolution: from 0 to 10 MHz: 10 Hz; from 10 to 
550 MHz: 1 kHz. 
Stability 
I I Normal I locked I 

Output range and accuracy 
usin8 Top 10 dB wig Fun 
of Vernier Range Vernier Range 

Output (dBm) Range +18 to 

Total Accuracy as Indicated 
on Level Meter * 2.0 dB * 2.5 dB +_ 3.0 dB f 0.5 dB 

Modulation 
Types: internal AM, FM, and PULSE. 

external AM, FM, and PULSE. 
Environmental performance 
Temperature: MIL-STD-810B, Method 501, 502 Proc. 1. 

Operating: continuous operation allowed between -40°C 
(-40°F) and +55"C (131°F). Intermittent operation ( t 2 0  min.) 
allowed up to +7I0C (160°F). 
Non-Operating: storage allowed between -60°C (-76°F) and 
+85"C (185°F). 

Ruggedized signal generator, down converter 
Models 8640M, 117108 

Extends frequency range down to 10 kHz on all 8640 and 

Preserves calibrated output level and modulation 
8654 series generators 

Humidity: MIL-STD-IIOB, Method 507 Proc. I .  IO-day test. 
Operating: -40°C (-40°F) to +40°C (104°F) a t  up to 95% RH. 
Non-operating: storage allowed between -60°C (-76°F) and 
+60°C (140°F) up to 95% R.H. Condensation allowed. 

Shock: MIL-T-21200J Class 11. When mounted in its combination 
case, the 8640M will withstand 20 g's shock in any of 3 planes without 
damage. 
Vibration: MIL-T-21200J Class 11. 
Rain: MIL-STD-810B Method 506 Proc. 1. Simulated rain and wind 
conditions up to 12 in./hour rainfall and up to 40 mph wind. Instru- 
ment was in normal operating configuration. 
Explosive Atmosphere: MIL-STD-810B Method 51 1 Proc. 1. 
Type testing verified successful operation in potentially explosive at- 
mosphere laden with avionic fuel vapor. 
Salt Fog: MIL-STD-810B Method 509 Proc. 1. A mechanical mock- 
up was tested to verify the non-corrosive nature of parts, materials, 
and processes. 
Fungus: non-fungus nutrient material used. 
EMI: MIL-STD-461A, Class C1, Test Methods CE 03 and RE 02. 

1 17 1 OB Down converter 
The 11710B Down Converter is an accessory for the 8640 and 8654 

series signal generators. Frequency inputs from 50.01 to 61 MHz are 
down converted to the 10 kHz to 11 MHz range respectively. The 
output level and modulation functions of the 8640 and 8654 remain 
calibrated. A straight-through selection switch allows the input to 
pass through unchanged and thus minimizes the necessity to move 
cables when testing. 

1 17 1 OB Specifications 
Input 
Down-conversion mode: 50.01 to 61.00 MHz at 5 0  dBm. 
Straight-through mode: 0.01 to 1100 MHz (dc coupled). 

Down-converted output 
Frequency range: 10 kHz to 11 MHz. 
Level range: 0 to -107 dBm. 
Level flatness: R F  source flatness k0.5 dB (referred to 4.0 MHz). 
Total level accuracy: +- (1 dB plus input level accuracy). 
Harmonics: >35 dB below the carrier (dBc). 
Intermixing spurious: >60 dBc. 
Local oscillator feed-through (50 MHr): (-100 dBm. 

Internal reference characteristics 
Time base output: 1 MHz or 5 MHz selectable, nominally >0.5 V 
p-p into 5003. This will drive an 8640B or 8655A External Time Base 
Input. 
Typical overall accuracy: (within 3 mo. of calibration and from 
15°C to 35°C): k 2  ppm. 

General 
operating temperature range: 0 to 55°C. 
Power requirements: 100,120,220,240 V (+5%, -IO%), 48 to440 
Hz; 25 VA maximum. 
Weight: net, 3.2 kg (7 Ib); shipping 4.5 kg (9 Ib). 
Dimensions: 102 mm H x 266 mm W x 295 mm D (4" x 10.5" x 
1 1.6"). 

Ordering Information 
8640M Signal generator 
11710B Down converter 

Price 
$8500 
$1050 



, SIGNAL GENERATORS 
Rugged solid-state generator 10 to 520 MHz; synchronizer/counter I A 

i 
Models 8654A, 86548,8655A 

Calibrated output power 
Calibrated AM, FM; internal, external, independent 
25 Watt reverse power protection (optional) 

8654A/B Signal generators 
The HP 8654A/B Signal Generators are portable, low-cost solid- 

state generators providing calibrated output and versatile modulation 
capabilities over the 10 to 520 MHz frequency range. The 8654 pro- 
vides clean R F  signals with harmonics <-20 dBc (dB relative to car- 
rier) and subharmonics and spurious (-100 dBc for testing 
receivers, amplifiers, antennas, and filter networks. The 8654B has 
calibrated AM and FM while the 8654A has uncalibrated FM. 

Its compactness and small size allow the 8654 to fit easily into pro- 
duction, mobile, airborne, and shipboard test locations. Its rugged, 
lightweight construction is also suitable for field maintenance and 
service applications. 

Internal oscillators provide both amplitude modulation and fre- 
quency modulation at 400 Hz and 1000 Hz, or external modulation 
can be accomplished using standard audio oscillators. 

A front-panel meter accurately indicates amplitude modulation 
depth from 0 to 90% when the meter mode switch is in the AM posi- 
tion. Additionally, the 8654B provides calibrated and metered FM 
over four deviation ranges: 0 to 3 kHz, 0 to 10 kHz, 0 to 30 kHz, and 0 
to 100 kHz. 

Reverse power protection is available (Option 003) to protect 
against accidental triggering of transceivers of up to 25 watts into the 
signal generator. 

Effective R F  shielding and output range permit receiver sensitivity 
measurements to be made down to power levels of 0.1 pV. 

8654A / B Specifications 
Specifications apply from 10 to 520 MHz for output power 1 + 1 0  

dBm and over the top 10 dB of output level vernier range unless other- 
wise specified. 

Frequency chacteristics 
Range: IO to 520 MHz in 6 ranges. 

8654A ranges (MHz): IO to 18.6, 18.6 to 35, 35 to 66, 66 to 130, 
130 to 250, 250 to 520. 
86548 ranges (MHr): 10 to 19,19 to 35,35 to 66,66 to 130,130 to 
270,270 to 520. 

Accuracy: & 3% after 2-hour warm-up. 
Settability: settable to within 5 ppm of the desired frequency with an 
external indicator after 1-hour warm-up. 
Stability (after 2-hour warm-up and 15 min. after frequency 
change): ((1 kHz plus 20 ppm)/5 min. 

Spectral purity 
Harmonic distortion (output power 1+3 dBm): (-20 dBc; with 
option 003, <- 15 dBc. 
Subharmonics and non-harmonic spurious (excluding line re- 
lated): (-100 dBc. 
Residual AM (average rms): (-55 dBc in a 50 Hz to 15 kHz post- 
detection noise bandwidth. 

Residual FM on CW (averaged rms deviation): (0.3 ppm in a 0.3 
to 3 kHz post-detection noise bandwidth. (0.5 ppm in a 50 Hz to 15 
kHz post-detection noise bandwidth. 

Output characteristics 
Range: IO dB steps and a 13 dB vernier provide power settings from 
+10 dBm to -130 dBm (0.7 V to 0.07 pV) into 503. With Option 
003, maximum output power is +8 dBm (0.56 V). 
Impedance: 50Q ac coupled. SWR (1.3 on 0.1 V range or lower. 
With Option 003, SWR (1.5 on 0.1 V range or lower. 
Level accuracy (total as Indicated on level meter): +IO to -7 
dBm, f 1.5 dB, -7 to -57 dBm, k2.0 dB; -57 to -97 dBm, f 2 . 5  
dB; -97 to -127 dBm, f 3  dB. 
Level flatness: f 1 dB referenced to the output a t  250 MHz for 
output levels >-7 dBm. 
Auxiliary RF output: >-7 dBm (100 mV) into 5OQ. 
Leakage (with all RF outputs terminated properly): leakage lim- 
its are below those specified in MIL-I-6181D. Furthermore, with an 
output level <O.OlV, less than 0.5 pV is induced in a 2-turn, 25 mm 
diameter loop 25 mm away from any surface and measured into a 50Q 
receiver. 
Reverse power protection (option 003): protects signal generator 
from accidental applications of up to 25 w (+44 dBm) of R F  power 
(between 10 and 520 MHz) into generator output. 

Modulation characteristics 
Amplitude modulation: specifications apply for output power <+3 
dBm.’ 
Depth: 0 to 90%. 
Modulation rate: internal, 400 and 1000 Hz f 10%; external 3 dB 
bandwidth, dc to >20 kHz. 
External AM sensitivity:2 (0.1 kO.Ol)% AM/mV pk into 6003. 
Indicated AM accuracy:2 & (5% of reading +5% of full scale). 
Peak incidental frequency deviation (30% AM):* less than 200 
Hz. 
Envelope distortion:2 <3%, 0 to 70% modulation; (5%. 70 to 90% 
modulation. 

Frequency modulation 
86548: fully calibrated. 
Peak deviation: 0 to 30 kHz from 10 to 520 MHz. 

Deviation ranges: 0 to 3 kHz, 0 to 10 kHz, 0 to 30 kHz, 0 to 100 
kHz. 
Modulation rate: internal, 400 and 1000 Hz f 10%. External 3 dB 
bandwidth, dc to >25 kHz. 
FM distortion:2 (2% for deviations up to 30 kHz, (3% for devi- 
ations up to 100 kHz. 
‘AM is possible above +3 dBm as long as the combination of the AM depth plus carrier output level 
does not exceed +9 dBm. 
‘400 and lo00 Hz modulation rates. 

0 to 100 kHz from 80 to 520 MHz. 



Synchronize 8654A/B, stability 0.1 ppm/hr. 
500 Hz lock resolution 
Low RFI counter to 520 MHz 

Mode 

1 kHz to 10 MHz (EXTERNAL) 
10 MHz to 520 MHz (EXTERNAL & SYNCHRONIZE COUNT) 

External FM sensitivity:2 1 volt peak yields maximum deviation in- 
dicated on peak deviation meter with FM LEVEL vernier a t  fully 
clockwise position. 
Sensitivity accuracy:2 + 12%. 
Indicated FM accuracy (15Oto 35°C):2 + (12% of reading +3% of 
full scale). For 100 kHz deviation above 130 MHz, add 3% of 
reading. 
Incidental AM9 < 1% AM at 30 kHz deviation. 
Frequency modulation, 8654A: uncalibrated. 

Deviation: >O. 1% of carrier frequency, maximum. 
Modulation rate: internal, 400 & 1000 Hz + 10%. External 3 dB 
bandwidth, dc coupled to >25 kHz driven from 6003 or less. 
External FM sensitivity: 10 V,, into 6003 yields >0.1% deviation 
(k 15 volts max). 

General characteristics 
Power: 100,120,220, or 240 volts +5%, -lo%, 48 to 440 Hz; 25 VA 
maximum. 2.3 m (7.5 ft.) power cable furnished with mains plugs to 
match destination requirements. 
Weight: net, 8.0 kg (17.5 Ib). Shipping, 9.5 kg (21 Ib). 
Size: 178 H x 267 W x 306 mm D (7" x 10.5" x 12"). 

8655A Synchronizer /Counter 
The H P  8655A Synchronizer/Counter is a phase-lock frequency 

stabilizer that provides the H P  8654A and 8654B Signal Generators 
with crystal-oscillator frequency stability. It is also a frequency 
counter with very low RFI leakage. When used with an 8654 Signal 
Generator, the frequency can be phase-locked a t  any frequency from 
10 to 520 MHz. In the locked mode the spectral purity and FM capa- 
bility of the unlocked 8654 are preserved. This performance allows 
testing of new state-of-the-art crystal controlled receivers. 

Phase locking the 8654 is simple with the 8655A Synchronizer. A 
push of the LOCK button establishes lock a t  the frequency shown on 
the LED display. Maximum lock resolution is 500 Hz. If lock is 
broken, the LED display flashes. Lock can be re-established by retun- 
ing and again pushing the LOCK button. 

The 8655A can also be used to count external input signals from 1 
kHz to 520 MHz. Input sensitivity is better than 100 mV into 50 
ohms. Using the EXPAND button it is possible to achieve a resolu- 
tion of 1 Hz in the 1 kHz-10 MHz EXT COUNT mode or 100 Hz 
in both the 10-520 MHz EXT COUNT and SYNCHRONIZE 

x10 
Normal E X P A W  

10 Hz 1 Hz 
1 kHz 100 Hz 

8655A 

Time base characteristics 
Frequency: 1 MHz temperature-compensated crystal oscillator. 
Aging (constant operating temperature): t O . l  ppm/hr, <2 ppm/ 
90 days. 
Temperature: + 5  ppm from 0" to 50°C. (Referenced to 25°C). 

Typical overall accuracy (after 2 hour warm-up and within 3 
months of calibration): better than 5 2  ppm from 15" to 35°C. 
(Optional higher stability time base available.) 
Rear output: 1 MHz, nominally > O S  V peak-to-peak into 500 
ohms. 
External reference Input: 1 MHz, nominally >0.5 V peak-to-peak 
into 1000 ohms. (Not available with optional high stability time 
base.) 
8654A/B-8655A Synchronization characteristics 
Frequency range: 10-520 MHz. 
Frequency count resolution: 1 kHz, or 100 Hz in X10 EXPAND. 
Frequency lock resolution: 1 kHz. Depressing LOCK +500 Hz 
button allows a locked resolution of 500 Hz. 
Frequency accuracy: same as time base accuracy. 
Lock time duration (after 5 minute warm-up, constant ambi- 
ent): 45 min. typical. 
FM rate while synchronized: 50 Hz to >25 kHz, (with 8654B 
only). 
FM accuracy (with 86548 only): 

1 Total FM 8654B FM Frequency 
[Accuracy] = [ Accuracy ] * [Correction Error 

Frequency correction error4 is typically < f 4%. 

General 
RF leakage (when operated with 86548 using furnished inter- 
face cables): less than 1.5 pV in a 2-turn, 25 mm diameter loop 25 
mm away from any surface and measured into a 50 ohm receiver. 
Power: 100, 120, 220, or 240 volts +5%, -10% 48 to 400 Hz, 100 
VA maximum. 2.9 m (7.5 ft) power cable. 
Weight: net, 6 kg (13.0 Ib). Shipping 6.5 kg (14 Ib). 
Size: 102 H x 267 W x 318 mm D (4" x 10.5" x 12.5"). 
'Frequency correction error is a function of the unlocked 86548 frequency drift For optimum FM 
accuracy. this error may be eliminated by unlocking, returning to the desired frequency. and relock- 
ing. 

Ordering information Price 
8654A AM signal generator $2225 
8654B AM/FM signal generator $2750 

add $300 

add $450 

Opt 003: Reverse power protection (for 8654A/B) 

Opt 001: High stability time base (for 8655A) 
8655A Synchronizer/Counter $2200 



SIGNAL GENERATORS 1 A HF signal generator 
MODEL 606B 

50 kHz to 65 MHz 
Excellent signal purity 

6060 

606B HF signal generator 
The Hewlett-Packard 606B Signal Generator provides you with 

high quality, versatile performance with distinctive ease of operation 
in the important and widely used 50 kHz to 65 MHz frequency range. 
Output signals are stable and accurately known, output amplitude 
can be precisely established over a very wide dynamic range, and ver- 
satile modulation capabilities are incorporated to satisfy virtually all 
measurement requirements. Convenient size and shape, together with 
a simple, straightforward control panel layout, make the 606B well 
suited for production line use as well as laboratory or field applica- 
tions. 

Design 
The 606B is a master oscillator-power amplifier (MOPA) design 

with a broadband buffer amplifier stage between the oscillator and 
power amplifier circuits for isolation. The MOPA design permits op- 
timization of the oscillator circuit for highest stability including low 
drift, minimum residual FM, low harmonics, etc., without restricting 
the modulation characteristics. Modulation is applied to the power 
amplifier circuit with negligible effect on the oscillator frequency (be- 
cause of the buffer stage). Very fine frequency settability is achieved 
through incorporation of a AF control which provides better than 10 
ppm resolution. 

606B Specifications 
(All specifications apply over top 10 dB of output vernier range.) 

Frequency and output characteristics 
Range: 50 kHz to 65 MHz in 6 bands; accuracy: f 1%. 
Drift: (1 V output and below) less than 50 ppm (or 5 Hz, whichever is 
greater) per I O  min period after 2-hr warmup; less than 10 min to 
restabilize after changing frequency. 
AF Control: better than 10 ppm settability; range of AF control ap- 
proximately 0.1%. 
Resettability: better than 0.15% after warmup. 
Crystal calibrator: provides frequency checkpoints every 100 kHz 
and 1 MHz; jack provided for audio frequency output; crystal fre- 
quency accuracy better than 0.01% from 0” to 50°C. 
Residual FM: less than k 1 ppm or -t 20 Hz peak, whichever is great- 
er. 
Output level; continuously adjustable from 0.1 pV to 3 V into 50- 
ohm resistive load, calibrated in voltage and dBm. 

Frequency response and output accuracy: at output below 1 V, 
output level variation with frequency is less than 2 dB; output accura- 
cy is better than -+- 1 dB at any frequency. 
Impedance: 50 ohms, SWR less than 1.2 on 0.3 V attenuator range 
and below. 
RFI: meets all conditions specified in MIL-I-6181D; permits receiver 
sensitivity measurements down to a t  least 0.1 NV. 
Harmonic output: at least 25 dB below the carrier. 
Spurious AM: hum and noise sidebands are 70 dB below carrier down 
to the thermal level of %ohm output system. 
Auxiliary RF output: (fixed level CW) on front panel: minimum out- 
put: 100 mV rms into 50 ohms from 50 kHz to 19.2 MHz, 200 mV 
rms from 19 to 65 MHz. 

Modulation characteristics 
Internal AM 

Frequency: 400 and 1000 Hz, k 5%. 
Modulation level: 0 to 95% on 1 V attenuator range and below; 0 to 
at least 30% on 3 V range. 
Incidental FM (attenuator on 1 V range and below, 30% mod- 
ulation): less than 5 x 10-6 + 100 Hz peak. 
Carrier envelope distortion: (1% at 30% AM, t 3 %  a t  70% AM 
(attenuator on 1 V range and below). 

Frequency: dc to 20 kHz maximum, dependent on carrier frequen- 
cy (F,) and percent modulation as tabulated. 
Maximum modulation frequency: 

External AM 

30% Mod. 70% Mod. Square wave Mod. 
0.06 f, 0.O2fc 0.003 f, (3 kHz max.) 

Modulation level: 0 to 95% on 1 V attenuator range and below, 0 to 
at least 30% on 3 V range. 
Input required: 4.5 V peak produces 95% modulation (maximum 
input 50 V peak); input impedance 1000 ohms. 
Carrier envelope distortion: (3% a t  70% AM ( I 1  V output). 
Modulation meter accuracy: k (5% of full scale +5% of reading) 
from 0 to 90% for rates to 10 kHz; f 10% of full scale for rates to 20 
kHz. 

Modulation level constancy (Internal or external AM; attenua- 
tor on 1 V range and below): modulation level of 70% or less stays 
constant within ? 0.5 dB regardless of carrier frequency and output 
level changes. 

General 
Power: 11 5 or 230 V k 10%. 50 to 400 Hz, 135 VA. 
Dimensions: cabinet, 318 mm H x 527 mm W x 375 mm D (12.5” x 
20.75” x 14.75”); rack 265.9 mm H x 483 mm W x 371 mm D behind 
panel, (10.5” x 19” x 14.63”). 
Weight: cabinet, net, 25 kg (55 Ib). Shipping 30 kg (66 Ib); rack, net, 
22.7 kg (50 Ib). Shipping 29.5 kg (65 lb). 
Accessories available: 
11507A Output Termination, provides 3 positions: 50 ohms, 5 ohms 
and IEEE Standard Dummy Antenna. 
1 1509A Fuseholder, protection for 606B transceiver’ tests. 
10534A Mixer, for use as a nanosecond pulse modulator. 
Ordering information Price 
606B H F  Signal Generator (cabinet) $4200 
606BR H F  Signal Generator (rack) $4200 



Versatility and value, 10-480 MHz 
0 Low noise floor 

Master oscillator - power amplifier 

608E 

608E VHF signal generator 
Model 608E provides high-quality, versatile performance with dis- 

tinctive ease of operation. The 608E provides an output of up to 1 volt 
over the range from 10 to 480 MHz. 

The 608E is an improved version of the popular and time-proven 
H P  608C/D Signal Generators. The instrument is a master oscilla- 
tor-power amplifier (MOPA) type with a broadband buffer amplifier 
stage between the oscillator and power amplifier circuits for isolation. 
The MOPA design permits optimization of the oscillator stage for 
high stability of 0.005% per 10 minutes, minimum residual FM, and 
low harmonics without restricting the modulation characteristics. 
Modulation is applied to the power amplifier stage with negligible 
effect on the oscillator frequency. 

608E specifications 
Frequency characteristics 
Range: 10-480 MHz in five bands. 
Accuracy: f 0.5% with cursor adjustment. 
Drift: less than 50 x 10-6/10 min after one hr. warmup. 
Resettability: better than f 0.1% after initial warmup; fine-frequen- 
cy-adjust provides approximately 25 kHz settabililty at 480 MHz. 
Crystal calibrator: provides frequency check points every 1 MHz up 
to 270 MHz or every 5 MHz over total range; jack provided for audio 
frequency output; crystal frequency accuracy better than 0.01% a t  
room temperatures. 

SIGNAL GENERATORS 
VHF signal generator 

Model 608E 

Residual FM: less than f 5 parts in 107 in a 10 kHz post-detection 
bandwidth. 
Harmonic output: at least 35 dB below the carrier for harmonic fre- 
quencies below 500 MHz. 

Output characteristics 
Output level: continuously adjustable from 0.1 pV to 1 .O V into a 50- 
ohm resistive load; output calibrated in volts and dBm. 
Accuracy: within f 1 dB of attenuator dial reading at any fre- 
quency when R F  output meter indicates "ATTENUATOR CALI- 
BRATED." 
Impedance: 500 with a maximum SWR of 1.2 for attenuator setting 
below -7 dBm. 
RFI: meets all conditions specified in MIL-I-6181D; permits receiver 
sensitivity measurements down to at least 0.1 pV. 
Auxiliary RF output: at least 180 mV rms into 50Q provided at front 
panel. 

Modulation characteristics 
Internal AM 

Frequency: 400 and 1000 Hz, ? 10%. 
Modulation level: 0 to 95% modulation at carrier levels 0.5 V and 
below. 
Carrier envelope distortion: less than 2% at 30% AM, less than 
5% at 70% AM. 

Frequency: 20 Hz to 20 kHz. 
Modulation level: 0 to 95% modulation a t  carrier levels of 0.5 V 
and below; continuously adjustable from front panel MOD LEVEL 
control; input required, 1-10 V rms (lOOOQ input impedance). 
Carrier envelope distortion: less than 2% at 30% AM, less than 
5% a t  70% AM (modulation source distortion less than 0.5%). 
Modulation meter accuracy: f 5% of full scale 0 to 80%, f 10% 
from 80% to 95% (for INT AM or 20 Hz to 20 kHz EXT AM). 
Incidental FM (at 400 and 1000 H r  modulation): less than 1000 
Hz peak a t  50% AM for frequencies above 100 MHz; below 100 
MHz; less than 0.001% a t  30% AM. 

External AM 

External pulse modulation 
Rise and decay time: from 40 MHz to 220 MHz, combined rise and 
decay t 4  ps; above 220 MHz, combined rise and decay time (2.5 
PS. 
On-off ratio: a t  least 20 dB for pulsed carrier levels of 0.5 V and 
above. 
Input required: positive pulse, 10-50 V peak, input impedance 2 kQ. 

General 
Power: 115 or 230 V f lo%, 50 to 400 Hz; approx. 220 VA. 
Size: cabinet, 416 H x 337 W x 533 mm D (16.38" x 13.25" x 21"); 
rack mount: 355.6 H x 483 W x 467 mm D behind panel (14" x 19" x 
18.4"). 
Weight: cabinet mount: net, 28 kg (62 Ib); shipping 33.4 kg (74 Ib); 
rack mount: net, 28 kg (62 Ib); shipping, 37.4 kg (83 Ib). 
Accessories available: 
11508A Output Cable for high impedance circuits. 
1 1509A Fuse Holder protection for transceiver tests. 
10514A Mixer for use as nanosecond pulse modulator. 
11690A Doubler for extending frequency range. 
11710B Down Converter for low frequency extension. 

Ordering information 
608E VHF Signal Generator (cabinet) 
608ER VHF Signal Generator (rack) 

Price 
$5400 
$5400 



SIGNAL GENERATORS 
I 

UHF signal generator 
I Model 612A 

450 to 1230 MHz 
Wide band modulation 

Cavity oscillator 
The oscillator-amplifier circuit in the 61 2A employs high frequency 

pencil triodes in a cavity-tuned circuit for precise tracking over the 
entire band. Noncontacting cavity plungers are die-cast to precise to- 
lerances, then injection-molded with a plastic filler for optimum Q. 
The frequency drive is a direct screw-operated mechanism, free from 
backlash. A waveguide-beyond-cutoff piston attenuator and crystal 
monitor circuit are used to ensure accurate, reliable output down to 
0.1 pV. The attenuator is calibrated over a range of 131 dB and has 
been carefully designed to provide a constant impedance-versus-fre- 
quency characteristic. The SWR of the 50-ohm output system is less 
than 1.2 over the complete frequency range. 

612A 

612A UHF signal generator 
Here is an all-purpose, precision signal generator particularly de- 

signed for utmost convenience and applicability throughout the 
important UHF-TV frequency band. It is ideally suited for measure- 
ments in UHF-television broadcasting, studio-transmitter links, citi- 
zen’s radio and public service communications systems. The H P  
612A also covers the important frequencies used in aircraft naviga- 
tion aids such as DME, TACAN and airborne transponders. Acces- 
sory modulators, available from many of the manufacturers of these 
navigational aids, enable the 612A to provide the complex modula- 
tion patterns required for testing and aligning these systems. In the 
laboratory, the 612A is a convenient power source for driving bridges, 
slotted lines, antennas and filter networks. In addition, the H P  8731 
PIN Modulators can be used with the 612A to obtain RF pulses with 
30 ns rise time and 0.1 ps minimum duration-with on-off ratios 
aproaching 80 dB. 

MOPA circuit 
The master oscillator-power amplifier circuit in the H P  612A pro- 

vides 0.5 volt into 50 ohms over the full frequency range of 450 to 
1230 HMz. There is very low incidental FM (less than 0.002% at 30% 
AM) and excellent amplitude modulation capabilities by all frequen- 
cies from 20 Hz to 5 MHz. The degree of modulation is easily read 
from the large percent modulation meter. The instrument can be am- 
plitude-modulated (either internally or externally), and provision is 
made for external pulse modulation as well. Pulse modulation can be 
applied to the amplifier or directly to the oscillator when high on-off 
signal ratios are required (signal may be completely cut off between 
pulses). Modulation can be up or down from a preset level to simulate 
T V  modulation characteristics accurately. 

Specifications 
Frequency and output characteristics 
Frequency range: 450 to 1230 MHz in one band; scale length ap- 
proximately 381 mm (15”). 
Calibration accuracy: within f 1%, resettability better than 5 MHz 
at high frequencies. 
Output level: +7 to -127 dBm (0.1 pV to 0.5 V) into 50-ohm load; 
calibrated in V and dBm (0 dBm = 1 mW). 
Output accuracy: t 1 dB, 0 to -127 dBm over entire frequency 
range. 
Output impedance: 50 ohms; maximum SWR 1.2. 
RFI: conducted and radiated leakage limits are below those specified 
MIL-1-618 1D; permits receiver sensitivity measurements down to 1 
PV. 
Modulation characteristics 
Amplitude modulation: above 470 MHz, 0 to 90% at audio frequen- 
cies, indicated by panel meter; accuracy f 10% of full scale, 30 to 
90% modulation. 

Incidental FM; less than 0.002% for 30% AM. 
Internal modulation: 400 and 1000 Hz & 10%; envelope distortion 
less than 3% at 30% modulation. 
External modulation: 20 Hz to 5 MHz; above 470 MHz, 2 V rms 
produces 85% AM at modulating frequencies up to 500 kHz, a t  
least 40% AM at 5 MHz; modulation may be up or down from the 
carrier level or symmetrical about the carrier level; positive or nega- 
tive pulses may be applied to increase or decrease R F  output from 
the carrier level. 

Pulse Modulation 
Pulse 1 (pulse applied to amplifier): positive or negative pulses, 4 
to 40 V peak produce an RF on-off ratio of at  least 20 dB; minimum 
RF output pulse length, 1.0 ps. Pulse 2 (pulse applied to oscillator) 
same, but no RF output during off time. 

General 
Power: 115 or 230 volts f 10%,48 to 440 Hz, 360 VA. 
Dimenslons: cabinet: 419mm H x 343mm W x 584 mm D (16.5” x 
13.5” x 23”); rack mount: 335mm H x 483 mm W x 552 mm D behind 
panel (14” x 19” x 21.7”). 
Weight: net, 25.2 kg (56 Ib). Shipping, 30.6 kg (68 Ib), (cabinet); net, 
25.2 kg (56 Ib). Shipping, 34.6 kg (77 Ib) (rack mount). 
Accessories available: 11500A R F  Cable Assembly; 360B Low- 
Pass Filter (may be used where harmonic output must be reduced to a 
minimum, as in slotted line measurements). 
Ordering information Price 
612A UHF Signal Generator (cabinet) $4300 
612AR UHF Signal Generator (rack) $4300 



SIGNAL GENERATORS 
UHF Signal generators 

Models 8 6 1 4 A  & 8 6 1 6 A  

Stable, easy to use, 800-2400MHz, 1800-4500MHz 

HP 8614A, 8616A Signal generators 
The H P  8614A and 8616A Signal Generators provide stable, accu- 

rate signals from 800 to 2400 MHz (8614A) and from 1800 to 4500 
MHz (8616A). Both frequency and attenuation are set on direct- 
reading digital dials, while selectable functions include CW, leveled 
output, square-wave modulation, and external AM, FM and pulse 
modulation. Modulation can be accomplished simultaneously with or 
without leveling. 

Two RF power outputs are simultaneously available from separate 
front-panel connectors. One provides a t  least 10 mW (2 mW above 
3000 MHz) or a leveled output from 0 to -127 dBm. The other is a t  
least 0.5 mW across the band. This signal can be used for phase-lock- 
ing the signal generators for extreme stability, or it can be monitored 
with a frequency counter for extreme frequency resolution without 
adversely affecting the primary output. 

A unique PIN diode modulator permits amplitude modulation from 
dc to 1 MHz or R F  pulses with a 2ps rise time. This broad modulation 
bandwidth permits remote control of output level or precise leveling 
using external equipment. The internal leveling is also obtained by 
using a PIN modulator. 

The 8614A and 8616A can also be used with companion modula- 
tors, HP 8403A modulators and H P  8730-series PIN modulators to 
provide 80 dB pulse on/off ratio (see page 379). In addition, TWT 
amplifiers can be used with these generators to provide high power 
levels. 

Specifications 
86 1 4 A  
Frequency range: direct reading within 2 MHz, 800 to 2400 MHz. 
Vernier: AF control has a minimum range of 1 .O MHz for fine tun- 
ing. 
Frequency callbration accuracy (0 dBm & below): k 5 MHz. 
Frequency stability: approximately 50 ppm/“C change in ambient 
temperature, less than 2500 Hz peak residual FM; 30 ppm change for 
line voltage variation of k 10%. 
RF output power: +10 dBm (0.707 V) into 50 Q load. Output at- 
tenuation dial directly calibrated in dBm from 0 to -127 dBm. A 
second uncalibrated output (approximately -3 dBm) is provided on 
front panel. 
RF output power accuracy (with respect to attenuation dial): 
k 0.75 dB + attenuator accuracy (0 to - 127 dBm) including leveled 
output variations. 
Attenuator accuracy: +0, -3 dB from 0 to -10 dBm; k0.2dB 
k 0.06 dB/10 dB from -10 to -127 dBm; direct reading dial, 0.2 dB 
increments. 
Output impedance: 50Q; SWR t 2 . 0 .  
Modulation: on-off ratio a t  least 20 dB for square wave, pulse. 
Internal square wave: 950 to 1050 Hz. Square wave can be syn- 
chronized with a +1 to +10 V signal a t  PULSE input. 
External pulse: 50 Hz to 50 kHz; 2ps rise time, +20 to + I O 0  V peak 
input. 
External AM: DC to 1 MHz. 

klystron; b) four-terminal rear pax 
S304AB) is dc-coupled to repeller c 
Power source: 115 or 230 V k II 
130 W. 

1 A I  u 492 w A A ~  -- n I <  

External FM: a1 front aanel connector capacity-coupled to repeller of 
I iel connector (Cinch-Jones type 

I D%, 50 to 60 Hz, approximately 
1 If klystron. 

LIS-. L-l L I A - A _ l  .. A - v I  ......,, j S ” x  1 6 . 7 5 ” ~  18.4”);rackmount 
133 H x 416 W x 483 mm D (5.2” x 16.4” x 19”). 
Weight: net, 19.5 kg (43 Ib). Shipping, 22.7 kg (50 Ib). 
Option 001: external modulation input connectors on rear panel in 
parallel with front-panel connectors; RF connectors on rear panel 
only. 

8 6 1 6 A  
Frequency range: direct reading within 2MHz,1800 to 4500 MHz. 
Vernier: AF control has a minimum range of 1 .O MHz for fine tun- 
ing. 
Frequency calibration accuracy (0 dBm & below): f 10 MHz. 
Frequency stability: approximately 50 ppm/”C change in ambient 
temperature, less than 2500 Hz peak residual FM; 30 ppm change for 
line voltage variation of k 10%. 
RF output power: + I O  dBm (0.707 V) to -127 dBm into 50Q, load, 
1800 to 3000 MHz; +3 dBm to - 127 dBm from 3000 to 4500 MHz 
into a 50Q load. Output attenuation dial directly calibrated in dBm 
from 0 to -127 dBm. A second uncalibrated output (approximately 
-3 dBm) is provided on the front panel. 
RF output power accuracy (with respect to attenuation dial): 
k 1.0 dB + attenuator accuracy (0 to -127 dBm). 
Attenuator accuracy: + I ,  -2 dB from 0 to -10 dBm, (k0 .2  dB 
k0.06 dB/10 dB) from -10 to -127 dBm. 
Output impedance: 50Q SWR < 2.0. 
Modulation: on-off ratio at least 20 dB for square wave, pulse. 
Internal square wave: 950 to 1050 Hz. Other frequencies available 
on special order. 
External pulse: 50 Hz to 50 kHz; 2 ps rise time, +20 to +lo0 V peak 
input. 
External AM: DC to 1 MHz. 
External FM: a)  front panel connector capacity-coupled to repeller of 
klystron; b) four-terminal rear panel connector (Cinch-Jones type 
S304AB) is dc-coupled to repeller of klystron. 
Dimensions: 141 mm H x 425 mm W x 467 mm D (5.5” x 16.75“ x 
18.4”); rack mount 133 mm H x 416 mm W x 483 mm D(5.2” x 16.4” 
x 19”). 
Weight: net, 19.5 kg (43 lb). Shipping, 22.7 kg (50 lb). 

Options Price 
001: external modulation input connectors on rear pan- add $25 
el in parallel with front-panel connectors; R F  connec- 
tors on rear panel only. 
908: Rack Flange Kit 

Ordering information: 
8614A: Signal Generator (800-2400 MHz) 
8616A: Signal Generator (1800-4500 MHz) 

add $10 

$4750 
$4750 



SIGNAL GENERATORS 1 SHF Signal generators 
Models 618C, 6208 

Signal simulations, 3.8-7.6 GHz, 7-1 1 GHz 
0 FM, Pulse modulation 

The Models 618C and 620B SHF Signal Generators provide versa- 
tility, accuracy, and stability in the range from 3.8 to 11 GHz. Fre- 
quency is set on a large, direct-reading dial. A AF vernier control 
provides ultra-fine tuning capability. There is also a provision for re- 
mote fine tuning. 

A calibrated output from 0 to -127 dBm (0.224 volts to 0.1 micro- 
volt) is also set on a large, direct-reading dial. The dial is calibrated in 
both dBm and volts. An auxiliary output of at least 0.3 milliwatt is 
available and is independent of attenuator setting. Thus, it can be 
used for phase-locking the signal generator when crystal-oscillator 
stability is required, or it can be monitored with a frequency counter 
for extreme frequency resolution. 

The 618C and 620B Generators both feature oscillators of the re- 
flex klystron type, with external resonant cavity. Oscillator frequency 
is determined by a movable plunger which varies the length of the 
cavity. Oscillator output is monitored by a temperature-compensated 
detector circuit. This circuit operates virtually unaffected by ambient 
temperature conditions. 

Modulation includes internal pulse, square wave, and frequency 
modulation plus external pulse and frequency modulation. 

6 18C and 6208 Specifications 
output 
Frequency range 

618C: 3.8 to 7.6 GHz covered in a single band. 
6208: 7 to 11 GHz covered in a single band; repeller voltage auto- 
matically tracked and proper mode automatically selected. 

Calibration: direct reading; frequency calibration accuracy better 
than & I % .  
Frequency stability: with temperature: less than 60 ppm/"C 
change in ambient temperature; with line voltage less than 200 ppm 
change for line voltage variation of f 10%; residual FM: (15 kHz 
peak. 
Output range: 1 milliwatt or 0.224 volt to 0.1 microvolt (0 dBm to 
-127 dBm) into 50 ohms; directly calibrated in dBm and volts; co- 
axial type N connector. 
Output accuracy: within & 2  dB from -7 to -127 dBm, within f 3  
dB from 0 to -7 dBm, terminated in 50-ohm load. 
Source impedance: 50 ohms nominal; SWR (2.0. 

Modulation 
Internal pulse modulation: repetition rate variable from 40 to 4,000 
pps, pulse width variable 0.5 to 10 microseconds. 
Sync out signals: simultaneous with R F  pulse, positive; in advance 
of R F  pulse, positive, variable 3 to 300 microseconds (better than 1 
microsecond rise time and 25 to 100 volts amplitude into 1,000-ohm 
load). 
External synchronization: sine wave: 40 to 4,000 Hz, 5 to 50 V rms; 
pulse: 40 to 4,000 pps, 5 to 50 V peak, positive or negative, 0.5 to 5 ps 
wide, 0.1 to 1 ps rise time. 
Internal square-wave modulation: variable 40 to 4,000 Hz. 
Internal FM: sawtooth sweep rate adjustable 40 to 4,000 Hz; fre- 
quency deviation to 5 MHz peak-to-peak over most of the frequency 
range. 
External pulse modulation: pulse requirements: amplitude from 20 
to 70 volts positive or negative, width 0.5 to 2,500 microseconds. 
External FM: frequency deviation approximately 5 MHz peak-to- 
peak over most of the band; sensitivity approximately 20 V/MHz a t  
front-panel connector, approximately 10 V/MHz at rear-panel con- 
nector (mating connector supplied); front-panel connector is capaci- 
tively coupled to klystron repeller; rear-panel connector is dc-coupled 
to klystron repeller and is suitable for phase-lock control input. 

General 
RFI: conducted and radiated leakage limits are below those specified 
in MIL-I-6181D. 
Power source: 115 or 230 volts f IO%, 50 to 60 Hz 230 W. 
Dimensions: cabinet, 353 mm H x 445 mm W x 518 mm D (13.9" x 
17.5" x 20.4"); rack mount 355 mm x 483 mm x 483 mm (14" x 19" x 
19"). 
Weight: net, 31.1 kg (69 Ib). Shipping, 33.5 (74 Ib). 
Accessory furnished: 11500A Cable Assembly, 1830 mm (6 ft) of 
RG-214A/U 50-ohm coax, terminated on each end by type N male 
connectors. 

Ordering information Price 
618C or 620B SHF Signal Generator (cabinet mount) $5650 
618CR or 620BR SHF Signal Generator (rack mount) $5650 



SIGNAL GENERATORS 

Stable calibrated signals, 10-15.5 GHz, 15-21 GHz 

628A 

Description 
The 626A covers frequencies 10 to 15.5 GHz, and the 628A covers 
frequencies 15 to 21 GHz. In design and operation, the instruments 
are similar to Hewlett-Packard generators for lower frequency 
ranges. Carrier frequency is set and read directly on the large tuning 
dial. No voltage adjustment is necessary during tuning because repel- 
ler voltage is tracked with frequency changes automatically. Oscilla- 
tor output is also set and read directly, and no frequency correction is 
necessary throughout operating range. A frequency logging scale per- 
mits frequency to be reset within 0.1%. 

Both the 626A and 628A offer internal pulse, squarewave and fre- 
quency modulation, plus external pulse and frequency modulation. 
The pulse generators may be synchronized with an external sine wave 
and positive or negative pulse signals. 

The high power output of these signal generators makes them ideal- 
ly suited for driving HP 938A and 940A Frequency Doubler sets. 
These doubler sets retain the modulation and stability of the driving 
source and have accurate power monitors and attenuators. 

626A, 628A specifications 
Frequency range: 626A, 10 to 15.5 GHz; 628A. 15 to 21 GHz. 
Frequency calibration: dial direct-reading in GHz, accuracy better 
than k l%.  
Output range: 10 mW to 1 pW (+ 10 dBm to -90 dBm. 0 dBm = 1 
mW); attenuator dial calibrated in output dBm. 
Source SWR: (2.5 at +10 dBm; (1.35 at 0 dBm and below. 
Output monitor accuracy: better than k 1 dB; temperature-com- 
pensated thermistor bridge circuit monitors R F  oscillator power level. 
Output connector: 626A: WR75 waveguide, flat cover flange; 21.6 
x 12.0 mm (0.85 x 0.475 in.). 628A: WR51 waveguide, flat cover 
flange; 15.0 x 8.5 mm (0.59 x 0.335 in.). 
Output attenuator accuracy: better than f 2% of attenuation in dB 
introduced by output attenuator. 
Modulation: internal pulse, FM, or square wave; external pulse and 
FM. 
Internal pulse modulation: repetition rate variable from 40 to 4000 
pps; pulse width variable 0.5 to 10 ps. 

SHF generators/doublers 
Models 6 2 6 A ,  6 2 8 A ,  9 3 8 A ,  9 4 0 A  

Doubler sets for signals 18-26.5 GHz, 26.5-40 GHz 

938A 

Internal square-wave modulation: variable 40 to 4000 Hz con- 
trolled by “pulse-rate’’ control. 
Internal frequency modulation: power line frequency, deviation up 
to f 5  MHz. 
External pulse modulation: pulse requirements: amplitude 15 to 70 
volts peak positive or negative; width 1 to 2500 ps. 
External frequency modulation: provided by capacitive coupling 
to the klystron repeller; maximum deviation approximately f 5 
MHz. 
Sync out signals: positive 20 to 100 V peak into 1000-ohm lead; 
better than 1 ps rise time; 1) simultaneous with RF pulse, positive; 
2) in advance of RF pulse, positive, variable 5 to 300 ps. 
External synchronization: 1) sine wave, 40 to 4000 Hz, amplitude 
5 to 50 V rms; 2) pulse signals 40 to 4000 pps, 5 to 50 V amplitude, 
positive or negative; pulse width 0.5 to 5 ps; rise time 0.1 to 1 ps. 
Power: 115 or 230 volts + lo%, 50 to 60 Hz, approx. 200 watts. 
Dimensions: cabinet: 356 mm H x 432 mm W x 381 mm D (14” x 
17” x 15”); rack mount: 356 mm H x 483 mm W X 313 mm D (14” x 
19” x 12.8”). 
Weight: net, 26.8 kg (59 Ib). Shipping, 29.8 kg (66 Ib). 
Accessories furnished: 626A, MX 292B and MP 292B Waveguide 
Adapters: 628A, NP 292A and NK 292A Waveguide Adapters. 
Accessories available: M362A low-pass filter. 

Frequency doubler sets 
Model 938A supplies power from 18 to 26.5 GHz and Model 940A 

from 26.5 to 40 GHz when driven by 9 to 13.25 GHz and 13.25 to 20 
GHz sources respectively. For a swept output, use a swept-frequency 
source such as Model 8690B or Model 8620A/B series with appropri- 
ate RF units. 

938A, 940A specifications 
Frequency range: 938A, 18 to 26.5 GHz; 940A, 26.5 to 40 GHz. 
Conversion loss: less than 18 dB at 10 mW input. 
Output power: approximately 0.5-1 mW when used with typical 
626A, 628A signal generators; input power: 100 mW maximum. 
Output attenuator: accuracy, +2% of reading or fO.2 dB, which- 
ever is greater; range, 100 dB. 
Output reflection coefficient: approx. 0.33 a t  full output; less than 
0.2 with attenuator set to 10 dB or greater. 
Output flange: 938A K-band flat cover flange for WR-42 wave- 
guide; 940 A R-band flat flange for WR-28 waveguide. 
Dimensions: 137 mm H x 489 mm W x 457 mm D (5.4” x 19.25” x 
18“). 
Weight: net, 9 kg (20 Ib). Shipping, 11.8 kg (26 Ib). 
Ordering information Price 
626A or 628A SHF signal generator (cabinet) $8450 
626AR or 628AR SHF signal generator (rack) $8450 
938A or 940A frequency doubler $5300 



SIGNAL GENERATORS 
VHF oscillator, frequency doubler probe, pulse modulator 
Models 3200B, 13515A, 11720A I 

1 0 t o 5 0 0 M H z  
to 1000 MHz with doubler probe 

32008 V H F  O S C I L L A T O R  
H I W L E T T . P L I  S A R D  

- 
32000 

32006 VHF oscillator 
The VHF oscillator, model 3200B, provides low cost, stable, 10 to 

500 MHz R F  for testing receivers and amplifiers, and driving 
bridges, slotted lines, antennas, and filter networks. Good pulse mod- 
ulation sensitivity allows standard audio oscillators to be used to pro- 
vide usable square wave modulation; a 2.5-volt sine wave will provide 
adequate drive for this type application. An optional accessory fre- 
quency doubler probe, model 135 15A, provides additional frequency 
coverage from 500 to 1000 MHz. 

The 3200B is well suited for bench use and may be adapted for 
standard 483 mm (19 in.) rack mounting. 

Specifications 
Frequency range: 10-500 MHz in six bands: 10-18.8 MHz; 18.5- 

Frequency accuracy: within f 2% after Y2 hour warmup. 
Frequency calibration: increments of less than 4%. 
Frequency stabllity (after 4 hour warm-up under 0.2 mW load): 
short term (5 min) f 2 0  ppm; long-term (1 hour) f 2 0 0  ppm; line 
voltage (5V change) k 10 ppm. 
RF output 

Maximum power (across 50 ohm external load): >200 mW 
(10-130 MHz); >150 mW (130-260 MHz); >25 mW (260-500 
MHz). 
Range: 0 to > 120 dB attenuation from maximum output. 
Load Impedance: 50 ohms nominal. 

RF leakage: sufficiently low to permit measurements at  1 pV. 
RFI: meets requirements of MIL-I-6181D. 

Amplitude modulation: externally modulated. 
Depth: 0 to 30% 
Distortion: (1% at 30% AM. 
External requirements: approximately 32 volts rms into 600 ohms 
for 30% AM, 200 Hz to 100 kHz. 

Pulse modulation: externally modulated. 
External requirements: 2.5 volt negative pulse into 2000 ohms. 

Power: 105 to 125 V or 210 to 250 V, 50 to 400 Hz, 30 VA. 
Dimensions: 167 mm H x 194 mm W x 333 mm D (6.6" x 7.6" x 
13.1 "). 
Weight: net, 6.8 kg (15 Ib). Shipping 7.7 kg (17 Ib). 
Accessories available: 135 15A frequency doubler probe: 00502- 
60002 patching cable. 

35 MHz; 35-68 MHz; 68-130 MHz; 130-260 MHz; 260-500 MHz. 

2 to 18 GHz 
(10 ns rise and fall times 
>80 dB ON/OFF ratio 

1 1720A 

13515A Frequency doubler probe 
Frequency range: 500 to 1000 MHz with the 3200B operating 250 
to 260 MHz (1 30 to 260 MHz range) or 260 to 500 MHz. 
RF output: more than 4 mW across external 50 ohm load. 

1 1720A Pulse modulator 
The 11720A Pulse Modulator is a high performance state-of-the- 

art microwave pulse modulator covering the range of 2 to 18 GHz. 
Because of this wide frequency coverage it can be used to increase the 
modulation capabilities of many microwave sources (sweepers or Sig- 
nal Generators) and eliminates the need for several individual modu- 
lators in broadband applications. 

In addition to wide frequency coverage, the 11720A features ex- 
tremely short rise and fall times (< 10 ns) and a high ON/OFF ratio 
(>80 dB) making it suitable for almost any pulsed R F  application. 

Internally the modulator used in the 11720A is a unique series- 
shunt PIN diode switch offering superior performance to a simple 
shunt-diode switch which reflects the input power back to the source 
in the "off" state. In the 11720A the series components reduce this 
reflection without significantly increasing the insertion loss. 

The 11720A contains all the necessary modulator drive circuitry to 
achieve specified performance so that a standard pulse generator, or 
any other source that can deliver >3 V peak into 50 ohms, can supply 
the input. In addition a normal/complement function is provided to 
adapt the 11720A to positive-true or negative-true logic inputs. 

Specifications 
Frequency range: 2 to 18 GHz. 
ON/OFF ratio: >80 dB. 
Rise and fall times: (10 ns. 
Insertion loss: (6 dB, 2 to 12.4 GHz; <IO dB, 2 to 18 GHz. 
Maximum RF input power: +20 dBm. 
Maximum repetition rate: >5 MHz. 
Minimum RF pulse width: (50 ns. 
Pulse input 

Normal mode: > 3  V (on), (0.5 V (off). 
Complement mode: t0.5 V (on), > 3  V (off). 
Impedance: 50 Q nominal. 

General 
Operating temperature: 0°C to 55°C. 
Power: 100, 120,220,240 V +5, -lo%, 48-400 Hz; 25 VA max. 
Weight: net, 2.6 kg (5 Ib 12 02); shipping, 3.6 kg (8 Ib). 
Size: 101 mm H x 212 mm W x 290 mm D (4.0" x 8.4" x 11.4"). 

Ordering information 
3200B VHF oscillator 
13515A Frequency doubler probe 
11720A Pulse modulator 

Price 
$1400 

$150 
$2500 



SIGNAL GENERA TORS?^ 

87: 

8730 Ser 
With HP b /5u series rin ivioauiators, signal sources, including 

klystrons, can be pulse-modulated, leveled or amplitude-modulated 
with sinusoidal and complex waveforms. Fast-rise times, low inciden- 
tal FM and a nearlv constant imuedance match to source and load are 
typical of these al 

8403A Modi 
The Model 8 4 0 3 ~  provioes cornpiere coniroi oi int: rin IIIOUUM- 

tors, supplying the appropriate modulation wave shapes and bias lev- 
els for fast rise times, rated on/off ratios and amplitude modulation. 
An internal square-wave and pulse modulator with PRF of 50 Hz to 
50 kHz and adjustable pulse width and delay also provide square 
wave and pulses for general pulse applications. For applications re- 
quiring an absorption-type modulator plus controls in a single unit, a 
PIN modulator can be installed in the Model 8403A. 

8403A specifications 
Output characteristics (available separately at front panel). 
For driving 8730 PIN modulators: AM and pulse output, pulse out- 
put specially shaped for optimum R F  rise and decay times. 
For general pulse applications: positive dc-coupled pulse 25 to 30 
volt in amplitude, approximately symmetrical about 0 volt; no AM 
signal. 

Modulation 
Internal square wave 

Frequency: variable from 50 Hz to 50 kHz. 
Symmetry: better than 45/55%. 

Repetition rate: variable from 50 Hz to 50 kHz. 
Delay: variable from 0.1 ps to 100 ps, between sync out pulse and 
R F  output pulse. 
Width: variable from 0.1 ps to 100 ps. 

Signal: 5 to 20 volts peak, + or -, pulse or sine wave. 
Input impedance: approximately 2000 ohms, dc-coupled. 

Internal pulse 

External sync 

8730 Series specifications 

Typical rise time (ns)3 

Typical decay time ( n ~ ) ~  
SWR. min. attenuation 
SWR. max. attenuation 
Forward bias input 

resistance (ohms) I 300 

i PIN modulators, pulse driver LJ 
8 7 3 0  Series, 8403A 

,proximately -2 volts. 
dance: approximately 330 ohms. 

8 4 0 5  
Trigger out 

Sync out: simultaneous with or 0.1 to 100 ps in advance of R F  
pulse, as set by delay control. 
Delayed sync out: simultaneous with output pulse. 
Amplitude: ai 
Source impec 

External puis 
Amplitude ana polarity: 3 volts to LU volts pear, t or -. 
Repitition rate: maximum average PRF, 500 kHz/sec. 
Input impedance: approximately 2000 ohms, dc-coupled. 
Width: minimum 0.1 ps; maximum I/PRF -0.4 ps. 

Frequency response: dc to approximately 10 MHz (3 dB). 
Sensitivity: approximately 10 dB/volt with H P  8730A series; ap- 
proximately 20 dB/volt with H P  8730B series. 
Input impedance: approximately 1000 ohms. 

Amplitude modulation (with 8730 series) 

General 
Power: 115 or 230 volts +IO%, 50 to 400 Hz, approximately 10 
watts. 
Size: 96 mm H x 425 mm W x 467 mm D (3.75” x 16.73” x 18.4”); 
hardware furnished for rack mount 89 H x 483 W x 416 mm D (3.5” x 
19” x 16.4”). 
Weight: net, 7.4 kg (16.5 Ib). Shipping, 9 kg (20 Ib.) 

Options 
PIN Modulators installed in 8403A. 
001: 8731A 
002: 873 1 B 
003: 8732A 
004: 8732B 
005: 8733A 
006: 8733B 
007: 8734A 
008: 8734B 
009: Input and Output Connectors on rear panel 

Price 

add $730 
add $925 
add $730 

add $1020 
add $785 

add $1315 
add $900 

add $1 I85 
add $25 

8403A Modulator $1700 

30 
20 
1.8 
2.0 

300 .. 1 4 1  

2.0 
2.2 

2.0 
2.2 

100 100 

Price I $785 I $1125 I $785 I $1270 I $850 I $1300 I $890 I $1270 I $900 I $1250 I $1125 

Maximum ratings: maximum input power, peak or C W  1 W bias limits: +20 V. -10 V. 
Bias polarity: negative voltage increases attenuation. 
RFI: radiated leakage limits are below those specif& in MIL-I-6181D at input levels tl mW; a t  all 
input levels radiated interference is sufficiently low to obtain rated attenuation. 

1. With +5 V bias. 
2. 4 dB, 4 to 4.5 GHz. 
3. Driven by HP 8403A Modulator. 
4. 2.0 SWR. 4 to 4.5 GHz. 

5. Fits 1 x % in. (WR 90) waveguide. 
6. External high-pass filters required. 
7. Excluding high-pass filters. 

40 
30 
1.5’ 
2.07 

300 



I SIGNAL GENERATORS 

Model 
11697A 
116978 
11697C 

i Accessories 
I Models 1051 l A ,  10514A, 10515A, 10534A, 11507A, 11508A, 11509A, 11687A, 11690A, 11697A/B/C 

Below Passband Above Passband 
Frequency (MHz) Attenuation Frequency (MHz) Attenuation 

5337 2 2 0  dB 768-3000 2 2 0  dB 
5 4 4 5  2 2 0  dB 1011-3000 2 2 0  dB 
5550 2 2 0  dB 1333-3000 2 2 0  dB 

Additional Capabilities for Signal Generators 

1 1687A 

1 1507A 

1 1509A 

1051 1A Spectrum generator 
The 1051 1A extends the useful frequency range of signal gener- 

ators, sources, and frequency synthesizers by providing a spectrum of 
output harmonics up to 1 GHz. It generates a train of 1 nsec-wide 
pulses when driven by a sinusoid. The input should be a sine-wave 
between 10 and 75 MHz at +13 to +23 dBm into 50Q. The harmonic 
power produced is a t  least -19 dBm for harmonics 1 through 10. 
Connectors are BNC. 
10514A, 10534A Double balanced mixers 

These mixers are excellent in a variety of mixing applications as 
well as AM, pulse, and square-wave modulation applications. The 
careful balancing of the hot carrier diodes in the 10514A and 10534A 
provides excellent output suppression of the local oscillator and input 
frequencies. Frequency ranges are 0.2-500 MHz for the 10514A and 
0.05-150 MHz for the 10534A. Connectors are BNC. 
10515A Frequency doubler 

The 105 15A is an ideal accessory to extend the frequency range of 
signal generators, sources, and frequency synthesizers such as the H P  
606,608, and 8660 Signal Generators. With input frequencies of 0.5- 
500 MHz, it provides a doubled output in the range of 1-1000 MHz. 
Its transformer-coupled full-wave rectifier circuit has a very flat fre- 
quency response (typically < k 2  dB over the entire frequency 
range). It can also be used as a very broadband detector for low level 
amplitude modulation because it has no internal dc return path. Con- 
version loss is (14 dB worst case for inputs between +7 and +23 

11507A Output termination 
This multi-purpose termination with BNC connectors enhances the 

usefulness of any signal generator over a 50 kHz to 65 MHz range by 
providing: 
1. A matched 50Q termination with <1 dB attenuation to permit use 
into high impedance circuits. 
2. A 20 dB attenuation (1O:l) terminated voltage driver which re- 
duces the source impedance to 5Q for low impedance circuits. 
3. A 20 dB attenuation dummy antenna having the IEEE standard 
characteristics for receiver measurements (driven from a 1O:l divider, 
operating from 0.54 to 23 MHz). 

1 1508A Output cable 
The 11508A provides a 50Q termination and dual banana plug 

binding posts at one end of a 610 mm cable (with a Type N connector 
at the other end). It allows direct connection of a signal generator to 
high impedance circuits. 

11509A Fuseholder 
Accidental burnout of attenuators in H P  8640,8654,606, and 608 

Signal Generators can be prevented by using this fuse element be- 
tween the signal generator and a transceiver. Otherwise, many watts 
of R F  power can be applied to the signal generator attenuator if the 
transceiver is accidentally switched to "Transmit." The fuseholder 
has a frequency range of dc to 480 MHz, insertion loss of 5 1  dB, 

. dBm, and connectors are BNC. 

1 1690A 

Ordering information 
10511A Spectrum Generator 
10514A Double Balanced Mixer (0.2-500 MHz) 
10515A Frequency Doubler (0.5-500 MHz input) 
10534A Double Balanced Mixer (0.05-150 MHz) 
11507A Output Termination 
11508A Output Cable 
11509A Fuseholder 
11687A 500-759 Adapter 
11690A Frequency Doubler (230-550 MHz input) 
11697A Bandpass Filter (512-674 MHz) 
11697B Bandpass Filter (674-890 MHz) 
11697C Bandpass Filter (800-1 100 MHz) 

Price 
$350 
$150 
$170 
$115 
$175 
$50 
$80 

$115 
$180 
$270 
$270 
$270 



SWEEP OSCILLATORS lp 

I General information 

Sweep oscillators 
Swept frequency oscillators are used in ap- 

plications where the characteristics of a de- 
vice must be determined over a wide, 
continuous range of frequencies. Combined 
with a broadband detector and display test 
set, sweep oscillators provide many benefits 
compared to CW frequency sources. A swept 
measurement provides a dynamic display of 
the data. The results of any adjustments to 
the unknown test device are seen immediate- 
ly (real time) on the display. By replacing la- 
borious point-by-point techniques swept 
measurements increase the speed and con- 
venience of broadband testing. The continu- 
ous frequency characterization of the un- 
known device also eliminates the chance of 
missing important information between fre- 
quency points. Swept techniques are applica- 
ble in all phases of design, manufacture and 
maintenance. 

Hewlett-Packard sweep oscillators 
Hewlett-Packard sweepers cover the entire 

frequency spectrum from dc to 50 GHz. Self- 
contained, multi-octave sweepers cover the 
frequency range to 110 MHz. The 8690 se- 
ries of backward wave and solid state oscilla- 
tors features plug-ins from 400 kHz to 50 

GHz. The 8620 family of solid state oscilla- 
tors provide a versatile choice of configura- 
tions-single band, multiband, or very wide 
band plug-ins from 10 MHz to 22 GHz. A 
chart of the individual frequency bands 
available appears on page 399. 

Sweep oscillator features 
Sweep flexibility 

Every H P  sweeper has several different 
sweep modes available for setting the fre- 
quency limits of the instrument. A full band 
or independently adjustable start/stop fre- 
quency sweep can be selected. Alternatively, 
a marker sweep or a symmetrical AF sweep 
about the desired center frequency can be 
chosen. Switching from one sweep mode to 
another is a simple pushbutton operation. In 
the auto mode the sweep retriggers automati- 
cally. Sweep times of 0.01 to more than 100 
seconds can be selected. A manual sweep is 
also available as a front panel control, a real 
convenience for calibrating displays such as 
X-Y recorders. An external trigger is pro- 
vided as well for applications where the 
sweeper must be synced to other instrumen- 
tation or remotely controlled. 

On all sweeps a linear voltage proportional 
to frequency is available on an external con- 
nector which is useful for driving the hori- 

zontal of the display. Blanking and pen lift 
signals are also provided at rear output con- 
nectors during flyback time when the R F  is 
off. 

The 8620 solid state family also features a 
self-contained multi-band capability in one 
compact instrument. Different octave range 
oscillators (up to three in one drawer) can be 
selected by simply pressing one band select 
lever. This results in performance, cost, and 
size benefits compared to externally multi- 
plexed sweeper systems. 
Power output and leveling 

Power output is continuously adjustable a t  
the front panel over approximately a 10 dB 
range. Built-in attenuators are also available 
for greater power control. Internal or exter- 
nal leveling is employed to obtain (1) a con- 
stant power output and (2) a good source 
match (low VSWR). This ensures high accu- 
racy when making swept measurements. 
Modulation 

Modulation capabilities further extend the 
sweeper’s usefulness both as a sweeper and a 
signal generator for signal simulations. Wide 
AM and FM bandwidths are useful for a va- 
riety of tests on communication receivers. 
The flexible FM capability allows remote 
analog frequency programming which is im- 
portant for many applications. 



SWEEP OSCILLATORS p m  
General information 

M U  compatibility 
In communications applications where u p  

converter simulation is required in conjunc- 
tion with the H P  Microwave Link Analyzer, 
the 86200 series of plug-ins provides this ca- 
pability as an option in frequency ranges 
from 500 MHz to 18 GHz. Group delay of 
less than 1 nanosecond and linearity of better 
than 0.5% across 30 MHz across most of the 
frequency range permit very accurate R F  to 
RF, R F  to IF  and R F  to BB distortion mea- 
surements. 
Programming 

The 8620C solid state sweeper mainframe 
provides optional BCD or HP-IB program- 
ming capability. More than ten thousand fre- 
quency points per band permit very fine 
frequency control. In addition, band selec- 
tion, sweep mode, RF attenuator, and re- 
mote-local can be controlled remotely. This 
allows the sweeper to be used in a wide vari- 
ety of automatic systems and sophisticated 
signal simulation applications. 

For example, a 1 MHz to 18.6 GHz fre- 
quency synthesizer can be configured using a 
controller, the 86290B/8620C 2-18.6 GHz 
sweep oscillator, and the 8660 UHF synthe- 
sizer. (See Figure 1). Harmonics of the 8660 
are used to phase lock the sweeper to the ac- 
curacy and stability of the synthesizer. The 
desktop computer is then used to control the 

Desktop 

Synthesizer - I 

+ HP-IB 
Harmonic 

Synchronizer Mixer 

2-18.6 GH2 

Oscillator 
I 

* sweep 

I I 
1 MHz--18.6 G H z  

Synthesized 

Figure 1. 

sweeper, the UHF synthesizer, and R F  
switches to allow keyboard control of a CW 
signal or to step the source across a band of 
interest. Of course, the controller can also be 
used to assimilate data gathered at each 
point. 

Precision power level control of the sweep 
er can be obtained by using the desktop com- 
puter to drive the sweeper’s EXT AM input 
through a Digital-to-Analog Converter. A 
calibration array previously stored in the 
desktop computer would control the D-A 
voltage producing power level accuracy simi- 
lar to that of the 436A power meter used in 
the calibration. (See Figure 2). Level control 
of the sweeper is important in measuring 
gain compression and when ratio measure- 
ments are not practical. If greater than 10 dB 
of control range is required, a programmable 
attenuator with as much as 110 dB of range 
may be used. 

Ext. AM 4 
HP-IB 

Power 

Figure 2. 

Digital sweeping synthesizers 
The 3325A, 3330B, 3325A and 8660C 

combine the precision frequency accuracy 
and stability of a synthesizer with the time 
saving convenience of a sweeper. Parameters 
such as start/stop/center frequencies, sweep 
width, frequency step and sweep time are en- 
tered and executed through a convenient 
keyboard or remote programming. Some ad- 
ditional features are phase continuous linear 
/log sweep in the 3325A and amplitude 
sweeping in steps as small as 0.01 dB in the 
3330B. This in conjunction with frequency 
sweeping can provide a comprehensive fam- 
ily of curves. 
Sweeper applications 

Sweepers are used extensively with swept 
frequency test sets to characterize the ampli- 
tude response of broadband devices or with 
network analyzers when the phase character- 
istics of the device (or S-parameters) are 
needed as well. Two RF measurements- 
transmission and reflection-are basic to 
both types of analyzer. Hewlett-Packard of- 

fers a complete line of directional couplers, 
power splitters, and other transducers which 
together with the analyzers and sweep oscil- 
lators provide a total swept measurement so- 
lution. Figure 3 shows a complete swept 

Figure 3. 

system that can be used to simultaneously 
characterize the scalar transmission and re- 
flection properties of devices from 10 MHz 
to 18 GHz. This system has a sensitivity of 
better than -50 dBm. 

For measurements requiring more sensitiv- 
ity and/or phase information, sweepers may 
be used with network analyzers. Now with 
the HP 8620 family of solid state sweepers 
and the H P  8410B. these measurements can 
easily be made across many Octaves of fre- 
quency. Previously the 8410 had to be re- 
tuned every octave. Now, for example, with 
the 86222A/B and the 8410B, phase-magni- 
tude transmission or reflection coefficients 
can be measured across the full, 0.11-2.4 
GHz range in one continuous sweep at  full 
sweep speed. Since the 8410 is a tuned receiv- 
er this means a spurious-free sensitivity of 
-78 dBm. 

2 GHz 18 GHz 

Figure 4 

Figure 4 is a CRT photo of simultaneous 
phase and magnitude transmission charac- 
teristics of an 8 to 10 GHz bandpass filter 
across 2 to 18 GHz using the 86290 Sweep 
Oscillator Plug-in. 



h power applications such as RFI- 
lity tests and high attenuation In addition, accuracy, linearity, and flat- AN 155-2 "100 dB Dynamic Rai 
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ard sweep oscillators to a harmonic of a very 
stable source. This high stability is important 
in many applications including microwave 
spectroscopy and high-Q swept frequency 
measurements. 

Two-tone sweep testing of devices such as 
mixers and receiver front ends requires two 
signals offset from each other by the IF. This 
is accomplished by phase-locking the differ- 
ence frequency of two sweep oscillators to a 
very stable source. The sweepers may then be 
swept across the band of interest. 

The modulation and built-in attenuator 
features of Hewlett-Packard sweep oscilla- 
tors make them useful in many traditional 

1 "1 W I U " " L L . L U  O y ' Y ' L " U L . " " 1  LLI" ""-,"I ., 0, 

2-18 GHz plug-ins and the 86222A/B 0.01- 
2.4 GHz plug-ins feature performance that 
rivals octave band oscillators in the area of 
frequency purity and accuracy, harmonics, 
and flatness. 

For a complete discussion of swept fre- 
quency measurements the following applica- 
tion notes and others are available from your 
local Hewlett-Packard sales office. 

AN 117-1 "Microwave Network Analysis 
Applications" 
AN 117-2 "Stripline Component Measure- 
ments" 
AN 155-1 "Active Device Measurements 

nge Mea- 
.ency Re- 

Measure- 

I.l. .",-_ - "... U..-,.V.II_ 18.6GHz 
Synthesized Frequency Source using the 
8620C Sweep Oscillator" 
AN 187-3 "Three HP-IB Configurations 
for Making Microwave Scalar Measure- 
ments" 
AN 187-4 "Configuration of a Two-Tone 
Sweeping Generator" 
AN 187-5 "Calculator Control of the 
8620C Sweep Oscillator using the HP-IB" 
AN 187-6 "Frequency Performance of the 
8620C Sweep Oscillator Under Remote 
Programming" 
AN 221 "Semi-Automatic Measurements 
using the 8410B Microwave Network Ana- 
Iv7rr 2nd t he  9825A Desk-Too Computer" 

Sweep Oscillator-summary chart 



SWEEP OSCILLATORS 
Digital marker & generatorlsweeper 
Models 8600A & 8601A 

0600A 

860 1 A 

Covering 100 kHz to 110 MHz, the Model 8601A Generator/ 
Sweeper combines the high linearity and flatness of a precision 
sweeper with a signal generator’s frequency accuracy and wide range 
of calibrated power levels. Though it’s small and lightweight, it does 
the work of two instruments easily and conveniently. 

860 1 A Specifications 
Frequency range: low range, 0.1-1 1 MHz; high range, 1-1 10 MHz. 
Frequency accuracy: approximately +- 1% of frequency. 
Power output: +20 to - 1  10 dBm; IO-dB steps and 13-dB vernier 
provide continuous settings over entire range. Meter monitors output 
in dBm and rms volts into 50Q. 
Power accuracy: f 1 dB accuracy for any output level from +I3  
dBm to -110 dBm. 
Flatness: +0.25 dB over full range, f O . 1  dB over any 10 MHz por- 
tion (+lo dBm step or below). 

Impedance: 50Q, SWR (1.2 on 0 dBm step and below. 
Harmonics and spurious signals: (CW above 250 kHz, output lev- 
els below + 10 dBm) harmonics at least 35 dB below carrier. Spurious 
a t  least 40 dB below carrier. 
Residual FM: noise in a 20 kHz bandwidth including line related 
components (dominant component of residual FM is noise). 

CW: (50  Hz rms, low range; (500 Hz rms high range. 
SYM 0, sweep: (100 Hz rms, low range; (1 kHz rms, high 
range. 

Residual AM: AM noise modulation index (rms, 10 kHz bandwidth) 
is (-50 dB; (typically -60 dB at 25°C). 
Crystal calibrator: internal 5 MHz crystal allows frequency calibra- 
tion to +-0.01% a t  any multiple of 5 MHz. 
Sweep modes: full, video, and symmetrical. 
Internal AM: fixed 30% f 5% at 1 kHz. 
External AM: 0 to 50%, dc to 400 Hz; 0 to 3075, up to 1 kHz. 
Internal FM: 1 kHz rate, fixed 75 kHz f 5%, deviation, high range; 
7.5 kHz f 5%, deviation, low range; (3% distortion. 
External FM: sensitivity, 5 MHz per volt 5 5%, high range, 0.5 MHz 
per volt +- 5%, low range; negative polarity; FM rates to 10 kHz. 
Weight: net, 9.5 kg (21 Ib). Shipping, 12.3 kg (27 Ib). 
Size: 155 mm H x 190 mm W x 416 mm D (6 3/2N x 7 25/a2” x 16 ‘4”). 

The Model 8600A Digital Marker provides five independent, con- 
tinuously variable frequency markers over the range 0.1 -1 10 MHz 
when used with the HP 8601A or 8690B/8698B Generator Sweeper. 

The high resolution controls and 6-digit readout permit 0.05% fre- 
quency settability. The frequency of any marker may be read while 
sweeping, simply by pushing a button within the marker control. The 
marker selected is brighter than the others and points in the opposite 
direction, ensuring positive marker identification. 

8600A Specifications 
Marker accuracy: any marker may be placed at a desired frequency 
+- (0.05% of sweep width + sweeper stability). 
Weight: net, 5.9 kg (13 Ib); shipping 8.2 kg (18 Ib). 
Size: 99 mm H x 413 mm W x 337 rnm L (3 x” x 16 ‘4” x 13 l4”). 

Ordering information Price 
8600A Digital Marker $1700 

8601A Generator/Sweeper $3000 
add $50 

Opt 001: Modification kit for 8690B/8698B N / C  

Opt 008: 75 Q BNC output 



SWEEP OSCaLLATORS ~ 

I Solid state sweeper family, I O  MHz to 22 GHz L-’ 
I 

Model 8620  System 

Single-band, multi-band, straddle-band and broadband > 10 mW to 22 GHz 
plug-ins 

8620 System 
The Hewlett-Packard 8620 solid state sweeper system offers the 

flexibility of the 8620C mainframe in addition to a choice of single- 
band, multiband, straddle-band, and broadband plug-ins. The 8620 
system also offers high output with solid state reliability-greater 
than 10 mW leveled to 22 GHz. 

The fundamental oscillators used in the plug-ins and modules are 
YIG tuned transistor or bulk effect circuits. YIG tuning results in 
exceptional tuning linearity, low noise, and low spurious content; it 
also allows frequency modulation at high rates and wide deviations 
with low distortion. 

Typical unleveled power output 

Frequency IGHz) 

8620C Sweeper mainframe 
The 8620C has many features which are highly useful in stringent 

applications. With convenient functionally grouped controls and 
lighted pushbutton indicators the mainframe offers extreme ease of 
operation and flexibility. In addition, it can be a completely program- 
mable source, either HP-IB or BCD, an indispensable feature for 
automatic systems and signal simulation applications. 
86222A/B and 86290A/B broadband plug-ins 

Now the 10 MHz to 18.6 GHz frequency range can be covered with 
just two plug-ins-the 86222A/B and 86290A/B. Besides their 
broad frequency range these plug-ins offer many special features in- 
cluding unique crystal markers in the 86222B and better than + 30 
MHz frequency accuracy in a 86290AIB even at 18 GHz. 
86240A/B straddle-band plug-ins 

Covering more than two octaves of frequency the 86240A and B 
span 2-8.4 GHZ with major advances in power output and signal 
purity. The 86240A offers more than 40 mW leveled output across 
the full band. The 86240B specifies harmonics of >45 dBc which can 
be very important when making measurements across more than one 
octave. 
86200  Series single-band plug-ins 

The 86200 series of plug-ins covers both ends of the frequency spec- 
trum from 10 MHz to 22 GHz with a choice of more than nine plug- 
ins. 
86218  and 86300 Series multiband plug-ins 

The 862IB drawer provides capability for up to two fundamental 
oscillator modules (86300 series) plus a heterodyne module 
(86320B). Selecting the band is as simple as pressing a front panel 
lever. 



i ... SWEEP OSCILLATORS 
I 8620 Family: mainframe [ 

Model 8620C 

Optional BCD or HP-IB Programming 
3 Markers 

0 100°/o AF Capability, fully calibrated 

The 8620C offers many features as standard equipment. For exam- 
ple, up to four separate bands and their respective frequency scales 
can be selected with a touch of the band select lever just to the left of 
the dial scale. This represents a truly convenient wide-band capacity, 
one which doesn’t necessitate changing plug-ins or the addition of 
costly, bulky, additional instruments to make wide-band swept mea- 
surements. Pushbuttons, concentrically located in the frequency con- 
trol knobs, light when actuated to indicate the sweep function in use. 
For example, depressing the FULL SWEEP pushbutton results in a 
sweep of the total range selected by the band select lever. In this mode 
three markers are available, controlled by the START MARKER, 
STOP MARKER, and CW MARKER knobs. The MARKER 
SWEEP function causes a sweep between START and STOP 
MARKERS. In MARKER SWEEP, the CW MARKER is still 
available for further flexibility in identifying specific frequencies. 

The 8620C is fully and continuously calibrated for any AF sweep 
width. Having chosen an optimum width, one can read the total sweep 
width from the calibrated AF dial scale. The sweep is symmetrical 
about the CW MARKER setting and in this function the START 
and STOP MARKERS are available. Three continuously variable 
AF ranges are available by using the range switch below the AF knob. 
This allows calibrated sweep widths of up to 1%. 10% or 100% of full 
band a t  the user’s choice. 

The CW function is selected by depressing the CW push button. It 
is possible to also engage the CW VERNIER knob to achieve very 
accurate settability. With the main dial scale cursor placed on any 
convenient mark, it is possible to interpolate accurately between dial 
scale markers by utilizing the CW VERNIER. This vernier makes 
the effective length of the dial scale 7% meters (300 inches) and con- 
tributes to the increased settability. 

Another feature is the capability to fully program the sweeper. The 
standard 8620C includes inputs for band selection, attenuator setting 
(with 86218 Opt 010 installed), sweep function selection, and analog 
frequency control. Option 01 1 provides, in addition, the capability to 
digitally program the sweeper with the HP-Interface Bus (HP-IB). 
With this option, the user can place the sweeper into any sweep func- 
tion (AF, FULL SWEEP, etc.) and it will sweep according to the 
front panel frequency settings. In this mode a programmable digital 
marker is available. In addition, an extremely flexible digital frequen- 
cy programming capability is included with this option. Resolution of 
10,000 points per band or 10.000 points across the frequency range 
set by the front panel controls permit extremely high resolution limit- 
ed only by the Residual FM of the sweeper. Option 001 BCD pro- 
gramming provides the same capabilities as the HP-IB option with 
the exception that no digital marker is available in the programmed 
sweep modes. 



8620C Specifications 
Frequency 
Frequency range: determined by band select lever and R F  unit. 
Frequency linaaritv: refer to RF unit soecifications. 

Sweep fui 
FULL swee d 
the band sel 

MARKER frequency settings. 
MARKER sweep;  awccps I I U I I I  O I ~ R I  I V I ~ R R L ~  LU O L U P  

Range: both independent settings are fully calibrated and continu- 
ously adjustable over the entire frequency range; can be set to sweep 
either ul 
End-poi 
quency i 

AF Swee 
CW setting, L W  vernier can be activatea lor fine controi 01 center 
frequency. 

Width: coi ’0 

to IO%, or zero to IUUYO or usable rrequency Dana as seiecrea with 
front panel switch. Dial scale calibrated directly in MHz. 
Width accuracy: + 1% of maximum AF plus +2% of AF being 
swept. 
Center-frequency accuracy: refer to R F  unit specifications, 
same as frequency accuracy. 

CW operations: single-frequency R F  output controlled by CW 
MARKER knob selected by depressing pushbutton in CW MARK- 

; or down in frequency. 
int accuracy: refer to R F  unit specifications, same as fre- 
iccuracy. 
p: sweeps symmetrically upward in frequency, centered on 

- 

---. . . . ^  P. . . e .  

itinously adjustable and calibrated from zero to I%, zer .--- .. c I .  . . .  .. 

ER control. 
Preset frequencies: START MARKER, STOP MARKER, and 
AF end points in manual sweep mode and CW MARKER frequen- 
cy can be used as preset CW frequencies. 
CW vernier: calibrated directly in MHz about CW setting. CW 
vernier activated by pushbutton in CW vernier control. Zero to 
+. 0.5% or zero to k 5% of full bandwidth, selectable with front pan- 
el switch. 
Accuracy: Refer to R F  unit specifications, same as frequency ac- 
curacy. 

Frequency markers: three constant width frequency markers are 
fully calibrated and independently adjustable over the entire range in 
FULL SWEEP function, controlled by START MARKER, STOP 
MARKER, and CW MARKER controls. In AF sweep START and 
STOP MARKERS are available, and in MARKER SWEEP the 
CW MARKER is available. Front panel switch provides for the se- 
lection of either amplitude or intensity markers (amplitude modulat- 
ing the RF output or Z-axis modulating the CRT display). 

Resolution: better than 0.25% of RF unit bandwidth. 

able from Z-axis BNC co 
approximately 1000 ohm 
Accuracy: refer to R F  UI 
racy. 

Sweep modes 
Auto: sweep recurs automatically. 
Line: sweep can be synchronized with the ac power line. 
External trigger: sweep is actuated by external trigger signal. 
Sweep time: continuously adjustable in four decade ranges typically 
0.01 to 100 seconds. 
Single sweep: activated by front panel switch. 
Manual sweep: front panel control provides continuous manual ad- 
justment of frequency between end frequencies set in any of the above 
sweep functions. 
External sweep: sweep is controlled by external signal applied to 
programming connector. Zero volts for start of sweep increasing lin- 
early to approximately +10 volts for end of sweep. 
Sweep output: direct-coupled sawtooth, zero to approximately +IO 

volts, a t  front panel BNC connector, concurrent with swept R F  out- 
put. Zero at start of sweep, approximately +10 volts at end of sweep 
regardless of sweep width or direction. In CW mode, dc output is 
proportional to frequency. 

lodulation 
rternal AM: square-wave modulation continuously adjustable fr 
50 to 1050 Hz on all sweep times. On/Off ratio, refer to R F  L 
pecifications. 
:xternal AM: refer to R F  unit specifications. 
:xternal FM: refer to R F  unit specifications. 
‘hase-lock: refer to RF unit specifications. 

!IB Option 010. 

mote frequency programming, Opt 001 (BCD) a 
1 (HP-IB) 
ictions 
and: manual enable or remote control of four bands. 

om 
init 

R 
Remore Dana seiect: irequency rangc cdll uc ~UILLIUIICU ICIIIULCL)) by 
three binary contact closure lines avadable at rear panel connector. 
Remote attenuation select: 0 to 70 dB attenuation in 10 dB steps 
can be controlled bv 4 binary contact closure lines when used with 
862 

Rei nd 
01 
Fur 

B, ~~ ~~~~~~~ ~~ ~~~ ~ ~~ ~ 

Mode: seven modes, including digital frequency control in three 
modes, with a resolution of 10.000 points across FULL band, be- 
tween START MARKER and STOP MARKER as set by front 
panel controls, or across AF as set by front panel AF and CW con- 
trols; or selection of any of four analog sweep functions: AF or 
MARKER SWEEP with end points set by appropriate front panel 
controls, CW as set by CW MARKER control, or FULL SWEEP 
of band selected. 
Marker: with analog sweeps (FULL, AF or MARKER SWEEP), a 
programmable marker is available (Opt 01 1 only), in either ampli- 
tude or intensity as selected with front panel switch. 

General 
Blanklng 

RF: with blanking switch enabled, R F  automatically turns off dur- 
ing retrace, and remains off until start of next sweep. On automatic 
sweeps, R F  is on long enough before sweep starts to stabilize exter- 
nal circuits and equipment whose response is compatible with the 
selected sweep rate 
Display (2-AXIS/MKR/PEN LIFT Output): direct-coupled rectan- 
gular pulse approximately +5.0 volts coincident in time with R F  
blanking is on rear panel. 
Negative (Negative blanking output): direct-coupled rectangu- 
lar pulse approximately -5.0 volts coincident in time with R F  
blanking, fully compatible with 8410A/B network analyzer. 
Pen lift: for use with X-Y recorders having positive power supplies. 
Transistor-switch signal is available on Z-AXIS/MKR/PEN LIFT 
connector. This signal is also available on the programming connec- 
tor. 

Furnished: 2.29 m (7%-foot) power cable with NEMA plug; 2 spare 
3 amp fuses; extender board for servicing; and calibration scale. 
Power: 100,120,220, or 240 volts +5 - 10%,50 to 400 Hz. Approxi- 
mately 140 watts. 
Weight: (not including RF unit): Net, 11.1 kg (24 lb). Shipping 13.4 
kg (30 lb). 
Size: 132.6 mm H x 425 mm W x 337 mm D ( 5  ”&” x 16 x u  x 13 x”). 
Ordering information Price 
862OC Sweep Oscillator Mainframe $2350 

add $650 
add $950 

add $10 

Opt 001: BCD Frequency Programming 
Opt 01 1: HP-IB Frequency Programming 
Opt 908: Rack Flange Kit 



SWEEP OSCILLATORS 
c A 8620 Family: broadband plug-ins 
i Models 86290A and 862908 

+10 dBrn 2 to 18.6 GHz with 86290B 
+7 dBrn 2 to 18 GHz with 86290A 

- 
862908 

The 86290A and 86290B broadband plug-ins set new standards in 
wideband sweeper value with versatile frequency coverage and excel- 
lent performance characteristics a t  an attractive size and price. For 
broadband testing, a continuous sweep from 2 to 18.6 GHz (18 GHz 
with the 86290A) is provided. In addition, higher frequency resolu- 
tion is achieved by covering the 2 to 18.6 GHz range in three individ- 
ual bands of 2 to 6.2 GHz, 6 to 12.4 GHz, and 12 to 18.6 GHz (or 18 
GHz). Continuous 2 to 22 GHz sweep operation is available via Op- 
tion H08 with frequency bands of 2 to 6.2,6 to 12.4,12 to 22, and 2 to 
22 GHz. Individual bands and corresponding dial scales are selected 
using the band select lever on the 8620C mainframe. Front panel 
lights indicate the frequency range selected. In each frequency band, 
all sweeper mainframe controls are operable. 

The 86290A/B plug-ins offer outstanding electrical performance 
along with small size and simplicity of operation. The key microelec- 
tronic elements of the 862908 are a 2 to 6.2 GHz fundamental oscil- 
lator, 250 mW GaAs FET amplifier, and high-efficiency multiplier 
integrated with a tracking YIG filter, which combine to produce > 10 
mW swept output over the 2 to 18.6 GHz range. This output is low in 
harmonic and spurious content and has excellent frequency linearity. 
On wideband sweeps, the 6.2 GHz and 12.4 GHz switch points can be 
Z-axis blanked as well as R F  blanked, resulting in a spurious-free, 
clean continuous trace on any display. 

The 86290A/B plug-ins have unique advantages as the source for 
network measurements. For 2 to 18 GHz scalar measurements, the 
86290 accepts 27.8 kHz square wave AM modulation directly from 
the HP 8755 Frequency Response Test Set. Thus the need for an ex- 
ternal modulator is eliminated providing convenience and cost sav- 
ings, and more important, making full sweeper power available a t  the 
test device. Phase/amplitude network analysis over the continuous 2 
to 18 GHz range becomes a reality using the 86290 and the HP 
8410B Network Analyzer. Interfacing between the 8410B and the 
sweeper permits the 8410B to automatically phase-lock over multi- 
octave sweeps. Together, the 86290 and the 8410B make possible 
phase and amplitude measurements from 2 to 18 GHz in one continu- 
ous sweep. 

0 Adv nced technology provides 01 

2 to 22GHz with Option H08 
standing performance 

HP 86290B Typical Leveled Power Output 

+IO dBm 

2 
Frequency (GHz) 

18.6 

As a stand-alone sweeper, the 8620C and 86290 plug-in provide 
still more features for ease in swept testing. Even at 18 GHz, frequen- 
cy can be set with 2 3 0  MHz accuracy. Sweep linearity is 0.05% 
which means frequencies in the swept mode can be identified to accu- 
racies comparable with wavemeters. Internal leveling is standard. Ex- 
ternal crystal and power meter leveling circuitry is also provided. A 
SLOPE control permits the frequency-dependent losses of a test setup 
to be compensated. The 2 to 6.2 GHz fundamental oscillator signal is 
always available through a rear output connector. Phase-locking from 
2 to 18.6 GHz is accomplished using only 6.2 GHz hardware via this 
output. Accurate frequency readout is possible by connecting a DVM 
to the calibrated 1 volt/GHz output located on the rear panel. 

With the plug-in flexibility and these exceptional features, the 
8620C/86290 sweeper is the ideal source for broadband sweep testing 
of components, transmission lines, antenna systems and ECM equip- 
ment. 
General specifications 

Switch points: broadband switch points are a t  6.2 and 12.4 GHz. 
Frequency overlap is typically 0 to 20 MHz at switch points. 
Auxiliary output: rear panel 2 to 6.2 GHz fundamental oscillator 
output, nominally-I0 dBm. 
Slope control: front panel control allowing compensation for fre- 
quency dependent losses of a test setup by attenuating power at lower 
frequencies. 
Peak control: front panel control for peaking power over desired fre- 
quency range. 
Frequency reference output: nom. 1 V/GHz (2-18.6 volts) rear 
panel BNC output, CW frequency accuracy typically ?35 MHz. 
Mainframe compatibility: the 86290B will operate properly only 
with the 8620C mainframe. The 86290A will operate directly with 
8620A mainframes with serial number prefixes of 1332A and above 
and with all 8620C mainframes. To use the 86290A with other 
8620A mainframes order 86290A Option 060 which includes a main- 
frame modification kit. 
Weight: net, 4.4 kg (9.6 Ib). Shipping, 5.9 kg (13 Ib). 



8629049 and 86290B Broadband plug-ins 

Specifications wi th  plug-in installed in an 8620C mainframe 

Frequency range: (GHz)* 
862901 
862908 

Frequency accuracy (25OC) 
CW mode (or >lo0 ms sweep time with FM switch in FM/PL): (MHz) 
Remote programming: typically (MHz) 
All sweep modes: (MHz) 
Marker: (MHz) 
Frequency linearity (correlation between frequency and sweep out 
voltage) typically: (MHz) 

With temperature: (MHz/"C) 
With 10% line voltage change: (kHz) 
With 10 dB power level change: (kHz) 
With 3:l load VSWR, all phases: (kHz) 
Frequency dr i f t  ( in 10 minute period after 30 minute warm-up): typically (kHz) 
Residual FM (10 kHz bandwidth; FM switch in norm) CW mode: (kHz peak) 

Frequency stability 

Maximum leveled power (25OC): (dBm) 
862901 
862906 

Power level control range: (dB) 

Internally leveled: (dB) 

With temperature (typically): (dB/OC) 

Power variation 

Externally leveled (excluding coupler and detector variation) Crystal detector: 
Power meter: 

Spurious signals (below fundamental a t  specified maximum power) 
Harmonic related signals: (dB) 
Nonharmonics: (dB) 

Residual AM in 100 kHz bandwidth (below fundamental a t  specified) 

6-12.4 
6-12.4 

BRND1 I BAND 2 

2-6.2 
2-6.2 

f 20 
f 2.5 
f 30 
f 30 

f 8  

zf: 0.5 
zf: 100 
f 200 
f 100 
f 300 
(10 

>+7 
>+lo 
> 10 

f 0.7 
f0.15 
f 0.15 
f 0.1 

>25 
>50 
>55 

maximum power): (dB) 

Source VSWR internally leveled, 5022 nominal impedance 

External FM 
Maximum deviations for modulation frequencies 
DC to 100 Hz: (MHz) 
100 Hz to 2 MHz: (MHz) 

FM mode: (MHz/volt) 
Phase-lock mode: (MHz/volt) 

AM (At specified maximum power) 
Specified requirements guaranteeing HP 8755 operation with 
? 6V, 27.8 kHz square wave MOD DRIVE connected to EXT AM input. 
On/Off ratio: (dB) 
Symmetry: 

Sensitivity (typically) 

Attenuation for +5 volt input: (dB) 
Internal 1 kHz square wave On/Off ratio:'(dB) 
RF blanking (selected by mainframe switch) On/Off ratio: (dB) 

Minimum sweep t ime typically: (ins) 
CW remote programming se t t i i g  t ime 

typical time to  settle into CW frequency accuracy specification, 
8620C Opt. 001 or 011; FM switch i n  FM/PL: (ms) 

f 30 
f 3.5 
f 40 
f 40 

f 8  

>55 

t1.9 <1.9 

zf: 15 f 75 
f 5  f 5  

-20 -20 
-6 -6 

> 30 >30 
40/60 40/60 
>30 >30 
>25 > 25 
> 30 >30 
10 10 

5 5 

f 1.0 
f 100 
f 400 
f 200 
f 600 
(20 

>+7 
>+lo 
>10 

f 0.7 
f 0.15 
f 0.15 
fO.1 

BAND 3 

12-18 
12-18.6 

f 30 
f 3.5 
f 40 
f 40 

f 8  

f 1.5 
? 100 
f 600 
f 300 
f 900 
< 30 

>+1 
>+lo 
> 10 

f 0.8 
f 0.15 
f 0.15 
zf: 0.1 

>25 
> 50 
>55 

t1.9 

f 75 
f 5  

-20 
-6 

>30 
40/60 
> 30 
>25 
>30 
10 

5 

BAND 4 

2-18 
2-18.6 

* 100 
-t 100 
f 100 

f 30 

- 

f 2.0 
zf: 100 
zf: 600 
f 300 
f 900 
<30 

>+7 
>+lo 
>10 

f 0.9 
k0.15 
f0.15 
f0.1 

>25 
>50 
>55 

(1.9 

f 15 
f 5  

-20 
-6 

> 30 
40/60 
>30 
>25 
>30 
60 

10 

I *The 2-22 GHz option (H08) differs in some performance areas. Please consult your local HP Field Engineer for complete information, 

Ordering information Price 
86290A 2 to 18 GHz +7 dBm (5mW) plug-in (internal $13,250 
leveling standard) 
86290B 2 to 18.6 GHz +lOdBrn (10 mW) plug-in (in- $15,250 
ternal leveling standard) 

add $80 

Opt 005: APC-7 RF output connector: 
Opt 060: 86290A only, kit included for modifying 
8620A mainframes with serial prefix 1332A and be- 
low. (862908 can only be used with the 8620CJ: 
Opt H08: 2 to 22 GHz operation, 86290A/B 

add $40 

add $300 
add $3000 Opt 004: rear panel RF output: 

(See Data Sheet for specifications) 



SWEEP OSCILLATORS ' 8620 Family: straddle band plug-ins 
Models 86240A, 86240B, and 86240C ! 

862408 86240C 

86240B Low Harmonic Distortion: 2-8.4 GHz 
The dynamic range of a swept measurement is often limite- .y 

source harmonics. Low pass filtering, either internal or external to the 
plug-in, is practical only over sweep widths less than an octave. How- 
ever you can now get narrowband 45 dBc harmonic performance with 
the convenience of a multi-octave sweep in the 86240B. The dynamic 
range advantage of the low harmonics when measuring filter rejec- 
tion, amplifier or mixer distortion is further enhanced by the 
86240Bs 20 mW of calibrated output power. Internal leveling to k .5 
dB is standard as well as a slope control for optimizing the total mea- 
surement system flatness. A step attenuator is optionally available if 
calibrated power control over an 80 dB range is desired. 

Key to the 45 dBc harmonic performance of the 862408 is the HP 
designed YIG-FILTER-OSCILLATOR (YFO). The YFO includes 
two YIG spheres in the same magnet housing. Changing the DC 
magnetic field strength tunes the resonant frequency of both YIG 
spheres simultaneously. One YIG tunes the oscillator circuit 
whose output is amplified by a 100 mW GaAs FET ampifier. This 
signal is then coupled through the second YIG which filters har- 
monics down to a level >45 dB below the carrier over the entire 2 
to 8.4 GHz range. Fast rise time pulses are made possible by 
pulsing the gate bias of a GaAs FET in the amplifier. 

86240A High Output Power: 2-8.4 GHz 
The use of fixed attenuators to reduce mismatc-. errors in a swept 

measurement requires additional source power to maintain the same 
dynamic range. Similarly, if one wants to take advantage of the excel- 
lent flatness and source match of a resistive power splitter, additional 
power is needed, especially if the test device is a mixer or amplifier 
with a 10 dBm drive level specification. The 86240A. which contains 
a non-filtered version of the YFO described above, was designed to 
meet these needs. It features up to 40 mW of output power, competi- 
tive harmonics, at an attractive price. With the internal leveling op- 
tion, the 86240A also provides calibrated output power and slope 
control. For radar simulation applications, the 86240A can be exter- 
nally amplitude modulated with 20 ns rise time pulses. 

86240C RF Distortion Analysis of MW Links: 3.6-8.6 
GHz 

Distortion analysis of microwave radio links frequency requires 
MLA Upconverter Simulation. The 86240C is designed to fill this 
need over the important 4, 6, and 8 GHz commercial and military 
communication bands. The FM circuitry is modified to accept the 
sweep and test tone signals from the MLA. The oscillator is optimized 
for group delay of less than 1 ns peak-to-peak over 30 MHz and lin- 
earity better than 0.5%. The 86240C is also a very good 40 mW 
sweeper. It has a 10 MHz FM bandwidth, flat to 2 1.5 dB for noise 
loading applications plus all the optional leveling and power control 
features found on the 86240A. Thus, it is two products in one-both 
general and special purpose-ideal for communications systems ap- 
plications. For further information on MLA Upconverter Simulation 
plug-ins, refer to the Telecommunications Test Equipment section on 
page 607. 



86240A/B/C Plug-ins 
Specifications with plug-in installed in 8620C mainframe 

8624011 862408 
FREQuo(cv 

CW Mode f 25 MHz 2 25 MHz 
CW Remote Programming: typically f3.5 MHz k 3 . 5  MHz 
All Sweep Modes (for sweep time > lo0  ms) f 4 0  MHz k 50 MHz 

POWR OUTWT 
Maximum Leveled Power: (25") >40 mW 2-20 mW 

With Option 002: >32 mW >16 mW 
bwer Yariati i: (At Max Rated Power) 

Unleveled (Typically): < f 2 d B  
Internally Leveled (Opt 001) < f I d 6  < f 0.566 

:requemy Ran;e 2.0-8.4 Gb 2.0-8.4 Gk 
:requency Accuracy: (25°C) 

Power Control Range: 10 dB 10 dB 
Power Calibration Accuracy: 22 dB 21  dB 

Externally Leveled (Excluding Coupled and Detector Variation) 
Crystal Detector and Power Meter: (fO.1 dB < f O . 1  dB 

Spuian Signah: (below fundamental at 
specified maximum power): 
Harmonics >20 dB (20 mW) 

>16 dB (40 mW) >45 dB 
Nonharmooics >60 dB >60 dB 
MOWLATION 

Maximum Deviations for Modulation Frequencies: 

20.3 dB/10 dB Add for Option 002: k 0 . 3  dB/10 dB 

Extemal FM 

DC to 100 Hz k 15 MHz f 15 MHz 

90 kHz to 10 MHz 
Frequency Response: 

DC to 2 MHz: f3 dB + 3  dB 
OC to 10 MHz: 

Sensitivity: Nominal 
FM Mode -20 MHz/V -20 MHz/V 

Upconverter Mode 

DC to 1 MHz f 5MHZ f 5MHZ 

Phase Lock Mode - 6 MHz/V - 6 MM/V 

PRICE 

Opt 001 (Internal Leveling) add $650 Included 
ply-in: $3750 $5200 

Frequency characteristics 
Linearity: typically f 0.1%. 
Stability 

With temperature: +SO0 kHz/"C. 
With 10% line voltage change: f40 kHz. 
With 10 dB power level change: f 1.0 MHz. 
With 3:l load SWR, all phases: & 250 kHz. 
With time (after 1 hr. warm-up): typ tf200 kHz110 min. 
Residual FM (in 10 kHz bandwidth, CW Mode): t 9  kHz peak. 

Reference output: DC-coupled voltage proportional to R F  frequen- 
cy, voltage approximately 1 V/GHz. 

Output characteristics 
RF power leveling 

Internal, option 001: Selected by front panel switch; refer to R F  
plug-in specifications. (Standard on 86240B) 
External 

Crystal Input: Approximately -10 to -200 mV for specified lev- 
eling at rated output; for use with negative polarity detectors. 
Power meter Inout: Switch selects proper compensation for H P  

86240C 

3.6-8.6 G b  

f 25 MHz 
f 3.5 MHz 
f 35 MHz 

>40 mW 
>32 mW 

< f 2 d B  
< f O . E d B  
10 dB 
k 2  dB 
20.3 dB/10 dB 

< f O . l  dB 

>20 dB (20 mW) 
>16 dB (40 mW) 
>60 dB 

+ 150 MHz 

+ 1.5 MHz 

f 1.5 dB 
? 1.5 dB 

+20 MHz/V 

+20 MHz/V 

$4700 
add $650 

II 
tl 
0 
S"".", Y ..... a""" I. V... .I.... 1.11 "-....I.-- 

- -  
Models 432 A/B/C. 

ndicator: Front panel indicator lights when RF power level i 
00 high to permit leveling over entire selected sweep range or v 
lperating in unleveled mode. 
: n ~ r m  CWP. <no nnminil imnerlgnre 

Internally leveled (Option 601): (1. 
Unleveled: Typically 3. 

Residual AM In 100 kHz B W  >SO dB below carrier at  maximum. 
RF output connector: Type N female. 

Modulation characteristics 
External AM 

Frequency response: Typically dc to 100 kHz (at maximum lev- 
eled power). 
Input impedance: Approximately 50009. ...._. _I.__ I r.. * I . .  -.n A n  

In 

E 

Axxenuaxion ror t a v  input: 2 JU a m  
iternal AM 
1 kHr squarswave On/Otf ratio: >40 dB. 
xternal pulse modulation 
Rlse/Fall time: Typically 20 ns. . . . .. 
Minimum pulse width: Typically 1 ps leveled, 100 nsec unleveled. 
Minimum pulse delay: Typically 30 nsec. 
Square wave response: Guarantees HP 8755 Frequency Re- 
sponse Test Set operation with 8755 Modulator Drive connected to 
PUI 
Or 
SY 

s set Genc 
vhen Welgl 

ODth 

,SE input. 
i/Otf ratio: >40 dB. 
rmmetry: 40160. 

3ral specifications 
ht: Net, 2.3 kg (5 lb). Shipping, 3.2 kg (7 Ib). 

m s  F 'rice 
062: 70 dB Step Attenuator 
004: Rear Panel RF Output 

add $400 
add $80 



SWEEP OSCILLATORS ’ 8620 Family: 10 MHz to 2.4 GHz plug-ins 
Models  86222A and 86222B 

10 MHz to 2.4 GHz in ONE, CONTINUOUS sweep 
Internally leveled FLATNESS f 0 . 2 5  dB over full range 

86222A 

Description 
The H P  86222A/B plug-ins provide uncompromising 10 MHz to 

2.4 GHz frequency coverage. The entire range can be swept continu- 
ously-no need to break up your measurement into two or more 
sweeps. Yet narrowband resolution is not sacrificed. This precision is 
complemented by the 86222’s good stability and frequency accuracy 
to make narrowband measurements truly practical. Both narrowband 
and wideband linearity is excellent (2 MHz over full band). The R F  
output characteristics of the 86222 feature similar high performance. 
Power output is calibrated 0 to +13 dBm in 1 dB increments. The 
output is internally leveled to k0.25 dB flatness over the entire 0.01 
to 2.4 GHz range! 

For applications demanding precise frequency identification, the 
86222B offers an advanced digitally processed birdie marker system 
which provides the accuracy associated with standard birdie markers 
without their normal liabilities. The 86222B marker system internal- 
ly generates a typical birdie marker, then processes it to produce a 
digital pulse. This pulse can then be used to produce an intensity dot 
on the CRT which corresponds to a precise frequency. This opens the 
applications of 86222B “birdie” markers to a wide variety of network 
analyzers and displays, such as the 8410B and 8755, where previously 
it was impossible to inject them on either the detected dc or R F  sig- 
nals. Alternately, an amplitude marker, derived from the birdie, can 
be selected which produces a dip in R F  power a t  each marker fre- 
quency. This type of marker is useful for X-Y recordings. In addition, 
when the output frequency is coincident with a 50, 10, or 1 MHz 
comb of the internal crystal oscillator, a front-panel LED lights. 
Thus, independent of the display, an operator can accurately identify 
a CW frequency of the 86222B-within 75 kHz at 1 GHz! Provision 

1, 10, and 50 MHz crystal marker combs with 86222B 
Marker accuracy even in CW with 86222B 

862228 

is also made for injection of an external marker for identification of 
specific frequencies between 1 MHz markers. 

Continuous multi-octave vector measurements to 2.4 GHz are now 
possible using the H P  86222 together with the H P  8410B Network 
Analyzer. Previously, measurements could be made only one octave 
at a time because manual range switching of the H P  8410 was neces- 
sary. Now, the H P  86222/8620C combination automatically range 
switches the network analyzer for one continuous display, even from 
0.1 to 2.4 GHz. In addition, with the 86222B crystal marker system 
the important third dimension, frequency, can be added to the polar 
display of the H P  8410B. 

Increased dynamic range scalar measurements can be made using 
the H P  86222AIB together with the H P  8755 Swept Frequency Re- 
sponse Test Set. Heterodyne plug-ins in the range of 0.01-2 GHz will 
typically have a broadband noise output only 45 to 50 dB below the 
fundamental output signal. This noise is due to the high gain output 
amplifier used in heterodyne approaches. The noise level will be high- 
er than most broadband detectors’ noise level and significantly higher 
than the noise of the Schottky diode used in the H P  8755. This will 
limit the dynamic range of measurements such as the transmission 
loss of high pass, low pass, and notch filters, or return loss of bandpass 
filters when broadband detectors are used. The H P  8755, which is a 
27.8 kHz receiver does not exhibit this problem when used with the 
H P  86222A/B. By designing an integral modulator in the sweeper, 
and an ALC loop which will handle the 27.8 kHz, the fundamental 
oscillator output can be modulated at 27.8 kHz without modulating 
the noise of the output amplifier. The H P  8755 will therefore not re- 
spond to the noise. The typical result is a 10 to 15 dB dynamic range 
improvement over other heterodyne sweepers and dc diode detection. 



- -  
!OC mainframe 
i uency  character ist ics 
le: 10 MHz to 2.4 GHz. 
iracy (25°C) 
1 mode: k I O  MHz. 
mote programming: typically k 1.5 MHz. 

Specifications with Dlus-in installed in an 
862 
Frsc 
Rang 
Accr 

CW 
Rei 
All sweep modes: f 15 MHz ((0.1 sec sweeptime). Accuracy of 
86222B may be enhanced to better than + 200 kHz through use of 
crystal markers. 
Linearity (correlation between frequency and SWEEP OUT 
Voltage): typically 2 2 MHz. 
Frequency reference output: nominally 1 V/GHz +0.01 V. 
Frequency cal control: permits fine frequency calibration. 

With temperature: + 500 kHz/"C. 
With 10% line voltage change: + 20 kHz. 
With 3: l  load SWR, all phases: k IO kHz. 
With 10 dB power level change: k 20 kHz. 
With time (after 1-hour warm-up): typically f 100 kHz/lO min. 
Residual FM: ( I O  kHz bandwidth; FM switch in NORM; CW 
Mode): (5 kHz peak. 

Output character ist ics 
Maximum leveled power (25OC): >+I3 dBm (20 mW); typically 
>+15 dBm. 
Power level accuracy (internal leveling only): f 1 dB (includes 
frequency response). 

Power Variation 
Internally leveled 

Stability 

Attenuator Opt 002: add +0.2 dB/10 dB step. 

0.01 to 2.4 GHz: k0.25 dB. 
Across any 50 MHz (0.03 to 2.3 GHr): typically k0.05 dB. 
Stability with temperature: typically k0.02 dB/"C. 

Externally leveled (excluding coupler and detector variation) 
Crystal detector: (-10 to -100 mV at rated output): k O . l  dB. 
Power meter (with HP 432A/B/C Series power meters): 0.1 
dB. 

Unleveled indicator: lights when R F  power level is set too high to 
permit leveling over sweep range selected. 
Residual AM in 100 kHz BW: >50 dB below carrier a t  maximum 
power. 
Spurious signals: below fundamental. 
Harmonics: >25 dB at  +I3 dBm; typically >30 dB at +IO dBm. 
Non-Harmonics 
0.01 to 2.3 GHz: >30 dB at +I3 dBm; typically >40 dB at +IO 
dBm. 
2.3 to 2.4 GHr: >25 dB at +13 dBm; typically >35 dB at  + I O  
dBm. 

Broadband noise in 100 kHr bandwidth: typically (-70 dBm. 
Impedance: 50Q nominal. 
SWR: (1.5. 
Slope control: allows variable compensation for frequency depen- 
dent losses in test set-up. 
Ouput connector: type N female. 
Modulat ion character ist ics 
External FM 
Input impedance: approximately 10 kQ. 

iare wave response: guarantees H P  8755 Fr 
t Set operation with 8755 Modulator Drive ( 

n/Off ratio: >30 dB. 
input. 
-. 1- A , .  I , _  . - . A  ... 

I input. 
n/Off ratio: >30 dB. 
ymmetry: 40/60 at 210 dBm output power. 
ttenuation for +5 V input: >30 dB. 
xnal AM 
kHz square-wave On/Off ratio: >30 dB. 
blanking On/Off ratio: >30 dB. 
ernal FM 
uimum deviations for modulation frequencies 
C to 100 Hz: +75 MHz 
30 Hz to 1 MHz: f 5  MHz. 
MHz to 2 MHz: 2 2  MHz. 
isitivity (typically) 

Frequency response: typically 150 kHz. 
External AM 
sqr equency Response 
Tes :onnected to EXT 
AM 
01 
SJ 
Al 

lnts 
1 

RF 
Ext 
Mal 

Dc 
1( 
1 

Ser 
FM mode: -20 MHz/V. 
Phase-lock mode: -6 MHz/V. 

Crystal  marker capabil i t ies (86222B Only) 
Internal crystal markers: harmonic markers of 10 and 50 MHz us- 
able over full 0.01 to 2.4 GHz range and 1 MHz markers usable 0.01 
to 1 GHz. Positive (n) or negative ( U )  voltage output pulses can be 
selected to Z-axis intensify a scope trace; or R F  amplitude pips can be 
selected (at maximum sweep speed pulse width optimized for ap- 
proximately 10 markers/sweep). 
Accuracy of center frequencies (25°C): f 5  x 10-6. 
Typical marker width around center frequency 

1 MHz markers: +75 kHz. 
10 MHz markers: k 200 kHz. 
50 MHz markers: f 300 kHz. 

Temperature stability: typically f 2 x 10-6/oC. 
Marker output n mode: nominally > 3  V. 

IJ mode: nominally -4 to -9 V, internally adjust- 
able. 

Amplitude mode: typically 0.5 dB, internally adjustable. 
External marker input: generates amplitude or Z-axis marker when 
sweep frequency equals external input frequency. 

Marker indicator light: green LED lights coincident with crystal or 
external marker for accurate CW calibration. 

General 
Improved Network Measurements Capability 

Frequency range: 0.01 to 2.4 GHz. 
Marker width: typically f 300 kHz. 

84108 Network Analyzer: interfacing through 8620C rear panel 
connector allows the 8410B to maintain phase lock over multi-oc- 
tave sweeps at all sweep speeds. 
8755 Frequency Response Test Set: direct connection of 8755 
mod drive signal to external AM input of the 8620C eliminates the 
need for an external modulator. 

Order ing informat ion 
86222A 0.01-2.4 GHz R F  Plug-In (Internal Leveling 
Standard) 
86222B 0.01-2.4 GHz R F  Plug-In with Crystal and 
External Markers (Internal Leveling Standard) 

Opt 002: 70 dB Step Attenuator (10 dB steps) 
Opt 004: Rear Panel R F  Output 

Price 
$3750 

$4350 

add $325 
add $80 



SWEEP OSCILLATORS 
8620 Family: single band plug-ins 
Model 86200 Series 

10 MHz to 22 GHz coverage 
>50 mW from 5.9 to 12.4 GHz 

RF D U T P U l  ~ ".. - .. -" E X I  INPUT 

Specifications 
86200 Series 

The 86200 series plug-ins feature a wide choice of bandwidths and 
power specifications for covering the 10 MHz to 22 GHz frequency 
range. The 86222A/B 10 MHz to 2.4 GHz plug-ins and the 
86290A/B 2 GHz to 18.6 GHz plug-ins both cover multi-octave fre- 
quency ranges with exceptional frequency precision and R F  output 
characteristics. See preceding pages for specifications on these plug- 
ins. For octave band applications, smaller range plug-ins covering, for 
instance, 5.9 GHz to 12.4 GHz are available with optional capability 
to operate as upconverters for MLA measurements. 
Frequency linearity: typically * 1%. 
Frequency reference output: typically 1 V/GHz DC-coupled volt- 
age is available for referencing or phase-locking external equipment 
to the plug-in or for multi-octave operation with an 8410B. 
RF power leveling: internal dc-coupled leveling amplifier and PIN 
modulator provided. 
Internal, Opt 001:  selected by front panel switch; refer to R F  plug-in 
specifications (standard on 86220A). 
External 
Crystal input: approximately -20 to 250 mV for specified leveling a t  

rated output; for use with negative polarity detectors such as 780 
Series Directional Detectors, 423A/B and 8470 Series Crystal De- 
tectors. 
Power meter input: leveling amplifier with compensation for H P  
432A power meter included internally in all plug-ins except the 

I 
88260A 

86230B and 86241A which require the use of an 8404A Leveling 
Amplifier and the EXT AM input on the 8620 Mainframe. 

Indicator: front panel indicator lights when R F  power level is set too 
high to permit leveling over entire selected sweep range or when oper- 
ating in unleveled mode. 
Residual AM in 100 kHz bandwidth: >50 dB below fundamental 
a t  specified maximum power. 
External AM 

Frequency response: typically dc to 100 kHz unleveled, dc to 50 
kHz leveled (at maximum leveled power). 
input impedance: approximately 5000 ohms. 

RF output connector: type N Female. 
Weight: net, 2.3 kg (5 Ib). Shipping, 3.2 kg (7 Ib). 

Options Price 
001: Internal leveling. Refer to R F  plug-in specifica- See model 
tions. number 
002: 70 dB attenuator in 10 dB steps, available in add $325 
86220A and 86235A or $400 

respectively 
004 rear panel R F  output add $80 
005: APC-7 R F  output connector available on 86260A add $40 
Upconverter simulation options: options are available which guar- 
antee compatibility with the H P  Microwave Link Analyzer. For fur- 
ther information on these plug-ins refer to the Telecommunications 
Test Equipment Section beginning on page 607. 



Sinale band plug-ins 
Iz), 86240A/B/C iz-a.0 unzr. ana ooiwuni D ti-22 GHzl 

- w - - -  

36222A/B (0.01-2.4 G+ Refer also to broadband models t 

1 862308 I 86235A 
8626011 

I624213 1 86245A I 8625013 I 86260A 1 kt H22 
plug-in installed in 

- 
Frequency accuacy  

CW mode (MHz): 
Remote programming 
Typically (MHz): 
All sweep modes (sweep 
time >lo0 ms) (MHz): 

862201 86241A 

0.01-1.3 3.2-6.5 1.8-4.2 1.7-4.3 

f 7.5 f 2.5 f 2.5 

f 15 

k 30 

f 10.5 

f 33 

z 3.3 f IU.3 4-t- f 11.3 f 3.3 

f 50 I ?70 k 70 

t 2 5  
I 

t 7  I t 7  t 7  
Residual FM (10 kHz BW) 

CW mode (kHz) peak: t 5  
M a x h  leveled power' 10 

(mW): 

Internally leveled (dB): 

Externally leveled (dB) 
(excluding coupler & 
detector variation): N/A 

Power variation 
< f 0.5 

Internal leveling 
cal'd output std. 

(15 I t 2 5  
>6.3 >10 I >10 >10 > 10 >50 

t f 0 . 5  t f 0 . 6  

t f O . 1  t f O . 1  

>30 >17(5.9- 
7 GHz) 

12.4 GHz) 
>30(7- 

> 60 > 60 

(1.6 (1.6 

t f 0.8 

t k O . 1  

t f 0 . 5  t f 0 . 7  

t f O . 1  t f O . 1  t fO.1 
spviout s i g n a k  

(dB below fund, a t  
specified max power) 
Harmonics: > 25 

> 50 

>16(3.2- 

>20(3.8- 
3.8 GHz) 

6.5 GHz) 
> 60 Nonharmonics: 

(1.3 (1.6 
Sauce  VSWR: (503 nom. 

External FM 
Internally leveled) 

Max deviations (MHz) 
for modulation frequencies: 

DC-100 HZ: 
DC-1 MHz: 

t 1 . 6  t 1 . 6  

f 150 f 75 
f 7  +5(DC- 

200 kHz) 
-2O/-6 -2O/-6 

>40 > 25 

Yes No 

k 15 
f 0.5 

+3.5 

f 25 
f 2  

-6 

> 25 

No 

f 150 f 150 
5 7  f 7  

-2O/-6 -2O/-6 

>40 >40 

Yes Yes 

f 75 
+5(DC- 
200 kHz) 
-2O/-6 Sensitivity (nom, MHz/V): 

AM Internal 1 kHz square 
wave On/Off ratio & 
EXT AM sensitivity 
To 10 V (dB): 
EXT AM Response 
compatible with 
8755 Mod drive signal: 

>35 

No 

>25 

No 
Price: 

Plug-in: I $2750 1 $2600 1 $3300 
Opt 001 (int. lev): Included +$390 +$550 

$2500 
+$390 

$5950 $2800 $4200 
+$450 +$so0 

$2900 $3600 
+$450 +$550 

1. Special frequency bands and high power outputs available on request. 



SWEEP OSCILLATORS 
I 

A 8620 Family: multiband plug-ins 
Models 86218, 86300 Series 

Modular construction 
>40 rnW in S-band 

86300 Series 

862 1 B 

The 8621B R F  Drawer houses the 86300 series R F  Modules. The 
standard drawer will accept one fundamental oscillator module. In 
addition, with the 1.7 to 4.3 GHz fundamental oscillator module, the 
standard drawer also accepts the 0.1 to 2 GHz heterodyne module to 
give 0.1 to 4.3 GHz coverage. The 8621B Option 100 will accept two 
fundamental oscillator modules and the heterodyne module. This will 
allow, for example, 0.1 to 6.5 GHz coverage in one plug-in. 

Specifications 
862 1 B 
70 d0 step attenuator, opt 010 

Range: 70 dB in 10 dB steps set by front panel switch. 
Insertion loss: (2.0 dB. 
Accuracy: (including frequency response). 
For 10 dB: (k0.6 dB. 
For > 10 dB: < k 5% of attenuation. 
Remote control capability: 4-line binary logic, open or contact 
closure to ground (8620AIC Mainframe only, input available at 
rear panel connector). 
Weight: net, 0.9 kg (2 Ib). 

RF power leveling: internal dc-coupled leveling amplifier provided. 
Internal: selected by front panel switch; refer to R F  module specifi- 
cations. 
External: 
Crystal input: approximately k 20 to k 250 mV for specified level- 
ing at rated output; for use with positive or negative polarity detec- 
tors such as 780 Series Directional Detectors, 423A/B and 424 
Series Crystal Detectors; polarity switch provided in R F  drawer. 

Power meter input: switch in R F  drawer selects proper compensa- 
tion for Models 431B/C or 432A/B/C power meters. 
Indicator: front panel indicator lights when R F  power level is set 
too high to permit leveling over entire selected sweep range or when 
operating in unleveled mode. 

Frequency reference output: DC-coupled voltage nominally 1 
V/GHz is available for referencing or phase locking external equip- 
ment to the sweeper or for multi-octave operation with the 8410B. 
RF output connector: type N Female. 
Weight: net, 1.4 kg (3 Ib). Shipping, 2.3 kg (5 Ib). 

Common specifications 
86300 series 
Frequency linearity: typically f 1%. 
Residual AM in 100 kHz bandwidth: >50 dB below fundamental 
at maximum power. 
External AM 

Frequency response: typically dc to 100 kHz unleveled, dc to 50 
kHz leveled (at maximum leveled power). 
Input impedance: approximately 5000 ohms. 

Internal leveling: standard on all modules. Refer to R F  module 
specifications. 
Weight: net, 1.4 kg (3 Ib). Shipping, 1.8 kg (4 Ib). Option 010 add 0.9 
kg (2 Ib). 

Ordering information Price 
8621B R F  Drawer $800 

add $80 
add $950 
add $500 

Opt 004: Rear panel R F  output 
Opt 010: 70 dB Attenuator 
Opt 100 Multiband capability 



Multiband plug-ins 

863208' 

Specifications wi th  unit 
installed in  8621B and 
8620C 86331C 86341C 

3.2-6.5 Frequency range (GHz): I 0.1-2.0 I 1.7-4.3 
86342C 86350C 

5.9-9.0 8.0-12.4 
Frequency Accuracy: 

CW mode (MHz): 
All sweep modes 
(sweeptimes >lo0 ms) MHz: 

Residual FM (10 kHz BW) 
CW mode (kHz Peak): 

Maximum leveled m w e r  (dBm): >+13 >+16 

+ 30 

+ 33 

t l  
>+lo 

< + 1  

<+0.1 

>14 (3.2-3.8 GHz) 

> 60 
>25 (3.8-6.5 GHz) 

Power variation: 
Internally leveled (dB): 
Externally leveled (dB) 

(Excluding coupler-detector 
or thermistor variation): 

+ 35 rt 40 

+ 40 rt 50 

<15 < 15 
>+l >+6 

< f l  < + 1  

<+0.1 < rt 0.1 

>30 >30 

> 60 >60 

< f O . l  

< +0.1 

>30 @ 10 dBm 
>24 @ 13 dBm 
>30 @ 10 dBm 

< rt 0.8 

<+0.1 

> 20 

> 60 

Spurious signals: 
(dB below fund, a t  
specified max power) 
Harmonics: 

Nonharmonics: 

Source VSWR: (500 nom, 
internally leveled) 

>24 @ 13 dBm 

(1.6 < 1.6 
External FM: 

Max deviations (MHz) for 
Modulation frequencies: 

DC-100 Hz: 
DC-1 MHz: 
DC-2 MHz: 

Sensitivity: nominal 
FM mode (MHz/V): 
Phase lock mode (MHz/V): 

f 75 
r t 5  
+ 2  

f 15 
r t 5  
r t 2  

-20 
-6 

rt 75 rt 15 
+ 5  r t 5  
+ 2  + 2  

AM: Internal 1 kHz square 
wave ON/OFF radio and 
Ext. AM sensitivity 1 >15 ~~ 
TO -10 V (dB) 

Price $2500 

-20 
-6 

>25 
$2600 

f 75 
+ 5  
+ 2  

-20 
-6 

-20 -20 
-6 -6 

> 40 >40 
$3000 $3000 

>40 
$2800 

I 1 

t 1 . 6  I t 1 . 5  I (1.5 

1. 863208 is a heterodyne unit which muit  be used with 86331C. 



SWEEP OSCILLATORS 
8690 Sweeper family, 400 kHz to 50 GHz 
Model 8690 System 

8690 System 
The familiar 8690 BWO sweeper family offers exceptional value in 

performance, operation and versatility. With the ability to accept 
both BWO and solid state plug-ins, the 8690 mainframe allows BWO 
coverage where necessary, and more reliable, high performance solid 
state coverage at  lower frequencies. 

8690 F R E Q U E N C Y  RANGES 
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8690B Mainframe specifications 
Sweep functions 
STARTISTOP sweep: sweeps from “start” to “stop” frequency set- 
ting. Both settings continuously adjustable over entire frequency 
range. 
MARKER sweep: sweeps from “Marker 1” to “Marker 2” frequency 
setting. Both settings continuously adjustable over entire frequency 
range and accurate to 1% of full scale for all R F  units. 

AF sweep: sweeps upwar- in ..quency, centered on CW setting. 
Width is continuously adjustable from zero to 10% of the frequency 
band and is calibrated in MHz. Accuracy is k 1% of maximum AF 
plus f 10% of AF being swept. 
CW operation: single-frequency R F  output selected by 
START/CW or MARKER 1 control, depending on sweep function 
selected. 

Sweep modes 
Auto, manual, and triggered sweep modes; sweep indicator lights 

during each sweep. 
Sweep time: continuously adjustable in four decade ranges, 0.01 to 
100 seconds. 
Sweep output: direct-coupled sawtooth, zero to approximately + 15 
V, concurrent with swept RF output, regardless of sweep width or 
direction. 

General 
Frequency markers: two markers independently adjustable over en- 
tire frequency range accurate to 1% of full scale. Amplitude is adjust- 
able from front panel. A -5 V triangular pulse is available as an 
intensity marker on the rear panel. 
Internal AM: square wave modulation continuously adjustable from 
950 to 1050 Hz. 
External AM: fiequency response dc to 350 kHz unleveled, dc to 50 
kHz leveled. 
Blanking: both negative (-4 V) and R F  blanking available along 
with pen lift output. 
Weight: net, 23.9 kg (53 Ib). Shipping, 32 kg (71 Ib). 
Size: 222 mm H x 425 mm W x 467 mm D (8%” x 16%” x 18%”). 
86906 Sweeper mainframe $3100 



Solid state plug-ins 
Both pin and grid leveled BWO plug-ins 
Frequency coverage to 50 GHz 

86988 

Solid state and BWO plug-ins 
Solid state plug-ins from 400 kHz to 4 GHz are available for the 

8690 mainframe. BWO replacement is both expensive and inconve- 
nient. Solid state plug-ins not only offer high reliability, but also pro- 
vide low residual FM and good spectral purity. This capability allows 
one mainframe to cover high frequency, high power BWO applica- 
tions, yet facilitate high performance, longer life solid state coverage 
of lower frequencies. There are two solid state plug-ins. The 8698B 
covers 400 kHz to 110 MHz while the 8699B plug-in has a 100 MHz 
to 4 GHz range. 

Both grid leveled and pin leveled BWO plug-ins are available cover- 
ing 1 to 50 GHz. Grid leveled BWO oscillators achieve power and 
leveling control by varying bias on the BWO grid. Although some 
degradation in frequency performance specifications is seen by this 
method, grid leveling provides an economical means of power control 
and delivers higher power output since there are no components (pin 
modulators) between BWO and front panel output. 

PIN leveled BWO plug-ins offer superior frequency stability char- 
acteristics. As in all solid state plug-ins, leveling is accomplished 
through use of a pin diode modulator between oscillator and output. 
Use of the pin allows the oscillator to work a t  constant bias and into a 

constant impedance load, resulting in very low residual FM and very 
little frequency pulling. Pin leveling also results in a better source 
impedance match. 

Common specifications: BWO plug-ins 
Warranty: all BWOs are unconditionally warranted for one year. 
Spurious signals: harmonics, >20 dB below CW output, nonhar- 
monics, >40 dB below CW output. 
Residual AM: >40 dB below CW output. 
Magnetic shielding: all plug-ins except the 8691A/B have shielded 
BWOs. 
Reference output: dc voltage proportional to frequency output =40 
Vloctave. 
Leveling indicator: front panel light indicates unleveled operation. 
Power variation 

Unleveled: <IO dB over full band. 
Externally leveled: k0.2 dB for A units. 

kO.1 dB for B units. 
Frequency stability with temperature: &O.Ol%/"C. 
Weight 

8691-8692: net, 7.7 kg (17 Ib). Shipping, 11.3 kg (25 Ib). 
8693-8697: net, 5.4 kg (12 Ib). Shipping, 9 kg (20 Ib). 
8698-8699: net, 5.0 kg (11 Ib). Shipping, 8.6 kg (19 Ib). 



SWEEP OSCILLATORS 

Frequency 
Ranle 

0.4-11 MHz 

11-110 MHz 
0.1-2 GHz 

2-4 GHz 

8690 Sweeper family (cont.) 

Frequency Stability With 
Maximum 

Model leveled Frequency 10 dB Power Int. levehg 
Number Power Accuracy Temperatwe level Change Residual FM* Power Variation COWWC~M Price 

86988 BNC' $2400 
>20 mW ? 1% f 5OkHz ? 0.05%/"C - 4 0 0  Hz rms k0.3 dB 

t 5 0 0  HZ rms k0 .3  dB >20 mW ? 1% f 500kHz ?0.05%/°C - 

>20mW * 10 MHz ? 750 kHz/"C t l O O  kHz t 3  kHz ms - 

1 6  mW * 10 MHz * 750 kHz/"C t 5 0 0  kHz t 3  kHz rms - 
86998 Type N $5100 

1. Power level change specification lor B units typically 10 dB. A units 6 dB. 
2. Residual FM measured with 10 kHz bandwidth. 

Opt 004: rear output 8691-8694, 8698-8699 
Opt 004: rear output 8695-8697 
Opt 554: phase lock input 

add $80 
add $155 
add $350 



8690818706A, 8707A, 8705A 

cc- 
8404A 

11531A 

8705A. 8706A. 8707A Multiband System 
Multiband systems 400 kHz to 50 GHz are available using the 

8706A Control Unit Plug-in and the 8707A R F  Unit Holder. The 
8706A allows pushbutton control of R F  plug-ins installed in the 
8707A. The 8705A Multiplexer switches R F  signals up to 12.4 GHz 

F units and provides an ALC signal for the 8690B level- 

tions 
tiplexer 
ange: dc to 12.4 GHz. Output port SWR 11.67. Input 
1.35. 
1s:- 3 dB. 
7.8 kg (17 Ib). Shipping, 10 kg (22 Ib). 

itrol Plug-in 
y: the 8706A controls up to three 8707A R F  unit hold- 
I26 for remote band <switching of the 8699B. 
7.3 kg (16 Ib). Shipping, 11.4 kg (25 Ib). 

Unit Holder 
ccepts up to three 8690 plug-ins. 
tions 

Normal: permits all 8690B sweep functions. 
Preset: allows screwdriver setting of individual start/stop points. 

Weight: net, 13.6 kg (30 Ib). Shipping, 16.8 kg (37 Ib). 

8709A Phase Lock Synchronizer 
The 8709A Synchronizer is a phase comparator designed to stabi- 

lize the frequency of both HP BWO and solid state sources by phase 
locking to a reference oscillator. Under these conditions system sta- 
bility is determined primarily by the stability of the reference oscilla- 
tor. Phase lock capability is standard on solid state plug-ins from 0.01 
to 18 GHz. Order Option 554 for BWO plug-ins. Information on 
complete phaselocked systems available on request. 

Specifications 
Input frequency: the locking frequency of the 8709A is 20 MHz. 
This signal is obtained by multiplying and mixing the reference oscil- 
lator with the microwave signal. 
Sensitivity: -65 dBm. 
Minimum output voltage: high level k 12.0 V dc; low level k8.0 V 
dc. 
Modulation sensitivity: 8690 BWO Option 554 plug-ins, 0.5 to 6.0 
MHz/V. 8620 solid state plug-ins 6.0 MHz/V 
Weight: net, 4.5 kg (IO Ib). Shipping, 5.3 kg (1 1.6 Ib). 

8404A Power Meter Leveling Amplifier 
' The 8404A Leveling Amplifier permits the 43 1 B/C or 432A/B/C 

power meter to level both the 8620 and 8690 sweeper plug-ins. R F  
output is leveled to k0.5 dB or less when connected to the AM input 
of the sweeper. 

1 153 1 A Mainframe Test Plug-in 
The 11531A Test Unit Plug-in allows complete calibration of the 

8690 mainframe, including sweep modes, markers and BWO. All vol- 
tages are selected from a front panel switch. 

Ordering information 
8404A Power Meter Leveling Amplifier 

Opt 001: 4 line BCD level control 
8705A Signal Multiplexer dc-12.4 GHz 
8706A Control Unit Plug-in 
8707A RF Unit Holder 
8709A Phase-Lock Synchronizer 
11531A Mainframe Test Unit Plug-in 

a 

Price 
$650 

idd $210 
$3300 
$1200 
$2650 
$1500 
$550 



POWER & NOISE FIGURE METERS 
Power and noise measurements 

Average power measurements 
At microwave frequencies, power is the 

best measure of signal amplitude because, 
unlike voltage and current, power remains 
constant along a lossless transmission line. 
For this reason, power meters are almost in- 
dispensable for microwave measurement. 
Typical applications include monitoring 
transmitter power levels, calibrating signal 
generators, leveling signal sources, and mea- 
suring transmission characteristics of un- 
known devices. 

To satisfy the requirements of this broad 
range of applications. Hewlett-Packard has 
developed a family of general purpose micro- 
wave power meters. These power meters use 
either a diode, thermocouple, or thermistor 
as the power sensing element, and it is impor- 
tant to understand the merits of each of these 
sensors before choosing a particular power 
meter. 

Power meters and sensors 
Hewlett-Packard makes five average-read- 

ing power meters. The 435A and the 436A 
are analog and digital meters, respectively, 
which are designed to operate with HP’s line 
of thermocouple and diode power sensors. 
The 432 power meters are designed to oper- 
ate with HP’s line of thermistor mounts. The 
432A is an analog power meter. The 432B is 
digital with BCD output, and the 432C is like 
the 432B but is fully programmable and 
auto-ranging. 

Thermocouple power sensors use the latest 
technology and are generally preferred for 
measuring power because they exhibit lower 
SWR and wider dynamic range than pre- 
viously used thermistor elements. Low SWR 
is directly responsible for superior accuracy 
since mismatch errors are lower. 

H P  thermocouple sensors (8481, 8482, 
8483) are available from 100 kHz to 18 GHz 
and range from -30 dBm to +44 dBm. The 
model 8484A diode sensor operates with the 
same meters and extends the input level 
down to -70 dBm. This sensor uses a Low- 
Barrier Schottky diode to achieve exception- 
al 100 pW (-70 dBm) sensitivity, and low 
noise and drift. Because the diode is always 
operated in its square law region (voltage out 
a power in), the 8484A can be used to mea- 
sure the true power of complex as well as CW 
waveforms. 

Thermistor power sensors (478A. 486A se- 
ries) operate with the 432A and 432B power 
meters. They are used whenever a direct DC- 
substitution technique is required since these 
power meters are based on balanced bridge 
principles. In addition, a full line of wave- 
guide thermistor mounts are available from 
3.95 to 40 GHz. 

Applications 
Information on virtually all aspects of mi- 

crowave power measurement is contained in 
Hewlett-Packard application notes. The AN 
64 series is intended as the definitive publica- 
tion for general theory, product orientated 
how-to descriptions, and a complete treat- 
ment of new, innovative automatic systems. 

AN64-1, Fundamentals of RF and Micro- 
wave Power Measurements, deals with the 
general theory of microwave power measure- 

ments. It covers the basic principles of mea- 
surement, calculation of measurement 
uncertainty, traceability, etc. 

AN64-2, Extended Applications of Auto- 
matic Power Meters, discusses an automatic 
power meter system for measuring attenu- 
ation, gain saturation, and the calibration 
factor of power sensors. 

AN196, Automated Measurements Using 
the 436A Power Meter, contains several typi- 
cal uses of the 436A with the HP-IB Inter- 
face bus. 

All of these application notes and the Co- 
axial & Waveguide Catalog are available 
without charge by simply using the request 
card at  the back of this catalog. 

Peak power measurement 
A frequent requirement in microwave work 

is the measurement of peak power in a peri- 
odic pulse. This may be done by various indi- 
rect techniques using thermocouples or 
thermistors. Hewlett-Packard also produces 
a versatile instrument that conveniently mea- 
sures peak power directly in the 50 MHz to 2 
GHz frequency range. Model 8900B utilizes 

a video comparator technique to bring a 
known dc voltage, supplied by the instrument 
in a known impedance, to a level which is 
equal to the pulse being measured. This al- 
lows simple measurement of peak pulse pow- 
er with a basic accuracy of 1.5 dB even when 
the waveform is not rectangular. A custom 
calibration chart increases accuracy to 0.6 
dB for critical applications. 

Noise figure measurements 
In RF microwave communications, radar, 

etc., the weakest signal that can be detected 
is usually determined by the amount of noise 
added by the receiving system. From a per- 
formance standpoint, providing an increase 
in the receiver signal-to-noise ratio by reduc- 
ing the amount of added noise is more eco- 
nomical than increasing the power of the 
transmitter. 

The quality of a receiver or amplifier (de- 
vice) is expressed as a figure of merit, or 
noise figure. Noise figure is the ratio, ex- 
pressed in dB, of the actual output noise pow- 
er of the device compared to the noise power 
which would be available if the device were 
perfect and merely amplified the thermal 
noise of the input termination rather than 
contributing any noise of its own. 

The Hewlett-Packard system of automatic 
noise figure measurement depends upon the 
periodic insertion of a known excess noise 
power at the input of the device under test. 
Subsequent detection of noise power results 
in a pulse train of two power levels. The pow- 
er ratio of these two levels contains the de- 
sired noise figure information. Hewlett- 
Packard noise figure meters automatically 
measure and present this ratio directly in dB 
of noise figure. 

Noise figure is discussed in detail in Hew- 
lett-Packard AN 57, Noise Figure Primer. It 
derives noise figures formulas, describes gen- 
eral noise figure measurements, and dis- 
cusses accuracy considerations. Use the 
enclosed request card. 

HP-IB HP-IB 

I I I 1 

Synthmized Incident 
Signal Generator Power Meter 

Power Sensor 
Under Test 

Figure 1. System for measuring calibration factor of power sensors. 



POWER & NOISE FIGURE METERS m?y . 

Fiber Optic Power Sensor ’* ’ 
Model 84801A 

Accurate, repeatable measurements 
Direct reading in watts or dBm 
Battery option for remote operation 

8480 1 A 

84801A Fiber Optic Power Sensor 
The 84801A is an optical power sensor dedicated to fiber optics. 

Used in conjunction with any of the 432 series power meters, it mea- 
sures power from -30 dBm to +IO dBm (1 pW to 10 mW) over a 
spectral range of 600-1 200nm. The measurement is inherently accu- 
rate and repeatable because it is based on a closed-loop electrical sub- 
stitution method. This method also provides long term stability of the 
sensor’s calibration. 

A temperature-compensated thermistor with near black-body char- 
acteristics is used as the detector, providing a flat linear response over 
a broad spectral range. The small changes in coupling efficiency that 
occur a t  different wavelengths are expressed in terms of a calibration 
factor; a typical curve appears below. Absolute calibration is provided 
2 
( 

it four wavelengths with others (from 500-2000nm) available on re- 
pest. 

Input to the 84801A is made through a large diameter single fiber. 

WAVELENGTH lem) 

Specifications 
Dynamic Range: 10 pW (-20 dBm) to 10 mW (+lo  dBm) full 
scale. , 
Spectral Range: 600 nm to 1200 nm. 
Cal-Factor Calibration’: 650, 800, 1050, and 1150 nm. (Other 
wavelengths available upon request.) 
Cal-Factor Accuracy: +7% a t  650 nm; +8% at 800, 1050, and 
1150nm. 
Maximum Peak Power2: 200 W. 
Maximum Average Power: 30 mW. 
Maximum Energy Per Pulse: 10 Wps (10 microjoules). 
‘Calibration referred lo  power coupled into fiber input. 
Thermistor assembly is field adiustable so that zero set capability can be restored in the event of 
inadvertent overload. 

Input Fiber (DuPont PFXS-120) Characteristics: 
Nominal Calculated Numerical Aperture: 0.4. 
Nominal Core Diameter: 200 pm. 
Nominal Index of Refraction: 1.456. 
Length Supplied: 2 1  m. 

Operating Temperature: 0 to 55°C. 
Weight: Net 0.2 kG (7 02). Shipping 0.72 kg (1 Ib 10 02). 
I 

rower Meters 
The electrical substitution method used by the 84801A is per- 

formed automatically by the 432 power meter. In addition, a single 
knob adjustment will automatically include the 84801A calibration 
factor in the meter reading. There are three versions in the series of 
432 power meters that provide flexibility in the choice of display and 
capability. The 432A is an economical analog display calibrated in 
watts and dBm. The 432B provides a 3Y,-digit display in milliwatts 
and a rear panel connector provides a corresponding digital output in 
an 8421 BCD code. The 432C offers a 3’/,-digit readout in milliwatts, 
automatic ranging, and full BCD programming capability. 
Accessories Furnished: 1.5 m (5 ft) electric cable for H P  Fiber 
Optic power sensor; 2.3 m (7.5 ft) power cable. Mains plug shipped to 
match destination requirements. 
Accessories Available: 8477A Power Meter Calibrator, 11076A 
Carrying Case. 
For Further Information: See page 424. 

432A/B/C Power Meter Options 
001: Rechargeable battery installed, provides up to 24 
hours continuous operation (432A only) 
002: Input connector on rear panel in parallel with 
front connector 
003: Input connector on rear panel only 
100: 100 Vac operation 
910: Extra manual 

Ordering Information 
84801A Fiber Optic Power Sensor 
432A Power Meter 
432B Power Meter 
432C Power Meter 

Price 
add $105 

add $25 

add $10 
no charge 

add $5 

$500 
$850 

$1475 
$2300 



POWER & 
Thermocouple 
Model 436A 

NOISE FIGURE METERS 
power meter 

436A 

436A Power meter 
The H P  Model 436A Power Meter is a general purpose digital pow- 

er meter intended for manual and automatic R F  and microwave pow- 
er measurements. It is compatible with the entireseries of 8480 power 
sensors. Depending on which power sensor is used, the 436A can mea- 
sure power from -70 dBm (100 pW) to +44 dBm (25W) a t  frequen- 
cies up to 18 GHz. 

The logically organized and uncluttered front panel, and the conve- 
nience of push-button operation and digital display make the 436A 
both easy to interpret and easy to use in any application. The auto 
ranging capability allows for "hands-off" operation. 

The 436A measures either absolute or relative power. It displays 
absolute power in either watts or dBm, while relative power is dis- 
played in dB. 

The 436A Power Meter also features optional programmability; 
both Hewlett-Packard Interface Bus (HP-IB) and BCD interfaces 
are available. These interfaces allow full remote control of all power 
meter functions (CAL function can be programmed to either 100 per- 
cent or the CAL factor which has been manually set on the front 
panel). These options may be added by the user a t  a later time. 

Specifications 
Frequency range: 100 kHz to 18 GHz (depending on power sensor 
used). 

Power range (display calibrated in watts, dBm, and dB relative to 
reference power level). 

With 8481A, 8482A, or 8483A sensors: 50 dB with 5 full-scale 
ranges of -20, -10, 0, 10, and 20 dBm (10 pW to 100 mW). 
With 84818 or 84828 sensors: 44 dB with 5 full-scale ranges of 
IO, 20,30,40, and 44 dBm (10 mW to 25 W). 
With 8481H or 8482H sensors: 45 dB with 5 full-scale range of 0, 
10,20, 30 and 35 dBm (1 mW to 3 W). 
With 8484A sensor: 50 dB with 5 full-scale ranges of -60, -50, 
-40, -30, and -20 dBm (1 nW to 10 pW). 

Accuracy 
instrumentation 

Watt mode: &OS%. 
dBm mode: f0 .02  dB kO.001 dB/"C. 
dB (REL) mode': k0.02 dB fO.001 dB/"C. 
1 Specifications are lor within range measurements. For range-to-range accuraw add another 
+0.02 dB. 

Zero: automatic, operated by a front-panel switch. 
Zero set: f 0.5% of full scale on most sensitive range, typical. f 1 
count on other ranges. 
Zero carry over: f 0.2% of full scale when zeroed on the most sen- 
sitive range. 
Noise: (typical, a t  constant temperature, peak change over any one- 
minute interval); 20 pW (8484A); 40 nW (8481A, 8482A, 8483A); 
40 pW (8481B, 8482B); 4 pW (84818,8482H). 

Power reference: internal 50 MHz oscillator with Type N female 
connector on front panel (or rear panel, Option 003 only). 

Power output: 1.0 mW. Factory set to f 0.7% traceable to the Na- 
tional Bureau of Standards. 
Accuracy: f 1.2% worst case (f0.976 rss) for one year (OOC to 
55°C). 

General 
Drift: (1 hour, typical, at constant temperature after 

24-hour warm-up); 20 pW (8484A); 10 nW (8481A, 8482A, 
8483A); 10 pW (8481B. 8482B); 1.0 pW (8481H, 8482H). 

Response time: (0 to 99% of reading): 
< 10 seconds Range 1 (most sensitive range) 

Range 2 (1 second 
Ranges 3 through 5 < 100 milliseconds 
(Typical, measured a t  recorder output). 

Cai factor: 16-positionswitch normalizes meter reading to account 
for calibration factor. Range 85% to 100% in 1% steps. 
Cal adj:front-panel adjustment provides capability to adjust gain in 
meter to match power sensor in use. 
Recorder output: proportional to indicated power with 1 volt corre- 
sponding to full scale and 0.316 volts to -5  dB; 1 kQ output imped- 
ance, BNC connector. 
RF blanking: open collector TTL; low corresponds to blanking when 
auto-zero mode is engaged. 
Display: digital display with four digits. 20% over-range capability 
on all ranges. Analog meter: uncalibrated peaking meter to see fast 
changes. 
Power consumption: 100, 120,220, or 240 V (+5%, -IO%), 48 to 
66 Hz, and 360 to 440 Hz: (20 W ((23 W with option 022 or 024). 
Weight: net, 4.5 kg (IO Ib). Shipping, 5.5 kg (12 lb). 
Size: 134 H, 213 W, 279 mm D (5%" x 8%'' x 1 I"). 
Accessories furnished: 1.5 m (5 ft) cable for power sensor; 2.3 m 
(7.5 ft) power cable. Mains plug shipped to match destination re- 
quirements. 

Accessories available 
To rack mount one 436A by itself order: 
5061-0057 Rack Mount Adapter Kit 

Coaxial & Waveguide Catalog & Microwave Measure- 
ment Handbook. 
84 pages with over 350 measurement accessories. Request card at 
back of this catalog. 
Options Price 
002: Input connector placed on rear panel in parrallel add $25 
with front 
003: Input connector and referenceoscillator output on add $10 
rear panel only 
009: 3 m (10 ft) cable for power sensor add $30 
0 1 0  6.1 m (20 ft) cable for power sensor add $55 
01 1: 15.2 m (50 ft) cable for power sensor add $105 

add $155 012: 30.5 m (100 ft) cable for power sensor 
add $260 013: 61 m (200 ft) cable for power sensor 

022: Digital input/output, fuly compatible with H P  In- add $400 
terface Bus (HP-IB) 
024: Digital input/output BCD Interfact add $300 
908: Rack mount kit consisting of 0561-0057 $25 
436A Power meter $2050 



POWER 81 NOSE FIGURE METERS 

435A Power meter 
The 435A Power Meter is an analog power meter, compatible with 

the entire series of 8480 power sensors. Depending on which sensor is 
used, the 435A can measure power from -65 dBm to +44 dBm, full 
scale, at  frequencies from 100 kHz to 18 GHz. This versatile instru- 
ment also feautures < 1% instrumentation uncertainty, low noise and 
drift, auto-zero, recorder output, optional battery operation, and long 
cable options (up to 200 ft). 

11683A Range calibrator 
The 11683A calibrator is specifically designed for use with the 

435A and 436A power meters. It allows verification of full-scale me- 
ter readings on all ranges, as well as meter tracking. Simply connect 
the cable between the power meter and calibrator. The CAL ADJ 
control on the power meter is used to set the meter to full scale on the 
1 mW range. The calibrator and meter are then stepped through the 
other ranges verifying accuracy within f 1% plus noise and drift. The 
11683A also has a polarity switch which tests the Auto-Zero circuit. 

Specifications 
425A Power meter 
Frequency range: 100 kHz to 18 GHz (depending on power sensor 
used). 
Power range: (435 calibrated in watts and dB in 5 dB steps). 

With 8481A, 8482A, or 8483A: -25 dBm (3 pW) to +20 dBm 
(100 mW) full scale. 
With 84816 or 84826: +5 dBm (3 mW) to +44 dBm (25 W) full 
scale. 
With 8481H or 8482H: -5 dBm (0.3 mW) to +35 dBm (3 W) full 
scale. 
With 8484A: -65 dBm (300 pW) to -20 dBm (10 p W )  full scale. 

Accuracy 
Instrumentation: f 1% of full scale on all ranges. 

Zero: Automatic, operated by front-panel switch. 
Zero set: fO.5% of full scale on most sensitive range, typical. 
Zero carryover: f 0.5% of full scale when zeroed on the most sen- 
sitive range. 
Noise: (typical, at  constant temperature, peak change over anyone- 
minute interval); 20 pW (8484A); 40 nW (8481A, 8482A, 8483A); 
40 pW (8481B, 8482B); 4 pW (8481H, 8482H). 
Power reference: Internal 50 MHz oscillator with Type N female 
connector on front panel (or rear panel, Option 003 only). 

Power output: 1.00 mW. Factory set to +0.7% traceable to 
the National Bureau of Standards. 
Accuracy: f 1.2% worst case (+0.9% rss) for one year (O°C 
to 55°C). 

General 
Drift: (1 hour, typical, at  constant temperature after 24-hour warm- 

t Thermocouple power meter, range calibrator I 

1 Model 435A, 11683A 

1 1683A 

up); 40 pW (8484A); 15 nW (8481A, 8482A, 8483A); 15 pW 
(8481B, 8482B); 1.5 pW (8481H, 8482H). 
Response time: (0 to 999b of reading). 

Range 1 (most sensitive range) < 10.0 seconds 
Range 2 (3.8 seconds 
Range 3 < 1.3 seconds 
Ranges 4 to 10 ( 5 0 0  milliseconds 
(Typical, measured at recorder output) 

Cai factor: 16-Position switch normalizes meter reading to account 
for calibration factor. Range 85% to 100% in 1% steps. 
Recorder output: proportional to indicated power with 1 volt corre- 
sponding to full scale: 1 kQ output impedance, BNC connector. 
RF blanking output: provides a contact closure to ground when 
auto-zero mode is engaged. 
Cai adj: front-panel adjustment provides capability to adjust gain of 
meter to match power sensor in use. 
Power consumption: 110 or 120 V (+5%, -lo%), 48 to 66 Hz and 
360 to 440 Hz; also 220 or 240 V (+5%, -lo%), 48 to 66 Hz only: 
<4W ( < l o w  for option 001 when recharging battery). 
Weight: net, 2.6 kg (5 Ib, 12 02). Shipping, 4.2 kg (9 Ib, 3 02). 

Size: 155 H x 130 W x 279 mm D (6.1 x 5.1 x 11 in). 
Accessories furnished: 1.52 m (5 ft) cable for the power sensor; 2.3 
m (7.5 ft) power cable. Mains plug shipped to match destination re- 
quirements. 
Accessories available 

11076A: Carrying case. 
5060-8762: Rack adapter frame (holds three instruments the size 
of the 435A). 

1051A 286 mm (11%”) deep. 
1052A: 416 mm (1634”) deep. 

Combining cases 

The combining cases accept the Y,-module Hewlett-Packard instru- 
ments for bench use or rack mounting. See lO5lA data sheet for de- 
tails. 

11683A Range calibrator 
Calibration functions: outputs corresponding to meter readings of 
3,10,30, 100 and 300 pW; 1,3,  10, 30, and 100 mW. 
Calibration uncertainty: f 0.25% in all ranges. 
Power: 115 or 230 V f 10%; 50-400 Hz, less than 2 W. 
Weight: net, 1.13 kg (2 Ib 8 02). Shipping, 1.9 kg (4 Ib 3 02). 
Size: 89 H x 133 W x 216 mm D (3.5 x 5.25 x 8.5 in). 

435 Power meter options 
001: Rechargeable battery installed provides up to 16 
hours of continuous operation 
002: Input connector placed on rear panel in parallel 
with front 
003: Input connector and reference oscillator output on 
rear panel only 
009: 3.0 m (IO-foot) cable for power sensor 
0 1 0  6.1 m (20-foot) cable for power sensor 
01  1: 15.2 m (50-foot) cable for power sensor 
012: 30.5 m (100-foot) cable for power sensor 
013: 61 m (200-foot) cable for power sensor 

Ordering information 
11683A Range calibrator 
435A Power meter 

Price 
add $100 

add $25 

add $10 

add $30 
add $55 

add $ 105 
add $155 
add $260 

$575 
$1000 



POWER & NOISE FIGURE METERS 
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I 
Power Sensors 
Models 8481A/B, 8481H, 8482A/B, 8482H, 8483A, 8484A. 

848 1 A 

848 1 H 

848 1 B 

The 8480 series of power sensors have been designed for use with 
the 435A and 436A Power Meters. They feature wide frequency and 
amplitude ranges in addition to very low SWR. 

The power measurement range of these sensors is from 0.1 nW to 
30 Watts. With just three sensors a power measurement range of 114 
dB can be achieved. 

Wide Frequency Range for Many Applications 
Power measurements can be made over a frequency range of 100 

kHz to 18 GHz. The three frequency ranges covered with these units 
are 10 MHz to 18 GHz, 100 kHz to 4.2 GHz and a 75-ohm unit from 
100 kHz to 2 GHz. 

Low SWR for Low Measurement Uncertainty 
The 8481/82/83 series of sensors use a silicon monolithic thermo- 

couple as the sensing element. The small physical size of the thermo- 
couple enables the sensors to have a very low SWR even at 18 GHz. A 
low SWR reduces mismatch uncertainty error, which is one of the 
largest single sources of error in power measurements. The 8484A 
sensor uses a crystal detector for higher sensitivity detection without 
degrading the SWR. 

Individually Calibrated for More Confidence in Results 
Each sensor is individually calibrated, traceable to the National 

Bureau of Standards. A Cal Factor control on the meter compensates 
for power sensor efficiency at any frequency. In addition, a precise 
Automatic Network Analyzer printout for Cal Factor and reflection 
coefficient in magnitude and phase is supplied. This means you can 
significantly reduce mismatch uncertainty by calculating the mis- 
match error. 

1 1708A 

8484A 

High Power Sensors to 30 Watts 
The new 8481B and 8482B high power sensors both have a power 

range of 1 mW to 25 Watts. The 8481B covers a frequency range of 
10 MHz to 18 GHz and the 8482B has a frequency range of 100 kHz 
to 4.2 GHz. 

Previous methods of measuring medium power levels usually re- 
quired adding a separate attenuator in front of a low power sensor. 
With the 8481/82B power sensors, the attenuator and sensor have 
been combined into one unit. This reduces mismatch uncertainty er- 
ror and improves accuracy by including the attenuator in the mea- 
sured Calibration Factor curves. In addition, the design of the 
848 1 /82B incorporates light-weight, heat-dissipating fins to prevent 
burns from the attenuator. 

Medium Power Sensors to 3 Watts 
Model 84818 measures power from 30 pW to 3 Watts over a fre- 
quency range of 10 MHz to 18 GHz. The 8482H measures power 
from 30 pW to 3 Watts over a frequency range of 100 kHz to 4.2 
GHz. 

Standard Sensors to 100 mW 
The 8481A, 8482A, and 8483A power sensors all measure power 

over a range of 0.3 p W  to 100 mW. The 8481A is a 50-ohm sensor 
with a frequency range of 10 MHz to 18 GHz. The 8482A is a 50- 
ohm sensor with a frequency range of 100 kHz to 4.2 GHz. The 
8483A is a 75-ohm sensor and covers a frequency range of 100 kHz to 
2 GHz. 

High Sensitivity Sensors 
The 8484A measures power from 0.1 nW to 10 pW over a frequen- 

cy range of 10 MHz to 18 GHz. It is furnished with the 11708A 50 
MHz Reference Attenuator for precise calibration with 1 mW Power 
Meter Reference Oscillator. Noise and drift have been reduced to less 
than 5% of full scale on the 300 pW range-only 15 pW when it is 
used with the 435A Power Meter. Noise and drift are even less with 
the 436A Power Meter. 
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( G W  6)' 
F r u w w  UKertahtiar 

84811 84818 84841 

1.0 
2.0 3.45 5.8 4.70 

2.95 5.8 4.36 4.0 
6.0 2.95 5.8 4.55 
8.0 2.85 6.0 4.47 

10.0 2.85 6.2 4.42 
12.4 2.85 7.8 4.71 
14.0 5.05 7.9 7.00 

5.45 8.0 7.62 16.0 
5.45 8.3 7.15 18.0 

5.8 - - 

Probable 
Uncntaintii 

(%)' 
84811 84818 84841 

1.92 3.1 2.25 
1.58 3.1 1.97 
1.58 3.1 2.00 
1.46 3.1 1.91 
1.46 3.3 1.89 
1.46 4.1 1.98 
2.95 4.1 3.24 
3.07 4.2 3.40 
3.07 4.3 3.30 

3.1 - - 0.1 1.85 5.7 3.05 
0.3 1.85 5.7 3.05 

1.33 2.8 1.79 
1.33 2.8 1.79 

1000.0 
2000.0 
4000.0 

2.95 5.7 3.25 1.58 3.3 1.61 
3.45 5.5 3.75 1.92 3.1 1.94 
2.95 5.5 - 1.58 3.1 - 

I80 Series specifications 
I SWR I 

M a x h  
(Reflection 

(0.048) 

3 (0.082) 
Hz-50 MHz 

!HI-2 GHZ 

RF 
Comecta 

N (m) 

Add 
APC-7 

Power 
Limearitya 

f 1 0  to +20 dBm 
+1.5, -1.0% 

Dimnsiaa 
mn (in.) 

30 x 38 x 105 
(13h8 x iv2 x 414) 

Maxhnun 
Power 

300 mW Av. 

- 

150c-55oc: 
25 W Av. 

0 MHZ-7 GHZ 
500 W Peak 
7-18 GHz 

125 W Peak 
500 W @ 
(per Pulse) ~ 

Power 
Raqe 

0.3 pW 
to 

100 mW 

Price 
$425 
- 

15 W Peak 
30 W ps 

(per pulse) - 
$25 

+35 to +44 dBm 0-35°C: 
30-W 

lO(0.048) 0-35°C 

M(0.083) 35OC-55"C 
WHz-2GHz 1 mW-25 W 

2-12.4 GHz 1 mW-20 W 
.28(0.123) 
4-18 GHz 

(0.091), 30pW 
WHZ-8 GHz to 
3 (0.13), 3 w  
.12.4 GHz 
5 (0.20). 
4-18 GHZ 

IHz-2 GHz to 
- 1  (0.091). 100 mW 

300 kHz-1 MHz 
1.3 (0.13). 
2-4.2 GHz 

1.6 (0.231), 

50Q 1.2 (0.091) 30 pW 

(0.040, 0.3 pW 

100-300 HZ 

100 kHz-4.2 GHz to 
3 w  

83 x 114 x 24t 
3% x 4% x 9% 

"I *" .." 

$900 10 MHZ-18 GHz 84818 

8481Hl 

8482A 

8482H' 100 kHZ-4.2 GHz 

- 
$550 

- 
$425 

- 
$550 

3.5 W Av. 
100 W Peak 
100 w ps 
(per pulse) 

T L 3  LU TJi) UDlll * 5% 10 MHZ-18 GHz 

100 kHZ-4.2 GHz +10 to +20 dBm 
+1.5, -1.02 

30 x 38 x 105 
(131,~ x i1h x 414) 

300 mW Av. 
15 W Peak 
30 W ps 

(per pulse) 

+25 to +35 dBm 
f 5% 

30 x 38 x 149 
(13he x 114 x 5%) 

3.5 W Av. 
100 W Peak 
100 w ps 

(per pulse) 
0-35°C: 
30 W Av.Z 

35"C-55"C 
25 W Av. 

500 W Peak 
500 W @ 
(per pulse) 
300 mW Av. 

84828 100 kHZ-4.2 GHz I- +35 to +44 dBm 

2 8% 

83 x 114 x 248 

3% x 4% x 9% $900 

- 
$425 8483A 100 kH2-2 GHz 1 +10 to +20 dBm 

+1.5. -1.0% 
30 x 38 x 105 

( 1 3 ~ ~  x iv2 x 4%) 
0.3 pW 

100 mW 

0.1 nW 

10 pw 

1.3 (0.13) I 10 GHz-18 GHz 

L I R  (0.082). _. - - . -. - .-, , 
600 ~Hz-2  GHZ 

100-600 HZ 
1.8 (0.286), 

1.15 (0.070) 
30 MHz-4 GHz 

1.2 (0.091) 
4 GHz-10 GHz 

10 W Peak 
30 W ps 

(per pulse) 
200 mW Av. 

200 mW Peak 
8484A 10 MHZ-18 GHz 7- ~~ 

5575 40 x 50 x 170 
(lVie x 2 x 6Vie) 

1.4 (0.17) 
10 MHz-30 MHz 

lions listed in thin table apply to 8481H end 8482H. No other specifications are im 
titer then 30 W the maximum average power (Pa) is limited by the energy per pula 
evietion except for those power ranges noted. 

I 
Only specifice 
For pulses gre 

3. Negligible da 

iplied. 
ie (E) in W pa according to Pa = 30-0.02E. 

ntv of calibration factor data for 

SM of Probable 
Ilnc e rt a in tk s Uncertainties 

1.85 5.7 3.05 1.33 2.8 1.79 
1.85 5.7 3.05 I 1.33 2.8 1.79 

10.0 1.85 5.7 3.05 1.33 2.8 1.79 
30.0 I 1.85 5.7 3.05 I 1.33 2.8 1.79 

O(ref) 2.7 O(ref) O(ref) 2.7 O(ref) 
100.0 50'0 I 2.95 5.6 3.25 I 1.58 3.3 1.61 
300.0 2.95 5.6 3.25 1.58 3.3 1.61 



POWER Ik NOISE FIGURE METERS 
Thermistor power meters 
Models 432A/B/C 

Automatic zero 
High accuracy 

Recorded outputs, analog & digital 
Long cable options 

* 
I 

\ / \ 

-4  POWLR METER n 

432A 4320 

432A/B/C Power Meters 
High accuracy-no therrnoelectrlc error: High accuracy over a 
wide temperature range is featured on the 432 Power Meters. By 
measuring the output voltage of the thermistor bridges, and comput- 
ing the corresponding power, even higher accuracy +0.2% 10.5 pW 
can be obtained. 

Accuracy can be maintained on even the most sensitive range be- 
cause the error due to thermoelectric effect is reduced to a negligible 
level. 
Calibrated mounts: Each thermistor mount is furnished with data 
stating the Calibration Factor* and Effective Efficiency* at various 
frequencies across the operating range. For easy and accurate power 
measurements, the front panel of the 432 contains a calibration factor 
control, calibrated in 1% steps from 88% to loo%, that compensates 
for losses in the mount and eliminates the need for calculation. 
Instrument type: automatic, self-balancing power meter for use with 
temperature-compensated thermistor sensor. 

“Calibration Factor” and ‘Effective Efficiency” are figures of merit expressinQ the ratio of the sub- 
stituted signal measured by the power meter to the microwave power incident on and absorbed by 
the sensor respectively. 

Specifications (partial) 
Power range 
432A: seven ranges with full-scale readings of 10, 30, 100, and 300 
pW. 1,3, and 10 mW; also calibrated in dBm from -20 dBm to +10 
dBm full scale in 5 dB steps. 
4328,432C: four ranges with full-scale readings of 10 and 100 pW, 
and 1 and 10 mW. 
Noise: Less than 0.25% of full scale peak (typical). 
Response time: At recorder output, 35 ms time constant (typical). 
Fine zero: Automatic, operated by front panel switch. Remote fine 
zero may be accomplished with 432C. 
Zero carryover: Less than 0.50% of full scale when zeroed on most 
sensitive range. 
Meter: 
432A: taut-band suspension, individually calibrated, mirror-backed 
scales. Milliwatt scale more than 108 mm (4%’’) long. 
4328, 432C: three digits with one digit overrange. 20% overrange 
capability on all ranges. 
Calibration factor control: 13-position switch normalizes meter 

432C 

reading to account for thermistor sensor calibration factor. Range 
100% to 88% in 1% steps. 
Thermistor sensor: Thermistor sensors are required for operation of 
the 432A/B/C. For microwave sensors H P  478B, 8478B and 486 se- 
ries see page 425. For Fiber Optic Sensor 84801A see page 419. 
Recorder output: Proportional to indicated power with 1 volt corre- 
sponding to full-scale. 1 k0 output impedance. 
BCD output: 8,4,2, 1 code: “1” positive. TTL compatible logic. Op- 
erates with H P  5055A Digital Recorder. “Print” and “Inhibit” lines 
available. (432B and 432C only.) 
Model 432C control Ilnes: Instrument is referenced to +5 V, “Log- 
ic 0” is equivalent to 0 V. 
Power consumption 
432A: 115 or 230 V ac IO%, 50 to 400 Hz, 2% watts. 
4328: 115 or 230 V ac lo%, 50 to 400 Hz, 10 watts. 
432C: 115 or 230 V ac lo%, 50 to 400 Hz, 16 watts. 
Weight 
432A: net, 2.3 kg (5.5 Ib); shipping, 4.6 kg (10 lb). 
4328: net, 3 kg (6.5 Ib); shipping, 4.8 kg (10.5 Ib). 
432C: net, 3.2 kg (7.2 Ib); shipping, 5 kg (1 1 Ib). 
Dimensions: 
130 mm wide, 155 mm high, 279 mm deep (5l/,n x 63/,” x 11”). 

Options 
001: rechargeable battery installed, provides up to 24 
hours continuous operation (432A only) 
002: input connector placed on rear panel in parallel 
with front 
003: input connector on rear panel only 
009: 3.05 m (10 ft) cable for 1 IO-ohm or 200-ohm sen- 

010 6.10 m (20 ft) cable for 100-ohm or 200-ohm sen- 
sor 
01 1: 15.24 m (50 ft) cable for 100-ohm or 200-ohm 
sensor 
012: 30.48 m (100 ft) cable for 100-ohm or 200-ohm 
sensor 
013: 60.96 m (200 ft) cable for 100-ohm or 200-ohm 
sensor 

Ordering information 
432A Power meter 
432B Power meter 
432C Power meter 

sor 

Price 
add $105 

add $25 

add $10 
add $30 

add $55 

add $105 

add $155 

add $260 

$850 
$1475 
$2300 
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X486A 8.20 to 12.4 1.5 100 $270 
M486A 10.0 to 15.0 1.5 100 $425 
P486A 12.4 to 18.0 1.5 io0 $330 

I 
Thermistor, peak power calibrator & power meter calibrator I 

1 
Models 478A, 84786,486 Series, and Models 89006 & 8477A 

Temperature compensated thermistor 
mounts 

High efficiency and good RF match are characteristic of the H P  
478A and 8478B Coaxial and 486 A-Series Waveguide Thermistor 
mounts which, in conjunction with the 432 Power Meter, provide you 
with high accuracy even in routine power measurements. These ther- 
mistor mounts are temperature-compensated for low drift, even in the 
presence of thermal shocks, permitting measurement of microwave 
power as low as one microwatt. Each mount contains data showing 
Calibration Factor and Effective Efficiency a t  six frequencies, direct- 
ly traceable to the National Bureau of Standards at those frequencies 
where NBS provides calibration service. 

Specifications 
OperatinL 

Freqmcy resistance 

10 MHz to 
10 GHz 

Model ranle, GHz (ohms) Price 

1.3, 25 MHz to 7 GHz 
1.5, 7 to 10 GHz 

1.35. 30 to 100 MHz 
84788‘ 10 MHz to 1.75, 10 to 30 MHz $350 

18 GHr 
1.i. 0.1 to 1 GHZ 

1.35, 1 to 12.4 GHz 
1.6, 12.4 to 18 GHz 

G486A 3.95 to 5.85 
1486A 5.30 to 8.20 

7 n5 to I n n  1.5 $400 

Zcircular flange adapters: 
K-band (UG-425/U) HP 11515A 
R-band (UG.381 I l l )  HP 11516A 

$120 
$120 

89006 8477A 

8900B Peak power calibrator 
The H P  8900B peak power calibrator provides a convenient means 

for measuring the peak RF power of pulses in the range from 50 to 
2000 MHz. The power level is read out directly on the panel meter 
and is completely independent of repetition rate and pulse width 
(>0.25 psec). 

Specifications 
Radio frequency measurement characteristics 
Frequency range: 50 to 2000 MHz. 
RF power range: 10-200 mW peak full scale (may be readily in- 
creased through use of external attenuators or directional couplers). 
RF power accuracy: f 1.5 dB ( f 0 . 6  dB with custom calibration 
curve furnished with instrument). 
RF power precision: 0.1 dB. 
RF pulse width: >0.25 ps. 
RF repetition rate: 1.5 MHz maximum. 
RF impedance: 50 ohms. 
RF VSWR: (1.25. 

Monitor output 
Level: >0.2 volt for 20 mW input (nominal). 
Impedance: 150 ohms nominal. 
Bandwidth: >7 MHz. 

Physical characteristics 
Size: 156 H, 197 W, 279 mm D (6.1” X 7.75” X 11”). 
Weight: net, 4.5 kg (10 Ib). Shipping, 5.9 kg (13 Ib). 
Power consumption: 105 to 125 or 210 to 250 volts, 50 to 60 Hz. 

8477A Power meter calibrator 
The 8477A Calibrator is specifically designed for use with the 432 

Power Meter. It allows you to verify full-scale meter readings on all 
ranges, and meter tracking. Simply connect three cables between the 
power meter and calibrator; no charts or additional instruments are 
required. 

Specifications 
Calibration points: outputs corresponding to meter readings of: 
0.01, 0.03, 0.1, 0.3, 1.0, 2.0, 3.0, and 10 mW (for mount resistance 
switch settings of both 100 and 200 ohms). 
Calibration uncertainty: +0.2% on the top five ranges, and +0.5% 
on the 0.01 and 0.03 mW ranges from +20” to +30”C. 
RFI: meets all conditions specified in MIL-I-6181D. 
Power: 115 or 230 V f lo%, 50-400 Hz, approximately 2 W. 
Weight: net, 2.0 kg (4.5 Ib). Shipping, 2.9 kg (6.25 Ib). 
Size: 155 H, 130 W, 203 mm D (6.1” X 5.1” X 8”). 

Ordering information 
8900B Peak power calibrator 
8477A Power meter calibrator 

Price 
$1025 

$575 



POWER 4% NOISE FIGURE METERS 
i Noise figure meters; sources 

Models 340B,342A, 343A, 345B,347A, 349A 

349A 

3400 

Noise figure meters and noise sources 
Model 340B Noise Figure Meter, when used with the appropriate 

H P  noise source, automatically measures and continuously displays 
noise figure for equipment with I F  frequencies of 30 and 60 MHz. 
Model 342A is similar, and operates on frequencies of 30,60,70, 105 
and 200 MHz. 

HP noise sources provide calibrated noise for measurements on var- 
ious equipment from IF  amplifiers to complete radar systems. Model 
343A VHF source operates from 10 to 600 MHz with 50 ohm imped- 
ance. 345B IF  source is tuned for 30 or 60 MHz with 50,100,200, or 
400 ohm outputs. 

The 347A waveguide sources are argon gas discharge tubes careful- 
ly mounted in waveguide sections for frequencies from 3.95 to 18 
GHz. Model 349A also uses an argon tube in a coaxial configuration 
for frequencies from 400 to 4000 MHz. 

3408 and 342A specifications 
Noise figure range: with a 5.2 dB noise source, 0 to 15 dB, indica- 
tion to infinity; with a 15.2 dB noise source, 3 to 30 dB, indication to 
infinity. 
Accuracy (excluding source accuracy): noise diode scale: f 0.5 
dB, 0 to 15 dB; gas tube scale: f 0 . 5  dB, 10 to 25 dB, * 1 dB, 3 to 10 
dB and 25 to 30 dB. 
input frequency: 340B; 30 or 60 MHz, selected by switch; 342A: 30, 
60, 70, 105, and 200 MHz, selected by switch. Other frequencies 
available; prices and details on request. 
Bandwidth: 1 MHz minimum. 
input requirements: -60 to -10 dBm (noise source on); corre- 
sponds to gain between noise source and input of approximately 50 to 
100 dB for 5.2 dB noise source and 40 to 90 dB for 15.2 dB noise 
source. 
input impedance: 50 ohms nominal. 
AGC output: nominal 0 to -6 V from rear binding posts. 
Recorder output: 1 mA maximum into 2000 ohms maximum. 
Power input: 1 15 or 230 volts f lo%, 50 to 60 Hz, 185 to 435 watts, 
depending on noise source and line voltage. 
Power output: sufficient to operate 343A, 345B, 347A or 349A 
Noise Sources. 
Dimensions: cabinet: 324 mm H, 527 mm W, 368 mm D; (12.8” x 
20.3” x 14.5”); rack mount: 266 mm H, 483 mm W, 353 mm D behind 
panel (10.5” x 19” x 13.9”). 
Weights: net 19.4 kg (43 Ib), shipping 23.9 kg (53 Ib) (cabinet); net 
16.2 kg (36 Ib), shipping 22.5 kg (50 Ib) rack mount. 
Accessory furnished: one 340A-16A Cable Assembly, connects 
noise figure meter to 347A or 349A Noise Source. 
343A specifications 
Frequency range: 10 to 600 MHz. 
Excess noise ratio: 10 to 30 MHz, 5.20 dB fO.20 dB; 100 MHz, 
5.50 dB f 0 . 2 5  dB; 200 MHz, 5.80 dB rt0.30 d B  300 MHz, 6.05 dB 
f0 .30  dB; 400 MHz, 6.30 dB f0 .50  dB; 500 MHz, 6.50 dB +OS0 
dB; 600 MHz, 6.60 dB +OS0 dB. 

343A 345B 

X347A 

Source impedance: 50 ohms nominal. 
Reflection coefficient: (0.091 (1.2SWR), lOto400MHz; (0.13 
(1.3 SWR), 400 to 600 MHz. 
Noise generator: temperature-limited diode. 
Dimensions: 63 mm H, 70 mm W, 127 mm D (2.5” x 2.75“ x 5”). 
Weight: net 0.34 kg (U Ib); shipping 0.9 kg (2 Ib). 

345B specifications 
Spectrum center: 30 or 60 MHz, selected by switch. 
Excess noise ratio: 5.2 dB. 
Source impedance: 50, 100,200 or 400 ohms, f 4%, as selected by 
switch; less than 1 pF shunt capacitance. 
Noise generator: temperature-limited diode. 
Dimensions and weight: same as 343A. 

347A specifications 

Rellection coefficient for all models, fired or unfired, <O.M)l (SWR 1.2) max. 

349A specifications 
Frequency range: 400 to 4000 MHz, wider with correction. 
Excess noise ratio: 15.6 dB f 0 . 6  dB, 400 to 1000 MHz; 15.7 dB 
kO.5 dB, 1000 to 4000 MHz. 
Source impedance: 50 ohms nominal. 
SWR: (1.35 (fired), (1.55 (unfired) upto2600 MHz: (1.55 (fired 
or unfired), 2600 to 3000 MHz; (2.0 (fired), (3.0 (unfired) 3000 to 
4000 MHz. 
Dimensions: 51 mm H, 76 mm W, 381 mm L (2” x 3“ x 15”). 
Weight: net 1.5 kg (3.25 Ib). Shipping 2.7 kg (6 Ib). 

Coaxial & Waveguide Catalog & Microwave Measurement 
Handbook: 84 pages with over 350 measurement accessories. Re- 
quest card at back of this catalog. 

Ordering information Price 
340B Noise Figure Meter (cabinet) $1950 
340BR Noise Figure Meter (rack mount) $1925 

$2 100 
342AR Noise Figure Meter (rack mount) $2075 
343A Noise Source $ 265 
345B Noise Source $ 425 
349A Noise Source $ 550 

342A Noise Figure Meter (cabinet) 



MICROWAVE TEST EQUIPMENT 

Coaxial WaveMde 
Technique Freq. Range Freq. Range 

Manual 500-4000 MHz 3.95-18 GHz 
Slotted Line 1-18 GHz (4 Bands) 
Swept 1.8-18 GHz - 
Slotted Line 
Reflectometer 100-4000 MHz 3.95-40 GHz 
Squaretaw 2-18 GHz (6 Bands) 
Reflectometer 100-4000 MHz 3.95-40 GHz 
RF-Substitution 2-18 GHz (6 Bands) 

Measurement 

Microwave measurements and products 

Typical Remarks/Cost/ 
Range AccuacylSpeed 

30-35 dB 

34 dB 

Lowest cost, high accuracy, 
slow, point-by-point 

Moderate cost, high accuracy, 
good speed, comprehensive 

accuracy, fast, comprehensive 
Moderate cost, high accuracy, 
fast, rewires diwlav stora@ 

35-40 dB Moderate cost, moderate 

50 dB 

Microwave test equipment 
product line 

Hewlett-Packard offers a complete line of 
microwave coaxial and waveguide measuring 
equipment. Measuring systems can be as- 
sembled from this equipment to make accu- 
rate reflection and transmission measure- 
ments on other components such as filters, 
mixers, cables, etc. 

The bulk of microwave measurements 
made in production test, maintenance, and 
calibration require amplitude information 
only. These are sometimes referred to as sca- 
lar measurements. 

The tables to the right summarize HP ca- 
pabilities in scalar microwave measure- 
ments. More detailed information is 
available in the following publications: 

AN 64-2 Extended Applications of Auto- 

AN 183 Microwave Swept Measurements 
AN 196 Automated Measurements 

Coaxial and Waveguide Catalog and Mi- 

Complimentary copies are available from 
H P  offices or you can use the request card at  
the back of this catalog. 

matic Power Meters 

Using the 436A Power Meter 

crowave Measurement Handbook 

Bridge 1-110 MHz - 
40 MHz-18 GHz 

40 dB Multi-octave, good for coax, 
best for low SWR. 9 dB insertion loss 

Measurement Coaxial Wavegide 
Technique Frq. Range Freq. Range 

Squarelaw 10 MHz-18 GHz 2.6-40 GHz 
(7 Bands) 

RF SubStitUtion 10 MHZ-18 GHz 2.6-18 GHz 
18-40 GHz 

IF Substitution 10 MHz-18 GHz 2.6-18 GHz 
(5 Bands) 

Desktop computer 100 kHz-4 GHz - 
minksystem 10 MHZ-18 GHz 

Typical Remarks/Cosl/ 
Range AccuacyISpeed 
50 dB 

50-100 dB 
50-80 dB 

30-120 dB 

40-70 dB 

Low cost, moderate accuracy, 
simple, fast 

Moderate cost, high accuracy 
fast, requires display storage 
High cost, very high accuracy, 

best range, moderate speed 
Moderate cost, very high 

accuracy, automated 



MICROWAVE TEST EQUIPMENT 
Coaxial fixed attenuators 
Models 8491A/B, 8492A, 8493A/B, 11581/2/3A 

Flat frequency response 
Low SWR 
Specifications traceable to NBS 

11581A 

8491A/B, 8492A, 8493A/B fixed attenuators 
Hewlett-Packard coaxial fixed attenuators provide precision at- 

tenuation, flat frequency response, and low SWR over broad frequen- 
cy ranges at  low prices. Attenuators are available in nominal 
attenuations of 3-dB and 6-dB and also 10-dB increments from 10 dB 
to 60 dB. These attenuators are swept-frequency tested to insure 
meeting specifications at all frequencies. Calibration points are pro- 
vided on a nameplate chart attached to each unit. 

1 1581 A, 1 15824 1 1583A attenuator sets 
A set of four Hewlett-Packard attenuators, 3, 6, 10 and 20 dB are 

furnished in a handsome walnut accessory case. The 11581A set con- 
sists of 8491A attenuators. A set of 8491B attenuators is contained in 
the 11 58249, while the 11583A is comprised of 8492A attenuators. In 
addition to the calibration stamping on the bodies of the attenuators, 
the set includes a calibration report. The calibration report is certified 
traceable to the National Bureau of Standards, and includes both the 
attenuation and the reflection coefficients for each attenuator at  four 
frequencies for the 1 158 1A (DC, 4,8,12.4 GHz) and five frequencies 
for the 11582A and 11583A (DC, 4,8, 12.4, 18 GHz). By specifying 
option 890, calibration data is given at  26 frequencies (1 158 1 A) or 42 
frequencies (1 1582A and 11583A), see next page for exact frequency 
lists. 

These sets are ideal for calibration labs or where precise knowledge 
of attenuation and SWR is desired. 

8498A high power attenuator 
The 8498A Option 030 is designed to meet the needs of high power 

attenuation applications in the RF and microwave frequency range. It 
is specified from DC to 18 GHz at  25 watts average, 500 watts peak 
from DC to 5.8 GHz, and 125 watts peak from 5.8 to 18 GHz. Avail- 
able only in a 30 dB model (option 030). the unit offers low SWR 
((1.30at 18GHz)andgoodaccuracy(*l dBat 18GHz).Theunit 
also features ‘human engineered’ cooling fins that prevent operator 
burns even under continuous maximum input power conditions. 

H E l i l L E T T  P U C K Q R D  
O P T I O N  SqL3 C U L I B R P T I O N  R E P O R T  

M O D E L :  S d 9 2 U  O F ?  0 1 8  
DOTE: 8 3 - 2 2 - 7 X  
C U L I B P U T I O H  Z I S T E E I :  8 5 4 2 8  : Y S T E M  P 
P O P T  I O L N T I F I C U T I O N :  I r l I T H  L U B E L  F U C I t l G  T H E  

T E C H E l i  S E P I U L  C 140: I U N :  0 2  9861  I S 7  

U S E P ,  P D R T  I ii ni l  T H E  L E F T  
UNO P O P T  2 I ;  O N  T H E  F I G H T .  

1 

Option 890m 

bd 

Option 030 

Option 890 calibration data 
Extensive calibration data is now available on H P  attenuators at  

low cost. By specifying option 890 on the fixed attenuators or micro- 
wave step attenuators, standardized calibration data from 100 MHz 
to the upper frequency bound of the unit is provided, with frequency 
steps no larger than 500 MHz. This data is generated from measure- 
ments made on an HP 8542 Automatic Network Analyzer and fea- 
tures excellent accuracy (traceable to NBS) and low cost (averages 
less than $1 per frequency for three measurements). Data is given for 
attenuation and the SWR of each port, and provided in a plastic enve- 

Calibration data has important uses in applications such as RF sub- 
stitution measurements and test system verification. By using the ac- 
tual calibration data rather than data sheet specifications, the 
attenuation uncertainty can be reduced 60% or more. Also, the calcu- 
lated mismatch uncertainty for a test system will be lower if the actu- 
al SWR data for the attenuators is used. Similar calibration data is 
used in H P  production areas to verify the performance of manual and 
automated test systems. For automated system checkout, the cali- 
brated unit is tested and the results are compared to the previously 
stored calibration data. If the differences are within the measurement 
uncertainty, proper operation is ensured. For step attenuators, the 
calibration data can be used in automated test systems to more accu- 
rately characterize a devices’ characteristics. By storing the calibra- 
tion data for the individual steps, the measurement results can be 
adjusted by the actual amount of attenuation (for example, when a 
nominal 10 dB step is actually 9.6 dB). 

The calibration data frequencies, prices, and ordering information 
for fixed attenuators are found on the adjacent page, and the same 
information for step attenuators is found on page 431. 

lope. 



8491A/B series 

Calibration Data 

lnfwmation 

8492A 

\.... ._, 
8491A, 8493A 100, 500, 1000, every 500 MHz to +$20 

12000, 12400. (26 frequencies) 

in 500 MHz steps, 16000 to 18000 
in 250 MHz steps. (42 frequencies) 

84916, 8492h Same as above plus 12500 to 16000 +$25 
84938, 8498A 

Ordering example: 

value must be specified as sl 
When ordering, the connectors. freauencv ranee. and attenuation 

Connectors and P 
Frequency Range 

7 e1 
8491B Opt010 Opt890 

T- 
1A: Type N (m,f), dc-12.4 GHz 
1B: Type N (m,f),dc-l8 GHz 

3A: SMA (m,f), dc-12.4 GHz 
38: SMA (m,f) dc-18 GHz 

* *8498. 

2A: APC-7. dc-18 GHz 

8A: Tyr- hT I- n A n  19 P-U.l ( 1 4  .xr4t te \**  

849 1 I 

,G I. \ 111, I,, UC-I" UII& ,&a ""'L", 

A is only available in a 30 dB model. 
WB, 8492A, 8493A/B, 849 

ion 

006: 6 dB 
010: 10 dB 
020: 20 dB 
030: 30 dB 
040: 40 dB* 
050: 50 dB* 
060: 60 dB* 
*Not available i for 8493A/B 

1 

8493A/B series 

Coaxial & Waveguide Catalog & Microwave 
Measurement Handbook 
84 pages with over 350 measurement accessories. Request 
back of this catalog. 
Ordering information 
11581A 3,6, 10,20 dB 8491A set 

OPTION 890 Calibration Data 
11582A 3,6, 10,20 dB 8491B set 

OPTION 890 Calibration Data 
11583A 3.6, 10, 20 dB 8492A set 

OPTION 890 Calibration Data 

8A, option 890 specifications 

card at 

Price 
$310 
+$80 
$420 

+$loo 
$750 

+$IO0 

- 
Price 
Specify 
rption) 

$75 

$100 
- 

$95 

$135 
- 

$170 

$205 

$80 

$95 

$95 

$100 
Contacl 

HP 

- 
- 
- 
- 

- 
- 

- 



 MICROWAVE 1 TEST EQUIPMENT 
1 Coaxial step attenuators 

Models 355C series, 8494/5/6 series, 11713A, 11716A 

Excellent repeatibility 
Manual a n d  programmable 
Calibration d a t a  avai lable  

!', _.-_ . .. . . ... . . . . .. . ~ ,....,. . 

355c 

355C/D/E/F Manual and programmable step 
attenuators, dc to 1000 MHr 

Precision attenuation from dc to 1000 MHz is available with these 
Hewlett-Packard attenuators. Models 355C/E provide 0 to 12 dB in 
1-dB steps and models 355D/F provide 0 to 120 dB in 10-dB steps. 
For the 355E and 355F models, attenuation programming is done 
through a 7-pin connector. All standard models are equipped with 
BNC connectors. 

8494A/B/G/H, 8495A/B/D/G/H/K, 
8496A/B/G/H Manual and programmable 
step attenuators, dc to 26.5 GHz 

This family of precision, microwave coaxial step attenuators repre- 
sents the state-of-the-art in attenuator design. They offer outstanding 
performance at attractive prices. Three attenuation ranges are avail- 
able: 0 to 11 dB in 1-dB steps (Model 8494), 0 to 70 dB in 10-dB steps 
(Model 8495) and 0 to 110 dB in 10-dB steps (Model 8496). There is 
choice of three connectors Type N ( f ) ,  SMA (f), and APC-7 (APC- 
3.5 on 8495D/K only). Manual and programmable versions are avail- 
able as well as coverage of three frequency ranges (dc-4GHz, dc-18 
GHz, and dc-26.5 GHz). Calibration data (SWR and attenuation) is 
available on the 8494/5/6 models as option 890. The data is generat- 
ed by an automatic network analyzer test system and is given for each 
step of the attenuator a t  14 frequencies (DC-4 GHz models) or 47 
frequencies (DC-18 GHz models); see frequency lists on next page. 
This data is very useful for improving measurement accuracy in man- 
ual and automated test systems. 

Each attenuator consists of three or four attenuation sections con- 
nected in cascade. Attenuator sections are inserted and removed by 
cam-actuated "edge line" contacts. These contacts are gold-plated 
leaf-springs that ensure long life (over a million steps) and high re- 
peatability (typically 0.03 dB). 

8495K opt. 004 

a49513 opt. 004 

11716A kit 

The G,H, and K programmable models offer the same high perfor- 
mance as the manual models with the addition of fast switching sole- 
noids. Attenuation programming is done through a 12-pin connector. 
For ease of connection to the driving circuit, each attenuator is pro- 
vided with a five-foot cable assembly that includes the mating con- 
nector. By using the HP 11713A Attenuator Driver, the attenuators 
are easily integrated into a Hewlett-Packard Interface Bus (HY-IB) 
automated system. 

Convenient interconnection of 1 dB and 10 dB models is provided 
with the 11716A/B. These kits provide a rigid R F  cable, mounting 
bracket, and screws to connect any pair of 8494/5/6 attenuators in 
series (see picture above). Attenuators must be ordered separately. 

Equivalent versions of these attenuators, for incorporation in equip- 
ment (i.e., "OEM") are available under H P  model numbers 33320, 
33321, and 33322. See following pages. 

11713A ATTENUATOR/SWITCH DRIVER 
This instrument has all of the necessary features to provide HP-IB 

control of up to two programmable attenuators of the 8494/5/6 or 
33320/1/2 series and concurrently up to two electro-mechanical 
switches (e& 8761B or 33311 series). Alternatively, the 11713A can 
be used to supply +24 V common and ten pairs of current sinking 
contacts (total current less than 1.25A) to control up to ten relays. 
The 11713A includes an integral power supply (with short circuit 
protection) that can simultaneously provide 125 milliamps a t  24 volts 
to all contacts for control of the attenuators and switches, so no exter- 
nal power supply is needed. The unit is provided with two (2) plug-in 
drive cables for the programmable attenuators which simplifies con- 
nection to the driver. 

The 11713A also features convenient front panel control so that the 
user can manually activate the individual attenuation sections and 
switches when in the 'local' mode. Switching time for the drivers is 
less than 10 milliseconds. 



Powel 
Ratin#, 

Minhuln 
tile 

0.5 W avg 
350 W peak 
0.6 
million 
steps 

0.5 W avg 
350 W peak 
0.6 
million 
steps 

How to order the 8494/5/6 Series attenuators 

must be specified: 

1 4 (1dB step, 1 1  dB ma 
5 (10 dB step, 70 dB max) B (Manual, dc-18 GHz) 
6 (1OdB step, 110 dR maw) D (Manual. dc-26.5 GHz)* 003 (APC-7) 

GHz) 004 (APC-3:5 Female)* 

,.5 G H ~ ) *  Ordering Information 
GHz) 

11713A Attenuator/Switch Driver 
11716A Interconnection Kit (Type N Connectors) 
11716B Interconnection Kit (APC-7 Connectors) 

L 

~ 
._ 

0 iprogrammable, d c 4  1 

H (Programmable, dc-18 
vailable K (Programmable, dc-26 
Is. 

Price 
Contact HP 

$135 
$195 

* Option 004 is only a. 
on ‘ D  and ‘ K  mode 

ies, 84941 31 o series sp 
I I 

55 si 
Modd 
and 

(SWitCm# 
Mode) 

i5C 
Wanual) 

- 
Solmoid 
Vdtaie 
Speed 
Power 
- 

15-18 V 
t 6 5  ms 
3.0 W 
- 

15-18 V 
4 5  ms 
3.0 W 
- 

20-30 V 
t 2 0  ms 

2.7 W 
- 

Dmmria. 
Shopin1 
Weight 

152 X 70 X 67 mm 
(6 X 2.75 X 2.6 in) 

hraHon 
LOSS 

(0 W setthg) 
0.11 dB + 
1.39 dB/GHz 

Attnxlatbn 
l c c u a c y 

+O.l dB @ 1000 Hz 
e 0 2 5  db: dc4 .5  GHz 
f0.35 dB: dc-1.0 GHz 1 1.5 dc-1.0 GHz I Note 1 

$400 55E 
Program- 
#able) 
55D 
Manual) 

152 X 70 X 67 mm 
(6 X 2.75 X 2.6 in) 

0.11 dB + 
1.39 dB1GHz 

f 0 . 3  dB Q 1000 Hz 
f 1.5 dB to 90 dB, and 

Q 1 GHz 
+ 3  dB to 120 dB 

de-1 0-120 1.2: dc4.25 GHz 
10 dB steps 1.3: d c 4 . 5  GM 

1.5 dc-1.0 GHz 

d e 4  0-1 1 1.5 
1 dB Steps 

dc--18 0-11 1.5: d c - 8  GHz 
1 dB steps 1.6: de--12.4 GHz 

1.9 de-18 GHz 

d c - 4  0-70 1.3 
10 dB steps 

1.4 kg 
(3 Ib) 

159 X 73 X 43 mm 
(6.2 X 2.9 X 1.7 in) 

0.9 kg 
( 2  Ib) 

159 X 73 X 43 mm 
(6.2 x 2.9 X 1.7 in) 

0.9 kg 
( 2  Ib) 

55F 
Program 
iable) 
49411 
Manual) 

0.6 dB + 
0.09 dB/GHz 

1 W avg 
100 W peak 
10 ps max. 
1 million 
steps 

f0.2 dB 1-2 dB 
+0.3 dB: 3-6 dB 
+ 0.4 dB: 7-10 dB 
20.5 dB: 11 dB 

002 $495 
003 
See 

Note 2 3785 4946 
Yogram- 
able) 
1948 
lanual) 

- 
l99H 
’rogram- 
able) 

195A 
Hanual) 

19% 
Program 
able 
$958 
Manual) 

495H 
Program- 
iable) 
4950 
Manual) 

49% 
Program 
iable) 
496A 
Manual) 

4966 
Program- 
iable) 
4966 
Manual) 

q-7 003 
0.6 dB + 
D.09 dB/GHz 

IWavg 
100 W peak 
10 ps max. 
1 million 
steps 

jc--12.4 GHz 
fO.3 dB 1-2 dB 
k0.4 dB 3-4 dB 
+ 0.5 dB: 5 - 6  dB 
+0.6 dB: 7-10 dB 
+0.7 dB: 11 dB 
dc-18 Gtk 
f0.7 dB: 1-5 dB + 0.8 dB: 6-9 dB 
f0.9 dB: 10-11 dB 
f 1.6% 
% in dB from 
Atten. Setting 

20-30 V 
t X l  ms 
2.7 W 

Note 2 

See 
Note 2 $650 

002 $470 
003 
See 

Note 2 $740 

130 X 73 X 43 mm 
(5.1 X 2.9 X 1.7 in) 

(2 Ib) 

130 X 73 X 43 mm 
(5.1 X 2.9 X 1.7 in) 

(2  Ib) 

159 X 52 X 43 mm 
(6.2 x 2.1 X 1.7 in) 

( 2  Ib) 

159 X 73 X 43 mm 
(6.2 x 2.9 X 1.7 in) 

( 2  Ib) 

159 X 73 X 43 mm 
(6.2 x 2.9 X 1.7 in) 

0.9 kg 

0.9 kg 

0.9 kg 

0.9 kg 

0.4 db + 
0.07 dB/GHz 

1 W avg 
100 W peak 
10 ps max. 
1 million 
steps 

- 

20-30 V 
t 2 0  ms 

2.7 W 
*1.35: i n  AR stens 1.5: dc-12.4 d c - 8  CHz GHZ 

..7: dc-I8 GHz 

0.4 dB + 
0.07 dblGHz 

+3% de-12.4 GHz 
+4%: de-18 GHz 
% in dB from 
Atten. Setting 

1 W avg 
100 W peak 
10 ps max. 
1 million 
steps 

-- -- ----- I 20-30 V 
4 0  ms 
2.7 W 

0.5 dB + 
0.13 dBlGHz 

1 Wavg 
100 W peak 
10 ps max 
1 million 
steps 

+ 3 %  dc-12.4 GHZ 
f 4% dc-18 GHz + 7%: dc-26.5 GHz 
% in dB from 
Atten. Setting 

f 1.6% 
% in dB from 
Atten. Setting 

2.2: 18-26.5 GHz 
20.30 V 
t 2 0  ms 

2.7 W 
- 

20-30 V 
t 2 0  ms 

2.7 W 
- 

20-30 V 
t20 ms 

2.7 w 
h 

1 W avg 
100 W peak 
10 ps max 
1 million 
steps 

0.6 dB + 
0.09 dB1GHz 

f 1 $655 

Note 2 31025 

Optii 890 Price 

+$130 
+$llO 

+3%: dc--12.4 GHz 
+4%:dc-l8 GHz 
% in dB from 
Atten. Setting 

1 W avg 
100 W pak 
10 ps max. 
1 million 
steps 

0.6 dB + 
0.09 dB1GHz 

dc-18 

1.9 dc-18 GHz 
496H 
Program. 
table) Iv 

DC to 4 GHz Models: 
100, 300, 500, 700, 900, 1000, 1250, 1500, 
1750, 2000, 2500. 3000. 3500, 4000 

Option 8 

Calibration Data 
8494AlG. 8496AtG. 33320A/G, 33322AlG 
8495A/Gt33321A/G 

8494B/H. 8496B/H, 33320BlH. 33322BlH 
8495BlH. 33321BlH 

Information I 
+$170 
+$150 I Oe to 18 GHz Models: 

adjacent 
N I C  
NIC 

add $50 I Option 004 APC.3.5 (84950tK only) NIC 



I MICROWAVE TEST EQUIPMENT 

Model 
S382C 

Variable attenuators and OEM step attenuators 
Models 375 series, 382 series, 393A, 394A, 33300  series, 33320  series 

Frequency Attenuation Waveguide 
Ranle Ranle & Eguivalent 
(GHz) Accuacy (dB) Flange Price 

2.6-3.95 f 1% of reading 0-60 WR 284 $2800 
or 0.1 dB UG-584lU 

High Accuracy 
High Repeatability 

H382A 7.05-10.0 

X382A 8.2-12 4 

P382A 12.4-18.0 

K382A 18.0-26.5 

R382A 26.5-40.0 

394A 

f 2% of reading 0-50 WR 112 $1550 

whichever greater 
f 2% of reading 0-50 WR90 $ 930 

whichever greater 
?2% of reading 0-50 WR 62 $ 930 

whichever greater 
f 2% of reading 0-50 WR42 $1550 

whichever greater 
f 2 %  of reading 0-50 WR28 $1500 

or 0.1 dB UG-l38/U 

or 0.1 dB UG-l35/U 

or 0.1 dB UG-419/U 

or 0.1 dB UG-597/U 

or 0.1 dB UG-599/U 

33300A 

33320A 
B 

333206 

39349, 394A Coaxial variable attenuator 
33300 series, 33320 series 
OEM step attenuators 

Models 393A and 394A are high power, variable coaxial attenua- 
tors for the 0.5 to 2 GHz range. They use the principle of a variable 
directional coupler to achieve up to 120 dB range with 200 watt power 
handling capability. 

33300 series step attenuators provide wideband programmable sig- 
nal level control. Magnetic latching solenoids switch individual at- 
tenuating elements into and out of contact with a 50-ohm trans- 
mission line. C/D models have separate “indicator contacts” and 
A/B models have ”no indicator contacts.” Three digit connector op- 
tions (OXY) must be specified. X is the input connector, Y is output 
connector, first digit is always 0. See table for option numbers. 

33320 series step attenuators are compact versions of the 8494/5/6 
bench attenuators on the previous page and are configured for design- 

’ 5: SMA(i j .6 SMA(m)’ 
DC-4 Manual Specifications iden- 
DC-18 1-11 dB tical to 8494 series 
DC-4 Proe 1dB steps previous page 

393A, 394A, 33300  series, 33320  series specifications 

P375A 
f 2  dB UG-39lU 

12.4-18 k 1  dB, 0-20 WR62 $ 450 
f 2  dB UG-419/U 

SMA(f) connectors 

DC-26.5 previous page 

DC-18 (APC-3.5 on D/K) 
333216 SMA (1) connectors 

DC-26.5 

previous page 
DC-IR SMA (f) connectors 

Price 

$1320 

$1250 
$ 825 
$ 860 
$ 825 
$ 860 
$1100 
$1140 
$1100 
$1140 

$ 485 
$ 635 
$ 715 
$ 985 
$ 345 
$ 460 
$ 690 
$ 640 
$ 730 
$1050 
$ 485 
$ 645 
$ 765 
$1015 

P382A 

3332 1 H 

ing into microwave systems and instruments. Manual or electrically- 
activated versions are available. The manual models take less than 1.5 
square inches of panel space. OEM quantity discounts are available 
for 33300 and 33320 series. 
375 Series, 382 series waveguide attenuators 

Operation of these 382 series rotary-vane, continuously variable at- 
tenuators depends on a mathematical law, rather than on the resistiv- 
ity of the attenuator card. They are direct-reading and provide 
accurate attenuation from 0 to 50 dB (60 dB for S382C) regardless of 
temperature and humidity. 

375A series variable flap attenuators consist of a short slotted sec- 
tion of waveguide in which a matched resistive strip is inserted. 
Coaxial and Waveguide Catalog 8, Microwave Measure- 
ment Handbook 
84 pages with over 350 measurement accessories. Request card a t  
back of this catalog. 

375A Series 382  series specifications 

whichever greater 
f 2% above 50 dB 

or 0.1 dB 
whichever greater 

or 0.1 dB UG-4411U 
whichever ereater 

I whichever greater I 
X375A 1 8.2-12.4 I k 1 dB. I 0-20 I WR 90 1 $ 450 



MICROWAVE TEST EQUIPMENT ~ 

Frewmcy SWR W/G-Coax 
Model Range (Gtk) Residual Flange/Cam. Remarks 

1.01 WR 137 18108 5.3-8.2 
I l f i .u l / I I  Use with 809C 

I 
Slotted lines, carriage, probes a+i I 

! 
Models 440A, 4 4 2 6 , 4 4 4 A ,  4 4 7 6 , 8 0 5 C ,  809C, 8 1 0 6  series, 816A, 817A 

Price 

$625 

Precision reflection measurements 0.5 to 18 GHz 

Frequency Smt 
Modd Range (GHz) Residual Cornnectar Remarks 
805C 0.5-4.0 1.04 N(m) 11512 N(m) 

N ( f )  short,ll511A 
N ( f )  short 
furnished 

short. 

short 
furnished 

8178 1.8-18.0 1.06 APC-I 11512A N ( m )  

N ( f )  11565A APC-7 

8178 
Options 

001: APC-7 connectors on 4488 probes 
022: N(m) and N ( f )  connectors on 816A slotted section 

80% 4428 447B 4488 

Price 
$1750 

$1775 

add $55 
less $15 

8178 *." 

809C 

809C Slotted line carriage 
The 809C Carriage operates with the 816A Coaxial slotted section 

and four 810B Waveguide slotted sections. It is compatible with the 
442B, 444A, 447B, and 448B coaxial probes. The carriage has a 
centimeter scale with a vernier reading to 0.1 mm, and provision is 
made also for mounting a dial guage if more accurate probe position 
reading is required. 

8 1 OB Series, 8 16A slotted sections 
810B waveguide and 816A coaxial slotted sections are used with 

the 809C carriage, 810B waveguide sections accept the 444A un- 
tuned probe or the 442B probe plus 440A tuned detector. 816A co- 
axial line accepts the 447B probe or the 448B adapter sets. 

816A 

"" _-., " 
WR 112 

UG-419," 

N(m), N ( f )  11512A N(m) Short 
1156A APC-7 Short 

fiirnichrrl 

440A, 442B,444A, 4478,448B 
Probes/adapters 

440A is a tunable mount (1N21 crystal not supplied) for 2.4-12.4 
GHz, to be used on the 442 broadband probe. 442B fits the 809C 
carriage and provides sampled RF on a Type N jack. 

444A is an untuned probe for 2.6-18 GHz for use with the 809C 
carriage or other % inch (19 mm) mounting hole and the 810B wave- 
guide sections. 447B is similarly used with the 809C and the 816A 
coaxial section for 1.8 to 18 GHz. 

448B sweep adapter probe has Type N outputs for use with the 
11664A detectors of the 8755 test set. 
Coaxial & Waveguide Catalog 
84 pages with over 350 measurement accessories. Use request card a t  
back of this catalog. 

Ordering information Price 
440A Detector mount $240 
442B RF probe $165 
444A Untuned probe $155 
447B Detector probe $235 
448B Slotted line sweep adapter probes 1.8-1 8 GHz $515 
809C Slotted line carriage $650 



-. MICROWAVE TEST EQUIPMENT 

Modd 
779D 

Coaxial single and dual-directional couplers 
Models 770  series, 790 series, 116910, 11692D 

Mean outplt 
FrequaKy Output Coupli?~ Minmun Equivalent’ 

Range C@r Variation Directivity S w c e  
(GHz) (dB) (dB) (dB) Match Price 

1.7-12.4 20 & 0.5 k 0 . 7 5  1.7-4 GHz: 30 1.2 $680 

Broadband coverage 
High directivity 

Close tracking 

11691D 

779D Directional coupler 
The H P  779D spans more than two Octaves from 1.7 to 12.4 GHz 

with excellent directivity. With increased coupling factor (typically 
24 dB), the 779 is useful down to 500 MHz. Upper frequency useful- 
ness extends to 18 GHz with directivity reduced to about 15 dB. Var- 
ious connector options are available. 

790 Series directional couplers (octave 
bands) 

The 790 directional couplers are ultra-flat, high directivity couplers 
which are ideal for power-monitoring applications in coaxial systems. 
Output coupling (ratio of output power from main and auxiliary 
arms) is specified rather than coupling factor. Thus, no correction 
factor is required to account for insertion losses in the main arm. 

11691D Directional coupler 
The 11691 D is an ultra-wide-band single-directional coupler cover- 

ing 2 to 18 GHz with high directivity. It is useful as a power monitor- 
ing or leveling coupler or used for making reflection measurements. 
Couplers are preferred over broadband bridges in reflectometer ap- 
plications in situations where the power level of the source is limited, 
or where simultaneous measurement of return loss and insertion loss 
is desired. 

7790,  790 Series, 11691D specifications 

Primary line; N(f), N(m) 
Auxiliary Arm, N(f) 

Primary Line: N(f) input, N(f) output: Auxiliary Arm: N(f) 
7790 Standard connectors 

Option 010: Primary Line N(f) input, N(m) output 
Other options: APC-7 on any or all ports 

ll691D Standard connectors 
Primary line: APC-7, APC-7; Auxiliary Arm: N(f) 

Oot 001: All N(f) 

N/C 
Contact HP 

less $30 
Opt 005: All APC-7 add $25 

‘Apparent SWR at the output port of a coupler when used in a closed-loop leveling system. 

774D-777D Dual-directional couplers 
(octave bands) 

The economical 774D-777D couplers cover frequency spreads of 
more than two-to-one, each centered on one of the important 
VHF/UHF bands. With their high directivity, and a mean coupling 
accuracy of 0.5 dB these couplers are ideal for reflectometer appli- 
cations. Furthermore, the close tracking of the auxiliary arms makes 
these couplers particularly useful for reflectometers driven by exter- 
nally leveled sweep oscillators such as the H P  8690B and 8620A/B. 
Power ratings are 50 W average, 500 W peak. 

778D, 1 1692D Dual-directional couplers 
(multi-octave bands) 

These extra wide frequency couplers are ideal for swept-frequency 
reflectometer testing of broadband coaxial components. 778D covers 
100 MHz to 2 GHz and 1 1692D covers 2 to 18 GHz. High directivity 
and close tracking of the auxiliary arms are featured. Various connec- 
tor options are available as shown. Both couplers handle 50 W aver- 
age power. Peak power; 778D, 500W; 11692D, 250 W. 

774D, 775D, 776D, 7 7 7 0 , 7 7 8 0 ,  11692D 
Specifications 

7780 Standard connectors 
Primary Line: N(m). N(f); Auxiliary Arms: N(f), N(f) 

Option 011: Primary Line, APC-7, N(f) 
Option 0 1 2  Primary line, N(m). N(f) 

Primary line: N(f), APC-7; Auxiliary Arms: N(f), N(f) 
1169ZD Standard connectors 

Opt 001: Primary Line, N(f), N(f) 
Opt 0 0 2  Primary Line, N(f), N(m) 

less $15 
less $15 

’Maximum auxiliary arm tracking: 0.3 dB for 776DO.5.dE for 7770 
*30 dB, 0.1 to 2 GHz, input port. 
=24 dB with TvDe N connector on the test oort. 



mm MICROWAVE TEST EQUIPMENT , 

W d  
786D 
787D 
788C 
789C 

i Coaxial directional detectors and waveguide directional couplers 
Models 780 series, 752 series 

Frequency Equivalent* 
Range Frequency Sarce 
(W Response Match Price 

0.96-2.11 k 0.2 1.13 $510 
1.9-4.1 f 0.2 1.16 $510 
3.7-8.3 + 0.3 1.25 $635 
8-12.4 k 0 . 5  1.25 $750 

0 Flat frequency response 
Low equivalent source match 
High directivity to >40 dB 

K752A 18.0-26.5 
K752C 18.0-26.5 
K752D 18.0-26.5 

7860 

3 k 0 . 7  k 0 . 5  40 $520 
10 k0 .7  fG.5 40 WR42 $520 
20 k 0 . 7  k 0 . 5  40 UG-595/U $520 

- 
- 

X752A 

R752A 26.5-40.0 3 k0 .7  
R752C 26.5-40.0 10 k 0 . 7  
R752D 26.5-40.0 20 +0.7 

780 Series directional detectors 
The 780 series detectors are directional couplers with built-in cry- 

stal detectors. The couplers have flat frequency response and good 
directivity, while the detectors have good frequency response plus 
high sensitivity. The configuration of the directional detector reduces 
the number of ambiguities over the standard system of separate cou- 
pler and detector and makes possible tighter correlation between 
main-arm power and detected signal. The directional detector is well 
suited for sweep oscillator leveling and can also be used to monitor 
power with a voltmeter or oscilloscope. 

k0.5 40 $600 - 
k 0 . 5  40 WR28 $550 - 
kG.6 40 UG-599/U $550 

Detector 
o u t p u t  

Mean 

1 i  1 I I I 

0.96 1.25 1.5 1.75 2.0 2.11 
Frequency (GHz) 

Figure 1. Typical 786D Frequency Response. 

780 Series specifications 

Low SWR 
Coverage to 40 GHz 

752 Series waveguide directional couplers 
The H P  752 Series couplers are specified to meet a wide variety of 

microwave applications. Every coupler has a minimum directivity of 
40 dB over its entire frequency range. Each coupler is swept-frequen- 
cy tested to ensure that the main guide SWR and directivity specifi- 
cations are accurate. Performance characteristics are unaffected by 
humidity, temperature, and time, making these units especially useful 
in microwave "standards" measurements. 

The 752 couplers are an essential part of many waveguide measure- 
ment systems. Attenuation measurements, reflectometer setups, pow- 
er measurements, source leveling and network analysis are just a few 
areas in which these couplers are used. 

752 Series specifications 

P752A 12.4-18.0 3 k 0 . 4  k 0 . 5  40 
P752C 12.4-18.0 10 k0 .4  k 0 . 5  40 W ~ 6 2  
P752D 12.4-18.0 20 +0.4 f 0 . 5  40 UG-419/U 



MICROWAVE TEST EQUllPMEMT 
Coaxial crystal detectors 
Models 423A/B, 8470A/B, 8471A, 8472A, 8473B/C, 33330B/C 

SWR 
Maximun 

(503 Nom.) 
t 1 . 1 5  to 4 GHz 

t 1 . 3  to 12.4 GHz 

t 1 . 2  to 4.5 GHz 
t 1 . 3 5  to 7 GHz 
1.5 to 12.4GHz 

t 1 . 1 5  to 4 GHz 

t 1 . 4  to 18 GHz 
t 1 . 3  to 15 GHz 

Flat frequency response 
High burnout protection 

Maximun Short-Term 
lmput M a x h  

Low Levd (Peak or l”pu! 
Sensitivity Average) (tl mn.) 
>0.5 mV/ 200 mW 1 watt 

p W  

>0.4 mV/ 100 mW 0.1 watt 
pW 

t 0 . 5  mV/ 200 mW 1 watt 
p W  

8470B Opt 012 333308 

Opt 001 
Matched Pair 
(order 2 mitt 
for each pair) 

2 0 . 2  dB to 12.4 GHz 

20.2 dB to 8 GHz 

%0.3 dB to 12.4GHz 
k0 .2  db to 12.4 GHz 

Low SWR 
Field replaceable detector elements 

O p h S  kpvt 
Avalable Connector Pnce 

001 N (m) $205 
002 
003 
001 N (m) $155 
002 
003 
001 APC-7 $250 
002 

8471A 
84728 

423A, 8470A, 847 1 A, 8472A point-contact 
423B 8470B detectors 

These point-contact detectors have been widely used for many years 
and provide high performance at  an economical price. The 8470A, 
8470A Opt 012, and 8472A provide APC-7, Type N, and SMA con- 
nector versions to 18 GHz. Matched pairs are available for applica- 
tions requiring close detector tracking, and all but the 8472A can be 
supplied with video loads for optimum conformance to square law. 
Coaxial & Waveguide Catalog & 
Microwave Measurement Handbook 
84 pages with over 350 measurement accessories. Request card at  
back of this catalog. 

423B,847OBY 8473B/C, 33330B/C LOW Barrier 

The low-barrier Schottky (LBS) detectors are a state-of-the-art ad- 
dition to the HP family of high performance detectors. Various mod- 
els provide coverage to 12.4, 18, and 26.5 GHz and input connectors 
are Type N, APC-7, or APC-3.5 depending on frequency range. Out- 
put connector is BNC (f) except for the 33330B/C (SMC). 

Matched pairs (Opt OOl), square low load (Opt 002), and positive 
polarity output (Opt 003) are available for most models. 

Coaxial crystal detector specifications 

Schottky (LBS) Detectors 

423A 0.01-12.4 
Point Contact 

2 0.2/octave 
to 8 GHz 

84708 

84708 

20.5 overall 
0.01-18.0 2 O.Z/octave 

L BS to 8 GHz 
k 0.3 to 12.4 GHz 

. . . . .. . . .. . . I 8470A I 1 f0.5 to 12.4 GHz 
f 1.0 to 18 GHz 

20.3 dB to 18 GHz 

20.2 dB to 8 GHz 

+0.3 dB to 12.4 GHz 

84738 0.01-18.0 2 0.2 dB/ 
octave to 8 GHz 

k 0.3 dB to 
12.4 GHz 
f 0.6 dB to 

8473C 0.01-26.5 f0.6 dB to 
20 GHz 

f 1.5 dB w/a 
-3.5 dB slope, 

20 to 
26.5 GHz 

k O.Z/octave 
to 8 GHz 

+0.5 to 12.4 GHz 

003 
N (m) $235 

001 APC-7 $195 
002 
003 

333308 0.01-18.0 k0.6 dB 
LBS 

33330C 0.1-26.5 f0.6 dB 
L BS to 20 GHz 

f 1.5 dB with 
a -3.5 dB slope 
20 to 26.5 GHz 

Point Contract *0.1/100 MHz 
8471A 100 kHz-1.2 GHz k0.6 dB (typical) 

t 1 . 2  to  4.5 GHz 
4 . 3 5  to 7 GHz 

t 1 . 5  to 12.4 GHz 

Options 
All applicable models 

001:  matched pair 
002: square law load 

Models 423A, 8470A, 8472A 
003: positive output 

>0.4 mV/ 100 mW 0.1 watt 
p W  

8470A 0.01-18.0 kO.Z/octave 
Point contact to R GH7 

j 1 . 7  to 18 GHZ 

t 1 . 2  to 12.4 GHz >0.5 mV/ 200 mW 1 watt 
uw 

t 1 . 2  to 4 GHz 

4 . 5  to 18 GHz 

t 2 . 2  to 26.5 GHz 

to 18 GHz 
>0.18 mV/ 

to 26.5 GHz 

t 1 . 5  to 12.4 GHz 

4 . 5  1 >0.5 mV/ I 200 mW I 1 watt 

Degrades to 
0.18 mV/pW 
at 26.5 GHz -I 3 V r m s  3 V  rms 

2 0 . 3  dB APC-3.5 

k0 .3  dB to 18 GHz APC-3.5 $260 

k 0 . 5  dB to 26.5 GHz 
003 

No 004 BNC $70 
005 (m) 
006 

Price Models 423B/8470B/8473B/C, 33330BfC 
003: positive output 

add $20/unit Model 8471A 
add $20/unit 004 positive output 

005: 75 ohm negative output 
006 75 ohm positive output N/C 

add $30 

N/C 
add $10 
add $10 



mm MICROWAVE TEST EQUIPMENT 

Model 
536A 

537A 

1532A 

Crystal detectors and frequency meters 
Models 422A, 424A, 532A, 536A, 537A 

(GH;) (a) - (MW (Conneitor) Price 

0.96-4.20 0.22:0.96 2 Coax $990 
to 1 GHz 
0.17:l to 
4.2 GHz 

[Type NU) 1 

3.7-12.4 0.170 10 Coax $730 

5.30-8.20 0.065 2 WR137 $1350 
[Type N (VI 

116-441IU 

H532A 

K422A 18.0-26.5 + 2  

R422A 26.5-40.0 + 2  

422 Series, 424 series crystal detectors 
The 422A and 424A family of crystal detectors combine high sensi- 

tivity with flat frequency response and low SWR to provide wave- 
guide band coverage from 3.95 to 40 GHz. They deliver between 0.2 
and 0.4 mV/pW output a t  low level and handle 100 MW peak input. 
SWR ranges from 1.35 at G-band to 3 a t  R-band. 

For reflectometer applications in which both flat frequency re- 
sponse and square-law characteristics are important, these models 
can be supplied as matched pairs (Option 001) and also with an opti- 
mum square-law load (Option 002). 

422 Series, 424 series waveguide crystal 
detector specifications 

+ 1  dB No WR42 $575 

+1 dB NO WR28 $580 
UG-595/U 

UG-599/U 

I 
P424A 12.4-18.0 + 0.5 f 0 . 5  dB Yes WR62 $240 

UG-419/U 

All Models-Ootion 001 Matched Pair Add 

All Models-Option 002 Optimum Square-Law toad 

Not All Models-Option 003 Positive Output 

532 Series, 536A, 537A frequency meters 
These direct-reading frequency meters measure frequencies from 

5.30 to 40 GHz in waveguide and from 960 MHz to 12.4 GHz in coax 
quickly and accurately. Their long scale length and numerous cali- 
bration marks provide high resolution which is particularly useful 
when measuring frequency differences or small frequency changes. 
Frequency is read directly in GHz so interpolation or charts are not 
required. 

The instruments comprise a special transmission section with a 
high-Q resonant cavity which is turned by a choke plunger. A 1 dB or 
greater dip in output indicates resonance; virtually full power is trans- 
mitted off resonance. Overall accuracy of each frequency meter in- 
cludes allowance for 0 to 100 percent relative humidity and 
temperature variation from 13 to 33°C. Except for the J532A. there 
are no spurious modes or resonances. 

Coaxial & Waveguide Catalog 
And Microwave Measurement Handbook. 84 pages with over 350 
measurement accessories. Use request card at back of this catalog. 

$2OlUnlt 
Add 

$20/Unit 
NIC 

532 Series, 536A and 537A specifications 

Calibration Equivalent 
W’G-Coar I I Frequency I 1 Ranee I I Increment 1 Flanre 



MICROWAVE TEST EQUIPMENT 

H 
Model 
905A 

907A 

911A 

911C 

Coaxial and waveguide terminations 
Models 905 ,907-91  1 , 9 1 4 , 9 2 0 , 9 3 0  

Frequency Powef Length shipphg 
range (CHI) Load SWR rating in. (mm) weight Price 

1.8-18 1.05 1 W avg. 17.25 3 Ib $415 

1-18 1.1, 1-1.5 GHz; 1 W avg. 30.62 9 Ib $750 

2-18 1.1, 2-4 GHz; 1 W avg. 14.87 3 Ib $395 

2-26.5 1.2, 2-10 GHz; 1 W avg. 10.5 3.8 Ib $720 

5 kW pk (440) (1.4 kg) 

1.05, 1.5-18 GHz 5 kW pk (778) (4.1 kg) 

1.05, 4-18 GHz 5 kW pk (380) (1.4 kg) 

1.07, 10-26.5 GHz 5 kW pk (266)  (1.7 kg) 

Precision loads and shorts for measurements to 40 GHz 

H 
Model 

9 0 7 A  

9 1 1 c  

Frequency Power 
Range (GHr)  Impedance SWR Rating Comcctw Price 

9 0 9 A  11512A 

908A 

909A 

905A, 907A, 91 1 A, 91 1C Coaxial sliding loads 
The 905A, 907A and 91 1A are movable, low reflection 50Q loads 

for precision measurements. The 905A and 907A are supplied with 
three interchangeable connectors, N-male, N-female and APC-7. 
The 91 1A is supplied with SMA male and female. 

The 91 1C is a sliding load designed for 3.5 mm coaxial transmission 
lines and uses the APC-3.5 connector. This permits mode-free oper- 
ation to 26.5 GHz. The 91 IC is furnished with interchangeable male 
and female connectors in a carrying case. 

908A, 909A Coaxial fixed terminations 
The 908A and 909A terminations are low-reflection loads for ter- 

minating 50Q coaxial systems in their characteristic impedance. 

905A, 907A, 9 1  1 A, 9 1  1C specifications 

~ ~ 

dc-4 50 ohms 1.05 5 W avg. N male $55 

de-18 50 ohms 1.05. 0-4 GHz: I 2 W ave. APC-7 $110 
1 kW pk 

909A 
Option 012 
and 
Ootion 013 

908A, 909A specifications 

1.1, 4-12.4 GHz; 300 W pk 
1.25, 12.4-18 GHz 

de-18 50 ohms 1.06, 0-4 GHz; 2 W avg. Opt. 012 Subtrad 
1.11, 4-12.4 GHz; 300 W pk N male $15 
1.3, 12.4-18 GHz Opt. 013 

N female 

Modd 
J920A 

Waveguide Size 
Rawe (Gtk) EIA Price 

5.3-8.2 WR137 $265 

FrwencY 

X 9 3 0 A  X 9  1 4 8  

H 9 2 0 A  

910A/B, 914A Waveguide 
fixed and movable terminations 

The 910A/B are fixed terminations for waveguide systems. The 
914A/B are similar to the 910A/B, except that its absorptive element 
is movable and a locking plunger controls the position of the element. 

9 1 OA/ B, 9 14A/ B specifications 

K914B I 18-26.5 I 1.01 I H watt I sliding I WR42 I $450 
R914B I 26.5-40 I 1.01 I H watt I sliding I WR28 I $415 

1 15 1 1 A, 1 15 12A, 1 1565A Coaxial shorts 
These shorts are used for establishing measurement planes for 

known reflection phase and magnitude in 500 and 75Q coaxial sys- 
tems for various connectors. 

Coaxial & Waveguide Catalog & Microwave Measure- 
ment Handbook 
84 pages with over 350 measurement accessories. Request card at 
back of this catalog. 
Ordering information Price 
11511A N-female short (50 ohm) $20 
1250-1531 N-female short (75 ohm) $16 
11512A N-male short (50 ohm) $15 
1250-1530 N-male short (75 ohm) $20 
11565A APC-7 short (50 ohm) $55 
0960-0054 SMA-female short (50 ohm) $25 
0960-0055 SMA-male short (50 ohm) $25 

H920A 7.05-10.0 WR112 
X923A 8.2-12.4 
P920B 12.4-18 
K920B 18.0-26.5 WR42 
R920B 26.5-40.0 WR28 
X930A 8.2-12.4 WR90 



Effective elimination of undesirable signals 
Low insertion loss through passband 

Passband SbPWE 
Stopband Insertion Stopband SWR Waveguide Equivalent length Weight 

kg (Ib) mm (in) 
16-37.5 1.5 WR 90 UG-39/U 136 0.9 

(2) 5% 

19-47 tl dB At  least 1.5 WR 75 Cover 114 0.9 
(2) 40 dB (41%) 

12.4-18.0 23-54 1.5 WR 62 UG-419/U 94 0.37 
(13 oz) (3%) 

18.0-26.5 31-80 1.5 WR 42 UG-595/U 64 0.15 
(5.3 02) (2%) 

(1 * Y3J (4 02) 

Passband 

X362A 8.2-12.4 

( G W  loss Rejection Maximum Size Flange Model ( G W  

M362A 10.0-15.5 

P362A 

K362A’ 

R362A1 26.5-40.0 47-120 t 2 d B  >35dB 1.8 WR 28 UG-599/U 42 0.11 

‘Circular Flange Adapters available: For K-Band, Specify 11515A (UG-425/U). For R-Band, Specify 11516A (UG-381/U). 

X362A 

Price 
$700 

$660 

$720 

$595 

$525 

$120 

360D 

-4 1 MICWQWAVE TEST EQUIPMENT 
I 
I 

Filters, mixers, and tuners h, 

Models 3 6 0  series, 362  series, 870A, P932A, 934A 

360 Series coaxial low pass filters, 
362 Series waveguide low pass filters 

These Hewlett-Packard low-pass filters facilitate microwave mea- 
surements by eliminating undesirable signals (such as harmonics) 
from the measurement system. Suppression of such signals is particu- 
larly important in applications such as broadband reflection and 
transmission measurements or slotted line measurements, where har- 
monics generated by the signal source could otherwise impair mea- 
surement accuracy. 

X870A, P870A Waveguide slide-screw tuners 
Waveguide slide-screw tuners are used primarily for correcting dis- 

continuities or for “matching” waveguide systems. X870A covers 8.2- 
12.4 GHz in WR 90 waveguide and P870A likewise covers 12.4-18.0 
GHz in WR 62 waveguide. Both can correct a SWR of 20 to a value 
of 1.02, with a maximum loss of 2 dB. 

Correct waveguide discontinuities 
Measure microwave frequencies 

X870A 934A 

934A, P932A Harmonic mixers 
These mixers can be used for frequency measurements and phase 

lock applications from 2 to 18 GHz. Both accept stable VHF signals 
from 100 to 1000 MHz and provide broadband, high sensitivity mix- 
ing with microwave signals. 934A handles coaxial inputs from 2 to 
12.4 GHz while P932A mixes signals from 12.4 to 18 GHz in WR 62 
waveguide. With 0 dBm input signal 934A provides 1.4 mV p-p out- 
put and P932A 0.4 mV p-p. 

Coaxial and Waveguide Catalog 
84 pages with over 350 measurement accessories. Use request card at 
back of this catalog. 

Price Ordering information 
$490 X870A Waveguide tuner 
$510 P870A Waveguide tuner 
$525 P932A Waveguide harmonic mixer 
$340 934A Coaxial harmonic mixer 



MCROWAVE TEST EQUIPMENT 

Freguency 
de-12.4 GHz 
dc-18 WZ 

Coaxial switches 
Models 8761A/B, 3 3 3 1  1B/C 

SWR 
7-m N SMA 

1.15 (1.20) 1.20 (1.25) 1.30 (1.30) 
1.35 (1.35) 1.25 (1.30) 1.20 (1.25) 

x A n  

3331 IB 

3331 1B/C Coaxial switch 
The 3331 1B/C are high isolation, single pole, double-throw coaxial 

switches with excellent characteristics. They are designed for use in 
50 ohm systems and the ungated port is automatically terminated in- 
ternally with 50 ohms, thus eliminating the need for three-switch 
trees. This feature makes them particularly useful in systems which 
require low SWR on their lines at all times. The switches are con- 
trolled by latching solenoids and switching current is automatically 
cut off when switching is completed. The 3331 1C utilizes the new 
APC-3.5 connector which is SMA compatible and extends the oper- 
ating frequency range to 26.5 GHz. 

8761A/B Coaxial switch 
The 8761 is a single-pole, double-throw coaxial switch with low 

standing-wave ratio, low insertion loss, and excellent isolation from 
dc to 18 GHz. Mechanically, the switch is a break-before-make type 
controlled by a latching solenoid. Any of seven coaxial connectors, or 
a 50-ohm termination, may be specified for each port. 

HP-18 Compatible 
The 33311B/C and the 8761A/B switches can be remotely con- 

trolled by HP-IB with either the 117 13A or the 59306A. The 1171 3A 
Attenuator Switch Driver is referenced on page 430. The 59306A 
HP-IB Actuator is referenced on page 26. 
3 3 3 1  l B / C  Specifications 
Frequency Range: 
3331 1B: dc to 18 GHz. 
33311C: dc to 26.5 GHz. 

333116: (1.25, dc to 12.4 GHz; 1.5, 12.4 to 18 GHz. 
33311C: <l .3 ,  dc to 10 GHz; (1.5, 10 to 16 GHz; (2.3, 16 to 
26.5 GHz. 

insertion Loss 
333116: (0.25 dB, dc to 2 GHz; < O S  dB, 2 to 18 GHz. 
33311C: (0.25 dB, dc to 2 GHz, < 0.5 dB, 2 to 10 GHz; t 0 .8  
dB, 10 to 16 GHz; (1.4 dB, 16 to 26.5 GHz. 

3331 16: >90 dB, dc to 18 GHz. 
3331 1C: >90 dB to 12.4 GHz; >85 dB, 12.4 to 18 GHz; >SO dB, 
18 to 26.5 GHz. 

3331 16: (3) SMA female. 
3331 1C: (3) APC-3.5 female (SMA compatible). 

Power: 1 W average, 100 W peak (10 psec duration). 
Solenoid voltage (dc or pulsed): 24 volts. Diode protected to re- 
duce voltage transients. 
Switching speed: (30 ms (including settling time). 
Life: > 1,000,000 switchings. 
Size: 54" x 53" x 14 mm D (2.13" x 2.13" x 0.56") excluding connec- 
tors and solenoid terminals. 
Weight: net, 88 gm (3.1 02). Shipping, 220 gm (8 02). 
Options: 011, 5-volt solenoid voltage (only on 33311B). 
8761A/B Specifications 
Characteristic impedance: 50 ohms. 
Frequency range: dc to 18 GHz. 

SWR (50 ohm characteristic impedance) 

isolation 

RF Connectors 

PORT 2 

PORT C 

SWR in parentheses applies to switch with built-in termination 

Insertion loss: < O S  dB, dc to 12.4 GHz; (0.8 dB, dc to 18 GHz. 
Isolation: >SO dB, dc to 12.4 GHz; >45 dB, dc to 18 GHz. 
Power: 10 W average, 5 kW peak; built-in termination rated at 2 W 
average, 100 W peak. 
Switching energy: 1.5 W for 20 ms (permanent magnet latching). 
Solenoid voltages: (dc or pulsed): 12 to 15 V, 8761A; 24 to 30 V, 
8761B. 
Switching speed: 35 to 50 ms (including settling time). 
Life:> 1,000,000 switching. 
Dimensions: 41 x 38 x 38 mm (1.6 x 1.5 x 1.5 in.) excluding connec- 
tors and solenoid terminals. 
Weight: net, 140 to 220 gm (5 to 8 02). Shipping, 220 to 300 gm (8 to 
1 1 02). 

How to order 8761A/B switches 
Specify solenoid voltage and connectors (including built-in 50-ohm 

termination) by the alphabetic suffix on the switch model number 
and the appropriate three-digit option number. 

Port 2 
Port 1 7 l r p o r t  c 

8761A Option 001 

Soleniod V o l t a g e 2  L D e n o t e s  connector 
A: 12-15 V; B:  24-30 V configuration 

(see table below) 

Cmecta Type Camclpr Type 
APC-7 for UT250 Coax 

SMA (1) 
APC-7 SMA (m) 

APC-7 503 Termination 
wllhreaded sleeve 

w1Coupling nut 

Ordering information 
8761A/B order must include option number 
8761A/B Coaxial Switch (quantity 1-9) 
8761A/B Coaxial Switch (quantity 10-24) 
8761A/B Coaxial Switch with 50-ohm termination 
33311B Coaxial Switch (quantity 1-9) 
33311B Coaxial Switch (quantity 10-24) 
33311C Coaxial Switch (quantity 1-9) 
33311C Coaxial Switch (quantity 10-24) 

Price 

$220 
$210 

add $35 
$395 
$365 
$525 
$485 



MICROWAVE TEST EQUIPMENT 
Adapters, waveguide stands, air lines t 

Models 281A/B, 292A/B, 11515/6/A,  11524/5/A, 11533/4/A, 11566/7/A, 11588A, 11606A 

HP Model 
11524A 
11525A 

Increase versatiiity of microwave measurements -_ 

Description Shipping Weight Price 

[APC-7 to N male 140 g (5 02) $105 
[APC-7 to N female 110 g (4 02) $95 

Z81A/B ! 

281A/B Coax to waveguide adapters 
HP 28 1 A,B adapters transform waveguide transmission line into 

50-ohm coaxial line. Power can be transmitted in either direction, and 
each adapter covers the full frequency range of its waveguide band 
with SWR less than 1.25. 

292A/B, 11515A, 11516A Waveguide to 
waveguide adapters 
Models 292A.B waveguide-to-waveguide adapters connect two dif- 
ferent waveguide sizes with overlapping frequency ranges. The 292A 
consists of a short tapered section of waveguide. The 292B is 
broached waveguide with a step transition between waveguide sizes. 

The 1 15 15A is a square to circular flange adapter for K-band (UG- 
425 to UG-595). The 11516A is a square to circular flange adapter 
for R-band (UG-381 to UG-599). 

1 1524A, 1 1525A, 1 1533A, 1 1534A Coax to 
coax adapters 

These coaxial adapters permit easy interconnection of 50-ohm pre- 
cision 7-mm (APC-7) connectors and 50-ohm Type N or SMA (3- 
mm type) connectors. 

11588A Swivel adapter, 11606A rotary air line 
The 1 1606A rotary air line and the 11588A swivel adapter are ca- 

pable of a full 360” of rotation. A combination of the air line and the 
adapter permits rigid coax movement in three dimensions. Even the 
most awkwardly shaped devices can be easily connected or discon- 
nected in a coax system with the aid of these components. Insertion 
loss is <0.5dB and uncertainty due to rotation is -57dB. 

11566A, 11567A Air line extension 
Impedance: 50 ohms. 
Frequency: dc-I8 GHz. 
Reflection coefficient: 0.018 + 0.001 (frequency in GHz). 
Connector: APC-7 
Length: 11566A: 10.25 cm 11567A: 20.25 cm. 
Weight: 0.45 kg ( 1  Ib) net. 

1 1540 Series waveguide stand, waveguide 
holders 

The 1 1540A waveguide stand locks HP waveguide holders a t  any 
height from 70 to 133 mm (2.75” to 5.25”). The stand is 64 mm 
(2.25”) high, and the base measures 121 mm (4.75”) in diameter. The 
waveguide holders are offered in seven sizes to hold waveguide cover- 
ing frequencies from 3.95 to 40 GHz. 

1 1542A-  1 1548A 

Specifications 

Range 

n 013. Furnished with stainless steel N-female connector IPCC 

/B. 1 1 5 1 5 A .  1 1 S l 6 A  Snncificntinna 

:y Range 

292A. _, . . - . _ _  _, . . - . _. . _r ___.______.__ 

$105 

I- 
WR 112 WR 90 
UG-51/U to UG-39/U 
WR 75 to WR 90 
Cover UG-39/U 

WR 75 to WR 62 

WR 51 WR 62 
Cover UG.419/U , 

Cover to 116.41(1/11 ~ 

[K292Ai 18.0-22.0 1 1: 1 V/:V;: ;! WR 42 ],TI 
UG-595/U 

11515A 18.0-26.5 WR 42 WR 42 

11516A 26.5-40.0 - WR 28 WR 28 $120 
UG-425/U UG-595/U 

UG-381/U UG-599/U/U 

1 1524A. 1 1525A. 1 1533A. 1 1534A SDecifications 

11533A I [APC- to SMA male 1 140 g (5 02) I $135 
11534A I [APC-7 to SMA female I 140 g (5 oz) I $135 

11588A, 11606A Specifications 
Frequency shipping 

APC-7 100 x 19 

Ordering Information 
11566A Air line extension 
11567A Air line extension 
11540A Waveguide stand 
11542A G-Band 
11543A J-Band 
11544A H-Band 
11545AX-Band 
11546A P-Band 
11547A K-Band 
11548A R-Band 

Price 
$170 
$195 

$30 
$25 
$ I S  
$15 
$15 
$20 
$15 
$15 



MICROWAVE TEST EQUIPMENT 
A Frequency response test sets, 10 MHz to 26.5 GHz 

Model 8755 System 

10 MHz t o  26.5 GHz frequency range 
Absolute C ratio measurement capability 

8750A Storage-Normalizer 

182T Dis~lav18755B Plug-in 
11664A Detectors 

- 

87558 SYSTEM 

87558 Frequency Response Test System 
The 87558 is an economy network measurement system designed t6 

make absolute power and ratio measurements over the 10 MHz to 
26.5 GHz frequency range. It is a versatile system capable of solving 
the majority of scalar (amplitude only) impedance and transmission 
measurement requirements. The 87558 system consists of the follow- 
ing separate instruments: (1) 8755B Swept Amplitude Analyzer, (1) 
182T display unit, (1) 8750A Storage Normalizer, and (3) 11664A 
Schottky diode detectors. 

60 dB dynamic measuring range for each detector 
Excellent stability with time and temperature 

The 8755B has two independent channels and three detector inputs 
allowing simultaneous ratio measurement capability. The detectors 
have a +10 dBm to -50 dBm dynamic range, are interchangeable, 
and require no calibration. For each channel a resolution of 10, 5, 1, 
or .25 dB per division is available (also combinations of these, e.g., 15 
dB/division) as well as a calibrated offset of +. 59 dB in .25 dB incre- 
ments. The 8750A Storage-Normalizer connects directly to the 
8755B/182T by a single cable to provide digital normalization and 
storage capability for both channels. 

Common measurements made with the 8755 are simultaneous in- 
sertion and return loss, amplifier gain and gain compression, and mix- 
er conversion loss and return loss, all on a swept frequency basis. The 
87558 system has many features that improve both the accuracy and 
the versatility compared with other scalar measurement systems. 

The 8755B uses an AC detection system which can reject undesired 
R F  signals such as local oscillator feedthrough in mixer measure- 
ments and broadband noise in amplifier measurements. The 8755B 
provides the 27 kHz squarewave drive to AM modulate the R F  
sweeper output either directly (most H P  8620 R F  sweeper plug-ins 
are directly compatible with the 8755) or by using the 11665B exter- 
nal modulator. 

In addition to making absolute or relative power measurements 
with a single detector, the 8755 will also measure the logarithmic dif- 
ference in power between two detectors, i.e., ratio measurements. Ra- 
tio measurement techniques improve accuracy by providing better 
equivalent source match and immunity to source power variations. A 
ratio technique can also allow dynamic range expansion up to 100 dB. 

The 8750A Storage-Normalizer improves both the accuracy and 
convenience of swept frquency measurements. System frequency re- 
sponse error is eliminated by subtracting a digitally stored calibration 
trace from the measurement trace using the 8750 input minus mem- 
ory mode. The input minus memory mode also facilitates comparison 
measurements by providing a single trace display of the difference 
between two devices. The 8750A has digital storage or flicker-free 
display so that a complete trace is seen independent of the R F  sweep 
rate. This is a real benefit when device constraints require a slow 
sweep rate as when making narrow band filter or stepped CW mea- 
surements. The 8750A also makes x-y plotting much more convenient 
by automatically outputting the x, y and penlift signals from digital 
memory at the push of a single button. 

A number of accessories are available for use with the 87553 sys- 
tem to meet most signal separation and filtering requirements. These 
include the H P  11666A Reflectometer Bridge, the H P  1 l667A Power 
Splitter, and the HP 11678 Filter Kits. The H P  11679A and B Exten- 
sion Cables are also available for use with the 11664 Detectors or the 
11666A Bridge to make remote measurements without performance 
degradation. 

Typical applications 
Simultaneous insertion and return loss 

One common setup for making simultaneous insertion loss and re- 
turn loss measurements is shown in the diagram following. The R 
detector in the 11666A measures the incident power while the A de- 
tector measures reflected power. The ratio A/R then provides return 
loss information while the B/R trace displays insertion gain/loss data 
simultaneously. A display of a bandpass filter measurement using this 
setup is shown in the photo. The ability to monitor the effects of ad- 
justments on both paramters is especially advantageous. System fre- 
quency response error is eliminated using the 8750A input minus 
memory mode. The difference between the measurement and calibra- 
tion traces is displayed directly, eliminating the frequency response 
common to both traces. In addition, both the input minus memory 
and the input modes of the 8750 provide a flicker-free display inde- 
pendent of the R F  sweep rate allowing the complete frequency re- 
sponse to be seen even at very slow sweep rates. 
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Amplifier gain compression 
The ability to make absolute power measurements along with nor- 

malized ratio measurements is very useful for amplifier characteriza- 
tion. The top right setup can measure amplifier gain, gain flatness, 
output power, and gain compression, all on a swept frequency basis. 
The photo displays the amplifier gain compression and output power 
over the 6-8 GHz range of the amplifier. The 8750A input minus 
memory mode provides the important ability to compare differences 
between the small signal gain response with successively compressed 
gain responses. Once the gain is compressed 1 dB a t  any frequency 
the output power indicated by the B detector is the output power for 1 
dB gain compression. 

Expanded dynamic range 
Each detector channel of the 8755 has a 60 dB dynamic range. By 

using the lower right setup, the dynamic range for each channel is 
added together to make a 100 dB dynamic range measurement on a 
lowpass filter. The AC processing of the 8755 allows the detector to 
reject the broadband noise from the amplifier providing up to 20 dB 
more dynamic range than would be possible with a DC type detection 
system. In addition, the full 100 dB dynamic range can be viewed on 
the CRT display by selecting the 5 and 10 dB per division resolution 
buttons together, giving 15 dB/division. The amplifier gain variations 
enter into the measurement as frequency response common to both 
calibration and measurement traces. The 8750A Storage-Normalizer 
input minus memory mode displays the difference between the cali- 
bration and measurement traces thus eliminating the effects of fre- 
quency response. 

Leveling 
Detector 

11667A uv 
I J 3 R U  Power Splitter I 

Amplifier 
Under Test " B  Detector 

1 I - 

6.0 

HP 8620C 
Sweep Oscillator 

8.0 
Frequency (GHz) 

Directional Coupler 



MICROWAVE TEST EQUIPMENT 
I 

I ’ 8755 System Accessories 

D 

1 16658 

1 1666A 1 1667A 

11666A Reflectometer Bridge 
Reflection measurements covering from 40 MHz to 18 GHz with 

one coupling device can be made with the Model 11666A Reflecto- 
meter Bridge. Operation of this type of coupling device is based on 
principles of the resistive Wheatstone Bridge extended to microwave 
frequencies. When three bridge arms are 50Q, the voltage across cor- 
ners of the bridge is directly proportional to the reflection coefficient 
of the device connected in the fourth arm. Equivalent directivity is 
then a measure of how well the bridge circuit is balanced with a 50Q 
termination connected. (Ideally this would create a voltage null re- 
presenting infinite return loss.) The high equivalent directivity 
achievable over wide bandwidths makes the bridge configuration at- 
tractive. 

The 11666A is completely dedicated to the 8755; two Schottky di- 
ode detectors (which sample the incident and reflected signals for ra- 
tioing by the 8755) are incorporated as an integral part of the bridge 
unit. The effective external leveling achieved by ratioing thus isolates 
the measurement port from source/bridge input mismatch. With the 
addition of an external 11664A Detector, two simultaneousratiomea- 
surements of insertion and return loss can be made. Small size com- 
bined with its wide frequency range and high directivity make the 
11666A ideal for production use. 

Specifications 1 1666A (connected to the 8755B Analyzer) 
Frequency Range: 40 MHz to 18 GHz. 

Frequency Equivalent Equivalent 
Range Directivity Output SWR 

40 to 100 MHz 30 dB 1.25 
0.1 to 1 GHz 38 dB 1.25 

1 to 2 Ghz 36 dB 1.25 
2 to 4 GHz 33 dB 1.25 
4 to 8 GHz 29 dB 1.25 
8 to 12 GHz 27 dB 1.27 
12 to 18 GHz 26 dB 1.52 

.05 .10 .20 .50 1.0 2.0 4.0 8.0 18.0 

Frequency (GHz) 

Frequency tracking 
(between incident and reflected arms): 
(between incident and test port, including 
1.1 dB from 11664A Detector). 

<3.2dB 

<4.3dB 
Nominal coupling: 6-dB incident arm. 9-dB reflected arm. 9-dB 
transmission loss. 
input SWR: 1.8. 

Maximum input power: +15 dBm. 
Connectors: Type N-Female on input and output. APC-7 Optional. 
Size: 69.9 mm H x 69.9 mm W x 46.4 mm D (2a/” x 2’4,” x lp~p’’). 
Cable length, 1219 mm (48”). 
Weight: net, 0.7 kg (1.5 lb). Shipping, 2.26 kg (5.13 lb). 
Accessories furnished: 11512A Short, Type N-Male (1 1565A 
short, APC-7 with Opt 002 and 003). 

11667A Power Splitter 
The 11667A Power Splitter is recommended when making wide- 

band transmission measurements using the 8755 Test Set. This two- 
resistor type splitter provides excellent output SWR at the auxiliary 
arm when used for source leveling or ratio measurement applications. 
The 0.25 dB tracking between output arms over a frequency range 
from dc to 18 GHZ allows wideband measurements to be made with a 
minimum of uncertainty. 
Frequency range: dc to 18 GHz. 
Impedance: 50Q. 

input SWR: 51.15  11 .25  11 .45  
Equivalent output SWR: 1.10 1.20 1.33 

Output tracking: (between (0.15 dB (0.20 dB (0.25 dB 

insertion loss: 6 dB nominal (input to either output). 
Maximum input power: +27 dBm (0.5 watt). 
Connectors: Type N female on all ports. 
Size: 46 H x 50 W x 19 mm D (lIa/,/ x 2” x ’/,”). 
Weight: net, 0.06 kg (2 oz). Shipping 0.22 kg (8 oz). 

Other signal separation devices 
Many other signal separation devices are available from H P  for use 

with the 8755. Coaxial couplers from 0.1 to 18 GHz are available 
with the 770 series, the 790 series, and the 11692. Higher directivity 
752 series waveguide couplers can also be used with the 87558 with 
the addition of appropriate 281 series waveguide to coax adaptors. 

116656 Modulator 
Function: absorbtive on-off modulator designed for and powered by 
the 8755B plug-in. 

dc-4 GHz dc-8 GHz dc-18 GHZ 

leveling or ratio 

output arms) 

Rchm Loss lmertion Loss 

15-40 MHz 2 1 0  dB 5 7 . 0 d B  2 3 5 d B  
40 MHz-4 GHz 2 1 5  dB 5 3 . 2 d B  2 3 5 d B  

4-8 GHz 2 1 2  dB 5 3 . 8 d B  2 4 0  dB 
8-12.4 GHz 2 8  dB 5 4 . 3 d B  2 4 5 d B  
12.4-18 GHz 2 8  dB 

Modulator drive feedthrough: 5 8  mV (peak) at  27.8 kHz at  either 
port when powered by the 8755B. Reduced to 5 1mV (peak) using 
the 11668A. (See 11668A High Pass Filter). 
Drive current: nominally +50 mA in ON condition, -50 mA Off 
condition. 
Weight: net, 0.17 kg (6 oz). Shipping, 0.9 kg (2 Ib). 



1 1668A 

1 1678A 

11678A Low Pass Filter Kit 
The 11678A Low Pass Filter Kit contains five filters conveniently 

matched to H P  8620 sweeper bands. These filters have < 1.1 dB in- 
sertion loss at  .95 fc with > 40 dB rejection at  1.25 fc. Filter use is 
recommended to reduce undesirable harmonics causing errors in 
broadband detector measurements. 
Frequency range: low pass filters, cutoff frequency fc: 11688A, 2.8 
GHz: 11689A. 4.4 GHz, 11684A, 6.8 GHz, 11685A, 9.5 GHz, 
11686A, 13.0 GHz. 
Connectors: N-Male, N-Female. 
Weight: net 0.44 kg (1 Ib). Shipping 1.2 kg (2.9 Ib). 

11668A High Pass Filter 
The 11668A High Pass Filter accessory is recommended when 

making measurements on active devices which have gain below 50 
MHz. Use of the 11668A, placed after the 11665B, reduces the mod- 
ulator drive feedthrough from 8 mV to 1 mV and prevents possible 
amplifier saturation. Use of the 11668A filter is not necessary for 
passive measurements since the feedthrough from the 1166533 is -65 
dBm and causes no degradation in system performance. 
Frequency range: 50 MHz to 18 GHz. 

Insertion Loss Return Loss 
50-100 MHz 1 2 . 5  dB L 1 2  dB 

100 MHz-8 GHz 1 1 . 0  dB 2 1 6  dB 
8-12 GHz 1 1 . 0  dB 2 1 4  dB 
12-18 GHz 1 1 . 5  dB 1 1 4  dB 

Maximum input: +27 dBm. 
Connectors: N-female, N-male 
Weight: 0.13 kg (5 02). Shipping 0.28 kg (10 02). 

11679A/B Extension Cables 
11679A 25-foot Extension Cable and 11679B 200-foot Extension 

Cable fit directly between 11664A detector and display. Remote de- 
tector operation is permitted without performance degradation. 

Common System Specifications 
Power Measurement Range: 

System Accuracy (Ratio Measurements): 
Single Channel: +10 dBm to -50 dBm (noise level). 
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Accuracy curve shows system uncertainty for a relative measure- 
ment with +10 dBm incident at the test detector when the 0-dB refer- 
ence is set. Accuracy when calibration levels below +10 dBm are used 
remains the same, except the additional 0.2 dB/dB uncertainty 
should be added for measurements below -45 dBm. This curve in- 
cludes system noise, offset uncertainty, and crosstalk, and assumes 
the reference detector power remains fixed between calibration and 
test. System frequency response is specified separately. 
Absolute Measurements: 

Absolute power incident on a detector is displayed with respect to 
the 0 dBm POSITION line when the OFFSET CAL switch is turned 

OFF. Accuracy at any power level is typically f 0.5 dB not including 
detector frequency response or mismatch errors. For applications re- 
quiring more precision, increased accuracy can be obtained if the 
8755 display is calibrated at a specific power level using a power me- 
ter. The stability of the 8755 then permits accurate power measure- 
ments repeatable to hundredths of dBs. 
General 
Resolution: Independent for each channel in steps of 10,5,1, or 0.25 
dB per division. Combinations of steps can be engaged, e.g. 10 
dB/div. and 5 dB/div. to achieve 15 dB/div. 
Offset: Independent for each channel. f 59 dB in 1 dB increments. 
Graticule: 87558, 1 Div. -1.29 cm. 87558 Option 001, 1 Div. 
- 1  cm. 
Temperature Range: Operation, 0 to 55°C; storage, -40°C to 
75°C. 
Power: 48 to 440 Hz, 1151230 V k lo%, typically 100 watts. 
87558 Specifications 
Consists of 

8755B Swept Amplitude Analyzer 
182T Display 
1 1664A Detectors (3 each) 
8750A Storage Normalizer 

Frequency Range: 10 MHz to 18 GHz (determined by the 11664A 
Detectors) 
87558 Option 001 Specifications 
Consists of 

8755B Swept Amplitude Analyzer 
180TR Display 
11664A Detectors (3 each) 
8750A Storage Normalizer 

87558 Option 002 Specifications 
Consists of 

8755B Swept Amplitude Analyzer 
182T Display 
11664A Detector (1 each) 
11666A Reflectometer Bridge 
8750A Storage Normalizer 

Frequency Range: 40 MHz to 18 GHz (determined by the 11666A 
bridge). 
87558 Option 003 Specifications 
Adds 11665B external modulator. 
Frequency Range: 15 MHz to 18 GHz (determined by the 11665B 
modulator). 
87558 Option 004 Specifications 
Deletes the 8750A Storage Normalizer. 
87558 Option 005 Specifications 
Consists of 

87558 Swept Amplitude Analyzer 
182T Display 
11664B Detectors (3 each) 
8750A Storage Normalizer 

Frequency Range: 10 MHz to 26.5 GHz (determined by the 
11664B Detectors). 
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Individual instrument specifications 
8755B Plug-in 
Function: The 8755B plug-in processes demodulated 27.8 kHz sig- 
nals from the 11664 Detectors (R,A,B) for logarithmic display on 
180 series oscilloscopes. 
Resolution: Independent for each channel in steps of 10,5, 1, or 0.25 
dB per division. 

Offset: Independent for each channel. 2 5 9  dB in IdB increments. 

Display units 
180 "T" series displays are recommended for use with the 8755B. 

They provide zero offset recorder outputs, and both positive and neg- 
ative 5-volt retrace blanking inputs. 

Large screen (Model 1821): This display unit is contained in the 
87558 standard configuration. It has an 8 X 10 division internal gra- 
ticule with 1 div= 1.29 cm. and medium persistence P39 phosphor. 

Rack mount (Model 180TR). This display unit is contained in the 
87558 Option 001 system configuration. It has an 8 X 10 division 
internal graticule with 1 div = 1 cm. and medium persistence P39 
phosphor. 

The 182T and 180TR are directly compatible with the 8750A Stor- 
age-Normalizer. As a result of the 8750A compatibility, the 182T 
and 180TR cannot be used with time domain plug-ins. 

Variable persistence/storage (Model 1811, Cabinet Model 
181TR, Rack Mount): These displays can be ordered individually for 
use with the 8755B. Because they offer CRT storage, they have not 
been made compatible with the 8750A Storage-Normalizer. They 
have an 8 X 10 division internal graticule with 1 div = 0.95 cm. and 
offer variable persistence phosphor for storing single or multiple 
traces. 

11664A Detectors 
Function: Designed specifically for use with the 8755B Swept Am- 
plitude Analyzer, the 11664A detects the envelope of the 27.8 kHz 
modulated microwave signal. It uses a biased Schottky diode to 
achieve -50 dBm sensitivity. 

Frequency range: 10 MHz to 18 GHz. 
Tracking between two 11664A Detectors: 

m 

t 1.5 

g.g 1.0 
d 'E 0.5 

> 
0.01 2 4 6 8 10 12 14 16 18 

Frequency (GHz)  

Typical frequency response: 

t0.4 
to.2 

0 
-0.2 
-0.4 

0.01 2 4 6 8 10 12 14 16 18 
Frequency (GHz)  

shduli be listed separately. 

87558 Complete Test Set 

1 1666A Reflectometer Bridge 

Opt 001: Rack mount version 
Opt 002: deletes (2) 11664 Detectors, adds 

Opt 003: adds 11665B Modulator 
Opt 004: deletes 8750A Storage-Normalizer 
Opt 005: Replaces (3) 11664A with (3) 11664B 

87S5B Test Set Plug-in only 
1166SB 15 MHz 18 GHz Modulator 
11664A 10 MHz 18 GHz Detector 

11664B APC 3.5 10 MHz to 26.5 GHz Detector 
182T Large Screen Cabinet Scope Display 
180TR Standard Screen Rack Display 
181T Storage, Cabinet Display 
181TR Storage, Rack Display 
11666A Reflectometer Bridge 
11679A 7.6 m (25 ft) Detector Extension Cable 
11679B 61 m (200 ft) Detector Extension Cable 
11668A 50 MHz High Pass Filter 
11667A DC to 18 GHz Power Splitter 
11678A Low Pass Filter Kit 
Individual filters: specify model number 

Opt 001: APC-7 Connector 

Price 
$6050 

no charge 
add $1700 

add $500 
less $1450 
add $600 

$1800 
$500 
$300 

add $25 
$500 

$1900 
$1900 
$2600 
$2700 
$2300 

$55 
$225 
$250 
$600 
$650 
$130 
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SWR Meter 

The Hewlett-Packard Model 415E SWR Meter is a low noise, 
tuned amplifier-voltmeter calibrated in dB and SWR for use with 
square law detectors. It is an extremely useful instrument for measur- 
ing SWR, attenuation, and gain directly from metered scales, or as a 
tuned amplifier for driving an X-Y recorder when making R F  substi- 
tution measurements. The 415E responds to a standard tuned fre- 
quency of 1000 Hz. This frequency is front panel adjustable over a 
range of 7% for exact matching to the internal 1 kHz modulation of 
the signal source being used. Amplifier bandwidth is also adjustable 
from 15 to 130 Hz. The narrow bandwidth allows maximum sensitiv- 
ity at CW frequencies while the wider bandwidths enable swept tests 
to be displayed on an oscilloscope or X-Y recorder. 

A precision 60 dB attenuator with an accuracy of 0.05 dB/10 dB 
assures high accuracy in making substitution measurements. An ex- 
pand-offset feature allows any 2 dB range to be expanded to full scale 
for maximum resolution. Linearity is k 0.02 dB on expanded ranges 
and is limited only by meter resolution on normal scales. This perfor- 
mance, together with the inherently low noise figure, allows maxi- 
mum measurement range with exceptional resolution and linearity. 

The Model 415E operates with either crystal or bolometer detec- 
tors. Both high and low-impedance inputs are available for crystal 
detectors. Precise bias currents of 4.5 and 8.7 mA (2003) are avail- 
able for operation with bolometers as selected at the front panel. This 
bias is peak limited for positive bolometer protection. 

Both ac and dc outputs located on the rear panel allow use of the 
41 5E as a high-gain tuned amplifier or for X-Y recorder operation. In 
addition, the 41 5E can be operated with an internally mounted bat- 
tery pack (option 001) for completely portable use. 

Specifications 
Sensitivity: 0.15 p V  rms for full-scale deflection at maximum band- 
width ( 1  pV rms on high impedance crystal input). 
Noise: a t  least 7.5 dB below full scale at rated sensitivity and 130 Hz 
bandwidth with input terminated in 100 or 5003; noise figure less 
than 4 dB. 
Range: 70 dB in 10 and 2-dB steps. 
Accuracy: k 0.05 dB/ IO step; maximum cumulative error between 

any two 10 dB steps, kO.10 dB; maximum cumulative error between 
any two 2 dB steps, k 0.05 dB; linearity, kO.02 dB on expand scales, 
determined by inherent meter resolution on normal scales. 
Input: unbiased low and high impedance crystal (50-200 and 2500- 
10,0003 optimum source impedance respectively for low noise); bi- 
ased crystal (1 V into 1 k3); low and high current bolometer (4.5 and 
8.7 mA k 3% into 2003), positive bolometer protection; input connec- 
tor, BNC female. 
Input frequency: 1000 Hz adjustable 7%; other frequencies between 
400 and 2500 Hz available on special order. 
Bandwidth: variable, 15-1 30 Hz; typically less than 0.5 dB change in 
gain from minimum to maximum bandwidth. 
Recorder output: 0-1 V dc into an open circuit from IO003 source 
impedance for ungrounded recorders; output connector, BNC female. 
Amplifier output: 0-0.3 V rms (Norm), M . 8  V rms (Expand) into 
at least 10,0003 for ungrounded equipment; output connector, dual 
banana jacks. 
Meter scales: calibrated for squre-law detectors; SWR: 1-4,3.2- 
IO (Norm); 1-1.25 (Expand)). dB: 0-10 (Norm); 0-2.0 (Ex- 
pand); battery: charge state. 
Meter movement: taut-band suspension, individually calibrated 
mirror-backed scales; expanded dB and SWR scales greater than 108 
mm (4'/,") long. 
RFI: conducted and radiated leakage limits are below those specified 
in MIL-I-6181D. 
Power: 115-230 V k IO%, 50-400 Hz, 1 W; optional rechargeable 
battery provides up to 36 hr continuous operation. 
Size: 115 H, 190 W, 279 mmD, (6 a/3p" x 725/,," x 1 I").  
Weight: net 4 kg (9 Ib). Shipping 5.8 kg (13 Ib). 

Ordering information Price 

415E SWR Meter $800 
add $105 

add $25 
Opt 001: rechargeable battery installed 
Opt 002: rear panel input connector in parallel with 
front panel connector 



! NETWORK ANALYZERS 
Complete characterization of linear networks 

Why network analysis? 
Characterizing the behavior of linear net- 

works that will be stimulated by arbitrary 
signals and interfaced with a variety of other 
networks is a fundamental problem in both 
synthesis and test processes. For example, 
the engineer designing a multicomponent 
network must predict with some certainty the 
final network performances from his knowl- 
edge of the individual components. Similarly, 
a production manager must know allowable 
tolerances on the products he manufactures 
and whether the final products _meet the 
specified tolerances. Network analysis offers 
a solution to these problems through com- 
plete description of linear network behavior 
in the frequency domain. 

Network analysis accomplishes the de- 
scription of both active and passive networks 
by creating a data model of such component 
parameters as impedances and transfer func- 
tions. However, these parameters not only 
vary as a function of frequency but are also 
complex variables in that they have both 
magnitude and phase. Until the advent of the 
modern network analyzer, phase was diffi- 
cult to measure a t  CW frequencies and often 
involved laborious calculations; these mea- 
surements were accomplished by convention- 
al oscilloscopes at lower frequencies and 
slotted lines at microwave frequencies. How- 
ever, swept network analyzers now measure 
magnitude and phase (the total complex 
quantity) as a function of frequency with less 
difficulty than conventional CW measure- 
ments. Impedance and transfer functions can 
then be conveniently displayed on a swept 
CRT, X-Y recorder, or computer controlled 

peripherals such as a printer and/or a plot- 
ter. HP computers also combine with net- 
work analyzers to give new levels of speed 
and accuracy in swept measurements that 
could only be attained previously by long cal- 
culations at CW frequencies. 

Thus, network analysis satisfies the engi- 
neering need to characterize the behavior of 
linear networks quickly, accurately, and 
completely over broad frequency ranges. In 
design situations, this minimizes the time re- 
quired to test new designs and components, 
allowing more time to be spent on the design 
itself. Likewise, production test times may be 
minimized while reducing the uncertainties 
surrounding the test. 

What is network analysis? 
Network analysis is the process of creating 

a data model of transfer and/or impedance 
characteristics of a linear network through 
sine wave testing over the frequency range of 
interest. All network analyzers into the H P  
product line operate according to this defini- 
tion. 

Creating a data model is important in that 
actual circuit performance often varies con- 
siderably from the performance predicted by 
calculations. This occurs because the perfect 
circuit element doesn’t exist and because 
some of the electrical characteristics of a cir- 
cuit may vary with frequency. 

At frequencies above 1 MHz lumped ele- 
ments actually become “circuits” consisting 
of the basic elements plus parasitics like stray 
capacitance, lead inductance, and unknown 
absorptive losses. Since parasitics depend on 

the individual device and its construction 
they are almost impossible to predict. Above 
1 GHz component geometries are compara- 
ble to a signal wavelength, intensifying the 
variance in circuit behavior due to device 
construction. Further, lumped-element cir- 
cuit theory is useless at these frequencies and 
distributed-element (or transmission-line) 
parameters are required to completely char- 
acterize a circuit. 

2 GHz 18 GHz 

Figure 1. 2 GHz to 18 GHr measurement 
of magnitude and phase in a single sweep 

Data models of both transfer and imped- 
ance functions must be obtained to complete- 
ly describe the linear behavior of a circuit 
under test. At lower frequencies, h, y, and z- 
parameters are examples of transfer and/or 
impedance functions used in network de- 
scription; at higher frequencies, S-param- 
eters are used to characterize input-output 
impedances and transfer functions. There- 
fore, a network analyzer must measure some 
form of a circuit’s transfer and impedance 
functions to achieve its objective of complete 
network characterization. 



Polar Radius = 1 

Figure 2. Input impedance of microcircuit 
amplifier is read directly with Smith Chart 
Overlay for Polar Display 

Network analysis is limited to the defini- 
tion of linear networks. Since linearity con- 
strains networks stimulated by a sine wave to 
produce a sine wave output, sine wave testing 
is an ideal method for characterizing magni- 
tude and phase response as a function of fre- 
quency. In non-linear measurements phase is 
often meaningless and amplitude has to be 
defined with respect to individual frequency 
components. For nonlinear measurements 
see sections on spectrum analyzers and wave 
analyzers. 

Network analyzers 
Hewlett-Packard Network Analyzers are 

instruments that measure transfer and/or 
impedance functions of linear networks 
through sine wave testing. A network analyz- 
er system accomplishes these measurements 
by configuring its various components 
around the device under test. The first re- 
quirement of the measurement system is a 
sine wave signal source to stimulate the de- 
vice under test. Since transfer and impedance 
functions are ratios of various voltages and 
currents, a means of separating the appropri- 
ate signals from the measurement ports of 
the device under test is required. Finally, the 
network analyzer itself must detect the sepa- 
rated signals, form the desired signal ratios, 
and display the results. 

Signal sources and signal 
separation 

In the general case, any sine wave source 
meeting the network analyzer's specifica- 
tions can be used to stimulate the device un- 
der test. For CW measurements a simple 
oscillator may suffice; for greater CW fre- 
quency accuracy a signal generator or syn- 
thesizer may also be desirable. If the 
analyzer is capable of swept measurements, 
great economies in time can be achieved by 
stimulating the device under test with a 
sweep oscillator or sweeping synthesizer. 
This allows quick and easy characterization 
of devices over broad frequency ranges. 
Some network analyzers will operate only 
with a companion source which both stimu- 
lates the device under test and acts as the 
analyzer's local oscillator. 

At low frequencies it is not particularly dif- 
ficult to separate the appropriate voltages 
and currents required for transfer and im- 
pedance function measurements. Signal sep- 
aration is merely the process of establishing 
the proper shorts, opens, and connections at 

the measurement ports of the device under 
test. As frequencies increase, the problem of 
signal separation usually involves traveling 
waves on transmission lines and becomes cor- 
respondingly more difficult. Hewlett-Pack- 
ard manufactures test sets (often called 
"transducers") applicable for separating the 
appropriate traveling waves in a variety of 
high frequency measurements. 

Broadband and narrowband 
detection 

After the desired signals have been ob- 
tained from the test set (or transducer) they 
must be detected by the network analyzer; 
H P  network analyzers can use one of two de- 
tection methods. Broadband detection ac- 
cepts the full frequency spectrum of the input 
signal while narrowband detection involves 
tuned receivers which convert CW or swept 
R F  signals to a constant IF signal., There are 
certain advantages to each detection scheme. 

Broadband detection reduces instrument 
cost by eliminating the IF  section required by 
narrowband analyzers but sacrifices noise 
and harmonic rejection. However, noise is 
not a factor in many applications, and careful 
measurement techniques, using filters, can 
eliminate harmonic signals that would other- 
wise preclude accurate measurements. 
Broadband systems are generally source in- 
dependent while some narrowband systems 
require companion tracking sources. Finally, 
broadband systems can make measurements 
where the input and output signals are not of 
the same frequency, as in the measurement 
of the insertion loss of mixers and frequency 
doublers. Narrowband systems cannot make 
these measurements. 

Narrowband detection makes a more sensi- 
tive low noise detection of the constant I F  
possible. This allows increased accuracy and 
dynamic range for frequency selective mea- 
surements (as compared to broadband sys- 
tems) and high resolution through IF  
substitution using precision IF attenuators. 
Source dependent narrowband systems uti- 
lize a companion tracking source not only to 
stimulate the device under test but also to 
produce a signal offset from the R F  by a 
fixed frequency for tuning the analyzer's 
constant IF. 

Absolute measurements are usually ex- 
pressed in voltage (dBV) or in power (dBm). 
The units dBV are derived by taking the log 
ratio of an unknown signal in volts to a one 
volt reference. Similarly, dBm is the log ratio 
of unknown signal power to a one milliwatt 
reference. 

Relative ratio measurements are usually 
made in dB which is the log ratio of an un- 
known signal (Test Channel) with a chosen 
reference signal (Reference Channel). This 
allows the full dynamic range of the instru- 
mentation to be used in measuring variations 
of both high and low level circuit responses. 
For example, 0 dB implies the two signal lev- 
els have a ratio of unity while +20 dB im- 
plies a 1O:l voltage ratio between two signals. 

0 dB 

Polar 10 dBI 
Radius 0," 

= 1  

100 dB 

90 MHz 310 MHZ 
Polar Sweep: 190 MHz to 210 MHZ 

Figure 3. Simultaneous measurement of 
transmission response and passband re- 
flection coefficient 

All network analyzer phase measurements 
are relative measurements with the reference 
channel signal considered to have zero phase. 
The analyzer then measures the phase differ- 
ence of the test channel with respect to the 
reference channel. 

Measurement results at CW frequencies 
may be displayed on analog meters, LEDs or 
computer controlled printers. Swept frequen- 
cy measurements of amplitude and phase 
may be displayed versus frequency on CRTs 
or X-Y plotters. The addition of digital stor- 
age and normalization to network analyzer 
CRT's assures flicker-free traces and remov- 
al of frequency response errors for fast, real- 
time displays of test device responses versus 
frequency. 

Signal processing and display 
Once the R F  has been detected, the net- 

work analyzer must process the detected sig- 
nals and display the measured quantities. All 
H P  network analyzers are multichannel re- 
ceivers utilizing a reference channel and at 
least one test channel; absolute signal levels 
in the channels, relative signal levels (ratios) 
between the channels, or relative phase dif- 
ference between channels can be measured 
depending on the analyzer. Using these mea- 
sured quantities, it is possible to either dis- 
play directly or compute the magnitude and 

Magnitude measurements fall into two 
categories, relative and absolute; absolute 
measurements involve the exact signal level 
in each channel while relative measurements 
involve the ratios of the two signal channels. 

phase of transfer or impedance functions. .. ._ 
150 MHz 210 MHz 

Figure 4. Automatic alternate sweep for 
coincident measurement of filter passband 
and skirts 
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NETWORK ANALYZERS 
Complete characterization of linear networks (cont.) 

Low frequency network 
analysis 

Networks operating at frequencies below 
10 MHz are generally characterized by mea- 
suring the gain and phase changes through 
the network and the associated input and 
output impedances; h, y, and z-parameters as 
well as other lumped-component models are 
typical analytical and computational tools 
used to represent these measurements. The 
first derivative of phase with respect to fre- 
quency, group delay, is an important mea- 
surement of distortion in communication 
systems. Hewlett-Packard produces a broad 
line of instrumentation capable of measuring 
all of these parameters. 

105 MHz 285 M H 2  

Figure 5. Two independent techniques for 
measuring filter phase distortion 

Phase information complements amplitude 
data in the measurement of low frequency 
parameters because it is more sensitive to 
network behavior and because it is a required 
component of complex impedance and trans- 
fer functions. For instance, phase is more 
sensitive than amplitude in determining the 
frequency of network resonances (poles) and 
anti-resonances (zeroes). This is because the 
phase shift of a network transfer function is 
exactly zero at the frequency of resonance. 
Phase information is also vital in circuit de- 
sign, particularly loop design, where phase 
margins are critical. 

Figure 6. Direct Measurement of Group 
Delay with digital readout a t  marker 

Phase data are also required to measure 
delay distortion or group delay of networks. 
Delay distortion occurs when different fre- 
quency components of a complex waveform 
experience nonlinear phase shifts as they are 
transmitted through a network. Group delay 
is a measure of this distortion and is defined 
as: d 0  

Tg =x 

There are several techniques for measuring 
group delay; the most common techniques 
are phase slope, amplitude modulation, fre- 
quency modulation, and frequency deviation. 
Most H P  network analyzers can make mea- 
surements with a t  least one of these tech- 
niques while several analyzers measure and 
display group delay directly. Choice of a 
group delay measurement technique is de- 
pendent on the particular device under test 
and the resolution required. 

25 MHz 400 MHr  

Figure 7. Simultaneous measurement of 
transistor S-parameters 

An alternative method for measuring 
phase distortion is deviation from linear 
phase or differential phase. Deviations from 
linear phase can be measured by introducing 
enough electrical length in the network ana- 
lyzer's reference channel to linearize a de- 
vice's phase shift. Once this has been 
accomplished it is possible to observe any 
variations in phase shift linearity at high res- 
olution. Since group delay is the derivative of 
phase (2). nonhnearities in phase shift 
correspond directly to changes in a device's 
group delay. Introduction of electrical length 
in the measurement channel may be accom- 
plished by physically adding cable, or it may 
be accomplished electronically on some net- 
work analyzers. 

At lower frequency (typically 5 5 0  kHz) 
digital signal analysis using Fast Fourier 
Transformations (FFT) can also be used to 
determine the magnitude and phase of trans- 
fer characteristics. This subject is treated in 
the Signal Analysis section of this catalog. 

High frequency network 
analysis 

Total voltage and current along a transmis- 
sion line begin to vary periodically with dis- 
tance as frequency increases. Consequently it 
becomes difficult to establish the required 
shorts and opens in the correct measurement 
plane to determine low frequency param- 
eters. Transmission-line theory explains the 
variations in total voltage and current at high 
frequencies through forward and reverse 
traveling waves. Thus, traveling waves are 
the logical variables to measure at higher fre- 
quencies. 

Scattering parameters or S-parameters 
were developed to characterize linear net- 
works at high frequencies. S-parameters de- 

fine the ratios of reflected and transmitted 
traveling waves measured a t  the network 

TRANSMISSION 

PORT 1 

I \ I I 

Figure 8. S-parameter model for a two-port 
linear network 

ports. SI, is the complex reflection coefficient 
at port 1 and is the ratio of Er,/Ei,, if Ei, = 0 
(port 2 terminated in its characteristic im- 
pedance). S,, is the complex transmission co- 
efficient from port 1 to port 2, ErJEi,, if Ei, 
= 0. Ei and Er are normalized voltages (volt- 
age divided by the square root of the charac- 
teristic impedance) and represent the 
amplitude and phase of the incident and 
emerging or reflected traveling waves. By re- 
versing the ports and terminating port 1 in its 
characteristic impedance, S,, and SI, can be 
similarly defined. From these definitions, the 
following equations can be derived: 

Er, = S,,Ei, + SI, Ei, 
Er, = S,,Ei, + S, Ei, 

where incident signals act as independent 
variables determining the signals leaving the 
network. The definition of an S-parameter 
can be easily extended to multiport networks; 
measurement is also easily accomplished by 
terminating additional ports in their charac- 
teristic impedances. Thus, S-parameters 
completely describe linear network behavior 
in the same manner as low frequency param- 
eters. 

S-parameters offer numerous advantages 
to the microwave engineer because they are 
both easy to use and easy to measure. They 
are easy to measure because the device is ter- 
minated in its characteristic impedance 
which is accurate at high frequencies, allows 
swept broadband frequency measurement 
without tuning, enhances the stability of ac- 
tive devices, and permits a test set up to be 
used for differenc devices. The design process 
is simplified because S-parameters are di- 
rectly applicable to flow graph analysis. H P  
network analyzers and the appropriate test 
sets will measure and directly display S,, or 
SI, as gain or attenuation and SI, or S,, as 
reflection coefficient, return loss or imped- 
ance. Also, S-parameters may be directly re- 
lated to h, y, and z-parameters through 
algebraic transformations. 

Additional capabilities 
The computational capabilites of a digital 

computer can complement the network ana- 
lyzer's versatility through simplifying and 
speeding measurements, data processing, 
and accuracy enhancement. Hewlett-Pack- 
ard has integrated network analyzers 



into computer systems and now offers some 
analyzers that may be easily interfaced with 
H P  desktop computers through the Hewlett- 
Packard Interface Bus. 

Precision design work and important man- 
ufacturing tolerances demand highly accu- 
rate measurements, but most errors in 
network measurements are complex quanti- 
ties that vary as a function of frequency, 
making manual error correction prohibitive. 
However, the computer can make great con- 
tributions to measurement confidence by 
quickly and easily performing the complex 
mathematics for sophisticated error correc- 
tion. 

Aside from new levels of accuracy, com- 
puter controlled network analyzers can be 
programmed to set up and make many mea- 
surements automatically. The measurement 
process is further accelerated by the comput- 
er’s ability to store, transform, summarize, 
and output data in a variety of formats on a 
number of peripherals. These capabilities 
make the computer controlled network ana- 
lyzer ideal for both computationally aided 
design or automatic production testing. 
Network analyzer product line 

Hewlett-Packard offers a complete line of 
network analyzers capable of measurements 
through the 1 Hz to 40 GHz frequency 
range. Further information and detailed 
specifications on individual network analyz- 
ers are available on the following pages (see 
matrix for specific page numbers). 
3575A 

The 3575A measures Phase and Ampli- 
tude or Gain. With the 3575A, the complete 
response picture is available a t  a reasonable 
cost from a single instrument, over an 80 dB 
range, from 1 Hz to 13 MHz. The 3575A 
uses a broadband measurement technique, 
which is attractive because the measurement 
is not constrained by internal tracking source 
or dedicated external device. The 3575A is 
not dependent on the wave shape, thus mea- 
surements can be made on a variety of wave- 
forms such as triangle and square waves. 
3040A/3042A 

The 3040A is a network analysis system 
capable of measuring amplitude and phase to 
13 MHz. Group delay is an optional capabili- 
ty. The system consists of a synthesizer signal 
source and a two-channel tracking detector. 
Measurement applications include filter de- 
sign and production, amplifier testing, delay 
measurements on communication devices, 
and measurements on any linear two-port de- 
vice. 

The 3042A is a fully automatic system 
which uses the H P  9825A Desktop Comput- 
er as a computing controller. The memory, 
computational power and decision-making 
power of the computing controller extend the 
measurement solutions to complex networks 
in the lab or rapid production line testing. 
Accuracy can be improved by subtracting 
system errors from the measurements by us- 
ing the memory and algebraic powers of the 
computer and supplied software. 

8407A 
The 8407A network analyzer tracks the 

8601A generator/sweeper (or the 8690B/ 
8698B sweeper) from 100 kHz to 110 MHz. 
Measurement capabilities include: 

1) Transmission (gain, loss, phase shift) 
and reflection (return loss, impedance) 
measured quickly and easily in either 
50Q or 75Q by sweeping over the fre- 
quency range of interest. 

2) Complex impedance [Z], 8, or R k j X  
over the wide impedance range 0.10 to 
> 10 M. 

3) Voltage and current transfer functions. 
4) High impedance in-circuit probing. 
A rectangular and polar display and var- 

ious CRT overlays permit direct readings of 
parameters of interest as frequency is swept. 
Applications are detailed in Application 
Notes 121-1, 121-2. 
8405A 

The 8405A vector voltmeter is a dual- 
channel R F  millivoltmeter and phasemeter. 
It reads the absolute voltages on either of two 
channels and simultaneously determines the 
phase relationship between them. CW mea- 
surements can be made over the frequency 
range 1 MHz to 1 GHz. 

Besides its use as a voltmeter, applications 
of the 8405A include: 

1) Transmission measurements (gain, loss, 
phase shift and return loss) in 50Q sys- 
tems. 

2) Group delay and amplitude modulation 
index. 

3) In-circuit probing. 
4) S-parameters in 50Q systems. 
Application Notes 77-1,77-3,77-4, and 91 

are available for more detail on the above 
measurements. 
8754A 

The 8754A is a completely integrated stim- 
ulus/response system for testing a wide vari- 
ety of networks (like filters, amplifiers, and 
attenuators) in the 4 to 1300 MHz frequency 
range. By combining a swept source, three 
channel tuned receiver, and polar/rectilinear 
CRT display into a single compact package 
outstanding performance can be achieved a t  
an economical price. Magnitude, phase, po- 
lar reflection coefficient and impedance are 
all measured directly over 80 dB of spurious 
free dynamic range. Frequency accuracy is 
provided by a crystal marker system and 
since three receiver inputs are available, net- 
work transmission and reflection parameters 
can be measured simultaneously. Additional- 
ly, a complete line of 50Q and 75Q power 
splitters, transmission/reflection test sets, 
and S-parameter test sets, are available. 
High impedance probe can also be used if 
necessary and an external signal generator 
can be used directly to characterize narrow- 
band devices Ike crystal filters. 
8505A/8507B 

The 8505A Network Analyzer provides 
measurement capability from 500 kHz to 1.3 
GHz. Three R F  input ports, each with 100 
dB of dynamic range, makes possible simul- 
taneous network measurements of reflection 

and transmission parameters. Two indepen- 
dent yet identical display channels are each 
capable of displaying magnitude, phase, de- 
viation from linear phase and group delay of 
either the transmission or reflection charac- 
teristics of an R F  network. These parameters 
can be displayed in rectangular, in polar co- 
ordinates or both formats a t  the same time. 
The swept source, which is an integral part of 
the analyzer, offers extreme frequency flexi- 
bility through seven different modes of oper- 
ation. 

The 8507B is an Automatic Network Ana- 
lyzer using the 8505A with HP-1B interface 
and the H P  9825A Desktop Computer as a 
controller. The “Learn” mode of operation 
extends the traditional automatic operation 
to a new level of operator convenience. Accu- 
racy enhancement, formating of data, and 
the speed and ease with which data can be 
accumulated and summarized are all net- 
work measurement contributions made by 
the 8507B. 
84108/8409A 
The 8410B network analyzer system mea- 
sures the transmission and reflection charac- 
teristics of linear networks in the form of 
gain, attenuation phase shift, reflection co- 
efficient, normalized impedance and S-pa- 
rameters in the frequency range of 1 10 MHz 
to 40 GHz. 

Harmonic frequency conversion of the R F  
to a constant IF  is accomplished by the 
841 1A Harmonic Frequency Converter from 
110 MHz to 12.4 GHz; the 841 1A option 
018 operates from 110 MHz to 18 GHz. In 
the frequency ranges 18-26.5 GHz (K-band) 
and 26.5-40 GHz (R-band), the K8747A 
and R8747A Reflection/Transmission Test 
units use crystal mixers and a local oscillator 
to heterodyne the signals down into the range 
of the 8410B/8411A. In this manner, wave- 
guide components can be measured from 18 
to 40 GHz. 

The 8410B is a ratiometer using both refer- 
ence and test signal inputs; consequently, the 
sweeper output must be divided into chan- 
nels. This is accomplished by a “Test Set” 
whose other major function can be to provide 
the switching required for making transmis- 
sion and reflection measurements with mini- 
mum or no changes in the measurement 
setup. Hewlett-Packard offers a total of 
twelve different test sets covering various fre- 
quency ranges and switching functions. 

Another major instrument required in the 
8410 measurement system is a unit for the 
detection and display of the IF  amplitude 
and phase. Three plug-in displays (for the 
8410B mainframe) are available for this pur- 
pose: a phase-gain indicator with meter 
readouts for CW measurements; a phase- 
gain display for displaying log amplitude and 
phase versus frequency; and a polar display 
for displaying amplitude and phase in polar 
coordinates. 

The 8410B is capable of swept measure- 
ments over multi-octave bands through 18 
GHz. Between 18 GHz and 40 GHz, 2 GHz 
windows may be viewed. Measurements of 
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Model Frequency Range 
3575A Gain Phase 
Meter 

1 Hz-13 MHz 

I 
t 

Complete characterization of linear networks (cont.) 

Source 
None 

more than 60 dB of attenuation and 40 dB of 
gain are possible. 

Analyzer System is a practical solution to the 
need for automatic error-corrected RF and 
microwave network measurements using a 

simple and economical configuration. It is a 
complete measurement system consisting of 

8410B Network Analyzer System, and the 
9825A Desktop Computer. It brings the ma- 
jor advantages in accuracy, speed, data col- 

lection, and operating convenience at a 
modest cost increase over the manual net- 

The HP 8409A Semi-Automatic Network the programmable 8620C Sweeper, the work analyzer system. Further information is 
available in Application Notes 117-1, 117-2 
and 221. 

Pate 456 
3040A Manual Network 
Analvzer 

NETWORK ANALYZER PRODUCT LINE SUMMARY 

50 Hz-13MHz 3320A/B or 
3330A/B 

Page 453 

3042A Automatic 
Network Analyzer 
Page 454 

3582A Spectrum 
Analyzer 
Page 518 

50 Hz-13MHz 33308 Synthesizer 

20 mHz to Built-in source that is 
25.599 kHz selectable as either 

random or pseudorandom. 
The noise signal is 

automatically band-limited 
and band-translated to 

5420A 
Digital Signal 
Analyzer 
Page 522 
5451C Fourier 
Analyzer 
Page 524 
8407A Network 
Analyzer 
Page 468 

8405A Vector 
Voltmeter 
Page 470 

match the analysis. 
Built in random noise 

source 
16 mHz-25.6 kHz 

DC to 50 kHz Optional random 
pseudo-random 

or periodic source. 
100 kHZ-11OMHZ 8601A Generator/ 

Sweeper 
86908/86988 Sweep 

Oscillator 
1 MHZ-1GHz 32008 Oscillator, VHF 

Signal Generators, 
608E (VHF). 612A (UHF) 

8654 (UHF). and 8640 A/B 

(CW) 

8754A 
Network Analyze1 r Pate 458 

4-1300 MHz Swept source included 
external source usable. 

85078 Automatic RF 
Network Analyzer 
Page 466 

Analyzer Sweep Oscillators 
Page 471 

8409A Semi-Automatic 110 M H z - ~ ~ G H z  
Network Analyzer Sweep Oscillators 

500 kHz-1.3GH~ Swept Source Included 

I I I Pate 478 

Measurement Caoabiities 

Gain, Phase and Amplitude 
Low Frequency Analysis 

Amplitude and Phase 
Optional Group Delay 
Gain or Loss 
Linear Frequency Sweep 
9825A HP IB System Controller 
Complex Network Analysis 
Decision Making Ability 
Computational Capability 
Transfer function amplitude and phase 
Coherence function 
Transient capture and analysis 

Transfer function, coherence, power spectral density, 
Histogram, time record average, impulse response. 

Same as 5420A 

Transfer Functions, Impedance in 50Q, 750 Systems 
Complex Impedance 0.lQ to >10 kQ 
High Impedance In-Circuit Probing 
S-parameters in 50Q. 75Q systems 
Voltmeter 
Transfer Functions, Impedance in 50Q systems 
Group Delay, Amplitude Modulation Index 
S-parameters in 50Q systems 
Magnitude and phase 
transmission coefficient 
reflection coefficient and return loss 
S-parameters, impedance. 
Complex Transfer functions-Gain/Loss or S-parameters 
Complex Impedance-r, Return Loss, R +  jX 
Distortion-Group Delay, Deviation from linear Phase 
Digital Readout of Data while sweeping 
Frequency Counter included 
HP-I8 with Learn Mode 
9825A Desktop Computer with 8505A 
HP-I8 with Learn Mode 
Automatic Measurements with Data formatting 
Accuracy Improved Measurements 
Transmission/Reflection Characteristics, S-Parameters 
50Q Coax Measurements 110 MHz to 18 GHz 
Waveguide Measurements 8.2 GHz to 40 GHz 
Continuous Multioctave Measurements with 8620 Series SweeDers 
DC Bias for Semiconductor Measurements 
Semi-Automatic Transmission/Reflection Measurements 
Full Error Correction in Reflection Measurements 
8410B Network Analyzer System 
9825A Desktop Computer 



NETWORK ANALYZERS ,r 
Network analysis from 50 Hz to 13 MHz 

Model 3040A 

High resolution digital amplitude and phase measure- 

100 dB dynamic rai 
Precision digital S\II 

Narrow band analysis 
ments 

Description 
The 3040A Network Analyzer is designed to meet the demand for 

precise and fast characterization of both active and passive linear 
two-port devices. The Network Analyzer is a powerful bench system 
that makes digital amplitude, phase and group delay response mea- 
surements over a 50 Hz to 13 MHz frequency range. It uses the 
3330B Automatic Synthesizer with leveled output and digital sweep 
capability to generate the local oscillator signal for the 3570A Track- 
ing Receiver and to provide the stimulus to the device under test. 

This system effectively combines the wide dynamic range and the 
high accuracy of the 3570A Tracking Receiver with the high resolu- 
tion, and stability of the 3330B Synthesizer, giving the design, pro- 
duction and Q.A. engineers working a t  audio, video and R F  
frequencies the precision, convenience, and high information content 
of swept-frequency response measurements, but with the point by 
point accuracy of synthesized incremental frequency sweeps. 

Residual FM, often a serious limitation to the frequency resolution 
of swept frequency measurements, is very low (((1 Hz) in the . 
3040A System, allowing accurate narrow band sweeps. 

The 3570A Analyzer (Tracking Receiver) has two identical chan- 
nels for fast, high accuracy “B-A” measurements of gain or insertion 
loss of two-port devices and to measure the phase shift between input 
and output ports. It can also function as a limit comparator to deter- 
mine how closely the gain and phase response of a device matches that 
of a reference. 

Both the passband and the stopband of a device can be examined in 
detail because the 3570A Analyzer has both a wide amplitude range 
of 120 dB (1 pV to 1 V) and a high resolution display (0.01 dB incre- 
ments). The digital readout also displays phase readings with 0.01 O 

resolution. 
Beyond the basic amplitude and phase measurements, the 3040A 

offers several automatic features not found in more conventional net- 
work analyzers. 

One is Digital Offset: Values of amplitude and/or phase measured 
on a reference device are stored in the instrument’s memory at the 
push of a button. Future measurements can then be displayed relative 
to the stored values. This could be used, for example, to quickly find 
the -3 dB passband limits of a filter or amplifier. 

Another feature is Group Delay: As the synthesizer is stepped in 
frequency, the analyzer’s internal digital processor calculates group 
delay from two phase shift measurements as Td = Ab/360Af sec. 

A third one is Limit Test: High and low limits can be entered as 
digital words from an external controller. The analyzer can be set to 
stop or output a marker when a limit is reached. This capability is 
useful, for example, to precisely find the center frequency of a reso- 
nant circuit by stopping at the 0” phase reading. 

The 3040A Network Analyzer introduces precision, convenience 
and built-in “intelligence” to the problem of characterizing the be- 
havior of linear networks on the bench. 



NETWORK ANALYZERS 
Automatic network analysis from 50 Hz to 13 MHz 
Model 3042A 

3042A Automatic Network Analyzer 

Description 
The 3042A Automatic Network Analyzer is a highly powerful, ful- 

ly automatic system that is designed to meet the demand for preci- 
sion, speed, automation, simple operation and low cost in the area of 
fully characterizing active or passive linear two-port devices. 

The 3042A system uniquely integrates the: 
0 wide dynamic range and high resolution of the 3570A Network 

0 accuracy and high stability of the 3330B Synthesizer and 
0 the power computation, data processing and smart peripheral 

into a superior systems performance that results in a unique set of 
contributions to solve the problem of characterizing the behavior of 
linear two-port over the wide frequency range of 50 Hz to 13 MHz: 

Analyzer (tracking receiver) 

control capabilities of the 9825A System Controller 

Amplitude, phase and group delay measurement 
Wide amplitude range and high resolution 

0 Speed and precision in measurements 
Simplicity and flexibility in operation 
Data analysis and presentation of results 

0 Simple programming and powerful output 
Accuracy enhancement and decision making 

0 Full automation and substantial reduction in costs 

Full automation and low cost 
Speed and precision in measurements 
Accuracy enhancement of results 
Data analysis and presentation of results 
Simplicity and flexibility in operation 
HP-IB systems interfacing 

nputinn Cnntrnllnr 9825A Coi 

The 3042A i 
System that prc . .  

s a fully automatic two-channel Network Analyzer 
wides digital amplitude, phase and group delay mea- 

suremenrs, on line data ana1ysis;data reduction and decision making 
capability plus formatted graphic or tabular representation of results 
or data storage for further processing at  a later time. 

Environments such as production, quality assurance and the labo- 
ratory are now provided with the capability of extending precision 
network analysis to applications that were previously impractical be- 
cause of the length of time it took to make the necessary measure- - 
ments. 
Production applications 
In production applications the 3042A substantiall: 

time and cost of making a range of simple or complica 
types of components, for example, crystals, amplifiers, f 
er analog devices. The system can run through a long se 
a device, checking performance at all specified points 
simple pass/fail answer. 

Additionally, automatically compiled test data prov 
production statistics for improved production control, 
scheduling and accurate production cost analysis. 

Testing programs with built-in operator instructions 
requirements for highly trained technicians, as well as 
Furthermore, uniform test procedures may easily be esl 
3042A's impact in the production environment can len 
substantial increase in total production throughput whi 
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product confidence and lower production cost. 

Quality assurance applications 
In quality assurance applications the 3042A not only significantly 

reduces the cost of test equipment necessary to assure a comprehen- 
sive product testing job, but the system's inherent flexible HP-IB in- 
terface structure allows the system configuration to be easily changed 
by either simple software modifications or hardware additions. 
Adapting the 3042A System to an application, which may require a 
programmable power supply or contact closure to drive the device 
under test, becomes as simple as connecting the additional instru- 
ments via the standard HP-IB connector, loading a different program 
from the computing controller's cassette and running it. Skilled tech- 
nicians may be relieved from repetitive yet demanding tasks and 
placed in positions that maximize the use of their knowledge and 
skills. The 3042A provides reliable and repeatable results. Various 
parameters may be tested in greater detail and in less time, resulting 
in greater product confidence and quality, but lower warranty costs. 

Automatically compiled test data provides excellent quality assur- 
ance statistics which can easily be presented in any formatted graphic 
or tabular form by an HP-IB plotter or line printer. 

Laboratory applications 
In laboratory applications, engineers gain greater insight into their 

circuit design due to the speed and ease with which data can be accu- 
mulated and summarized with the 3042A. The easy-to-use calculator 
programming format allows easy-to-write, customized programs 
which solve specialized measurement problems in a fraction of the 
time required to manually perform and evaluate the same measure- 
ments or to write a corresponding computer program. In addition, the 
accuracy enhancement software furnished with the 3042A System 
significantly increases the accuracy of the system seven times over 
that of a single channel measurement (three times over a "B-A" mea- 
surement), by judiciously combining the capabilities of the instru- 
ments and the controller. 



System control and interface 
The 3042A Automatic Network Analyzer incorporates the new 

9825A Computing Controller as systems controller, operator inter- 
face and data processor. The 9825A offers the power and speed of 
much larger computers but features a high level programming lan- 
guage and editing capabilities that allow nearly instant use of the sys- 
tem with minimal effort. 

System-operator interface is greatly simplified through the 
9825A's alphanumeric display and typewriter-like keyboard. 

The 9825A controller offers easy programmability which requires 
minimal training. Versatile editing capability for reducing program- 
ming time. Immediate feedback on errors made due to improper 
instructions. Availability of large user memory for lengthy program 
or data storage. Cartridge convenience for permanent storage of pro- 
grams or data and flexibility for input and output functions. 
Summary 

The 3042A Automatic Network Analyzer provides a complete so- 
lution to production, quality assurance and laboratory applications at  
audio, video and R F  frequencies with accurate, reliable, repeatable 
and fast results plus the high information content that automatic 
gain-phase-delay measurements can give. 

Specifications 3040A and 3042A systems 
Sources (Channel A & B outputs are isolated and electrically 
identical) 
Frequency 

Range: 0.1 to 13,000,999.9 Hz. 
Resolution: 0.1 Hz (9 digits). 

Range: +13.44 to -86.55 dBm (5052). 
+11.68 to -88.31 dBm (75Q option). 

Resolution: 0.01 dB. 

Leveled frequency response (10 kHz reference)' 

Amplitude 

Accuracy 

* 0.8" f 0.2" 

10 k 13 MHz 
k 0.05 dB I 

f 1" 

+13.44 dBm 
-16.55 dBm 
-36.55 dBm 
-66.55 dBm 
-86.55 dBm 

'Add 0.5 dB for leveling swhch in OH po8hlOn. 

Attenuator: (10 kHz reference, 25°C f 5 " C )  f 0 . 2  dB/10 dB step 
of attenuation down from maximum output. 
Absolute: (10 kHz, maximumoutput, 25°C f 5 " C )  f0 .45  dB. 
Stability: (24 hr., 25°C & l°C): kO.01 dB. 

Impedance: 50 or 753 (optional) * 2%. 
Receivers (Channel A & B inputs are electrically identical and 
both tuned precisely to the signal source's frequency) 
Frequency 

Ranae: 50 Hz to 13 MHz. 
Resolution: 0.1 Hz. 
Selectivity: 10 Hz, 100 Hz and 3 kHz bandwidths (60 dB/3 dB 
bandwidths, 20:l). 

Amplitude: (Output is in dB relative to 1 V, 0 dBm or 0.1 V, corre- 
sponding to the position of the "Max/Ref Input Voltage" switch.) 
Measurement range: 1 V rms to 1 pV rms. 
Dynamic range: 0 to -100 dB (using A or B amplitude function), 
-100 dB to + lo0  dB (using B-A amplitude function). 
Resolution: 0.01 dB. 
Accuracy: (25°C k 5°C): Accuracy of the 3042A is enhanced with 
software supplied with the system from 50 Hz to 10 MHz and over 
the top 20 dB of the dynamic range as shown below. 
Frequency response: A or B "Amplitude Function" f 0 . 5  dB; 
B-A "Amplitude Function" fO . l  dB; using Accuracy Enhancement 
Software * 0.03 dB furnished with 3042A system. 

Linearity: (A or B amplitude function) 

0 to -20 dB { :%% with Accuracy Enhancement 
-20 to -80 dB 
-80 to -100 dB 

f0.5 dB 
f 1.5 dB 

Stability (8 hr., 25OC f l0C after 3 hr. warmup) 
Temp. Coefficient 

(20°C-300C) 100 H2 & 
3 k k  BW 

10 k k  BW 
O d B  -20 dB -80 dB 

Amplitude response Channel B within 6 dB of Channel A 
0 dB -20 dB -70 dB -80 dB 

I f 0 . 4 O  I ? 0.6" I f 1" 

For channels at  different levels (specification determination by low- 
est input). 
OW -20 dB -60 dB -80 dB* 

I + I  3" I f 1.5" I f 3.5" 1 
'Only specified to -70 dB lor frequencies from 50 & to 60 k&. 

Linearity: f0.2" (Channel B within 6 dB of Channel A). 
input impedance: 1 MQ f 2% shunted by (30 pF. 
General 
Programmability: all controls, except power switches, are program- 
mable using the HP-IB format. 
Ultra-high accuracy: the 3040A/3042A systems can be coupled with 
an external device such as a calibrated attenuator to provide relative 
measurements whose amplitude accuracy is limited to the amplitude 
stability of the receiver and source and the accuracy of the external 
device. 

3040A Options 

mation refer to the 3040A/3042A data sheet. 
(Orderopt 110or 111 andOpt 120or 121) 
110: Standard 5(M1 3570A $7170 
11 1: Standard 759 3570A $7 170 
112: Delay/Limit Test/Offset (Hardware) $490 
113: Cable and Load Kit $95 
1 2 0  Standard 50Q 3330B $7860 
121: Standard 75Q 3330B $7860 

The basic 3042A system options are listed below. For more infor- 

The basic 3040A system options are listed below. For more infor- 

3042A Options 

mation refer to the 3040A/3042A data sheet. 
200: 50Q System 
201: 75Q System 
2 0 4  1201B Oscilloscope $2970 

The 3042 system is fully integrated, tested, verified and specified as 
a system. It is supplied with complete software and documentation. 

3042A Automatic Network Analyzer $25,580 
Consisting of: 33303 Synthesizer, 3570A Network Analyzer, 

98258 which has as standard 24k Bytes of memory, ROMs, Interface 
and documentation, 56" Rack. 

N/C 
N / C  



NETWORK ANALYZERS 
Gainlphase meter 
Model 3575A 

dBV, dB ratio and degrees from 1 Hz t6 13 MHz 

3575A Option 001 dual panel meters 

Description Programmable 
The H P  3575A Gain-Phase Meter is a versatile two-channel ana- 

lyzer which can measure and display the absolute amplitude level or 
amplitude ratio of signals present at the inputs. In addition, the 
3575A can measure the phase relationship of the two signals. This 
analyzer is a broadband detector which is easy to use because no fre- 
quency tuning is required. 

Since a dedicated tracking source is not required to operate with the 
3575A. a wide selection of stimuli is possible. This flexibility coupled 

cost/results tradeoffs. For example, you may wish to manually plot 
your network response data on a Bode diagram in which a low 
cost sinewave oscillator stimulus may be used. For easier, quicker re- 
sults YOU may select a sweeoing oscillator and an x-v dotter and let 

Two programmable options both offer full control of front panel 
functions and BCD output of information (amplitude, ratio or phase) 
contained in both digital displays. The two options give the user a 
choice of w a t i v e  true or Positive true outputs. 

Applications 
The 3575A can solve network analysis problems in the 1 Hz to 13 

MHz frequency range where complex measurements (gain or phase 
or both) are required. A few of the many measurements it can make 

and insertion loss of mixers and frequency doublers. Bode plots and 
Nichols charts are useful graphical tools for analyzing many of these 
response data. 

with a variety Of possible amp1itude, gain and phase Outputs (LED are: gain and phase response of feedback systems, envelope delay and display, analog outputs, and optional BCD) give YOU a wide choice of return loss of transmission lines, complex impedance of components, 

the in&ruments plot your response. You may use a calchator or com- 
puter to control a programmable stimulus source and the 3575A to 
provide automatic measurements. Here you have a wide range of 
computation and output possibilities. 

Phase 
The phase relationship of two signals is indicated over a range of 

k 192 degrees with 0.1 degree resolution. A unique logic circuit (pa- 
tent) design allows the 3575A to make stable phase measurements in 
the presence of noise. This feature minimizes the error to less than 
two degrees for a signal-to-noise ratio of 30 dB. One of three band 
limiting filters may be selected to get further noise rejection. 

The 3575A is also capable of measuring the phase relationship of a 
variety of waveforms, such as square waves and triangle waves. Even 
harmonic and in-phase odd harmonic components of these signals 
cause no phase measurement error. For out-of-phase odd harmonic 
signal-to-harmonic ratios of 40 dB, measurement errors are less than 
0.6 degree as shown in Figure 1. 
Amplitude 

The amplitude of either channel or the ratio of the two can be mea- 
sured over an 80 dB dynamic range and 100 dB measurement range. 
Resolution is 0.1 dB. Results are displayed in dBV for channel ampli- 
tude and dB for ratio measurements. Digit blanking and channel 
overload annunciators will turn on if the maximum allowable signal 
level at either channel input is exceeded. 
Readout 

The standard three-digit LED display may be selected by the oper- 
ator to indicate the amplitude of channel A or B, gain or phase. A 
second three-digit LED display is optionally available for simulta- 
neous display of amplitude and phase readings. Lighted annunciators 
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identify the measurement function, units and remote status. Figure 1. Worst case error from odd harmonics. 
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'Conditions: Temperature: 25'C f 10°C Frequency range switch on lowest applicable range; 
Analog Output accuracy (rear panel). 
Input signal range: 200pV rms to 20 V rms. 

Harmonic rejection 
Even harmonics: no error. 
Odd harmonics: (in phase) no error. 
Odd harmonics: (out of phase) 0.57" worst case error when total 
odd harmonic distortion is 40 dB below the fundamental. 
Noise tolerance: 2" error for a 10 kHz, 1 V sine wave on one chan- 
nel. One volt sine wave added to Gaussian noise (limited to a 1 MHz 
bandwidth and 30 dB S/N ratio) on the other channel. The 100 Hz to 
1 MHz frequency range was used. 
Display 

Range: f 180" with 12" of overrange. 
Resolution: 0.1 ". 

Panel meter accuracy: f 3 counts (0.3 degrees dB/dBV). The pan- 
el meter error must be added to the phase and amplitude errors to 
obtain the display error. 

Inputs 
Impedance: 1 MR 30 pF. 
Protection: f 50 V dc, 25 V rms. 
Response time to achieve 90% 

Freauencv Range 1 

-34 

-44 

-54 

-64 

-?4 

10 Hz to 100 kHz 

$; 
2% f. 

Y -1 

I- 

LU ms I 

Rear terminal inputs are available as a special (3575A-C09). Digital 
(Opt. 002). 0, +5 ground true. Twelve lines to fully program all func- 
tions. 

Analog 
outputs 

Phase: 10 mV/degree. 
Amplitude: 10 mV/dB or dBV. 
Output impedance: 1 kQ 

Digital (Opt 002): 0, +5 V ground true. 31 output lines (1-2-4-8 
BCD). 

I f 2 dBV 112.5 dl I 
lOHz lOOHz 1 kHz 10 

FREOUEL 

ie frequency on both channels: for ratio rneasurementc 
acy; analog output accuracy (rear panel). 
latio @/A) tolerances 
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Network Analyzers 
RF Network Analyzer, 4 MHz to 1300 MHz 
Model 8754A 

4 to 1300 MHz frequency coverage 
Integrated source, receiver, and display 

. 

Three inputs, two measurement channels 
80 dB dynamic range 

Description 
The 8754A is a complete stimulus/response test system which com- 

bines a 4-1 300 MHz swept source, three-input narrowband, tuned re- 
ceiver, and both rectilinear and polar displays in a compact package. 
The convenient built-in source incorporates digital display of the start 
or center frequency, the ability to sweep all or any portion of the 4- 
1300 MHz range, and crystal markers at 1, 10, or 50 MHz intervals 
to enable accurate frequency calibration and measurement. The re- 
ceiver provides 80 dB dynamic range in two independent measure- 
ment channels to allow simultaneous measurement of any two 
transmission or reflection parameters using a single test setup. Mea- 
surements of absolute power, magnitude ratio, phase angle, and re- 
flection coefficient are displayed on the fully calibrated CRT with 
resolutions up to 0.25 dB and 2.5 degrees per major division. With 
these features the 8754A offers a new level of operating convenience 
and technical performance to swept magnitude and phase measure- 
ments in laboratory, production, and field testing applications at an 
economical price. 

A comprehensive line of 5OQ and 75Q test sets allow maximum ver- 
satility in a wide range of applications. Matched cable sets, precision 
adapters, and transistor fixtures provide convenient reliable connec- 
tions to the test device. Adding the 8750A Storage-Normalizer pro- 
vides flicker-free rectilinear displays regardless of sweep rate and 
eliminates the need for grease pencils through automatic normaliza- 
tion of frequency response errors. In applications where the test de- 
vice response changes rapidly over the 7 kHz residual FM spectrum 
width, stabilized sources such as the H P  8660 or HP 8640 signal gen- 
erators can be used directly to provide the necessary signal stability 
and accuracy. 

8754A Network Analyzer Specifications 
Source 
Frequency range: 4 MHz to 1300 MHz. 
Sweep modes: Linear full sweep (4 MHz to 1300 MHz) and cali- 
brated sweep widths with variable start or center frequency. 
Sweep widths: Selectable sweep width ranges from 1 to 1000 MHz 
in a 1, 2, 5 sequency, plus CW. A vernier allows continuous adjust- 
ment of sweep width within each range. 
Digital frequency readout: Indicates start or center frequency with 
1 MHz resolution. 
Markers: Internal, crystal-generated harmonic markers at 50, 10, or 
1 MHz intervals (f 0.01% accuracy). 
Output power range: 0 to typically +13 dBm; f 0.5 dB flatness. 
Spectral purity (+ lo  dBm R F  output level): 

Residual FM (swept and CW): 5 7  kHz RMS (10 kHz band- 
width). 
Harmonics: -28 dBc. 

. .  

Receiver 
Frequency: 4 MHz to 1300 MHz. 
input Channels: Two test inputs (A and B) and one reference (R) 
input. 
Impedance: 5OQ (11.22 SWR). 
Maximum input level: 0 dBm at R, A, and B inputs. 
Damage level: +20 dBm (50 Vdc). 
Noise level: (-80 dBm, A and B Inputs. 
Minimum R input level: -40 dBm (2 -40  dBm required to operate 
R input phase-lock). 
Crosstalk between channels: >83 dB. 
Magnitude frequency response (flatness): Absolute (A, B): I 
k 1 dB, Ratio (A/R, B/R): 5 k0.3 dB. 
Magnitude dynamic accuracy (20 - 30°C): 20.3 dB from 0 to 
-50 dBm, f0.5 dB from -50 to -60 dBm, f 1 dB from -60 to -70 
dBm, k 2.5 dB from -70 to -80 dBm. 
Magnitude reference offset range: f 1 9 9  dB in 1 dB steps 
( k 0.1%). Vernier provides variable offset for calibration. 
Absolute power measurements (A, B, and R): Typically f0.5 
dBm at 0 dBm, 50 MHz input. 
Phase frequency response: f2 .5" .  
Phase range: f 180" 
Phase dynamic accuracy: 2 2 "  from 0 to -50 dBm. f4" from 
-50 to -70 dBm. 
Phase reference offset range: f 199" in 1" steps (f 1%). Vernier 
provides variable offset for calibration. 
Electrical length/Reference plane extension: Typically 0 to 16 
cm length for transmission phase; typically 0 to 8 cm reference plane 
extension adjustment at reflection test port. 

Display 
Measurement functions: CRT displays either polar trace or Chan- 
nel 1 and Channel 2 rectilinear traces. 
Reference position: Independent reference lines for Channel 1 and 
Channel 2 and Polar center can be set to any position. 
Video filter: Typically 100 Hz (10 kHz without filter). 
Graticule size: Rectilinear, 10 cm by 8 cm; polar 8 cm in diameter. 
Smith chart overlays: 2, 1, 0.2, and 0.1 full scale. 
CRT photography: Tektronix C-5B Oscilloscope Camera is recom- 
mended. (UV illumination will not provide graticule exposure.) 
Resolution: 10, 2.5, 1,0.25 dB/major division. 90,45, 10, 2S0/ma- 
jor division. 
Accuracy: f 2% f0 .05  divisions for rectilinear trace; within 2.5 mm 
for polar trace. 

General 
Input /Outputs 
Sweep output: -5V to +5V. 



8502A 

1 1850A 11851A 

External sweep input: 0 to 1OV nominal. 
X-Y recorder/Externai CRT output: 

Horizontal and vertical: O.lV/div. 
PeniifVBianking: +5V Blanking and Penlift. 

External marker input: Typically -13 dBm R F  signal produce a 
marker at  the frequency of the RF signal. 
Magnitude/Phase Output: -10 mV/Degree and -100 mV/dB. 
Probe power: Two +I5  Vdc and -12.6 Vdc. 
Storage-Normalizer Interfaces: Directly compatible with the H P  
8750A Storage-Normalizer. HP 8501A Storage-Normalizer requires 
a single internal adjustment for compatibility. 
Programming connector: Outputs include magnitude/phase and 
sweep outputs and inputs described above as well as measurement 
mode selection by TTL levels or contact closures. 
External source: The 8754A sweep-out voltage is provided to fre- 
quency modulate (sweep) an external signal generator for narrow- 
band measurement applications. A sweep input is provided to 
synchronize the CRT display for use with an externally swept source 
(8620 Series). 
Temperature: 

EMI: VDE 0871/0875 and CISPR publication 11. 
Safety: Conforms to the requirements of IEC 348. 
Power: Selection of 100, 120, 220 and 240V +5% -10%. 48 to 66 
Hz, 20 VA max. 
Size: 425.5 mm wide, 133 mm high, 505 mm deep (16% in x 5% in x 

Operating: 0" to 55°C except where noted. 
Storage: -40°C to +75"C. 

19% in). 
Weight: Net 16.8 kg (37 Ib). Shipping 19 kg (42 Ib). 

11850A 50Q Three-way Power Splitter 
11850B 75Q Three-way Power Splitter 
General: One output port provides the reference output and the other 
two output ports can be used for independent transmission measure- 
ments. Use the 11851A R F  Cable Set for interconnections. Detailed 
specifications on page 464. 

8502A 500 Transmission/Reflection Test Set 
8502B 75Q Transmission/Reflection Test Set 
General: Contains a power splitter and directional bridge to allow 
simultaneous transmission and reflection measurements. Use the 
11851A R F  Cable Set for interconnections. Detailed specifications 
on page 464. 

11851A RF Cable Set 
General: Three 61 cm (24") 50Q cables, phase matched to k 4" and 
one 86 cm (34") 50Q cable. Used with 8502A/B and 11850A/B. De- 
tailed specifications on page 465. 

11857A APC-7 Test Port Extension Cables 
General: Two precision 5011 cables phase matched to f 2" to connect 
text device between 8748A test ports. Detailed specifications on 
Daee 465. 

Transistor fixtures 
General: Three transistor fixtures can be used with the 8748A. The 
11600B and 11602B require use of the 11858A Transistor Fixture 
Adapter. The 11608A transistor fixture connects directly to the 
8748A. Detailed specifications on pages 475 and 476. 

Adapter kits 
General: The 11853A, 11854A, 11855A, and 11856A accessory kits 
are available to provide precision Type N and BNC adapters and cali- 
bration standards for use with the 11850A/B, 8502A/B, and 8748A 
test setups. Detailed specifications on page 465. 

8748A 50Q S-parameter Test Set Specifications 
Frequency range: 4 MHz to 1.3 GHz 
Directivity: 2 4 0  dB. 
Frequency Response: 

Transmission~(S,,, S,,): f 1 dB, f 12' 
Reflection' (S,,, S,): f 2  dB, f 15". 

Test Port 1 and 2: 2 2 6  dB Return Loss (11.11 SWR). 
Test Port 1 and 2 open/short ratio: 1 k 0.75 dB and f 6" from 
4 to 1000 MHz; 1 0 . 9  dB and f7 .5"  from 1000 MHz to 1300 
MHz. 
RF input port: 1 2 0  dB Return Loss (11.22 SWR). 

Tracking between reference and test port 1 and 2: S,,, S,,: 
1 k 0 . 5  dB, I f 4 " .  S,,, S,: I f 0 . 7 5  dB, (26 ' .  RF input to test 
port 1 or 2: 1 f 1.5 dB. 
Maximum operating level: +20 dBm. 
RF attenuator range: 0 to 70 dB in 10 dB steps. 
Test port connectors: APC-7. 
DC bias Input range: f 30 Vdc, f 200 mA. 
includes: Cables for connection to 8754A and Reference Plane Ex- 
tension Cables for standard fixtures. 
Recommended accessory: 1 1857A Test Port Extension Cables, 
11608A Transistor Fixture, or 11600B, 11602B Transistor Fixtures. 
Power: 20 Vdc, supplied from 8754A via interface cable. 
Size: 432 mm wide, 90 mm high, 495 mm deep (17 in. X 3% in X 19% 
in.). 
Weight: Net, 9.1 kg (20 Ib). Shipping, 11.3 kg (25 Ib). 

Port match2: 

*degrees, specified as deviation from linear phase. 
Effective port match for ratio measurements. 

Ordering Information: 
8754A Network Analyzer 

Opt 907: Front Handle Kit 
Opt 908: Rack Flange Kit 
Opt 909: Rack Mount Flange/Front Handle Kit 

11850A 50Q Three-way Power Splitter 
11850B 75Q Three-way Power Splitter 
8502A 500 Transmission/Reflection Test Set 
8502B 75Q Transmission/Reflection Test Set 
11851A RF Cable Set 
11857A Test Port Extension Cables 
8748A 50a S-Parameter Test Set 

Opt 907: Front Handle Kit 
Opt 908 Rack Flange Kit 
Opt 909: Rack Mount Flange/Front Handle Kit 

Price 
$ 1 1,500 
add $20 
add $15 
add $30 

$525 
$525 

$1,850 
$1,850 

$450 
$550 

$5,400 
add $15 
addS10 

add $20 



 NETWORK ANALYZERS 
RF network analyzer, 500 kHz to 1.3 GHz 
Model 8505A 

100 dB of dynamic range 
Digital readout of data with analog display 
Direct group delay and deviation from linear phase 

High performance sweep oscillator 
Complete family of 50Q and 75Q test sets 
Digital storage and normalization 

i 

8505A 

The H P  8505A is a high performance R F  network analyzer operat- 
ing over the 500 kHz to 1.3 GHz frequency range. It accurately and 
easily measures complex impedance, transfer functions and group de- 
lay of coaxial components and semiconductors. Because both magni- 
tude and phase are measured, it is possible to completely characterize 
the linear behavior of either active or passive networks. 

Since magnitude and phase can be measured and displayed over 
100 dB of dynamic range (-10 to -1 10 dBm), it is a simple process 
for the 8505A to measure transmission loss of high rejection devices 
such as filters or gain and return loss of small signal devices like am- 
plifiers. Distortion parameters like group delay, deviation from linear 
phase, and deviation from constant amplitude are measured in an 
equally straight-forward manner. Group delay is measured and dis- 
played directly to resolutions of 1 ns per major division using a new 
linear FM measurement technique. A unique new electrical line 
stretcher compensates for the linear phase shift of the device under 
test so that phase non-linearities may be examined at high resolution 
(1 per major division). Amplitude deviations with frequency can be 
similarly observed to resolutions 0.1 dB per major division with clear, 
crisp trace stability. In addition, it is possible to read out swept ampli- 
tude, phase and delay digitally at any one of five continuously vari- 
able markers with resolutions of 0.01 dB, 0.1", and 0.1 ns 
respectively. 

Many of the 8505A's high performance features and operating con- 
veniences are derived from the fact that is a completely integrated 
system including both the sweep oscillator and receiver. The basic 
instrument also includes a built-in frequency counter, polar and rec- 
tangular displays on the same CRT, the new electronic line stretcher, 
group delay measurement, and frequency selective digital readings of 
swept amplitude, phase and delay. The frequency counter with reso- 
lutions up to 100 Hz adds further precision to the measurements by 
allowing frequency as well as amplitude, phase and delay to be read 
out at any of the five markers. The 8505A is fully programmable in a 
straight-forward fashion using the Hewlett-Packard Interface Bus 
(HP-IB operation is standard). A fully configured calculator-based 
automatic network analyzer system, the 8507B is offered (see page 
466). 

Companion instruments include the 11 850A Three Way Power 
Splitter for high resolution transmission comparison measurements, 
the 8502A Transmission/Reflection Bridge for simultaneous trans- 
mission and reflection measurements, and the 8503A S-parameter 
Test Set for complete characterization of two port devices in a single 
test set-up. The 8501A Storage-Normalizer adds digital storage, nor- 
malization, signal averaging, increased resolution, and graphics to 
8505A measurements. 



8505A Specifications 
Source 
Frequency characteristics 

Frequency range: 500 kHz to 1.3 GHz in three ranges; 500 kHz 
to 13 MHz, 500 kHz to 130 MHz and 500 kHz to 1.3 GHz. 
Swept frequency accuracy: f 1% of range for linear sweep. 
CW frequency accuracy: + 2  counts f time-base accuracy. 
Frequency stability: better than +0.01% of reading f0.01% of 
frequency range over 10 minutes after warm-up. 

Frequency counter characteristics: frequency counter measure- 
ments are made at  any one of five continuously variable marker po- 
sitions without interrupting the swept RF signal. 

Resolution (least significant digit) 
I F..n,uuu I I I I 

I ".p....,, 

Range (Mk) 
10 ms Sweep time 
Inn ms Sweeo time 

0.5 to 13 0.5 to 130 0.5 to 1300 
10 kHz 100 kHz 1 MHz 
1 kHz 10 kHz 100 kHz 

1 second 
Sweep time 

Counter accuracy: f 2 counts f time-base accuracy. 
Marker frequency accuracy: fO.O02% of scan width f counter 
accuracy. Measured in CW f A F  
Time-base accuracy: f 5 ppm f 1 ppm/"C f 3 ppm/90 days 

Output power range: +10 dBm to -72 dBm. 
Attenuator accuracy: k 1.5 dBm over 70 dB range. 
Vernier accuracy: k 1 dB. 
Leveling: k0.5 dB from 500 kHz to 1.3 GHz. 
impedance: 5052; 1 1 6  dB return loss at  -10 dBm output level 
((1.38 SWR). 

Output characteristics 

lOOHz 1 kHz 10 kHz 

Residual FM 
Frequmr 

Range (M) 
Residual FM 
Bandwidth 

0.5 to 13 0.5 to 130 0.5 to 1300 
20 Hz rms 200 Hz rms 2 kHz rms 

20 HI-1 kHz 20 Hz-1 kHZ 20 Hz-10 kHZ 

Harmonics: >25 dB below main signal at  +10 dBm output level. 
Sub-harmonics: and spurious signals: below -50 dBm at +10 
dBm output level. 

Sweep modes: Linear Full, Log Full, Start/Stop 1, Start/Stop 2, 
Alternate, CW f AF, and CW. 
Sweep times: 10 ms to 100 s in decade ranges. 
Trigger modes: auto, line sync., single scan or external sync. 
RF Output connector: Type N female 

General characteristics 

Receiver 
Frequency range: 500 kHz to 1.3 GHz 
input characteristics 

input channels: three channels (R, A, and B) with 100 dB dynam- 
ic range. 
Damage level: +20 dBm or 1 5 0  V dc. 
Noise (10 kHz BW): -1 10 dBm from 10 to 1300 MHz; -100 dBm 
from 2 to 10 MHz; -95 dBm from 0.5 to 2 MHz. 
impedance: 5052: 2 2 0  dB return loss ((1.22 SWR). Typically 
>26 dB return loss ((1.11 SWR). 

Absolute frequency response (A, B, R): e 1.5 dB 
Ratio frequency response (A/R, B/R): f 0 . 3  dB from 0.5 MHz 
to 1.3 GHz. 

Magnitude characteristics 

Dynamic accuracy: f 0.01 dB/dB from -20 to -40 dBm; f 0.2 
dB from - 10 to -50 dBm; f 0.5 dB from -50 to -70 dBm; f 1 .O 
dB from -70 to -90 dBm; f 2.0 dB from-90 to -100 dBm; f4.0 
dB from -100 to -110 dBm. 

Crosstalk error limits: > 100 dB isolation between inputs. 

I i  i i i i i i i J - 1  

1 

4 
5 0.1 
a 
d a 
6 0.01 
9 

dB 10" 

dB 1.0' r" 

3 
I 

dB 0.1" 

dB 0.001 

-10 -30 -50 -70 -90 -110 
Mesrurement Channel Input L m l  in dBm 

Reference offset accuracy: f 0.03 dB f 0.003 dB/dB of offset 
Marker measurement resolution: 0.01 dB over any (10 dB 
range; 0.1 dB over any 1 1 0  dB range. 
CRT Display resolution: 0.1 dB to 20 dB/division in 1, 2, 5 se- 
quence. 

Phase characteristics 
Frequency response: f 3" from 500 kHz to 750 MHz; f 5" from 
750 MHz to 1.3 GHz. 
Range: f 180". 
Accuracy: fO.Ol"/degree for f 170"; fO.Ol"/degree f0.5" for 
f 180". 

Dynamic accuracy (in 10 kHz Bandwidth): f0.02"/dB from -20 
to -40 dBm; f0.5" from -10 to -50 dBm; f 1 O from -50 to -70 
dBm; k 3" from -70 to -90 dBm. 
Crosstalk: see amplitude crosstalk specification. 
Reference offset accuracy: f0 .3"  +0.5% of offset. 
Marker measurement resolution: fO.l  over <loo" range and 
1" for 2100"  range. 
CRT display resolution: 1 O to 180" per division in 8 steps. 

Polar characteristics: Frequency Response, Dynamic Response, 
Reference Offset and Marker Measurement specifications are the 
same as magnitude and phase characteristics. 

CRT display accuracy: actual value is within le ss than 3 mm cir- 
cle of the displayed value. 
Tracking between dB offset controls and polar full switch po- 
sitions: 5 0 . 2  dB. 
Full scale magnitude range: 1 to 0.01 in a 1,0.5, 0.2 sequence. 

Delay characteristics 
Frequency response: f 1 ns from 500 kHz to 1.3 GHz. 
Delay accuracy:' f 3% of reading f 3 units (Units = Ins for 0.5 
to 1300 MHz range, 10 ns for 0.5 to 130 MHz range, and 100 ns for 
0.5 to 13 MHz range.). 

'f3 unils may be calibrated out with lhru connection. 



NETWORK ANALYZERS 

F r w w  
Range (MHr) 

RF network analyzer, 500 kHz to 1.3 GHz (cont.) 
Model 8505A 

0.5 to 13 0.5 to 130 0.5 to 1300 

Range resolution and aperture 

Range 
Resolution 

C R T  
Marker: 
Marker over 

0 to 80 /.IS 0 to 8 ps 

100 0s 10 ns 1 ns 
100 ns 10 ns 1 ns 

0 to 800 ns 

Rime 
ResoMkn: 

CRT & Digital Marker 
Digital Marker with 
Delay Switch Setting 

LpertUt' 

I limited Ranae: I 10 ns I 1 ns I 0.1 ns I 

8505 Fretptncy Ramt (MHz) 
0.5-13 0.5-130 0.5-1300 

0-80 ms 0-8 ms 0-800 p~ 

100 ps 10 P 1 PS 
10 pS IP 100 ns 
tl Ins t l O O  P t10 ps 

1.5 kHz 2.0 kHz 4.0 kHz 

I (tl ps) I (5100 ns) I (510 ns) 
Aperture' I 7 kHz I 20 kHz I 200 kHz 

Reference offset accuracy: k0.3 units fO.3% of offset. 

Calibrated electrical length range and 
Electrlcai iengthlref. plane extension characteristics 

Frequency 
Range (Mk)  0.5 to 1300 

f 19.9 m f 1.99 m f 19.9 cm 
f 100 m f 1 0 m  

Resolution X1 10 cm 1 cm 0.1 cm 
x10 10 cm 1 cm 

Calibrated electrical length accuracy: f 3% of reading f 1% of 
range. . 
Linear phase substitution (degreeslscan) Range: f 1700" per 
scan with 0" offset. 

k1.4 km or + 4.1 ps 
scan width (MHz) scan width (MHz) 

Linear phase substitution resolution: 10" 
Linear phase substitution accuracy: f 3 %  of reading f loo /  
scan 
Phase compensation linearity: <0.2% of phase slope inserted. 

General Characteristics 
RF input connectors:Type N Female 
Display bandwidth: selectable IF bandwidths of 10 kHz and 1 kHz. 
A video filter position is also provided. 
CRT overlays: Smith Charts (2, 1, 0.5, 0.2, 0.1 full scale), Log 
Charts (10 MHz, 100 MHz and 1000 MHz). 
CRT photography: HP 197A Opt 006 camera or HP  197A with 
10375A Bezel Adapter required to fit 8505A display. A CRT illumi- 
nation control is provided. 
Auxiliary outputs 
Channel 1 and 2 outputs: 0.25 V/display division. 
Sweep output: 0.25 V/display division. 
Pen lift: DC coupled, 200 mA current sink. 
Programming 
The 8505A has a remote programming interface using the Hewlett- 
Packard Interface Bus with Learn Mode. 
Power: selection of 100, 120,200 or 240 V +5% -10%. 50 to 60 Hz 
approximately 275 watts. 
Size: 279 H x 426 W x 553 mm D (11" x 16%" x 21%9. 

8505A Opt 005 Specifications (Phase-Lock 
Operation) 
Source 
Frequency characteristics 

Modes (8505A): CW and CW &AF only. 
Range and Resolution (8505A and 8660C/866028/866328): 
the total frequency range is 1 to 1300 MHz with a CW resolution of 
1 Hz (set on the 8660C). The maximum f AF and f AF resolution 
is 1.3 kHz and 1 Hz from 0.5 to 13 MHz, 13 kHz and 10 Hz from 
0.5 to 130 MHz, and 130 kHz and 100 Hz from 0.5 to 1300 MHz. 

Range and Resolution (8505A and 86408 Opt 002): (Total 
Frequency Range: 0.5 to 1024 MHz). 

Typical system residual FM: the Residual FM of a phase-locked 
8505A approaches that of the 8660C/86602B/86632B or 8640B. 

Output characteristics 
Power output, harmonics, spurious outputs, RF  noise, etc. are deter- 
mined by the 8660C with 86602B and 86632B or the 8640B. 

Receiver 
Magnitude and phase characteristics are unchanged with the excep- 
tion of the dymanic range specification. 
Delay characteristics 

Accuracy: f 3 %  of reading f 3  units. One unit is equal to the 
maximum resolution per major division for the frequency range of 
measurement. 

Range, resolution and aperture: (8660C/866028/866328 or 

(8505A indicated units x 1OOO) 
866408) 

Electrical length characteristics 
Accuracy: f 3% of reading f 3% of range. 
Calibrated electrical length, range, and resolution: (8660C/ 
86602B/86632B or 8640): (8505A digital readouts x 1000) give 
electrical length 1000 times larger and resolution divided by 1000. 

General Characteristics 
RF Inpute 

L.O. drive input level: 10 dBm + 2  dB (Rear panel BNC). 
RF drive input level: 0 dBm k 2  dB (Rear panel BNC). 
Tuneable FM output: f 1.3 V maximum (rear panel BNC with 
output level controlled by f A F  control on front panel of 8505A). 
f 1.3 V output is obtained independent of the frequency range 
switch setting. 

Capture range of phase-lock loop: 100 kHz (0.5-13 MHz 
Range); 400 kHz (0.5-130 MHz Range); 4 MHz (0.5-1300 MHz 
Range). 
Standardlphase-lock operation: rear panel switch can disable all 
phase-lock circuitry when using the instrument in its standard (non 
phase-lock) operating mode. 
'Typical measurement Aperture using linear FM modulation technique. 
Wernier provides continuous adjustment of electrical length. Calibrated Electrical Length Linearity: 
A4 = 0.796 x 1.2 f (MHz) x 1 (meters). 



850 1 A 

Description 
The 8501A high performance Storage-Normalizer is a dedicated 

accessory that extends the measurement capability of your H P  
8505A R F  Network Analyzer (500 kHz to 1.3 GHz). Flicker free 
displays with digital storage and CRT annotation of major control 
settings provide convenient easy documentation. Using normaliza- 
tion, frequency response errors are simply removed. In addition the 
8501A can digitally average signals to dramatically improve signal- 
to-noise ratios and magnify the display for high accuracy measure- 
ments. With a desktop computing controller, computer graphics ca- 
pability is added to the 8505A for disdavine corrected data. onerator 
messages, or compu 

8501A Specif 
Display 
Rectangular dlspli 

Horizontal display resolutlon: two display channels, 500 points 
per channel (0.2% 
Vertical display I 
of full scale) plus i 

low full screen. 

Display resolution: two display cnannels, LSU points per polar ais- 
play (0.2% of full scale, 0.2 mm in X and Y). 

Display tracklng: visual offsets between direct 8505A and stored 
displays are approx 
Horizontal Input 8 
Conversion time: 
point). 
Display refresh time: nominally 20 ms depending upon information 
displayed. 
Line generator: a line general 
on a CRT display, yielding a s 
Markers: all five markers arc 
mode. 

Polar displays 

, of full scale, 0.24 mm). 
resolution: 500 points displayed full scale (0.2% 
a 50% overrange (250 points) both above and be- 

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

imately & 1/2 CRT minor division (+ 1 mm). 
weep times: 100 sec max/l0 ms min. 
10 ms max for 500 +2 data points (20 ps per 

. -  

:ion technique is used to connect points 
imooth continuous trace. 
2 also available in the digital display 

Output 
Auxiliary outputs XYZ: (BNC female connectors on rear panel). 
X-1 V full screen, 83 mV/div (12 div). 
Y-1 V full screen, 100 mV/div (10 div). 
Z--1 volt blanks display, +2 volt unblanks display. (Signal com- 
patible for all HP CRT displays such as 1332, 1304, or 1310. 
Offsets: The X, Y, and polar display offsets can be adjusted over a 
f 10% range of screen by means of potentiometers on the rear panel 
of the 8501A. 
Labeling interface: all major control settings of the 8505A and 
8503A and phase-lock indication are displayed on the CRT. 

HP-IB Interface 
HP-IB Interface capablllties 

Remote programming 
Learn mode: this feature provides the ability to outpu 
instrument state to a computing controller. 
Input data: data for graphics or other purposes can b 
8501A at a rate of: 

ASCII mode: 600 points per second. -. >. .,.,.,.A . 1 ..-> 

t the current 

le sent to the 

ainary moae: iuuuu points per secona. 

ASCII mode: 800 points per second. 
Binary mode: 9000 points per second. 

Graphics: data for graphics can be read into the 8501A and viewed 
in two types of displays. 

Text displays: 22 lines of test with 54 characters per line can be 
displayed on the CRT. 
Vector display: lines can be drawn on the display between any 
two points with a resolution of 432 pc lints in y 
(nominal). 

Output data: data can be read from the 8501A at a rate of: 

)ints in x and 360 pc 

. .. . 
General 
Display controls 

Storage Off: the 8501A is bypassed so the display returns to nor- 
mal analog operation. 
Storage On: turns on digitally stored display. 
Storage Hold: the current display is not updated and is frozen for 
CRT photography or further analysis. 
Erase: display and memory are erased. 
Labels: switches all display labeling on or off. 
Magnifier: expands the display by a factor of 1, 2, 5, or 10. 

input Off: display of channel 1 (2) is blanked. 
input On: channel 1 (2) measurement is displayed. 
Input Mem: the difference between the channel 1 (2) measurement 
and the stored memory content is displayed (normalization). 
Memory Store: the current measurement is stored in memory. 
Memory View: the stored memory content is displayed. 
Averaging: the data averaging function for channel 1 (2) is 
switched on or off. 
Averaging Factor: the degree of averaging is selectable from 2,4, 
8 . . . to 256. The current averaged trace is always displayed and 
updated at  the sweep rate. 

Local: returns the 8501A control to the front panel from remote HP- 
IB control. 
Includes: HP-IB cable and the processor interconnect cable. 
Accessories: the 11864A Accessory Kit provides the labeling inter- 
face boards and connectors for the 8505A. 8505A Opt 007 has these 
boards and connectors installed. 
Power: selection of 100, 120,220, or 240 V +5%10%, 50 to 60 Hz 
and (140 VA ((140 watts). 
Size: 90 H x 426 W x 534 mm D (3%” x 16%” x 21”). 
Weight: net, 12.25 kg (27 Ib). Shipping, 14 kg (31 Ib). 

- 

Processing functions (Channel 1 and 2) 



NETWORK ANALYZERS 
RF network analyzer, 500 kHz to 1.3 GHz (cont.) I 
Model 8505A 1 

8503A 

8502A 

1 1850A 11851A 

8502A 500 Transmission/Reflect ion Test  Set 
85028 750 Transmission/Reflect ion Test Set  
Frequency range: 500 kHz to 1.3 GHz. 
Impedance: 8502A. 509; 8502B 753. 
Directivity: 1 4 0  dB. 
Frequency response 

Transmission: 5f0.8 dB and 1f8". 
Reflection: I f 1.5 dB and 5 1 5 "  from 0.5-1300 MHz: 5 f 10" 
from 2-1300 MHz. 

Test port: 1 2 6  dB return loss from 2-1300 MHz ( 1 2 4  dB for 
8502B); 2 2 0  dB return loss from 0.5-2 MHz (1 18 dB for 8502B). 
Test port open/short ratio: f0 .75  dB and f6O from 2-1000 
MHz (k0 .9  dB and k7.5" for 8502B); 50.9 dB and + 7 S 0  from 
1000-1300 MHz; f 1.25 dB and k 10" from 0.5-2 MHz. 

Reference and reflection ports: 2 2 5  dB return loss from 2-1000 
MHz; 2 2 3  dB return loss from 0.5-1300 MHz. 
Input port: 2 2 3  dB return loss. 
Nominal insertion loss: 

Port match 

Input to Test Port: 13 dB (8502A), 19 dB (8502B). 
Input to Reference Port: 19 dB (8502A), 19 dB (8502B). 
Input to Reflection Port: 19 dB (8502A), 31 dB (8502B). 

Maximum operating level: +20 dBm. 
Damage level: 1 watt CW. 
RF Attenuator range: 0 to 70 dB in IO-dB steps. 
Connectors test port: 50Q Type N Female for 8502A amd 75Q 
Type N Female for 8502B; all other R F  ports 50Q Type N Female: 
Bias input, BNC Female. 
DC Bias input: f 30 V dc and f 200 mA. 
Includes: 8502B includes 50Q/75Q minimum loss pad. 
Recommended accessory: 11851A R F  Cable Kit for either 8502A 
or 8502B. 
Size: 61.5 H x 101 W x 204 mm D (27&" x 7Y2" x 8"). 
Weight: net, 1.7 kg (3% Ib). Shipping, 3.1 kg (7 Ib). 
8503A 500 S-Parameter Test Set  
8503B 750 S-Parameter Test Set 
Frequency range: 500 kHz to 1.3 GHz. 
Impedance: 8503A, 50Q; 8503B, 75Q. 
Directivity: 2 4 0  dB. 
Frequency response 

Transmission (S,,, S2,): * 1 dB, f 12" from 0.5-1300 MHz. 
Reflection (S,,, S2J: f 2  dB, f 2 0 "  from 0.5-1300 MHz; f 15" 
from 2-1300 MHz. 

Test ports 1 and 2: 1 2 6  dB return loss from 2-1300 MHz ( 2 2 4  
dB for 8503B), 1 2 0  dB return loss from 0.5-2 MHz ( 2 1 8  dB for 
8503B). 
Test port 1 and 2 Open/Short Ratio: 1 5 0 . 7 5  dB and f 6" from 
2-1000 MHz ( f 0 . 9  dB and f7 .5"  for 8503B); 1 k O . 9  dB and 
7.5" from 1000-1300 MHz; k 1.25 dB and f 10" from 0.5-2 MHz. 
Reference and return ports: 1 2 3  dB return loss from 2-1000 
MHz; 2 2 0  dB return loss from 0.5-2 MHz and 1000-1300 MHz. 
RF input port: 20 dB return loss from 0.5-1300 MHz. 
Maximum operating level: +20 dBm. 

Port match 

Damage level: 1 watt CW. 
Connectors: test ports. 50Q APC-7 for 8503A and 75Q Type-N Fe- 
male for 8503B; all other R F  connectors, 50Q Type-N Female; Bias 
inputs BNC Female. 
DC Bias input: 30 V dc, f 200 mA. 
Includes: four 19 cm (7.5") cables for connection to 8505A. 
Recommended accessory: 11857A 50Q Test Port Extension Ca- 
bles or 11857B/C 75Q Test Port Extension Cables. 
Programming: Opt 001 allows programming via HP-IB. 
Power: 100, 120,220, or 240 V +5%-IO%, 50 or 60 Hz. Approx. 10 
watts (15 watts for 8503B). 
Size: 90 H x 426 W x 553 mm D (314" x 1634" x 21"). 
Weight: net, 9.1 kg (20 Ib). Shipping, 11.3 kg (25 Ib). 
Accessor ies 
1 1850A 509 Power Splitter 
118508 750 Power Spli t ter 
Frequency range: DC to 1.3 GHz. 
Impedance: 11850A. 50Q 11850B, 7552. 
Tracking between any two output ports: 1 0 . 1  dB and 11 .5" .  
Equivalent source match (ratio or leveling): 1 3 2  dB return loss 
(51.05 SWR). 
Input port match: 1 2 0  dB return loss. 
Nominal insertion loss: 9.54 dB for 11850A; 7.78 dB for 11850B. 
Frequency response absolute: Input to Output 1 0 . 2  dB. 
Maximum operating level: +20 dBm. 
Burn-out level: 2 1 watt CW. 
Connectors: 11850A. 50Q Type N female: 11850B, three outputs 
75Q Type N female, R F  input 500 Type N female. 
Recommended accessory: 11851A R F  Cable Kit. 
Includes: 11850B includes three (3) 500/759 Minimum Loss Pads 
Size: 46 H x 67 W x 67 mm D (17/g. x Z5/," x 2$$"). 
Weight: net, 1.8 kg (4 Ib). Shipping, 3.1 kg (7 Ib). 



11851A RF Cable Kit 
General: four 61 cm (24 in.) shielded 5OQ cables, phase matched to 
4" at  1.3 GHz. Connectors are Type N Male. Recommended for use 
with 8502A/B Transmission/Reflection Test Set and 1 1850A/B 
Power Splitter. 
Weight: net, 0.91 kg (2 Ib). Shipping, 1.36 kg (3 Ib) 
11852A 5OQ175Q Minimum Loss Pad 
General: the 11852A is a low SWR minimum loss pad required for 
transmission measurements on 75Q devices with 8505A receiver 

Frequency range: DC to 1.3 GHz. 
Insertion loss: 5.7 dB. 
Return loss: 1 3 0  dB (11.06 SWR). 
Typical Flatness: 1 0 . 1  dB from DC to 1.3 GHz. 
Maximum input power: 250 mW (+24 dBm). 
Connectors: 5OQ Type N female and 759 Type N male. 
Size: 14 mm D x 70 mm L (9h6" x 234"). 
Weight: net, 0.1 1 kg (4 oz). Shipping, 0.26 kg (9 oz). 
11853A 50Q Type N Accessory Kit 
General: the 11853A furnishes the R F  components required for 
measurement of devices with 50 Type N Connectors using the 
11850A, 8502A, or 8503A (8503A also requires the 85032A). Kit 
contains a Type N Female short, a Type N Male short, two Type N 
Male barrels, two Type N Female barrels and storage case. 
Weight: net, 0.91 kg (2 Ib). Shipping, 1.36 kg (3 Ib). 
11854A 50Q BNC Accessory Kit 
General: the 11854A furnishes the R F  components required mea- 
surement of devices with 5OQ BNC Connectors using the 11850A, 
8502A. or 8503A (8503A also requires the 85032A). Kit contains 
two Type N Male to BNC Female adapters, two Type N Male to 
BNC Male adapters, two Type N Female to BNC Female adapters, 
two Type N Female to BNC Male adapters, a BNC Male short and 
storage case. 
Weight: net, 1.13 kg (2% Ib). 
11855A 7 5 3  Type N Accessory Kit 
General: the 11855A provides the R F  connecting hardware general- 
ly required for measurement of devices with 753 Type N connectors 
using the 8502B, or 8503B. Kit contains two 753 Type N Male bar- 
rels, two Type N Female barrels, a 759 Type N Female short, a 75Q 
Type N Male short, a 75Q Type N Male termination, and storage 
case. 
Weight: net, 0.91 kg (2 Ib). Shipping, 1.36 kg (3 Ib). 

11856A 75Q BNC Accessory Kit 
General: the 11856A provides the R F  connecting hardware general- 
ly required for measurement of devices with the 753 BNC connectors 
using the 8502B, 11850B, or 8503B. Kit contains two Type N Male to 
BNC Female adapters, two Type N Male to BNC Male adapters, two 
Type N Female to BNC Female adapters, two Type N Female to 
BNC Male adapters, a BNC Male short, a 75Q BNC Male termina- 
tion, and storage case. 
Weight: net, 0.91 kg (2 Ib). Shipping, 1.36 kg (3 Ib). 
11857A 500 APC-7 Test Port Extension Cables 
General: two precision 61 cm (24 in.) cables, phase matched to 2" at  
1.3 GHz for use with 8503A S-parameter test set. Connectors are 5OQ 

Weight: net, 0.91 kg (2 Ib). Shipping, 2.3 kg (5 Ib). 

(son). 

* 

APC-7. 

118576 750  Type N Test Port Extension Cables 
General: two precision 61 cm (24 in.) cables, phase matched to 
1.3 GHz for use with 8503B S-parameter test set. One cable 
75Q Type N Male connectors on both ends; the other has one T: 
Male and one Type N Female connector. 
Weight: net, 0.91 kg (2 Ib). Shipping, 2.3 kg (5 Ib). 
11857C 75Q GR 900 Test Port Extension Cables 
General: two precision 61 cm (24 in.) cables, phase matched to 
1.3 GHz for use with 8503B S-parameter test set. Connectors a1 
Type N Male and 753 GR 900. 
Weight: net, 0.91 kg (2 Ib). Shipping, 2.3 kg (5 Ib). 
11858A Transistor Fixture Adapter 
General: the 11858A adapts the 11600B and 11602B transisto 
tures (vertical test port configuration) to the 8503A S-parameti 
set. Connectors are APC-7. 
Weight: net, 0.91 kg (2 Ib). Shipping, 1.36 kg (3 Ib). 
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Ordering information 
8505A R F  Network Analyzer 

Opt 005: Phase Lock 
Opt 007: Labeling Interface 
Opt 907: Front Handle Kit 
Opt 906 Rack Flange Kit 
Opt 909 Rack Flange/Front Handle Kit 
Opt 910: Extra Manual 

8503A 5OQ S-Parameter Test Set 
Opt 907: Front Handle Kit 
Opt 908: Rack Flange Kit 
Opt 909: Rack Mount Flange/Front Handle Kit 
Opt 910: Extra Manuals 

8503B 753 S-Parameter Test Set 
Opt 907: Front Handle Kit 
Opt 908: Rack Flange Kit 
Opt 909: Rack Mount Flange/Front Handle Kit 
Opt 910: Extra Manual 

8501A Storage Normalizer 
Opt 907: Front Handle Kit 
Opt 908: Rack Mounting Kit 
Opt 909: Rack Mounting/Front Handle Kit 

8502A 50Q Transmission/Reflection Test Set 
Opt 910 Extra Manual 

8502B 75Q Transmission/Reflection Test Set 
Opt 910: Extra Manual 

11850A 5OQ Power Splitter 
11850B 758 Power Splitter 
11851A RF Cable Kit 
11852A 5OQ to 75Q Minimum Loss Pad 
11853A 5OQ Type N Accessory Kit 
11854A 5OQ BNC Accessory Kit 
11855A 75Q Type N Accessory Kit 
11856A 75Q BNC Accessory Kit 
11857A 50 Q APC-7 Test Port Extension Cables 
11857B 759 Type N Test Port Extension Cables 
11857C 750 GR 900 Test Port Extension Cables 
11858A Transistor Fixture Adapter 
11864A Labeling Interface Kit 

F 
$2 

'rice 
7,950 

$1,000 
$600 
$40 
$30 
$60 
$50 

$4,800 
$20 
$20 
$20 
$10 

$4,800 
$20 
$15 
$20 
$10 

$5,300 
$20 
$15 
$20 

$1,850 
$6 

$1,850 
$6 

$525 
$525 
$450 
$95 

$135 
$135 
$155 
$210 
$550 
$600 
$750 
$450 
$600 



NETWORK ANALYZERS ~ 

Automatic network analyzer, 500 kHz to 1.3 
Model 85078 

Improve productivity in lab and factory 
Accuracy enhancement 
Ease of operation via HP-IB 

GHz 

0 9825A Desktop Computer 
Learn mode 

85078 

Description 
The 8507B is a 9825A Desktop Computer system based on the 

8505A R F  Network Analyzer. The synergism of the easy-to-use 
desktop computer with the "most programmable network analyzer 
yet designed" provides a powerful R F  network measurement tool for 
both lab and production uses. 

Cost effective solutions 
In laboratory applications, engineers gain greater circuit insight 

due to the speed and ease with which data can be accumulated and 
summarized with 8507B. With just a few hours training, engineers 
with no previous programming experience have been able to write 
customized programs which solve specialized measurement problems. 
In production applications, the 8507B dramatically reduces the time 
and cost of making complicated limit tests on all types of components. 
Testing programs with built-in operator instructions can minimize 
training cost and assure uniform test procedures. 
Simplicity and flexibility of HP-IB 

Configuration of the standard 8507B or your own customized sys- 
tem is a simple matter since it is programmed via the Hewlett-Pack- 
ard Interface Bus (HP-IB). For instance, your R F  measurement 
application may require a programmable power supply for transistor 
biasing or a digital voltmeter. Merely choose an instrument from the 
list of HP-IB interfaceable instruments and add it to your 8507B us- 
ing universal HP-IB cables. 

Getting started making measurements is equally easy since the 
8507B comes complete with programs for system verification, accu- 
racy enhancement and measurement applications. The system verifi- 
cation programs provide you with a fast operational check of the 
network analyzer, the desktop computer, and all system interfaces. 
However, one of the major contributions of the 8507B is its ease of 
operation and programming using the HP-IB with Learn Mode. 
Learn mode operation 

The "Learn" mode of operation extends traditional automatic oper- 
ation to a new level of operator convenience. A single key stroke can 
cause the desktop computer to accept (learn) a data string from the 
network analyzer which defines all of the manually set front panel 
control settings. Once stored in the desktop computer (or permanent- 
ly recorded) this data string can then be used to automatically return 
the network analyzer to its exact original test conditions . . all with- 
out the operator ever writing a single program line! 

Programmability features 
1) Unique "marker mode" operation provides a real time swept dis- 
play at the same time data (frequency or displayed parameters) is 
being logged. 

So you can store data a t  a limited number of frequencies and still be 
sure you haven't missed a glitch. 
2) Human-engineered HP-IB coding does away with complex code 
tables. To program a function, just type its name (shortened to first 
letter if you like) and switch position number (numbered 1 to N left to 
right). 
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5036A 75Q Type N Calibration Kit 
For use with the 8507B Opt E75 753 Automatic Network An 
.. Contains 1 Type N Male Termination, 1 Type N Female T 
stion, 1 Type N Male Short, 1 Type N Female Short, 1 Ty 
Iale Barrel, and 1 Type N Female Barrel. 

ialyz- 
ermi- 
Pe N 

A 
cacn aJu/D system IS suppiiw wirn a prugraiii iiiai pciiiiiis fre- 

quency tracking, mismatch, and directivity errors to be characterized 
by applying known standards. These stored system errors are then 
rc ree 
01 

:moved from the measurement of the unknown to provide a deg 
f accuracy exceeding that possible with the standard 8505A. 

An example 
The plots on the left show the result of software accuracy enhance- 

ment. Curve A depicts raw measurements on a 50 dB return loss ter- 
mination a t  the end of a six-foot RG 214 cable-a typical application 
problem in testing in temperature chambers. Curve B shows the re- 
sults after calibrating at the end of the cable-a 25 dB improvement. 

Data in the form you need 
With these desktop computers, it is a simple matter to obtain cus- 

tomized printed or plotted outputs. Or you may want to store data on 
tape for later analysis. Data can be analyzed or statistically summa- 
rized directly, bypassing the laborious and error-prone task of man- 
ually recording and re-entering data. Data reformating such as 
converting return loss to SWR or s-parameters to y-parameters is 
easily done. 

Recommended 85079 Automatic Network Analyzer 
r---- 1 
- 
I PLOTTER I 

Includes: 
0 8505A Network Analyzer 
0 8503A S-Parameter Test Set 
0 APC-7 Calibration Kit (85031A), Systems Table, & Cables 
0 System Assembly and checkout 
0 9825A Desktop Computer (23K byte memory) with String-Ad- 

vanced Programming and Plotter-General I/O-Extended 1/0 
ROMS and 9866B Printer, cradle and interface, and HP-IB in- 
terface. 

0 85030B Applications Pac-cartridge with three programs for 
)asic measure- system verification, accuracy enhancement and 1 

ments. 
bower: 115 or 230V 50-60 Hz, 750 VA. 
Veight: net 227 kg (500 Ib). Shipping, 272 kg (600 1 

lrdering information 
1507B Automatic Network Analyzer 

Opt 002: Delete Systems Table 

Price 
$51,720 

less $600 

85031A Verification and APC-7 Calibration Kits Opt 005: Phase lock add $1,000 
Opt 006: 8501A Normalizer and 85010B Basic 

add $5,900 Short, and two verification standards. Measurements Program Pac 
85010B Basic Measurements Program Pac for 8501A $50 85032A Type N Calibration Kit 

For use with 8507B. Contains 2 APC-7 to N-Male Adapters, 2 and 9825A 
$250 APC-7 to N-Female Adapters, 1 N-Male Load, 1 N-Female Load, 1 85030B software 8507B 

N-Female Short, 1 N-Male Short. 85031A Verification/APC-7 Calibration Kit $600 
85032A N Calibration Kit $775 

85033A SMA Calibration Kit 85033A SMA Calibration Kit 
85036A 753 Type N Calibration Kit 

Included with 8507B. Contains Precision APC-7 Load, APC-7 

For use with 8507B. Contains 2 APC-7 to SMA-Male Adapters, 2 
$400 
$950 
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RF network analyzer system, 100 kHz to 110 
Model 8407 system 

Complete swept characterization of linear networks 
Modular system flexibility 
50R and 75R measurements 
Digital storage 

/ 

Swept measurements for either designing or testing are made with 
ease by HP's versatile 8407 Network Analyzer System. Since phase 
as well as magnitude is measured by a Network Analyzer, the behav- 
ior of both active and passive linear networks can be completely char- 
acterized from 100 kHz to 110 MHz by swept measurement. 

Measurements of gain, loss, phase shift (compute group delay), re- 
turn loss, and complex reflection coefficient are all possible in either 
5OQ or 75Cl systems. These measurements allow the linear behavior of 
the networks under test to be completely characterized by their com- 
plex S-Parameters. Swept complex impedance [Z] and 0 (for [Z] 
from 0.lQ to >10 kQ) as well as voltage and current transfer func- 
tions are also measured quickly and easily by the 8407 system. Typi- 
cal linear networks designed and tested with the 8407 are filters, 
amplifiers, attenuators, antennas, detectors, cables, and recording 
heads. 

Much of the 8407's versatility stems from its modular construction 
which allows the system to perform a variety of measurements or be 
economically tailored to one application. The basic instruments of the 
8407 system are: The H P  8407A Network Analyzer, one of two RE- 
QUIRED sources (HP 8601A Sweeper/Generator or H P  
8690B/8698B Sweep Oscillator), choice of two plug-in displays (HP 
8412A Phase-Magnitude Display or H P  8414A Polar Display), an 
optional digital marker (HP 8600A), and one of four transducers 
(HP 11652A, 11654A. 11655A. or 1121A) depending on the mea- 
surement. Because the 8407A is a tracking receiver, the H P  8601A 
and HP 8690B/8698B are the only sources providing the VTO output 
required to operate the network analyzer. Thus, an operating system 
must be configured with one of the required sources, the network ana- 
lyzer, a display and one or more of the transducers depending on the 
device under test and the network parameters desired. 

MHz 

Specifications 

8407A 
General: 8407A is a two input tracking receiver, using both inputs 
(reference and test channels) to form their magnitude ratio and phase 
difference before routing to display. 
Frequency range: 0.1-1 10 MHz. 
Impedance: 5OQ, Option 008: 75Q. VSWR t 1.08. 
Dynamic range: 80 dB. 
Test input: DIRECT -10 to -90 dBm signal range. ATTENUAT- 
ED, +20 to -50 dBm signal range. Damage level +26 dBm/SO V dc. 
Reference input DIRECT level required, -10 to -60 dBm. AT- 
TENUATED level required +20 to -20 dBm. Damage level +26 
dBm/50 V dc. 
Amplitude accuracy: FREQUENCY RESPONSE f 0 . 2  dB for 
DIRECT input (test input > -60 dBm), 0.1-110 MHz; 20.05 dB 
over any 10 MHz portion; may be calibrated out. Typically &0.05 dB 
for DIRECT inputs (REFERENCE level of -10 dBm). DISPLAY 
REFERENCE, t0.05 dB/l dB step, total error 5O.ldB; 
<O.ldB/lO dB step, total error 50.25 dB. ATTENUATED IN- 

TROL, 20 dB and 40 dB steps -+ 0.5 dB/step. CROSSTALK, t 0 . 0 3  
dB when test/ref = -40 dB to (4 dB when test/ref = -80dB. 
Power: 65 watts, 50-60 Hz, 1 15/230 ? 10% V ac. 
Weight net, 14.6 kg (32 Ib). Shipping, 17.8 kg (39 Ib). 

PUTS, 40 dB k0.5 dB. REFERENCE CHANNEL GAIN CON- 

84 12A 
General: plug-in PHASE-MAGNITUDE CRT Display. Displays 
magnitude and/or phase vs. frequency. 
Amplitude accuracy: display, 0.08 dB/dB from midscreen. Rear 
output: 0.03 dB/dB variation from 0 volt output. 
Phase Accuracy: DISPLAY, 0.06S0/degree from midscreen. 
PHASE OFFSET, 0.3"20" step, 1 3 "  for 360" change, positive or 
negative direction. VS. DISPLAYED AMPLITUDE, (1 " / I O  dB; 
total t 6 "  over 80 dB range. 
Rear panel inputs: sweeping, 1 1 5  V dc. Blanking, -4 V dc blanks 
CRT. Z axis (marker), -5  V dc intensifies and +5 V dc blanks trace. 
Power: 23 watts, supplied by 8407A. 
Weight: net, 7.8 kg (17 Ib). Shipping, 10 kg (22 Ib). 

Detailed Specifications on page 474. 

8750A 
General: the 8750A Storage-Normalizer provides digitally stored 
and normalized CRT displays when used with the 8412A Phase- 
Magnitude Display. Measurements are faster, easier, and more accu- 
rate when the 8750A is employed because the CRT is flicker-free and 
frequency response errors are eliminated. The 8750A is not compati- 
ble with the 8414A Polar Display. 
Power: selection of 100,120,220, or 240 V +5%-lo%, 48 to 440 Hz 
and 1 2 0  VA ( 1 2 0  watts). 
Weight: net, 2.72 kg (6 Ibs). Shipping, 5.0 kg ( 1  1 Ibs). 

Detailed Specifications on page 479. 

8414A 
General: normalized POLAR coordinate display with magnitude 
calibration in 0.2 of full scale gradations. Full scale is determined by 
DISPLAY REFERENCE on 8407A; phase calibration is in 10" in- 
crements over 360" range. Smith Chart overlays available. 
Accuracy: all errors in amplitude and phase due to display are con- 
tained within a circle of 3mm about measurement point. 
Rear panel inputs: blanking, -4 to -10 V dc blanks CRT. Marker, 
intensified trace with -4 to -10 V dc. 
Rear panel outputs: horizontal and vertical both & 2.5 V for full 
scale deflection. 
Power: 35 watts, supplied by 8407A. 
Weight: net, 5.9 kg (13 Ib). Shipping, 8.0 kg (18 Ib). 

Detailed specifications on page 474. 
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a pair of six resistive divider probes (1 : 1, 5: 1, 10: 1,20: 1, SO: 1, 100: 1 ), 
current probes and a variety of adapters. 
Weight: net, 0.9 kg (2 Ib). Shipping, 1.4 kg (3 Ib). 

1 1655A 
General: swept or CW impedance probe mounting directly to 
8407A. Mount contains internal calibrator, 1OOQ 5 5% and 0" f 2"; 
parasitics capacitances are calibrated out; and simple charts are 
available for calculating out residual resistances. Contains compo- 

to type N adapter, and nent adapter, probe to BNC adapter, probe 
various ground assemblies. 
Frequency: 0.5-1 10 MHz (usable to 0.1 M 
Measurement range: amplitude, 0.10 to > 
CW accuracy: amplitude f 5%; f 5"  for 1 

*-m 

1 1655A 

8601A 
General: GENERATOR/SWEEPER operating in either CW or 
SWEPT modes. Sweep modes are full, variable stop frequency, and 
symmetrical (up to 10 MHz). Features very low residual FM, spur- 
ious, harmonics, and drift. 8601A provides the VTO signal required 
to operate the 8407A. 
Frequency: 0.1-1 1 MHz in two sweep ranges, 0.1-11 MHz and 1- 

Impedance: 500, Option 008: 75Q. VSWR < 1.2. 
Accuracy: 1% of frequency, 0.5% linearity, and 2% of sweep width. 
Calibrated output: f0 .25  dB flatness over full range, output accu- 
racy f 1 dBm from +10 to -110 dBm. 
Auxiliary output: sweep out, blanking (for 8412 and 8414), VTO 
(required by 8407A), and auxiliary output (0.1-11 MHz both 
ranges) for 8600 counter/digital marker. 

Detailed specifications on page 400. 

8600A 
General: DIGITAL MARKER used with 8601A generator/sweeper 
to provide five continuously variable markers on a display while read- 
ing out the frequency of any one marker. Six digit dispaly. 
Markers/accuracy: 5 markers accurate at desired frequency f 
(0.05% sweep width + sweep stability). 
Counter frequency range: 0.1-1 5 MHz (automatically scales up 
by ten when 8601A on 0.1-1 10 MHz range). 

1 1652A 
General: REFLECTION-TRANSMISSION KIT containing pow- 
er splitter, 8721A DIRECTIONAL BRIDGE, precision termination, 
calibrating short, three BNC adapters, and four matched, low-leak- 
age cables for both transmission and reflection measurements. All 50 
Q BNC connectors, Option 008 750. 
Directional bridge: 8721A: 6 dB insertion loss and 6 dB coupled to 
auxiliary arm. Frequency response 20.5 dB (0.1-1 10 MHz). Direc- 
tivity >40dB (1 to 110 MHz). Load port return loss >30 dB 
(~(0.03). Max input power + 20 dBm. 500, Option 008: 75Q. 
Power splitter: 6 dB through each arm. Max input power +20 dBm. 
50 Q.  
5(M2 termination: return loss >43 dB. 
Weight: net, 0.7 kg (1.5 Ib). Shipping, 1.2 kg (2.5 Ib). 

1 1654A 
General: passive probe kit for measuring current and voltage transfer 
functions and accurate complex impedance below 11 MHz. Contains 

' 110 MHz. 

Detailed specifications on page 400. 

Hz). 
10 kQ phase, 0" +90°. 
E l  >3.16Q. 

Swept accuracy: typically f 5% in amplitude (3-1 10 MHz), f 5"  
in phase (5-1 10 MHz); accuracy decreases below 3 MHz. Note all 
accuracy specs valid only for proper input levels and calibration. 
Max external voltage to probe: 50 V dc, 5 V rms. 
Weight: net, 0.9 kg (2 Ib). Shipping, 2.7 kg (6 Ib). 

1 1658A 
General: 500 to 750 matching resistor for matching the 5OQ of the 
8407A to a 750 environment. Two 11658A's are very useful for fre- 
quent 5OQ to 750 changes. The 11658A's mount directly on the front 
pane, of 8407A, FREQUENCY, 0.1-1 10 MHz. INSERTION 
LOSS, 3.5 dB. RETURN LOSS, >40 dB. CONNECTORS, 5OQ 
BNC male and 75Q BNC female. 
Net Weight: 28 g (1 02). 

1121A 
General: 1: 1 active probe for making measurements without disturb- 
ing circuitry and measuring voltage transfer functions in systems dif- 
ferent from 5OQ. 1O:l and 1OO:l dividers and BNC adapter also 
furnished. 
Frequency response: f 0.5 dB and f 2% from 0.1-1 10 MHz with 
a bandwidth (3 dB) of 1 kHz to >500 MHz and gain 0 dB ? 1 dB. 
Input impedance: 100 kQ, shunt capacitance of 3 PF at 100 MHz. 
With 1O:l or 1OO:l divider, 1 MR, shunt capacitance 1 PF at  100 
MHz. 
Output impedance: 500 nominal. 
Maximum input: 300 mV rms, +80 V dc; with 10: 1 divider, 30 V rms, 
f 350 V dc. 
Power: supplied by 8407A through PROBE PWR jacks. 
Weight: net, 0.7 kg (1.5 Ib). Shipping, 1.2 kg (2.5 Ib). 

85426A 
General: bias insertion network providing DC biasing to devices un- 
der test on R F  transmission lines. Operating frequency range is 0.1- 
500 MHz with insertion loss (0.4 dB and return loss >28 dB. Max 
biasing current of 750 mA and max biasing voltage of 70 V. Connec- 
tors are BNC for DC biasing and APC-7 for RF. 
Weight: net, 0.5 kg (1 Ib). Shipping, 0.8 kg (1.7 Ib). 

854288 
General: 500 to 750 minimum loss pad. Pad operates from 0.1-1 10 
MHz with an insertion loss of 5.7 dB and VSWR (1.05. Connectors 
are 50Q BNC male and 75Q BNC female. 
Weight: net, 0.1 kg (2 02). Shipping, 0.2 kg (6 02). 

Ordering information 
8407A Network Analyzer 

Opt 008: 750 input 
8412A Phase Magnitude Display 
8750A Storage-Normalizer 
8414A Polar Display 
8601A Sweeper/Generator 

Opt 008: 75Q output 
8600A Digital Marker 
11652A Reflection/Transmission Kit (500) 

11654A Passive Probe Kit 
11655A Impedance Probe Kit 
11658A Matching Resistor 
l l 2 l A  AC Probe Kit 
85426A Bias Insertion Network 
85428B Minimum Loss Pad 
8721A Directional Bridge (500) 

Opt 008: 7552 

Opt 008: 750 

Price 
$4900 

add $1 15 
$2500 
$1450 
$2200 
$3000 

add $50 
$1700 

$475 
add $60 

$550 
$1500 

$40 
$650 
$650 
$175 
$200 

add $20 
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10 - 500 MHz Chamel 1-10MHz 

A 

B 

1.5 mV - 1.0 V 
t 20 pv - 1.0 v 

300 pV - 1.0 V 

t 2 0  pv - 1.0 v 

Vector voltmeter 
Model 8405A 

500 - 1000 MHz 

500 pV - 1.0 V 

t 2 0  pv - 1.0 v 

Accurate voltage and phase measurement 
0 1 to 1OOOMHz 

The 8405A Vector Voltmeter measures voltage vectors described 
by both magnitude and phase. This capability makes the 8405A a 
unique instrument for about any design and test application in the 
frequency range 1 to 1000 MHz. 
In addition to absolute voltage measurements, capabilities include 

insertion loss and computed group delay of bandpass filters and other 
transmission devices, gain and phase margin of amplifiers, complex 
impedance of mixers, antennas, matching the electrical lengths of 
cables, s-parameters of transistors, amplitude modulation index, RF 
distortion measurements and in-circuit probing. 

The 8405A achieves this measurement versatility through its two- 
channel capability enabling voltage magnitude measurements in ei- 
ther channel, thus allowing ratio measurements, and phase difference 
measurements between the two channels. Gain or loss in excess of 90 
dB and phase measurements with 0.1" resolution over a 360" phase 
range are possible. 

Accuracy is achieved through the 1 kHz bandwidth entailing re- 
sponse only to the fundamental frequency of the input signal. Also, 
phase-locked coherent sampling to translate 1 to 1000 MHz R F  sig- 
nals to 20 kHz IF  signals enables accurate detection of voltage mag- 
nitude and phase. Automatic phase-locked tuning makes it possible to 
select the one of 21 overlapping octave ranges which contains the in- 
put signal frequency by simply rotating a switch. 

Specifications 
Frequency range: 1 MHz to 1 GHz in 21 overlapping octave bands; 
tuning automatic within each band. 

Isolation between channels: 1 to 300 MHz, >IO0 dB; 300 to 
1,000 MHz >80 dB. 

Maximum input: ac, 2 V peak; dc, f 50 V. 

Input impedance (nominal): 0.1 MQ shunted by 2.5 pF; 1 MQ 
shunted by 2 pF when 11576A IO:] Divider is used; 0.1 MQ shunted 
by 5 pF when 10216A Isolator is used. AC coupled. 

Voltmeter ranges: 100 pV to 1 V rms full scale in 10 dB steps. 
Voltage ratio accuracy: 1-200 MHz, 0.2 dB for -60 to 0 dB ranges 
and 0.5 dB for -70 dB to +IO dB ranges; 200-IO00 MHz, 0.2 dB for 
-60 to -10 dB ranges, 0.5 dB for -70 dB to 0 dB ranges and 1.5 dB 
for +10 dB range. 
Phase range: 360" indicated on zero-center meter with end-scale 
ranges of k lSO", f 6 0 " .  f 18, and f 6 ' .  
Phase resolution: 0.1 O at any phase angle. 
Phase meter offset: f 180" in 10" steps. 
Phase accuracy: k 1.5" (equal voltage Channel A and B). 
Accessories furnished: two 11576A 1O:l Dividers, two 10216A 
Isolators, two 102 1 SA BNC Adapters, six ground clips for 11 576A or 
10216A; six replacement probe tips. 
Bandwidth: 1 kHz. 
Power: 115 or 230 V f 10%. 50 to 400 Hz, 35 W. 
Weight: net, 13.9 kg (31 Ib). Shipping, 16.3 kg (36 Ib). 
Size: 177 H x 425 W x 467 mm D (7"x 1 6 % " ~  18%"). 

11570A Accessory kit 
50Q Tee: 1 1536A: for monitoring signals on 50Q transmission lines 
without terminating line. Kit contains two with type N RF fittings. 
50Q Power Splitter: 11549A: all connectors Type N female. 
50Q Termination: 908A: for terminating 5OQ coaxial systems in 
their characteristic impedance. 
Shorting plug: 11512A: Shorting Plug, Type N male. 
Ordering information Price 
8405A Vector Voltmeter $3850 

add $25 
$395 

Opt 002: linear dB scale 
11570A Accessory Kit (measurement in 500 systems 
only) 



Complete microwave measurement systems 
Measures all network parameters 

NETWORK ANALYZERS 
Microwave network analyzer, 110 MHz to 40 GHz 

Model 8410s systems I 

Multioctave swept frequency measurements 
System accuracy fully specified 

0410s Opt 310 0410s Opt 400 

All 8410s Systems measure transmission and reflection parameters 
of coaxial or semiconductor components in the form of gain, attenu- 
ation, phase, reflection coefficient or impedance. Each option has 
been configured and fully specified for making general measurements 
on semiconductor devices in a variety of package styles. The 8410s 
Systems enable the operator to view a real time CRT display over 
octave or multioctave bands with a dynamic range of 60 dB amplitude 
and 360" phase. Multioctave, continuous network measurements over 

0410s Opt 500 

the frequency range of 2 to 18 GHz are possible when the 8410B is 
used with the HP 8620/86290 Sweep Oscillator. 

The 8410s Systems' upper frequency limit for coaxial and semicon- 
ductor measurements is 12.4 GHz; however, individual instruments 
may be ordered that will expand coaxial measurement capability to 
18 GHz (option 018 instruments) and waveguide measurements from 
8.2 GHz to 40 GHz (8747A series). 

8410s Network Analyzer Systems Table 

11 8410s Systems Include the Folowing lnrtnmmt 
Model Nmben: 8410B. 84101,84121*, 84141 and 116091 GRER1L PUIPOSE MEIsuIEMEWls 

F r - i a v  I I Y.,"..nu"t I I I I I I I I I I I . ...+......., ... ""- "..."... 
Range option No. I Port Configwation I 87431 I 87451 I 87461 I 87176 I11600B I116028 I116081 I116041 I 116051 I 11650 I Price 

0.11 to 2 GHz I 110. I Coaxial (APC-7) 1 x 1  1 x 1  1 x 1  520,220 

'Options 100,Xx) and 300 are identical to 110.2iO and 310 respectively except for the 8412A which is replaced by the 8413A. 
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Specifications 
8410s  common performance specifications 
Function: all systems measure transmission and reflection param- 
eters on a swept-frequency or CW basis with readout of attenuation, 
gain, phase shift, reflection coefficient, return loss, impedance, de- 
pending on display unit. 
Transmission measurement (using 8412A): accuracy curves 
show overall system uncertainty as a function of the amplitude and 
phase value. Sources of error included are IF gain control, display 
accuracy, phase offset, system noise and cross-talk. System frequency 
responses is specified separately and is not included in accuracy 
curves. 
Amplitude accuracy (60 dB dynamic range) 

IF gain control: 69 dB in 10 dB and 1 dB steps. 

::hpy:y i: f f 0.2dB maximum cumulative 
Display: 0.08 dB/dB from midscreen. 

Phase offset: 0.3"/20° step; maximum 3" for 360" change. 
Display: 0.065"/degree from midscreen. 

Phase accuracy 

Connectors: RF Input, Type N female stainless steel; Measurement 
Ports, APC-7 precision 7-mm connectors. 

ATTENUATION OR GAIN MEASURED (dB1 
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8 4 1 0 s  Opt 1001 110 specifications 
Function: the 8410s option 100/110 measurement systems give all 
four S-parameters for a two-port network with pushbutton ease over 
the frequency range of 110 MHz to 2 GHz. A choice in log display 
units is made by selecting Option 100 (8413A display) or Option 110 
(8412A display). 
Frequency range: 0.1 1 to 2.0 GHz. 
RF input: 20 dB range between -21 dBm and +7 dBm. 
Source reflection coefficient: 10.09,O.ll-2.0 GHz. 
Termination reflection coefficient: 50.1 1, 100-200 MHz; 
50.09.200-2000 MHz. 

Directivity: >36 dB 0.11-1.0 GHz; >32 dB 1.0-2.0 Ghz. 
insertion loss, RF input to test port: 4 dB nominal. 
Frequency response 

Transmission: typically < f 0.35 dB amplitude and < * 3" phase. 
Reflection: typically < f0.09 magnitude and 2 5" phase with a 
short on the test port. 

Transmission measurement accuracy: (see common performance 
specifications). 
Reflection measurement accuracy (using 8414A): sources of er- 
ror included in the accuracy equations are directivity, source match, 
and polar display accuracy. 
Magnitude accuracy: 
p .  = f(O.015 + 0.03 p L  + 0.06 PI*) 0.11-1.0 GHz. 
p u  = f(O.025 + 0.03 p L  + 0.06 piz) 1.0-2.0 GHz. 
p = magnitude uncertainty. 
p L = measured reflection coefficient magnitude. 
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Phase accuracy: 
@ = sin-' p Jp  for @ < 90". 
@ = phase uncertainty. 
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See 8410s Network Analyzer Systems Table for price and in- 
strument breakdown. 

84 10s Opt 200 1210 specifications 
Function: The 8410s Option 200/210 measurements systems cover 
a frequency range of 2 to 12.4 GHz. With just one simple setup and 
calibration both transmission and reflection measurements are easily 
made by pushing a button. A choice in log display units is made by 
selecting Option 200 (8413A display) or Option 210 (8412A display). 
Frequency range: 2.0 to 12.4 GHz. 
RF input: 20 dB range between -14 dBm and +14 dBm. 
Source reflection coefficient: I 0.09, 2-8 GHz; 10.13, 8-12.4 
GHz. 
Termination reflection coefficient: I 0.09,2-8 GHz; I 0.13,8- 
12.4 GHz. 
Directivity: L 30 dB, 2-12.4 GHz. 
insertion loss, RF input to test port: 20 dB nominal. 
Frequency response 

Transmission: typically < f0 .5  dB amplitude and < f 5" phase. 
Reflection: typically < 0.09 magnitude and < f 6" phase, with 
a short on the unknown port. 



Transmission measurement accuracy: (see Common Perfor- 
mance Specifications). 
Reflection measurement accuracy (using 8414A): sources of er- 
ror included in the accuracy equations are directivity, source match, 
and polar display accuracy. 
Magnitude accuracy: 

p = magnitude uncertainty. 
p = measured reflection coefficient magnitude. 

p 
p u  = f(0.0316 + 0.03 p L  + 0.13~:) 8-12.4 GHz. 

= f. (0.0316 + 0.03 p + 0.09 p :) 2-8 GHz. 

A 8-12.4GH2 I .20 

.15 Wi 

.10 1 INCLUDES 1 DIRECTIVITY 1 ERROR _l l /L=Lv 

8-12.4 GHz 

.2-8 GHz 

2-8 GHr 

1 
Phase accuracy: 

= sin-' p Jp for @ "< f 90". 
Q, = phase uncertainty. 
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REFLECTION COEFFICIENT MEASURED 

See 8410s Network Analyzer Systems Table for price and in- 
strument breakdown. 
8410s Opt 300/310 specifications 
Function: The 8410s Option 300/310 measurement systems encom- 
pass both the 8410s Option 110 and 210 system specifications and 
flexibility. The two RF transducer units cover the frequency range of 
110 MHz to 12.4 GHz and both offer calibrated line stretchers for 
extending the reference plan. Coaxial rotary joints and air-lines 
mounted on the front of the transducer units allow easy connections 
to the test device. A choice in log display units is made by selecting 
either Option 300 (8413A display) or Option 310 (8412A display). 
See 8410s Network Analyzer System Table for price and in- 
strument breakdown. 
8 4 1 0 s  Opt 400/401 specifications 
Function: The 8410s Option 400/410 S-parameter measurement 
system provides two port S-parameters for semiconductors in TO- 
18/TO-72 (Option 400) or TO-5/TO-12 (Option 401) packages. A 
short circuit Termination and a 50 ohm through section are included 
with each type fixture for reference plane calibration. 
Frequency range: 0.1 1 to 2.0 GHz. 
Transistor dc bias selection: front panel slide switches establish 
proper dc biasing for both Bi-polar and FET transistors. The voltage 
and current controls operate independently and are continuously ad- 
justable over a current range of 0 to 500 mA and a voltage range of 0 
to 30 Vdc. 
RF input: 20 dB range between -21 dBm to +7 dBm. 
incident power at device under test: +3 dBm to -25 dBm. 
Source reflection coefficient 

Opt 400: typically -0.062. 
Opt 401: typically -0.067. 

. 

Terminarion reriection coefficient 
Opt 400: typically (0.11. 100 to 200 MHz. 

Opt 401: typically (0.14, 100 to 200 MHz. 
(0.09, 0.2 to 2.0 GHz. 

(0.10, 0.2 to 2.0 GHz. 
Directivity 

Opt 400: typically (31 dB, 0.11 to 1.0 GHz. 

Opt 401: typically (28 dB, 0.11 to 1.0 GHz. 
(29 dB, 1.0 to 2.0 GHz. 

(27 dB, 1.0 to 2.0 GHz. 

Transmission: typically < 20.35 dB, +3". 
Reflection: typically < f 0 . 5  dB, f 5 " .  
Transmission measurement accuracy: (see Common Perfor- 
mance Specifications). 
Reflection measurement accuracy (using 8414A): sources of 
error included in the accuracy equations are directivity and source 
match. 
Magnitude accuracy 
opt 400: 
p = f. (0.029 + 0.048 p + 0.06 p :) 0.1 1 to 1 GHz. 
p u  = f(O.035 + 0.051 p r  + 0.062 p:) 1.0 to 2.0 GHz. 
Opt 401: 
p = f(O.038 + 0.054 p + 0.067 p Lp) 1.0 to 2.0 GHz. 
p = magnitude uncertainty. 
p = measured reflection coefficient magnitude. 

Frequency response 

Phase accuracy: 
@ , = sin-' p / p  for Q, , (90". 
@ = phase uncertainty. 
See 8410s Network Analyzer Systems Table for price and in- 
strument breakdown. 

8410s Opt 500/501 specifications 
Function: The 8410s Option 500/501 S-parameter measurement 
systems provide the capability of biasing and measuring all four S- 
parameters of strip-line transistors in the TO-51 (Option 500), 
HPAC-200 (Option 501) packages. A short circuit termination and a 
50-ohm through section are included with each fixture for reference 
plan calibration. 
Frequency range: 0.5 to 12.4 GHz. 
Transistor dc bias selection; front panel slide switches establish 
proper dc biasing for both Bi-polar and FET transistors. The voltage 
and current controls operation independently and are continuously 
adjustable over a current range of 0 to 500 mA and a range of 0 to 30 
Vdc. 
RF input: 20 dB range between -7 and +13 dBm. 
incident power at device under test: -27 dBm to -7 dBm with 
INCIDENT ATTENUATION set to 0 dB. 
incident attenuation range: 0 to 70 dB in 10 dB steps. 
Source reflection Coefficient: (typically) <0.13, 0.5 to 8.0 GHz; 
kO.14, 8.0 to 12.4 GHz. 
Termination reflection coefficient: (typically) (0.13, 0.5 to 8.0 
GHz; f0.14, 8.0 to 12.4 GHz. 
Directivity: >28 dB, 0.5 to 4.0 GHz; >23 dB, 4 to 12.4 GHz. 
Frequency response: (typically) < 1 .O dB, f 5 degrees, 0.05 to 4.0 
GHz; < 1.5 dB, f 5 degrees, 4.0 to 8.0 GHz; (2.5 dB, f 5 degrees, 
8.0 to 12.4 GHz. 
Transmission measurement accuracy: (see Common Perfor- 
mance Specifications). 
Reflection measurement accuracy: sources of error included in 
the accuracy equation are directivity and source match. 
Magnitude accuracy: 
p = f (0.04 + 0.08 p + 0.13 p 2) 0.5 to 4.0 GHz. 
p ,, = 2 (0.07 + 0.09 p + 0.135 p c) 4.0 to 8.0 GHz. 
p u =  ~ ( 0 . 0 7 4 + 0 . 0 9 8 p L + 0 . 1 4 p ~ ) 8 . 0 t 0 1 2 . 4 G H z .  
p = magnitude uncertainty. 
p = measured reflection coefficient magnitude. 
Phase accuracy: 
Q, = sin-' p , /p for Q, "(90". 
Q, = phase uncertainty. 
See 8410s Network Analyzer Systems Table for price and in- 
strument breakdown. 
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Specifications 
84108/8411A Network Analyzer 
Function: 841 I A  converts RF signals to IF signals for processing in 
8410B mainframe. 8410B is the mainframe for display plug-in units. 
Mainframe includes tuning circuits (octave bands or multioctave 
bands when used with HP 8620/86290 sweep oscillator), IF amplifi- 
ers and precision IF attenuator. 
84108 frequency range: 0.11 to 18 GHz. 
841 1A frequency range: 0.1 1 to 12.4 GHz. 

841 1A input impedance: 50 ohms nominal. SWR < 1.5,O.ll to 8.0 
GHz; (2.0.8.0 to 12.4 GHz; typically increases to a 1O:l SWR, 12.4 
to 18 GHz. 
Channel isolation: >65 dB, 0.1 to 6 GHz; >60 dB, 6 to 12.4 GHz; 
>50 dB, 12.4 to 18 GHz. 
Amplitude 

Opt 018: 0.1 1 to 18 GHz. 

Reference channel: -18 to -35 dBm, 0.11 to 12.4 GHz; -18 to 
-25 dBm from 12.4 to 18.0 GHz. 
Test channel: -10 to -75 dBm from 0.11 to 12.4 GHz; -10 to 
-65 dBm from 12.4 to 18 GHz. 
Maximum RF Input to either channel: 50 mW. 
IF gain control: 69 dB range in IO dB and 1 dB steps with a maxi- 
mum cumulative error of 2 0.2 dB. 

Phase range: 0 to 360" 
Control: vernier control 1 9 0 "  

Phase 

Connectors (841 1A): APC-7. 
Power: 115 or 230 V f 10%. 50-60 Hz, 70 watts (includes 841 1A). 
Weight 

84108: net, 14.9 kg (33 lb). Shipping, 18.5 kg (41 Ib). 
841 1A: net, 3.2 kg (7 Ib). Shipping, 4.5 kg (10 Ib). 

84108: 191 H x 425 W x 467 mm D (7%" x 16%" x 18%"). 
8411A: 67 x 228 W x 143 mm D (2%" x 9" x 5%") exclusive of 
connectors and cable. 

Size 

8412A Phase-Magnitude Display 
Function: plug in CRT display unit for 8410B. Displays relative am- 
plitude in dB and/or relative phase in degrees between reference and 
test channel inputs versus frequency. 
Amplitude 

Range: 80 dB display range with selectable resolutions of 10,2.5, 1 
and 0.25 dB/division. 
Accuracy: 0.08 dB/dB from midscreen. 

Phase 
Range: f 180" display range with selectable resolutions of 90,45, 
IO, and 1 "/division. 
Accuracy: 0.065"/degree from midscreen. 
Phase offset: 0.3"/20" step cumulative (3". 

Power: 23 watts supplied by mainframe. 
Weight: net, 7.8 kg (17 Ib). Shipping, 10 kg (22 Ib). 
Size: 152 H x 186 W x 395 mm D (6" x 7%; x 15X6") excluding front 
panel knobs. 

8750A Storage-Normalizer 
General: the 8750A Storage-Normalizer provides digitally stored 
and normalized CRT displays when used with the 8412A Phase Mag- 
nitude Display. Measurements are faster, easier and more accurate 
when the 875014 is employed because the CRT is flicker-free and fre- 
quency response errors are eliminated. The 8750A is not compatible 
with the 8414A Polar Display. 
Power: selection of 100,120,220, or 240V +5% - 10%. 48 to 440 Hz 
and 1 2 0  VA 1 2 0  watts). 
Weight: net, 2.72 kg (6 Ibs). Shipping, 5.0 kg (1 1 Ibs). 
Detailed specifications on page 479. 

8413A Phase-Gain Indicator 
Function: plug-in meter display unit for 8410B. Displays relative 
amplitude in dB or relative phase in degrees between reference and 
test channel inputs. Pushbutton selection of meter function and 
range. 
Amplitude 

Range: & 30, f 10, and f 3 dB full scale. 
Accuracy: f 3% of end scale. 
Log output: 50 millivolts per dB up to 60 dB total. 

Range: f 180, k 60, f 6 degrees full scale. 
Accuracy: +. 2% of end scale. 
Output: 10 millivolts per degree. 
Phase offset: f 180 degrees in 10-degree steps. 
Accuracy: k0.2" + 0.3"/10° step, cumulative (2". 

Phase 

Power: 15 watts supplied by mainframe. 
Weight: net, 4.9 kg (1 1 Ib). Shipping, 6.7 kg (15 Ib). 
Size: 152 H x 186 W x 395 mm D (6" x 7F2' x 15%,"). 

8414A Polar Display 
Function: plug-in CRT display unit for 8410B. Displays amplitude 
and phase data in polar coordinates on 5-in. cathode ray tube. 
Range: normalized polar coordinate display; magnitude calibration 
20% of full scale per division. Scale factor is a function of IF  setting 
on 8410B. Phase calibrated in 10-degree increments over 360-degree 
range. 
Accuracy: error circle on CRT t- 3 mm. 
Power: 35 watts supplied by mainframe. 
Weight: net, 5.8 kg (13 Ib). Shipping 8.1 kg (18 Ib). 
Size: 152 H x 186 W x 395 mm D ( 6  x 79/31() x 15%;) excluding front 
panel knobs. 

8418A Auxiliary Power Supply 
Function: the 8418A power supply unit provides power for operating 
of the 8412A, 8413A or the 8414A display units. Used in conjunction 
with the 8410B Network Analyzer, it provides the capability of view- 
ing amplitude and phase readout in both rectangular and polar co- 
ordinates simultaneously. Option H01 adds a remotely pro- 
grammable 0-70 dB IF attenuator required for autoranging in semi- 
automatic applications. 
Weight: net, 11.2 kg (25 Ib). Shipping, 19.7 kg (44 Ib). 
Size: 177 H x 483 W x 450 mm D (6'&'' x 19" x 17%"). 

Ordering information Price 
8410B mainframe $4000 

add $10 
841 1A Frequency Converter $3100 

add $500 
8412A Phase-Magnitude Display $2500 
8413A Phase-Gain Display $1900 

8418A Auxiliary Power Supply $1600 
add $2000 

8750A Storage-Normalizer $1450 

Opt 908: Rack Flange Kit 

Opt 018: 0.11 to 18 GHz 

8414A Polar Display $2200 

Opt H01: Programmable 0-70 dB IF Attenuator 
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11604A 

11604A Universal Extension 
Function: mounts on front of 8745A; connects to device under test. 
Rotary air-lines and rotary joints connect to any two port geometry. 
Frequency range: dc to 2 GHz. 
Impedance: 50 ohms nominal. 
Reflection coefficient: 0.035. 
Acc. included: semi-rigid coax. cable, HP Part #11604-20021. 
Weight: net, 1.8 kg (4 Ib). Shipping, 2.2 kg (5 Ib). 
Size: 127 H x 32 W x 267 mm D (5” x 1%” x 10%”). 

11600B/ 116028 Transistor Fixtures 
Function: mounts on front of 8745A S-parameter test set; holds de- 
vices for S-parameter measurements in a 50 ohm, coax circuit. Both 
fixtures provide bias for bipolar transistors and FETs. Other devices 
also fit the fixture (tunnel diodes, etc.). 
Transistor base patterns 

Model 116008: accepts TO-18/TO-72 packages. 
Model 116028: accepts TO-5/TO-12 packages. 

Calibration references: short circuit termination and a 50 ohm 
through-section. 
Frequency ranges: dc to 2 GHz. 
impedance: 50 ohm nominal. 
Reflection coefficient: <0.05,100 M H z  to 1.0 GHz: t0.09,l.O to 
2 GHz. 
Connectors: hybrid APC-7; Option 001, type N female. 
Weight: net 1.1 kg (2% Ib). Shipping, 1.8 kg (4 Ib). 

1. Size: 152 H x 44 W x 229 mm D (6” x 1%“ x 9” 

8743A 
\ 

8745  S-Parameter Tes 
Functlon wideband R F  power splitter ana reriectometer witn caii- 
brated line stretcher. Pushbutton operated for either forward or re- 
verse transmission or reflection measurements with network 
analyzer. 
Impedance: 50 ohms nominal. 
Source reflection coefficient: 50 
Termination reflection coefficier 
< 0.063, 200 M H z  to 2.0 GHz. 
Dlrectivlty: 1 3 6  dB, below 1 GHz; 
Reference plane extension: 0 to 1 J cm ror rexiecrion; u 10 L)U cm 
for transmission. 
Maximum RF power: 2 watts. 
Connectors: R F  input type N female: all other connectors APC-7; 
Option 001, type N female. 
Remote programming: ground closure. 
Power: 115 or 120 V f 10%. 50 to 400 Hz, 40 watts. 
Weight: net, 15.4 kg (34% Ib). Shipping, 18.0 kg (40 Ib). 
Size: 140 H x 425 W x 654 mm D (5%” x 16%” x 25%“). 

8743A Reflection/Transmission Test Ul 
Function: wideband R F  power splitter and refle . . ... . . 1 - .. .. . . *  .. 

o 12.4 GHz; t0.2, 12.4 to 18 GHz. 
’ermination reflection coefficient: 10 .  13 
o 12.4 GHz; 10.2 in transmission mode, 2.C 
:0.2, 12.4 to 18 GHz. 
h1---.1..1...- - ? A  d D  A L- 1 A PU-. -10 

eflection mode, 2.0 
2.4 GHz; typically 

nit 
ctometer with cali- 

matea line strercner. rusnDutton operatea ror either transmission or 
reflection measurement with network analyzer. 
Frequency range: 2 to 12.4 GHz, (Opt 018: 2 to 18 GHz). 
impedance: 50 ohms nominal. 
Source reflection coefficient: 10.09, 2.0 to 8.0 GHz; 10.13, 8.0 
t’ 
1 1 in r 
t’ 1 to 1 

LIIWGLIVI~Y: C J U  UD, L.U LU I L . ~  uru, - 1 0  dB, I L . ~  LO I O  uru. 
Reference plane extension: 0 to 15 cm for reflection; 0 to 30 cm 
for transmission. 
Connectors: R F  input, type N female; all other connectors APC-7. 
Remote programming: ground closure. 
Power: 115 or 230 V f lo%, 50-400 Hz, 15 W. 
Weight: net, 12.1 kg (29 Ib). Shipping, 15.3 kg (34 Ib). 
Size: 140 H x 425 W x 467 mm D (5%’’ x 16%” x 18%”). 

11605A Flexible Arm 
Functlon: Mounts on front of 8743A; connects to device under test. 
Rotary air-lines and rotary joints connect to any two-port geometry. 
Frequency range: dc to 12.4 GHz. (Opt 018, 2 to 18 GHz). 
Impedance: 50 ohms nominal. Reflection coefficient of uorts: 
50.1 1, dc to 12.4. 
)pt 018: 10.23, 2.0 to 12.4 GHz; 10.31, 12.4 to 18 GHz. 
:onnectors: APC-7, 
Yeiaht: net. 1.8 ke (4 lbk Shinnine. 2.7 ke 16 Ib). 

s N Test Port Connectors 
:k Flange Kit 
al Arm 
I Transistor Fixtures 

.,a- . n 

c 
c 
y . .  .~ , .-, rr..._, - .._ ,- .-, 
Length: 25; mm (10%“) closed; 648 mm (25%”) extended. 
Ordering information Price 
8745A Test Set $5500 

Opt 908: Rac add $10 
11604A Univers $1600 
11600B/11602B $950 

less $30 
8743A Reflection/Transmission Test Unit $4500 

add $800 
add $10 

11605A Flexible Arm $1250 
add $550 

Opt 001: Tyl N/C 

Opt 001: Type IY remaie Lonnecrors 

Opt 018: 0.11 to 18 GHz 
Opt 908: Rack Flange Kit 

Opt 0 1 8  0.1 1 to 18 GHz 
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8717B 

8740A 874 1 A 8742A 

8746B S-Parameter Test Set 
Function: wideband RF power divider and reflectometer with cali- 
brated stretcher and a selectable 0-70 dB incident signal attenuator. 
Provides internal bias for completely characterizing two port active 
devices. 
Frequency range: 0.5 to 12.4 GHz. 
Source and termination reflection coefficient: 10.13. 
Directivity: 2 3 0  dB, 0.5 to 4.0 GHz; 2 2 6  dB, 4.0 to 12.4 GHz. 
Incident attenuation: 0-70 dB in 10 dB steps f 5%. 
Reference plane extension: adds 0 to 15 cm for reflection; 0 to 30 
cm for transmission. 
Remote programming: ground closure. 
Transistor blasing: via 36 Pin connector. 
Connectors: input type N female, test ports APC-7. 
Opt 001: provides 10 dB higher power level at  the test port. 
Power: 115 or 230 V t lo%, 48 to 440 Hz, 110 VA max. 
Weight: net, 16.1 kg (35 Ib). Shipping, 19.1 kg (42 Ib). 
Size: 140 H x 425 W x 467 mm D (5%” x 16%“ x 18%”). 
11608A Transistor Fixture 
Function: provides the capability of completely characterizing stri- 
pline transistors in either the TO-51 or HPAC-200 package styles. 
For special package styles, a through-line microstrip and bolt-in 
grounding structure machineable by customer is available. 

Frequency range: dc to 12.4 GHz. 
Reflection coefficient: (0.05, dc to 4 GHz; t0 .07,  4.0 to 8.0 
GHz; (1 10, 8 to 12.4 GHz. 
Package styles 

Opt 001: Customer machineable. 
Opt 002: TO-51 (0.250” dia.). 
Opt 003: HPAC-200 (0.205” dia.). 

Calibration references: options 002 and 003 only, short circuit ter- 
mination and a SO-ohm through-section. 
Connectors: APC-7 Hybrid (Option 100 type N female). 
Weight: net, 0.9 kg (2 Ib). Shipping, 1.4 kg (3 Ib). 
Size: 25 H x 143 W x 89 mm D (1” x 5%” x 3%”). 

871 78 Transistor Bias Supply 
Function: for manual or programmable transistor testing. It is par- 
ticularly useful with the 11600B, 11602B, and 11608A Transistor 
Fixtures. The 871 7B has two meters for independently monitoring 
current and voltage on any of the three leads of a transistor under test. 
Bias connections are conveniently selected for all transistor configu- 
rations with a front panel switch. Special circuitry protects sensitive 
devices from excessive current transients which commonly occur in 
less sophisticated supplies. 
Voltage ranges: 1, 3, 10, 30, 100 V. 
Current ranges: 0.1, 0.3, 1, 3, 10, 30, 100, 300, 1000 mA. 
Accuracy: 4% of full scale for both current and voltage. 
Option 001: programmable D/A converter. 
Weight: net, 9.0 kg (20 Ib). Shipping, 11.0 kg (25 Ib). 
Size: 86 H x 425 W x 336 mm D (3%” x 16%“ x 13%”). 
8740A Transmission Test Unit 
Function: R F  power splitter and calibrated line stretcher for trans- 
mission measurement with network analyzer. 
Frequency range: dc to 12.4 GHz. 
Output reflection coefficient: t0 .07,  dc to 7 GHz; t0 .11 ,  7.0 to 
12.4 GHz. 
Connectors: R F  input, type N female; output, APC-7. 
Reference plane extension: electrical, 0 to 10 cm; mechanical 1-10 
cm. 
Weight: net, 7.1 kg (16 Ib). Shipping, 9.4 kg (21 Ib). 
Size: 152 H x 186 W x 410 mm D (6“ x 79/32” x 16’415.). 
Recommended accessory: 1 1587A accessory kit. 
8741A and 8742A Reflection Test Units 
Function: wideband reflectometer, phase-balanced for swept or sin- 
gle frequency impedance tests with 8410B. Calibrated adjustable ref- 
erence plane. 
Frequency range: 0.1 1-2.0 GHz (8741A); 2.0-12.4 GHz (8742A). 
Directivity: 1 3 6  dB 0.1 1-1 GHz, 1 3 2  dB 1-2 GHz (8741A); 2 3 0  

Connectors: R F  inDut, tvDe N female. all others APC-7. 
dB 2-12.4 GHz (8742A). 

. ~ _. 
Reference plane extension: 0-15 cm. 
Accessories furnished: 1 1565A, APC-7 short. 
Weight: net, 6.7 kg (15 Ib). Shipping, 8.9 kg (20 Ib). 
Size: 152 H x 186 W x 410 mm D (6” x 79/32“ x 16346”). 
Recommended accessory: 1 1587A Accessory Kit 
Ordering information 
8746B Test Unit 

Opt 001: Type N Test Port Connectors 
Opt 908: Rack Flange Kit 

11608A Transistor Fixture (must specify Option 001, 
002, or 003) 

Opt 001: Customer Machineable 
Opt 002: TO-51 
Opt 003: HPAC-200 
Opt 100: Type N Female Connectors 

8717B Transistor Bias Supply 
Opt 001: Programmable D/A Converter 
Opt 908 Rack Flange Kit 

8740A Transmission Test Set 
8741A Reflection Test Set 
8742A Reflection Test Set 

Price 
$7700 

add $10 
N / C  

$750 
$800 
$800 

less $30 
$2950 

add $670 
add $10 

$3600 
$2750 
$3600 



X, P 8747A Reflection/Transmission Test Units 
Function: waveguide setup for measuring reflection and transmis- 
sion parameters of waveguide devices with the network analyzer. 
Frequency range: X8747A: 8.2-12.4 GHz; P8747A: 12.4-18 GHz. 

st Units 
.ion and transmis- 
network analyzer; 
:ncy range of the 

7A: 26.5-40 GHz. 

sion and reflection 

Ib). 

sion and reflection 

Ib). 

iired for network 

.. 

Function: auxiliary units for use with the 11600B, 11602B and 
11608A transistor fixtures. These bias networks provide dc bias to the 
center conductor of a coaxial line while blocking the dc bias from the 
input RF circuit. 
Frequency range: 1 1 5 8 9 A 4 . 1  to 3.0 GHz; 11590A--1.0 to 12.4 
GHz. 
Connectors: BNC for dc biasing; type N female for RF (Option 

Weight: net, 0.3 kg (9 oz). Shipping, 0.5 kg (1 Ib). 
Size: 29 H x 76 W x 114 mm D (1%" x 3" x 4%"). 

11599A Quick Connect Adapter 

1 1587A 

001; APC-7). 

1 1609A 

L, 

1 1589A and 1 1590A 1 1599A 

1 1607A 

Function: quickly connects and disconnects the 8745A and the tran- 
sistor fixtures or 11604A universal extension. 
Weight: net, 397 gm (14 oz). Shipping, 652 gm (2 Ib). 
Size: 127 H x 76 W x 108 mm D (5" x 3" x 4%"). 

11607A Small Signal Adapter 
Function: used with the 8745A S-parameter test set. The incident 
signal levels to the test device are reduced to the -20 to -40 dBm 
range. 
Weight: net 4.1 kg (4% Ib). Shipping, 4.5 kg (10 Ib). 
Size: 60 H x 413 W x 244 mm D (2%" x 16%'' x 9%"). 

Ordering information Price 
X8747A Waveguide Test Set $3300 
P8747A Waveguide Test Set $3450 
K8747A Waveguide Test Set $9525 
R8747A Waveguide Test Set $10,050 
11587A Accessory Kit $1295 
11650A Accessory Kit $980 
11609A Cable Kit $140 
11589A Bias Network $400 

add $30 
11590A Bias Network $450 

add $30 

11607A Small Signal Adapter $850 

Opt 001: APC-7 Connectors 

Opt 001: APC-I Connectors 
11599A Quick Connect Adapter $200 



NETWORK ANALYZERS 
Semi-automatic network analyzer, 110 MHz to 18 GHz 
Model 8409A 

Economical automated microwave measurements 
Accuracy enhancement 

9825A Desktop Computer 

Description 
The H P  8409A Network Analyzer system is a practical solution to 

the need for automated error-corrected R F  and microwave network 
measurements using a simple and economical configuration. It’s a 
complete measurement system, comprised of a programmable source, 
network analyzer, and computing controller. The 8409A brings major 
advantages in accuracy, speed, and operating convenience at a mod- 
est cost increase compared to a manual network analyzer. 

The 8409A consists of standard H P  instruments and is delivered 
with accuracy enhancement software, calibration standards, and all 
necessary cables for hook-up and immediate use. Transmission and 
reflection characteristics are measured in two ranges, 0.1 1 to 2 GHz 
using the 8745A S-Parameter Test Set and 86222B Sweeper Plug-in, 
and 2 to 18 GHz using the 8743A Reflection/Transmission Test Unit 
and 86290B Sweeper Plug-in. Switching between the two frequency 
ranges is easily accomplished by changing both the test set and sweep- 
er plug-in. 

Accuracy enhancement software extends measurement capability 
to tests not possible or extremely difficult and time consuming using a 
manual system. Vector error terms are measured and stored using a 
precision sliding load, a short, a shielded open, and a through connec- 
tion to quantify directivity, source match, and tracking errors a t  each 
frequency. These systematic errors are removed during the measure- 
ment sequence as the analyzer tunes back to each calibration frequen- 
cy, measures the device response, and performs the error correction 
computation. 

8409A Automatic Network Analyzer system 
components 
Basic configuration includes: 
Network analyzer 
8410B Network Analyzer 

8411A Opt 018 Harmonic Frequency Converter 
8412A Phase-Magnitude Display 
8418A Opt H01 Auxiliary Power Supply 
8414A Polar Display 
Test sets 
8745A %Parameter Test Set (0.11 to 2 GHz) 
11857A Test Port Extension Cables 
8743A Opt 018 Reflection/Transmission Test Set (2 to 18 GHz) 
11611A Test Port Extension Cable 
Source 
862W Opt 011 Sweep Oscillator Mainframe with HP-IB Interface 
86222B (.01 to 2.4 GHz) 
86290B (2 to 18.6 GHz) 
HP-IB accessories 
59313A Analog-to-Digital Converter 
59306A Relay Actuator 
Controller 
9825A Opt 002 Desk Top Computer (with 23K bytes memory) with 
String-Advanced Programming ROM, 9872A Plotter-General and 
Extended 1 / 0  ROM and HP-IB Interface. 
9866B Thermal Printer with cradle 
9872A Digital Plotter 
APC-7, Type N, and SMA calibration accessories, 
118638 software, interconnect cables and system in- 
tegration 

Ordering information Price 
8409A Automatic Network Analyzer $78,225 
Opt 001: (2 to 18 GHz) deletes 0.1 1 to 2 GHz test set less $10,905 
and sweeper plug-in. 
Opt 002: delete controller less $19,075 



NETWORK ANALYZERS 
Storage-Normalizer 

Model 8750A 

0 Digital storage and normalization 
Simple CRT photos and x-y recordings 

0 Use with HP network and spectrum analyzers 

With HP's versatile 8750A Storage-Normalizer, you can make 
your network analyzer or spectrum analyzer measurements faster, 
easier, and more accurately through the simple addition of digital 
storage and normalization. This useful instrument accessory is direct- 
ly compatible via a single interface cable with the following recently 
produced or appropriately modified Hewlett-Packard instruments; 
the 8755 Frequency Response Test Set, the 8407A/8412A, the 
84101841 2A, the 8754A and the 8505A Networks Analyzers and 
8557A. 8558B, and 8565A Spectrum Analyzers. A special 1/0 
Adapter (opt 001 or opt 002) is available for interfacing instruments 
(like 140 Series Spectrum Analyzers) that are not directly compatible 
with the 8750A. An external oscilloscope can then be used for digital- 
ly stored and normalized displays. (The 8750A is not compatible with 
the 8414A Polar Display or the polar mode of the 8505A or the 
8754A.) 

In network analyzer applications, digital storage always yields a 
flicker-free display of the complete device response, facilitating easy 
adjustment of test devices under slow sweep conditions. Measurement 
accuracy is also improved since frequency response errors can be 
automatically removed through digital normalization. This effective- 
ly eliminates the need to manually record calibration traces on a CRT 
or x-y recorder and allows high resolution measurements of attenua- 
tor, amplifier, or filter passband flatness. 

In spectrum analyzer applications, the 8750A's digital storage fea- 
ture simplifies many difficult tests requiring slow scan times such as 
high resolution modulation measurements. Drift test are also easy 
since two traces, a stored reference and the current input, can be dis- 
played simultaneously. 

Hard copy documentation can be obtained quickly and easily since 
data can be frozen on the CRT for straight forward CRT photogra- 
phy or outputted to an x-y recorder at a constant 30 second sweep 
rate. 

*1 

Speclf ications 
Display 
Horizontal memory resolution: two display channels, 256 points 
per channel (0.4% of full scale, 8 bit word) 
Vertical memory resolution: 512 points displayed full scale (0.2% 
of full scale, IO bit word) plus a 50% overrange (256 points) both 
above and below full screen. 
Horizontal Input sweep rates: 100 sec max./lO ms. min. 
Display refresh rate: 6 ms. 
Video detection 

Network analyzer: Average Detection (20 kHz). 
Spectrum analyzer: Peak Detection. 

Input /output 
A/D Horlzontal Input 

Network analyzer: 0 to 10 V nominal. Offset k0.5 V and Gain 
Adjust 6 to 15 V. 

Spectrum analyzers: f 5 V nominal. Offset f 0.5 V and Gain 
Adjust f 4 . 5  to f 5 . 5  V. 

Network analyzer: f 0 . 8  V min. and f2 .25  V max, with continu- 
ous gain adjustment. Offset f0.3V. 
Spectrum analyzer: 0 to 0.8 V or 0 to -0.8 V. Offset fO.1V and 
Gain Adjust & 10%. 

D/A Horizontal output 
Network analyzer: gain adjustment from 1 to 3 V peak. Offset 
adjustment allows f 1.5 V or 0 to 3 V sweep output. 
Spectrum analyzer: 0 to 3 V nominal. Offset f 5V and Gain Ad- 
justment from 0.7 to 3.5 V. 

Network analyzer: same as Vertical Input with f 10% adjustment 
range. 
Spectrum analyzer: same as Vertical Input with f 10% adjust- 
ment range. 

Horizontal range and accuracy: 0 f 20 mV to 1 V nominal, set- 
table within & 3% of full scale. BNC female output (rear panel). 
Vertical range and accuracy: f 4 V f 3% BNC female output 
(rear panel). 
Sweep time: 30 sec per displayed trace. 
Penlift output: BNC female (rear panel with open collector driver 
20 V maximum.) 

A/D Vertical Input 

D/A Vertical output 

X-Y Recorder outputs 

Controls 
Select: LED display indicates Network or Spectrum Analyzer oper- 
ation depending on the plug-in interface card. 
Display 

Input: initiates digital storage. 
Input-Mem (Input mlnus Mem.): Stored Reference trace is sub- 
tracted from input data (normalization). 
Hold: freezes display for CRT photos or further analysis. 

Store input: current input trace is stored as Reference. 
Recall: displays stored Reference trace. 

Reference memory 

Bypass: bypasses 8750A so display is returned to conventional ana- 
log operation. 
X-Y Plot: initiates X-Y plots. 
General 
Interface Cards: The 8750A is supplied with two general plug-in 
interface cards for use with the HP Network and Spectrum Analyzers 
listed above. When the 8750A is to be used primarily with an 8755B 
Frequency Response Test Set and 8620C Sweeper, 8410B/8412A 
Network Analyzer and 8620C Sweeper, or the 8754A Network Ana- 
lyzer, calibration and adjustment of the 8750A to these instruments 
can be greatly simplified by ordering one of the plug-in interface 
cards dedicated to these instruments (Opt. 003 and 004.) All offset 
and gain adjustments are significantly reduced. When Opt. 003 or 
004 are ordered the two general interface cards are also included so 
you have the flexibility to change your test set up at  any time. 
Power: selection 100, 120,220, or 240 V +5% -10%. 48 to 440 Hz 
and (20 VA ((20 watts). 
Size: 102 H x 212 W x 280 mm D (4" x 8.4" x 11.2"). 
Weight: net. 2.72 kg (6.1 Ibs). Shipping, 5.0 kg (11 Ibs). 

Ordering information Price 
8750A Storage-Normalizer $1450 

interface cable) N / C  
Opt 001: BNC Interface Adapter (Deletes direct 

Opt 002: BNC Interface Adapter (Retains direct 
interface cable) add $125 
Opt 003: 8755B or 8412A/8620C Plug-in Interface add $100 
Card 
Opt 004: 8754A Plug-in Interface Card add $100 



SIGNAL ANALYZERS 
I ’ Wave, distortion, modulation, spectrum and Fourier analyzers 

Analysis of signals in the frequency do- 
main is an important measurement concept 
which is widely used for providing electrical 
and physical system performance informa- 
tion. Several examples will illustrate some 
important applications where signal analyz- 
ers are useful. 

Noise and vibration levels are of major 
concern to manufacturers and users of me- 
chanical structures such as aircraft, auto- 
mobiles, and bridges. With an appropriate 
motion-to-electrical signal transducer the 
spectrum analyzer or the Fourier analyzer 
can examine vibration signals in the frequen- 
cy domain. This makes it possible to monitor 
and analyze vibration components of rotat- 
ing machines associated with unbalance, 
worn bearings or worn gears. 

In the fields of telecommunications, the 
spectrum, modulation and wave analyzers 
provide vital operational performance verifi- 
cation of transceivers and multiplex systems. 
Unwanted signals such as carrier leak sig- 
nals, out-of-band noise, and cross modulated 
signals must be identified. System gain, loss, 
and pilot tone measurements must also be 
made. These measurements are discussed in 
more detail in the Telecommunications Test 
Equipment section of this catalog. 

Finally, in the general field of electronics, 
there are four primary uses for the signal 
analyzer. First, the analyzer is used to identi- 
fy and measure signals which result from 
non-linear effects in the process of amplifica- 
tion, filtering, and mixing. Second, the purity 
of signal sources is commonly observed. 
Third, the modulation analyzer serves a spe- 
cial purpose in analyzing modulated commu- 

nication signals by measuring and displaying 
R F  power, frequency and modulation char- 
acteristics. Fourth, the signal analyzer with a 
companion tracking generator is used as a 
network analyzer for frequency response 
measurements of filters, amplifiers, and 
many other types of networks. 

This section discusses the definition and 
use of several types of instruments for fre- 
quency response signal analysis: spectrum 
analyzers, digital Fourier analyzers, wave 
analyzers, distortion analyzers and modula- 
tion analyzers. 

Each of these instruments measure basic 
properties of a signal in the frequency do- 
main, but each uses a different technique. 
The spectrum analyzer is a swept receiver 
that provides a visual display of amplitude 
versus frequency. It shows on a single display 
how energy is distributed as a function of fre- 
quency, displaying the absolute value of 
Fourier components of a given waveform. 
The Fourier analyzer uses digital sampling 
and transformation techniques to form a 
Fourier spectrum display that has phase as 
well as amplitude information. The wave 
analyzer is the true tuned voltmeter, showing 
on a meter the amplitude of the energy in a 
specific frequency window which is tunable 
over a specific frequency range. The distor- 
tion analyzer performs an almost reciprocal 
function to that of the wave analyzer. It col- 
lectively measures the energy outside a spe- 
cific bandwidth tuning out the fundamental 
signal and displaying the energy of the har- 
monics and other distortion products on a 
meter. The modulation analyzer tunes to the 

desired signal and recovers the entire modu- 
lation envelope of AM, FM and phase modu- 
lation for processing and display. 

Figure I shows a graphical representation 
of the way four of the analyzers view a signal 
and one harmonic. The time domain scan of 
the signal is presented in Figure la. A(t) is 
the complex voltage waveform as it would be 
viewed on an oscilloscope. The dashed lines 
represent the vector components of the sig- 
nal: A,(t), the fundamental and A2(t) the 
second harmonic. In 1 b. the spectrum ana- 
lyzer displays the frequency spectrum show- 
ing both vector components and their 
amplitude relationship. Spectrum analysis is 
useful from 5 Hz to over 40 GHz. 

The Fourier analyzer uses digital signal 
processing techniques to extract both the am- 
plitude and phase information about each 
spectral component. Conceptually the Four- 
ier analyzer can be viewed as measuring a 
large number (up to 2048) of parallel filters 
as shown in Figure IC. These filters are actu- 
ally very specialized digital filters so that 
precise, repeatable results can be obtained. 
With this arrangement of parallel filters the 
complete display is generated in the time that 
it takes to analyze the lowest frequency com- 
ponent. H P  Fourier analyzers presently cov- 
er the range of DC to 100 kHz. 

The wave analyzer in Figure Id. measures 
the amplitude and frequency of the signal in 
the frequency window to which it is tuned. 
This window can be moved to measure the 
amplitude of the second harmonic, thereby 
making a precise comparison with the funda- 
mental. This technique is practical from IO 
Mz to above 18 MHz. 
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Figure le. Distortion analyzer 
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Figure If. Modulation analyzer 

The distortion analyzer as pictured in Fig- 
ure le. rejects the fundamental to which it 
has been tuned and measures the energy ev- 
erywhere else within the instrument's fre- 
quency spectrum. Distortion, as a percentage 
or in dB down from the fundamental, is dis- 
played directly on a meter. Hewlett-Packard 
distortion analyzers cover 5 Hz to 600 kHz. 

The modulation analyzer of Figure If. 
tunes to a desired frequency just as the wave 
analyzer. Its I F  bandwidth and detection sys- 
tem are designed to pass the entire modula- 
tion envelope so that percent modulation, 
distortion, residual and peak deviation mea- 
surements can be made. All close-in spectral 
components, of course, are combined in the 
measurement. 

The following section considers each in- 
strument technique, showing the particular 
strength and flexibility of each. 

Spectrum analyzers 
To display useful information about a fre- 

quency scan, a spectrum analyzer must be 
sensitive, frequency stable, free of spurious 
responses over a wide band, and have cali- 
brated accuracy in the CRT display. The ex- 
amples which follow best demonstrate the 
wide variety of information which can be 
measured on the spectrum analyzer. 

M e a s u r e m e n t s  with t h e  spectrum 
a n a l y z e r  
CW signal: the most basic spectrum analysis 
measurement is the single CW signal. 

D 100 MHz 

Pictured is a -30 dBm signal at 60 MHz. 
The zero frequency indicator is a t  the far left 
graticule. 
Spectral purity of a CW signal: one very 
important oscillator signal measurement is 
spectral purity. This 70 MHz carrier has 
power line related sidebands ( k 6 0  Hz) 
which are 65 dB down. 

Such sidebands may result from power 
supply ripple. The 50 Hz/division spectrum 
analyzer scan and the 10 Hz analyzer band- 
width provide the high degree of resolution 
required to see these sidebands. 

M I 

50 Hz 70MHz 

Frequency conversion products: the 
spectrum analyzer is well suited for frequen- 
cy conversion measurements such as the out- 
put of a balanced mixer as shown. 

- 10  dBm 

I . 7 1 O d B  

? -  
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With the 50 MHz local oscillator input a t  0 
dBm and a 5 MHz, -30 dBm mixer signal, 
two sidebands a t  45 MHz and 55 MHz re- 
sult. The sidebands are -36 dBm, giving the 
mixer a 6 dB conversion loss. The local oscil- 
lator has 60 dB isolation and the 5 MHz sig- 
nal has 41 dB isolation. Second order 
distortion products at 40 and 60 MHz are 40 
dB below the desired mixer outputs. 

Oscilloscope 

Soectrum Analvzer 

Amplitude modulation: percent ampli- 
tude modulation is often more easily mea- 
sured with the spectrum analyzer than it is 
with the oscilloscope. This is especially true 
for low level modulation. 

With the oscilloscope time display, percent 
modulation, M, is measured as a ratio of the 
signal's dimensions: M= 100 (6-2)/(6+2)= 
50%. In the spectrum analyzer display, 
whose vertical calibration is 10 dB/division, 
the carrier and sidebands differ by 12 dB, the 
voltages in the sidebands are 1/4 of that of the 
carrier and again, M=50%. At the same time 
the second and third harmonic distortion of 
the sidebands can be measured at 28 and 44 
dB respectively. 



i SIGNAL ANALYZERS 
Wave, distortion, modulation, spectrum and Fourier analyzers (cont’d) 

Frequency modulation: information trans- 
mitted by FM can be thoroughly character- 
ized by the spectrum analyzer. 

20 kHz  Low Deviation FM 

M 
0.5 MHZ High Deviation FM 

Low deviatioh FM is applied to a 60 MHz 
carrier in the first photo. The deviation has 
been adjusted for the second carrier null (M 
= 5.52). The sideband spacing is 10 kHz, the 
modulation frequency; therefore, Af peak = 
5.52 X 10 kHz = 55.2 kHz. 

The second photo is an example of a high 
deviation FM. The transmission bandwidth 
is 2.5 MHz. 
Pulsed CW power: by viewing the spectra 
of a repetitive R F  pulse on the spectrum ana- 
lyzer, pulse width, average and peak power, 
occupied bandwidth, and duty cycle can be 
determined. 

+ 10 dBm 

L 
*: 7 

’ )  10 dBm 

Phase nolse: the short term frequency fluc- 
tuations of a sine wave source can be mea- 
sured directly as phase modulation 
sidebands. Hewlett-Packard spectrum ana- 
lyzers with narrow resolution and synthe- 
sized internal frequency sources can make 
many phase noise measurements directly. 
Bandwidth corrections, analyzer corrections, 
data averaging and setup calibration factors 
can be accounted for by Hewlett-Packard 
microprocessor controlled spectrum analyz- 
ers. All instrument controls, data transfer 
and data reduction can be handled by easy- 
to-write software for Automatic Spectrum 
Analyzers. 

Frequency response: using a tracking sig- 
nal source and a spectrum analyzer the fre- 
quency response of filters can be displayed 
with ease. 

- 10 dBV 

0 10 k H z  

In this case, an audio filter used in a com- 
munications system is being measured. Since 
the input reference level to the filter is -13 
dBV, the insertion loss at 2.4 kHz is 4 dB. 
Extremely high Q devices can be measured 
with this system. 

Spectrum analyzer capabilities 
To be useful in making measurements in 

the frequency domain, the analyzer must be 
capable of making quantitative measure- 
ments. Specifically, an analyzer must: 
1. make absolute frequency meagurements 
2. make absolute amplitude measurements 
3. operate over a large amplitude dynamic 
range 
4. have high resolution of frequency and am- 
plitude 
5. have high sensitivity 
6. provide means of observing, preserving, 
and recording its output in a convenient and 
rapid manner by using variable persistence, 
digital storage and adaptive sweep. Hewlett- 
Packard spectrum analyzer excel in these six 
measures of performance. Let us consider 
each of these performance standards in 
greater detail. 

From the spectral output shown the pulse’s 
complete characteristics are determined: 6.3 
GHz R F  at  0 dBm, pulsed at  50 kHz rate. 
The pulse width is 1.3 ps. 
Noise: spectrum analysis is effective in mea- 
suring impulse noise, random noise, carrier 
to noise ratio, and amplifier noise figure. 

Absolute frequency measurements: Fre- 
quency readout accuracy depends upon the 
tuning and readout techniques employed, as 
well as the stability of the spectrum analyz- 
er’s frequency reference. The absolute fre- 
quency accuracy read off the slide-rule type 
of frequency dial is approximately 1% of full 
scale. Synthesized local oscillators allow ac- 
curacies to 5 4  Hz at 1500 MHz in narrow 

frequency spans. When the spectrum analyz- 
er is used in conjunction with a tracking gen- 
erator (a source whose frequency is the same 
as the analyzer tuning frequency) accuracy 
much better than 1% can be achieved by 
counting the generator output. 

Absolute amplltude measurements: All 
Hewlett-Packard spectrum analyzers are ab- 
solutely calibrated for amplitude measure- 
ments. This means the spectrum analyzer 
indicates to the user what the log/reference 
level or linear sensitivity is regardless of con- 
trol settings. Either a warning light or CRT 
message indicates an uncalibrated condition, 
making operation of the analyzer easy and 
foolproof. 

Microprocessor controlled analyzers fea- 
ture built-in calibratoin routines which ac- 
count for changes in analyzer controls such 
as the resolution bandwidth and R F  attenua- 
tor. 

Dynamlc range: the dynamic range of a 
spectrum analyzer is defined as the differ- 
ence between the input signal level and the 
average noise level or distortion products 
whichever is greater. Hence, dynamic range 
can be either distortion limited, noise limited 
or display limited. Hewlett-Packard micro- 
processor controlled analyzers can be set to 
ensure that distortion products of on-screen 
signals will be below a certain level. 

Frequency and amplitude resolution: fre- 
quency resolution is the ability of the analyz- 
er to separate signals closely spaced in 
frequency. The frequency resolution of an 
analyzer is a function of three factors: 1) 
minimum IF  bandwidth, 2) IF filter shape 
factor, 3) spectrum analyzer stability. 

The minimum IF  bandwidth ranges down 
to 1 Hz on Hewlett-Packard spectrum ana- 
lyzers. 

One way to define IF filter shape factor is 
the ratio of 60 dB bandwidth to 3 dB band- 
width. Filter shape factor specifies the selec- 
tivity of the IF filter. Hewlett-Packard 
spectrum analyzers have IF  filter shape fac- 
tors as low as 5: 1. 

Analyzer frequency stability also limits 
resolution. The residual FM (short term sta- 
bility) should be less than the narrowest IF  
bandwidth. If not, the signal would drift in 
and out of the IF pass band. Hewlett-Pack- 
ard analyzers have excellent stability. The 
residual FM ranges from < 1 Hz at  low fre- 
quency, to < 100 Hz at  microwave frequen- 
cies, enabling the measurement of noise 
sidebands. The stabilization circuitry is com- 
pletely automatic and foolproof. No signal 
recentering, phase-lock loop, manual search, 
or checking is required. 

Amplitude resolution is a function of the 
vertical scale calibration. Hewlett-Packard 
analyzers offer both log calibration for ob- 
serving large amplitude variations (10, 5, 2 
and 1 dB/div) and linear calibration for ob- 
serving small amplitude variations. 



Sensitivity: sensitivity is a measure of an 
analyzer’s ability to detect small signals, and 
is often defined as the point where the signal 
level is equal to the noise level or (S+N) 
/N=2. Since noise level decreases as the 
bandwidth is decreased, sensitivity is a func- 
tion of bandwidth. The maximum attainable 
sensitivity ranges from - 150 dBm to -1 25 
dBm with Hewlett-Packard analyzers. 
Variable persistence, digital storage, 
and adaptive sweep: high resolution and 
sensitivity both require narrow bandwidths 
and consequently slow sweep rates. Because 
of these slow sweeps, both digital display and 
variable persistence are virtually indispens- 
able in providing a bright, steady flicker-free 
trace. 

The digital storage feature on Hewlett- 
Packard analyzers covering audio to micro- 
wave frequency ranges make measurements 
and CRT photography simple. It gives the 
CRT display a dot matrix connected by line 
generators for an unbroken and uniform in- 
tensity scan. In addition, the microprocessor 
controlled analyzers feature CRT annotation 
to completely describe the data characteris- 
tics displayed. 

On low frequency analyzers, adaptive 
sweep effectively speeds the measurement 
times. On the very slow sweep times (re- 
quired when using the 1 Hz bandwidth), 
adaptive sweep allows the scan to sweep rap- 
idly when no signals occur and slow down 
when a signal is above a preset level. The 
measurement time savings can be greater 
than 20:l 

Tracking preselector 
The only way to simultaneously avoid spur- 

ious, multiple, harmonic and image re- 
sponses is to filter the R F  signal through a 
tracking preselector. This is an electronically 

%, tuned bandpass filter that automatically 
tracks the analyzer’s tuning. A preselector 
improves the spurious-free range of the ana- 
lyzer from 70 dB to 100 dB. 

Tracking generator 
A tracking generator expands the measure- 

ment capability of the spectrum analyzer by 
providing a signal source which tracks the 
tuning frequency of the analyzer. The 
source/receiver combination can be used to 
measure insertion loss, frequency response, 
return loss and allow precision frequency 
counting. 

It helps make these additional measure- 
ments with increased distortion-free dynamic 
range, sensitivity and selectivity. The track- 
ing generator is also an excellent stable 
sweeping generator. The residual FM varies 
from ? 1 Hz for low frequency tracking gen- 
erators to 2 400 Hz for microwave tracking 
generators. 

Automatic spectrum analyzers 
The measurement capability of a spectrum 

analyzer can be greatly enhanced by allow- 
ing a desktop computer to control instrument 
functions and record frequency and ampli- 

tude information. Data can be gathered and 
processed into a variety of formats a t  a very 
rapid rate. Through comprehensive self-cali- 
bration, automatic spectrum analysis offers 
amplitude accuracy of up to kO.2 dB with 
0.02 dB resolution. User cost savings are re- 
alized through faster measurements, lower 
operator skill requirements, and unattended 
operation capability. 

Further discussion of computer based 
automatic spectrum analysis can be found on 
page 497. 

Frequency stability analysis 
Frequency stability and spectral purity are 

important parameters when characterizing 
precision frequency sources. Long term sta- 
bility or frequency drift due to aging or tem- 
perature effects is generally measured with a 
precision frequency counter such as the H P  
5345A; random fluctuations in frequency or 
phase stability can be measured in the time 
domain with an electronic counter and the 
Allan Variance technique. 

Another measure of frequency stability is 
the phase spectral density. The most common 
method of making this measurement is to 
mix two signals together and feed the output 
into a lower frequency wave analyzer or spec- 
trum analyzer. The technique works well for 
offset frequencies far away enough from the 
carrier to be compatible with the bandwidths 
of the analyzer. 

For offset frequencies close to the carrier, 
(e.g. below 100 Hz) the bandwidths of ana- 
log analyzers become large in comparison to 
the frequencies being measured. As 1 Hz is 
approached, measurements become extreme- 
ly difficult. 

An automatic system for making phase 
spectral density measurements very close to 
the carrier is the H P  5390A Frequency Sta- 
bility Analyzer which is based upon a high 
performance electronic counter and a pro- 
grammable calculator. The counter is ideally 
suited to make measurements in the time do- 
main, and the calculator can transform the 
data into the frequency domain. This tech- 
nique allows measurements to be made from 
0.01 Hz away from the carrier out to 10 kHz. 
Sensitivities greater than -1 50 dBc can typi- 
cally be obtained at a 1 Hz offset on carriers 
ranging from 500 kHz to 10 GHz. The stan- 
dard 5390A requires two sources which can 
be offset from one another. The 5390A op- 
tion 010, based on the dual mixer time differ- 
ence technique, can perform these same 
measurements on non-offsettable sources. 
For a more complete description of this auto- 
mated technique refer to the 5390A Fre- 
quency Stability Analyzer on page 538. 

Fourier analyzers 
The Fourier analyzer uses digital signal 

processing techniques to provide measure- 
ment capability over and above that of a 
swept spectrum analyzer. Some of these in- 
clude the precise measurement of random 
signals obscured by noise, measurement of 

the joint properties or relationships of two or 
more signals, measurements of statistical 
properties of signals, and measurements of 
very low frequency (e.g. below 5 Hz) or very 
closely spaced (e.g. less than 1 Hz) signals. 

Fourier analyzers are based on the calcula- 
tion of the Discrete Fourier Transform using 
a highly efficient algorithm known as the 
Fast Fourier Transform. As shown in Figure 
2, this algorithm calculates the magnitude 
and phase of each frequency component from 
a block of time domain samples of the input 
signal. 

The block diagram that is involved is 
shown in Figure 3. First, the input signal is 
filtered to remove out-of-band components. 
Next, the input is sampled and digitized a t  
regular At intervals until a full block of sam- 
ples called a time record has been collected. 
The processor then executes the desired se- 
ries of computations on the time data to pro- 
duce the frequency domain results. These 
results, which are stored in memory, can be 
analyzed on a CRT display, plotted, or pro- 
cessed further to provide the user additional 
useful information. 

POINT ISCOMPOSED POINT CONTAINS 
OF AMAGNITUDE INFORMATION FROM 
AND PHASE VALUE ALL TIME DOMAIN 

SAMPLES 

Figure 2 

~ I E O U E N C Y  
MEMOR” L 2  S P I C L D A  6RIOUINC” ICOVERING POINTS 

SPAN F 

Figure 3 

When two or more input channels afe pro- 
vided, signals can be sampled simultaneous- 
ly. The processor can then additionally 
compute joint properties of the signals. This 
is useful for characterizing the transfer func- 
tion of a linear device and for investigating 
cause/effect relationships. 

The digital nature of Fourier analysis in- 
sures high accuracy, stability and repeatabi- 
lity. In addition, there are several specific 
advantages that are achieved. 

Low frequency coverage 
The Fourier transform calculates equally 

spaced frequency components from DC to 
the maximum frequency. By simply varying 
the sample rate it is possible to make mea- 
surements down to a few micro Hertz. For 
such low frequency measurements, the laws 
of physics dictate a long observation time. 
Since the Fourier transform simultaneously 
calculates all frequency points from one set 
of observation points, a one to two order of 
magnitude speed improvement over a swept 
measurement is possible. 
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High frequency resolution 
By digitally translating a band of frequen- 

cies down to DC it is possible to provide very 
high frequency resolution over the entire 
range. This technique, known as Band Selec- 
table Fourier Analysis, can provide resolu- 
tion of a few millihertz as shown in Figure 4. 
Here a 5 Hz band of frequency located at 3 
kHz is analyzed showing 0.48 Hz sidebands 
over 20 dB down. 

Figure 4 

Direct transfer function 
measurements 

With simultaneous sampling of both the 
input and output of an electrical, mechani- 
cal, or acoustical system, it is possible to di- 
rectly characterize transfer functions. Since 
the Fourier analyzer measures the frequency 
components simultaneously, energy must 
also be provided at  these frequencies. This 
can be done with a broadband white noise 
signal, a pseudorandom noise signal or an im- 
pulse. Results presented in magnitude/phase 
or real/imaginary format help quickly illus- 
trate the performance characteristics of a 
system. 

The measurement of the coherence func- 
tion can additionally provide a measure of 
the validity of a transfer function. It can dis- 
tinguish portions of the output power that are 
not directly caused by the input, but may in- 
stead be due to additive noise, distortion pro- 
ducts, or unmeasured inputs. 

Systems compatibility 
Since the Fourier analyzer is basically all 

digital, interfacing to a computing controller 
or other digital peripherals is relatively sim- 
ple. Remote programming and data in- 
put/output can considerably expand the 
range of potential applications. 
Fourier analyzer applications 

The versatility and performance of the 
Fourier analyzer make it an ideal tool for a 
variety of applications as a few specific ex- 
amples will illustrate. 

In the general area of electronics, the Four- 
ier analyzer functions as a very high perfor- 
mance spectrum and network analyzer. It 
can be very useful for measuring phase noise 
or for characterizing filters. 

In the field of communications, the Fourier 
analyzer can be very useful for characteriz- 
ing audio signals, such as modems and touch 
tone signals. 

When combined with a microphone the 
Fourier analyzer can be useful in character- 

izing acoustic devices, such as loud speakers. 
With a motion transducer the Fourier ana- 

lyzer can be used to analyze the vibration sig- 
natures of rotating machines. This can be 
very useful in helping to establish scientific 
maintenance policies. 

The transfer function of a mechanical 
structure can illustrate how the structure re- 
sponds to vibration inputs. This is extremely 
important in optimizing the design of struc- 
tures that will be subjected to substantial vi- 
bration. 

Correlator, spectrum display 
Correlation analysis may be thought of as 

the time domain equivalent of spectrum 
analysis. It is particularly useful for the re- 
covery of periodic signals buried in noise 
(without requiring a synchronizing signal), 
the measurement delays in signal transmis- 
sion path, and the identification of time re- 
sponse of linear systems. 

Correlation is the product of two signals 
expressed as a function of a time delay be- 
tween them. In computing the cross correla- 
tion between two signals, one signal is 
delayed relative to the other by a known vari- 
able amount. For each value of relative de- 
lay, the signals are multiplied together and 
the average product represents the correla- 
tion, or simularity for the particular delay. A 
peak value in cross correlation of random sig- 
nals indicates that for delay value there is a 
high degree of similarity between the signals. 
Such information can be useful in determin- 
ing propagation times of random phenom- 
ena. 

Autocorrelation is a special case in which a 
signal is delayed relative to itself. At zero de- 
lay, a signal is of course identical to itself and 
the correlation value is merely a measure of 
the mean square voltage of the signal. At in- 
creasing values of delay the autocorrelation 
function can reveal the existence of small pe- 
riodic components in a large random signal. 
Such a measurement finds application in 
acoustics, infrasound analysis, radio astron- 
omy, and many other fields. 

Since the correlation function and the pow- 
er spectrum are Fourier transform pairs, the 
addition of a spectrum display turns a corre- 
lator into a powerful frequency and time do- 
main measuring instrument. An auto- 
correlation function measured by the come- 
lator can be transformed by the spectrum 
display into the auto power spectrum of the 
input signal. Similarly, a crosscorrelation 
function may be transformed into the corre- 
sponding cross power spectrum. 

The simultaneous display of time domain 
functions and their corresponding spectra, 
coupled with the features of digital signal 
analysis mentioned above give the correlator 
and spectrum display some unique advan- 
tages as an economical signal analyzer. 

Wave analyzers 
Wave analyzers are known by several dif- 

ferent names: frequency selective voltmeter, 

carrier frequency voltmeter, and selective 
level meter. These names describe the instru- 
ment’s function rather well. 

As mentioned in the introduction to this 
section a wave analyzer can be thought of as 
a finite bandwidth window filter which can 
be tuned throughout a particular frequency 
range. 

Signals will be selectively measured as they 
are framed by the frequency window. Thus, 
for a particular signal, the wave analyzer can 
indicate its frequency (window position) and 
amplitude. Amplitude is read on an analog 
meter; frequency is read on either a mechani- 
cal or electronic readout. 

The uses of wave analyzers can be catego- 
rized into three broad areas: 1) amplitude 
measurement of a single component of a 
complex. frequency system, 2) amplitude 
measurement in the presence of noise and in- 
terfering signals and, 3) measurement of sig- 
nal energy appearing in a specified, well 
defined bandwidth. 

Wave analyzer considerations 
Frequency characteristics 
Range: should be selected with the future in 
mind as well as present requirements. 
Accuracy and resolution: should be consis- 
tent with available bandwidths. Narrow 
bandwidths require frequency dial accuracy 
to place the narrow window in the proper po- 
sition for measurement. Accuracy of instru- 
ments with selectable bandwidths is 
determined by the basic center frequency ac- 
curacy of the IF  bandwidths filters in addi- 
tion to the local oscillator frequency 
accuracy. Accuracy is usually specified as a 
fixed frequency error at any point on the dial, 
thus meaning poorer percentage accuracy at  
the low frequency settings. 
Readout: usually a frequency dial but newer 
instruments use a frequency counter whose 
accuracy and ease of use outweighs the in- 
creased cost. 
Stability: frequency stability is important 
when using narrow bandwidths and for long 
term signal monitoring. Stability is best 
achieved with automatic frequency control 
(AFC). AFC locks the local oscillator to the 
incoming signal and eliminates any relative 
drift between the two. It serves as a tuning 
aid to pull the signal within the passband, 
eliminating peaking the frequency control. 
The AFC always tunes within the passband, 
improving accuracy on repetitive measure- 
ments. 
Sweep: some instruments are equipped with 
sweep to allow use as a spectrum analyzer. 
Readout is a CRT or X-Y recorder. 

Amplitude characteristics 
Range: the amplitude range is determined 
by the input attenuator and the internal noise 
of the instrument. Sensitivity is defined as 
the lowest measureable signal equal to the 
noise level for a unity signal-to-noise ratio 
(often called tangential sensitivity). Sensitiv- 
ity will vary with bandwidth and input im- 
pedance. 
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Dynamic Range: defined as the dB ratio of 
the largest and smallest signals that can be 
simultaneously accommodated without caus- 
ing an error in the measurement. 
Attenuators: the amplitude range switch is 
an attenuator in the input and IF stages. In- 
termodulation distortion is lowest when the 
input amplifier has the minimum signal ap- 
plied and the IF gain is greatest. Conversely 
the internal noise, important when making 
sensitive measurements, is lowest with maxi- 
mum input signal and lowest IF gain. The 
two attenuator instruments allow this trans- 
fer of gain between input and IF to be accom- 
plished easily. 
Accuracy: amplitude accuracy is a function 
of frequency, input attenuator response, IF 
attenuator performance, calibration oscilla- 
tor stability and accuracy, and meter track- 
ing. Often specifications are expanded to 
separately describe each contributor. 
Readout: amplitude readout is usually a me- 
ter calibrated in dB and/or volts. Linear volt- 
age meters are used to allow the user to see 
down into the noise at the bottom of the 
scale. Digital readouts are not used because 
of their slow response and the difficulty of 
deriving rate-of-change information from a 
sequence of numbers. This is important since 
the readout is used as a tuning indicator to 
show presence of a signal in the passband and 
when it has reached a peak. Expanded scale 
meters allowing expansion of any 1 or 2 dB 
portion of the scale into a full scale presenta- 
tion allow resolution of input level changes of 
a few hundredths of a dB. This is useful when 
the wave analyzer is used as a sensitive indi- 
cator in bridge of comparison measurements. 
The expanded scale meter is included in some 
instruments and is an optional accessory on 
others. 

input characteristics 
Impedance: may be high impedance bridg- 
ing input or terminating impedance to match 
standard transmission lines. High frequency 
measurements require matched systems to 
avoid error-producing standing waves on in- 
terconnecting cables. The measure of imped- 
ance accuracy is usually return loss or 
reflection coefficient (RL=20 log p) .  In low 
frequency instruments, percent accuracy is 
used. High input impedance instruments are 
usually poorer in high frequency and noise 
performance and are usually low frequency 
instruments. High impedance a t  high fre- 
quencies is accomplished by using a bridging 
probe to place the impedance a t  the point of 
measurement. The probe may be active with 
unity gain or passive with 20-30 dB insertion 
loss. 
Input arrangement: input may be balanced 
to ground or unbalanced. Communications 
system usage typically requires balanced in- 
put. Standard 600 and 135/1509 balanced 
inputs are limited in frequency to less than 1 
MHz and 1249 balanced to less than 10 
MHz in most instruments. The impedance 
may be balanced to ground with the center 
point grounded or may be completely isolat- 
ed from ground. Unbalanced inputs do not 
have frequency range limitations. 

Network analysis application 
Frequency response testing: with its 
BFO output, the wave analyzer is particular- 
ly useful for measuring filter and amplifier 
frequency responses. If a notch filter is being 
measured, for example, a narrow band mea- 
surement like that provided by a wave ana- 
lyzer is essential for obtaining acceptable 
accuracy. A broadband technique will lead to 
some misleading results. For example, a 
notch filter may be driven with a flat oscilla- 
tor and the response measured with a broad- 
band voltmeter. The notch filter will reject 
the oscillator’s fundamental tone, but pass its 
harmonics which are in voltmeter’s measure- 
ment range. Thus, an error results. If the 
voltmeter were frequency selective, like a 
wave analyzer, the harmonics would be re- 
jected and the true level of the notch would 
be measured. Accurate and fast measure- 
ments can be made because Hewlett-Pack- 
ard wave analyzers track and detect on the 
BFO frequency. 

1 

ftuned 2ft 3ft 4ft 5ft 

Only signal detected by wave analyzer. 
For example, the notch of a filter can be 
accurately measured to its full depth. 

Distortion Analyzers 
Harmonic distortion is one of many types 

of distortion created in communications 
equipment and audio and ultrasonic sound 
systems. Nonlinear elements in amplifiers 
cause harmonic related frequencies from a 
pure tone stimulus to be created a t  the out- 
put. Hence, to a listener, a poor reproduction 
quality becomes apparent. The total of these 
frequency components present in a signal, in 
addition to the fundamental frequency can 
be measured quickly and easily with Hew- 
lett-Packard distortion analyzers. 

The ratio of these frequency components to 
the amplitude of the fundamental is the total 
harmonic distortion (THD) as defined by the 
following equation (1): 

C.(harmonics)e 
fundamental 

T H D =  ‘ 
The Hewlett-Packard distortion analyzer 

consists of a narrow band rejection filter and 
broadband detector. Before the fundamental 
is rejected, the analyzer first measures the 
amplitude of the fundamental, all the har- 
monic components, and noise. Then the re- 
jection filter is employed to remove the 
fundamental. The ratio of the two measure- 
ments is an approximation of equation (1) 

above and is defined by the following equa- 
tion (2): 

THD = 
V%[(harmonics)2 + (noise)q 
1 

An approximation error of %% can be ex- 
pected for the THD levels of 10%. However, 
distortion levels as high as 10% are seldom 
encountered in most measurement situations. 
The harmonic content of the stimulus source 
must not be more than a third of the distor- 
tion expected to be caused by the system un- 
der test. 

True harmonic distortion measure- 
ments 

The Hewlett-Packard desk-top computer 
controlled automatic spectrum analyzers 
provides the user a rapid means of measuring 
true harmonic distortion levels. The funda- 
mental and its harmonic components are rap- 
idly measured one at a time and the 
distortion is computed by applying equation 
(1). In production test situations, distortion 
calculations can be stored on tape for future 
reference and/or plotted for hard copy needs. 
Limit testing can also be applied. 

Modulation analyzers 
A modulation analyzer is a precision re- 

ceiver, designed to detect the entire modula- 
tion envelope of a signal under test. It can 
measure and display the carrier characteris- 
tics of R F  frequency and power as well as 
AM, FM and phase modulation characteris- 
tics such as % AM, peak deviation, residual 
modulation, and various ratios associated 
with the above. Faithful recovery of the actu- 
al modulation signal for further analysis such 
as distortion testing is also accomplished. 

Applications for modulation analyzers cen- 
ter mostly in transmitter testing and signal 
generator calibration. The precision receiver 
capability allows comprehensive testing of 
the transmitter. All phases of design, produc- 
tion test, and maintenance of transmitters 
and various modules and subassemblies are 
applicable. And since signal generator test 
instruments serve as “precision transmit- 
ters”, considerable application will be found 
in metrology and calibration labs for signal 
generator calibration. 

Capabilities 
The unique measurement capabilities of 

modulation analyzers are easily shown on 
system tests with multiple-mode modulations 
such as simultaneous AM and FM. For ex- 
ample, if both ampitude and frequency mod- 
ulation are present on a signal, a rather 
complex modulation spectrum is produced. 
To demonstrate this, an H P  8640B Signal 
Generator was 46.5% amplitude modulated 
with a 5 kHz triangular wave and 45 kHz 
peak frequency modulated with a 5 kHz sine 
wave simultaneously. The spectrum analyzer 
display of the resulting signal is shown. 



r SIGNAL ANALYZERS 

Frewetur 

Wave, distortion, modulation, spectrum and Fourier analyzers (cont’d) 

Amprtupe Bandwidlhs 
CaEbratm I 

k 2 0 k H r  

Range 

0.02 Hz-25.6 kHz 
5 Hz-50 kHz 

20 Hz-300 kHz 

10 HZ-13 kHZ 

Spectrum Analyzer display of simulta- 
neous AM (46%) and FM (4.5 kHz pk devi- 
ation) modulation. 
Unequal, complex sidebands result and little 
data can be deduced. However, since a mod- 
ulation analyzer faithfully recovers both 
modulation signals in independent detection 
systems insensitive to each other, it.is easy to 
separate and read directly the various modu- 

RanEe Mh Max Modd Dercr@,tim Companion kntnmcnts Page 
-120 to +30 dBV 0.02 Hz 363 Hz 3582A Spectrum Analyzer 518 
-150 to +30 dBm 1 Hz 300 Hz 3580A Spectrum Analyzer 516 
-130 to +10 dBm 10 Hz 10 kHz 8556A Tuning Section 506 

-140 to 0 dBm 3 Hz 10 kHz 3044AI45A Spectrum 521 

Plug-In (See Note 1) 

I I %AM 

Modulation Analyzer displays of RF signal 
parameters. 

lation components involved. 
In addition, since the modulation analyzer 

handles the full complex modulation enve- 
lope, it measures and displays peak R F  enve- 
lope power and average frequency of the 
entire signal. The following readings are all 
available a t  the push of a button. 

The independent detection systems de- 
modulate the waveforms and present the re- 
sulting signal at the output for viewing on an 

Recovered 5 kHz AM input signal viewed 
on oscilloscope. 

Recovered 5 kHz FM input signal. 
oscilloscope or for further analysis by a dis- 
tortion analyzer or audio wave analyzer. 

Since detection systems are independent 
and highly insensitive to each other, inciden- 
tal modulation measurements can be made 
with high precision. For example, even with 
90% amplitude modulation, the FM demodu- 
lator will indicate incidental FM down to 1 
Hz. Such capability is valuable for compo- 
nent design on oscillators, modulators, mix- 
ers and so forth. It is very difficult to separate 
multiple modulation effects on spectrum 
analyzer displays because both effects are 
combined. 

The H P  modulation analyzer contains se- 
lectable filters to provide commonly used sys- 
tem characteristics for LP and HP filtering 
or for FM de-emphasis, etc. Thus measure- 
ment of transmitter modulation frequency 
response performance doesn’t require addi- 
tional equipment. 

Finally the modulation analyzer can serve 
as a high sensitivity, selective frequency 
counter. Since the superheterodyne design 
allows high sensitivity amplification of low 
level modulated signals, frequency counting 
of signals as low as -65 dBm is possible with 
good rejection of other signals (even large in- 
terfering ones). 

Display and computational conveniences 
speed typical transmitter measurements and 
improve confidence in results. For example, 
ratio keys allow any measurement to be ex- 
pressed as a % or dB relative to any other 
measured or key-entered value. Such compu- 
tations are valuable in mobile FM measure- 
ments where hum and noise is expressed 
relative to an industry standard of 60% of 
maximum allowable deviation. 

500 ~Hz-18 GHz 

NOTE 1: For u8e in oscilloscope mainframes 14OT and 141T with IF section plug-ins 8552A or 85528 (page 490). 
NOTE 2 For use in o8cillo8cope mainframes 1BoTR. l8lTlTR and 182T. 



AnpCtude Res& Points 
Calibration 

Range Range ffi Max Model Description Functions Available 
DC-100 kHz 7 steps from 32 2048 5451 Fourier Analyzer Power spectrum 
(See Note 1) k0.125 to k8 V Transfer function 

Frequmcr Page 
524 

Distortion analyzer 

0.008-25 kHz 

0.1-25 kHz 

0.02 Hz-25.6 kHZ 

OC-250 kHz 

0.005-250 kHZ 

lOTE 1: Standard ranee is 

Coherence 
Convolution 

Linear Spectrum 
Auto Spectrum 

Transfer Function 
Coherence Function 

Histogram 
Correlation 

Impulse Response 

7 Steps From 256 32,000 54206 Digital Signal Analyzer Time Average 522 
kO.1 to f 1 0 V  (See Note 2) 

7 steps from 256 PS 1024 PS 5427A Digital Vibration Power Spectrum 524 
k0.125 to k 8 V  128 TF 512 TF Control System Transfer Function 

(Analysis Mode) Transient Capture 
Shock Response Spectrum 

9 steps from 256 >1.3X1O6 3582A Spectrum Analyzer Voltage Spectrum 518 
3 mV to 30 V (See note 2) Phase Spectrum 

RMS Transfer Function 
Coherence Function 

Digital Averaging 

Probability Density 
Probability Integral 

Fourier Transform of 3721A data 

40 mV to 4 V rms 100 1oc 3721A Correlator Correlation (Auto and Cross) 525 

40 mV to 4 V rms 100 100 3720A Spectrum Display Real and Complex 525 

DC lo 50 kHr, expandable with options to 100 kHz. 

Fundamental 
Frequency 

Range 
Minimlm Auto Set Aut0 TNe AM 
D i s t n t m  level Nullinc RMS Detector Flten Model No. Page 

331A 532 

Selective 
Range Bandpass 

15 Hz to 50 kHz 
100 Hz 
300 Hz 
50 Hz 

Optional 
150 Hz 

2300 Hz 
3100 Hz 

1 kHz to 18 MHz 
18 ranges 

5.HZ I .03% 

1 kHz to 18 MHz 200 Hz 
18 ranges 1000 Hz --- 3100 Hz 

I I I I I 
. .~ I 

333A 532 

1 kHz to 22 MHz 
18 ranges* i 312B/313AOpt HOl (WE477B input UI 

IO 
600 kHz 

10 Hz-110 kHz 

Dvnamic Ranee 

(-70 dB) 334A 532 
334A Opt H05 532 

0.00188 339A 531 
(-95 dB) 

Absolute 

full scale 
0.1 pV-300 V 

-120 to 
+23 dBm 

200 mV-3.2 V 
full scale or 

-120 to 
+23 dBm 

-130 t04-13 dB 
(6008 only) 

anced): 3128/3 

312D/ 
3320C 

3128 
313A 

Relative 
>85 dB 

>72 dB 

>72 dB 

Opt H05 (BNC 

598 

534 

Wave analyzers 

Freq. 
Readouts 
5-place 
digital 

7 place 
decade 
counter 

7-place 
decade 
counter 

t 5M1 unbalani 

Type of 
I n w t S  

Banana Jacks 

75Q accepts 
WECO 358A 

124Q accepts 
WECO 408A 

1350 accepts 
WECO 305A 

External frequency 
standard 

BNC & probe 
11530A bridged/ 

terminated 
balanced or 
unbalanced 

or 
WE-477B input 

unbalanced. 

or 
BNC input 

50Q unbalanced. 
'1. 

Type of outputs 
rec: 5 V full scale, with 

pen lift 
BFO, Local Oscillator, 

tuning loudspeaker, and 
headphone lack 

Recorder: 1 V dc full 
scale 1 kQ source 

Aux. 1 MHz (1 V pp)  
30 MHz (40-70 mV) rms 

90 mV rms 
Audio: +13 dBm into 

rim 

LO: (30-48 MHz) 60 to 

rec: 1 V dc full scale 1 kQ 
source 

aux: 1 MHz (1 V p-p) 
30 MHz (40-70 mV) rms 

LO: (30-48 MHz) 60 to 90 
mV rms 

audio: >0.5 into 10 kQ 
313A: Track or tuned 75Q 

unbalanced, -99.9 to 
+10 dBm (Opt 001, 50Q 

unbalanced output) 

Modes of 
O p e r a t i  

AFC, normal, 
BFO 

AM, beat 
LSB, USB 

AFC, AM, beat 
LSB, USB 



SIGNAL ANALYZERS 
20 Hz to 40 MHz spectrum analyzer 
Model 3585A 

80 dB dynamic range 
3 Hz resolution bandwidth 

3585A 

0 * 0.4 dB amplitude accuracy 
0 Self-calibrating 

Description 
The new H P  3585A Spectrum Analyzer has a fully synthesized lo- 

cal oscillator controlled by a microprocessor. The result of this state- 
of-the-art contribution offers outstanding performance over its fre- 
quency range of 20 Hz to 40.1 MHz. Center frequency and span set- 
tings have 0.1 Hz resolution and 1 X 10-'/mo. stability over its entire 
operating range. The frequency precision and stability enables the 3 
Hz resolution bandwidth filter to be used for close-in analysis even at 
40 MHz. 

An automatic internal calibration routine, administered by the mi- 
croprocessor, provides up to * 0.4 dB accuracy over most of the mea- 
surement range. Improvements in measurement performance of this 
magnitude cannot be realized by the user unless the basic limitations 
of the CRT display are bypassed. This has been accomplished by digi- 
tizing the detected video signal, which is then stored in memory. Pho- 
tographic documentation of the display is greatly simplified by 
displaying all the essential frequency, amplitude and resolution pa- 
rameters alpha-numerically around the edge of the CRT. 

The power of the microprocessor provides a bonus by making this 
analyzer easier to use. Several of the usually tedious operations, such 
as centering a signal, raising it to the reference level, etc., are now 
simplified with dedicated key operated routines working in conjunc- 
tion with the display marker. Adjustment of resolution and video 
bandwidth when modifying span is now an automatic function unless 
individual manual selection is required. In addition, new functions 
have been added, such as noise power density measurements and off- 
set capability for both frequency and amplitude. 

Measurement power 81 convenience 
The power and convenience of the 3585A's microcomputer-based 

controls and CRT readout simplify and speed use in so many ways 
that previously impractical analysis now become routine. Functions 
such as center frequency and amplitude reference level may be key- 
board-set with 0.1 Hz and 0.1 dB precision, varied with an 'analog' 
knob (actually a rotary pulse-generator), or incrementally key- 
stepped. The autoranging input attenuator eliminates the error-prone 
task of adjusting the attenuator to achieve the correct mixer level. 

A tunable marker in the 3585A makes basic measurements precise 
and quick by directly measuring a signal or by speeding the process of 
magnifying the portion of the spectrum to be analyzed. With the 
marker set to the signal peak, signal amplitude and frequency (with 
counter accuracy) are numerically displayed on the CRT. A second 
marker makes relative measurements instantly available with nu- 
merical display of the difference in amplitude and frequency between 
the two markers. This is useful for modulation, distortion measure- 
ments, and bandwidth measurement. For example, in the case of tele- 
communications applications, the second marker can be set a t  
harmonic or channel spacing from the first so the operator can simply 
step frequencies to track higher order harmonics or additional chan- 
nels. 

Amplitude and frequency may be offset to normalize values to some 
reference signal such as a pilot tone or to reflect the relative value of a 
signal. Other amplitude units, such as dBV or volts, can be chosen. On 
any occasion all settings can be stored, then later recalled with a short 
key sequence. As many as three sets of settings may be stored. 
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interpretation and further interaction by a computing controller. The 
analyzer can be remotely tuned with the precision of the synthesizer, 
while retaining analog sweep and exceptional spectral purity. The re- 
sult is a new and higher level of interaction between the user and the 
measurement system. 

Maximum accuracy is assured at all times by an automatic internal 
calibration routine which compensates for frequency and amplitude 
errors in measurements made a t  the reference level at the center of 
the screen. 

Counter measurements with spectrum analyzer selectivity and sen- 
sitivity can be made to 1 X IO-'/mo. stability while sweeping or man- 
ually tuning. 

Dynamic Range 

Swept Response Measurements 

s 

The built-in tracking generator offers superb stability and resolu- 
tion for crystal filters as well as excellent flatness for wideband de- 
vices. The l dB/div. amplitude scale is used to expand and resolve 
small amplitude differences with .01 dB resolution using the marker 
readout. >80 dB spurious free dynamic range with full scale inputs of -25 



! A  SIGNAL ANALYZERS 
1 20 Hz to 40 MHz spectrum analyzer 

Model 3585A (cont.) ! 

Terminal Interaction 

Marker Aided Measurements 

Measurement routines selected from the controller memory via the 
analyzer keyboard, such as this filter test, can provide instructions to 
the operator to minimize errors and reduce training time for complex 
measurements. 

Along with the marker readout capability, there are three addition- 
al functions: counter measurements, noise level measurements, and 
offset (relative) measurements. The four operating aids just above the 
knob indicate that the marker or offset value can be directly entered 
into the center frequency, reference level, frequency span, or center 
frequency step size. These aids save much time in conventional oper- 
ations by direct transfer of data to another functional control. 

Noise Measurement 
The noise level key displays RMS noise density normalized to a 1 Hz 
bandwidth at the marker position. All correction factors are account- 
ed for in the internal measurement routine. 

Specifications 
Frequency 
Measurement range: 20 Hz to 40.1 MHz 
Displayed Range 

Frequency span: 
Range: 0 Hz to 40.1 MHz variable with . I  Hz resolution or 10 Hz to 
40 MHz in 1, 2, 5 steps 
Accuracy: -0% + .2% of frequency span setting 
Center, StartIStop, and Manual Frequency 
Range: 0 Hz to 40.1 MHz with . I  Hz resolution 
Accuracy: 1 X IO-'/month of frequency 

Marker 
Readout accuracy: k .2% of frequency span k resolution band- 
width 
Counter accuracy: k . 3  Hz * 1 X IO-'/month of counted fre- 
quency for a signal 20 dB greater than other signals and noise in the 
resolution bandwidth setting 

Resolution bandwidths 
Range: 3 dB bandwidths of 3 Hz to 30 kHz in a 1,3, 10 sequence 
Accuracy: k 20% at  the 3 dB points 
Selectivity: 60 dB/3 dB < I  1:1 

Measurement range:-] 37dBm to +30 dBm (50/75Q) or equiv- 
alent level in dBV or volts, 31 nV to 22 V (1 MQ) 
Displayed Range 

Scale:lO division CRT vertical axis with Reference Level at the 
top graticule line 
Calibration: 10,5,2 and 1 dB/division from the Reference Level 
Input range: -25 dBm to +30 dBm in 5 dB steps 
Reference level (relative to Input Range) 
Range: -100 dB to +IO dB 

Resolution 

Amp Wude 



An 

0 

f . 4 d B  I f . 7  dB 

Fr 

f 1.5 dB 

50 
1 :  

+.3dB k . 6 d B  

8bUruby ,ua.,,y I "I L UY, Urn.., m. I I I I Y ~ " . . W W . .  "...I .=.---p 

te reduced by 4 or at the manual frequency): 50175Q input: 

k 1.0 dB k 2.0 dB 

.140 

117522 input f .5 dB 
MQ input 

20 Hz 10 MHz 40.1 MHz 

+.7dB I f 1.5 dB 

Marl 
An 
Mi 
rac 
IOU 

An 
tuc 

DY n 
SP 
to1 
50 
Re 
1 lnrr  ,rvpu.. .-0" U" G*bGpL *GbU,," ,,a 1.1, v,,,r Y l D C Y L  L L V l l  . 
dB 
lntermodulation distortion: 
501753 input: (-80 dB referred to the larger of two signals each 
1 6  dB 
below Input Range except 2nd order IM from 10 MHz to 40 MHz 

1 MQ input: (-70 dB 
Residual responses (no signal at input): (-120 dBm using 
-25 dBm range 

(50175Q) input: 

r v  

(-70 dB 

Average noise level 

ker 
nplitude accuracy 
dscreen at the Reference Level: Use Reference Level accu- 
:y from +30 dBm to -1 15 dBm, add Amplitude Linearity be- 
v -115 dBm. 
iywhere on screen: Add Reference Level Accuracy, Ampli- 
ie Linearity and Frequency Response. 
amic Range 
iurious responses (Image, out of band, and harmonic dls- 
rtion): 
V75Q input: (-80 dB referred to a single signal l I n p u t  
tnge 
ban :--..a. /-on A D  m-a....~ rn-...,...;,. ~:,t~.t:~.. / - i n  

AVERAGE NOISE LEVEL -ww 
lk. -1081 

Modes: Continuous, single or manual 
Trigger: Free Run, Line, or External 
Time: .2 s full sweep to 200 s/Hz of Frequency Span (swept 
excluded auto calibration cycles) 

Trace: Two memories, A and B each 1001 data points horizon 
by 1024 data points vertically are displayed on the CRT at a f l i  
free rate. Memory A updated at the rate of the analyzer sweep t 
Memory B updated by transfer from A (Store A-B). 
Max Hold retains in Memory A the largest signal level at each 1 
zontal point over successive sweeps, A-B updates Memory A 
sweep data minus Memory B data at each corresponding horizc 
point. 
Trace detection: A linear envelope detector is used to obtain 1 

information from the IF  signal. Peak signal excursions beti 
horizontal sweep data points are retained and displayed at the 
hand data point. This assures that no signal responses are mis 

Signal inputs: 
50/75Q: >26 dB return loss, BNC connector 
1 Ma: f 3% shunted by (30 pf, BNC connector 
Maximum input level: 
501753: 13 V peak ac plus dc relay protected against overloa 
42V peak. 
External trigger input: Negative going TTL level or contacl 
sure required to initiate sweep. 
External reference input: lOMHz (or subharmonic to 1 MH 
dBm minimum level 

Tracking generator: 
Level: 0 dBm to -1 1 dBm with a single turn knob 
Frequency accuracy: f 1 Hz relative to analyzer tuning 
Frequency response: f .7dB 
Impedance: 50Q; > 14 dB return loss 
Prnha nnwar- + 1 5 Vdc - 1  3 6 Vdc 1 50 ma max. 
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Suitable for powering HP 1120A Active Probe 
External display: 
X, Y: 1 volt full deflection; 2: <OV to >2.4V 
Recorder: 
X Axis: IO V full scale 
Y Axis: IO V full scale 
2 - penlift output TTL 
IF: 350 kHz, -12 dBV to -14 dBV at the reference level 
Video: 10 V at  the reference level 
Frequency reference: 10.000 MHz f 1 X IO-'/mo., +IO dBm 
into 5OQ 

General 
Environmental 
Temperature: Operating 0°C to 55°C 
Humidity: (95% RH except 300 Hz BW 40% RH 
Warm-up time: 20 minutes at ambient temperature 
Power Requirements: 115V (+1 l%-25%), 48-440 Hz 

180 Watts 3A max 
Weight: 39.9 kg (88 Ib.) 
Dimensions:22.9cm(9")H X42.6cm(16.75")W X 63.5cm(25") D 

230V (+11%-18%), 48-66 HZ 

Ordering Information 
Opt. 907: Front Handle Kit 
Opt. 908 Rack Flange Kit 
Opt. 909: Combined Opt. 907 and 908 
Opt. 910: Extra Manual 
Model 3585A Signal Analyzer 

Price 
$25 
$20 
$45 

$150 
$17,500 



Spectrum Analyzer, I O W z  to 15QO MHz 
Model 8568A 

100 Hz to 1.5 GHz Frequency Range 
10 Hz Resolution Bandwidth 
Frequency Counter Accuracy 

Digital Display 
Tunable Marker with Amplitude and Frequency Readout 
Store and Recall Control Settings 

-- 

The 8568A is a high performance spectrum analyzer for bench or 
HP-IB systems use that operates over the 100 Hz to 1500 MHz fre- 
quency range. A sophisticated phase lock system combines “synthe- 
sizer like” tuning and frequency accuracy with superior local 
oscillator spectral purity to make narrow resolution bandwidths prac- 
tical at RF frequencies. The analyzer is designed around its own in- 
ternal bus and controlled by a microcomputer to yield significant 
improvements in R F  measurement performance, new operational fea- 
tures and unparalleled flexibility under program control. 

Performance 
Exceptional stability enables the use of a 10 Hz resolution band- 

width over the 100 Hz to 1500 MHz tuning range of the analyzer. 
Superior spectral purity and narrow resolution make it possible to 
resolve line related sidebands or measure clean oscillators directly a t  
R F  frequencies. 10 Hz resolution also results in - 135 dBm sensitivity 
which makes greater than 85 dB spurious free dynamic range achiev- 
able. A frequency reference error of 1 x IO-g/day together with the 
analyzer’s resolution and sensitivity allow small signals in the pres- 
ence of large ones to be measured with frequency counter accuracy. 



Usability 
The front panel concept of the 8568A is new in that the operator 

reads all the analyzer control settings off the CRT display and sets 
function values through data controls. To activate a function the user 
pushes the appropriate key; he then has the option of setting the func- 
tion’s value using the knob, step keys or numeric/unit keyboard. 

Measurements can be made following conventional “zoom” tech- 
niques using the center frequency, frequency span and reference level 
functions, or with the help of certain measurement aids. A preset but- 
ton sets all analyzer controls to a convenient starting point; coupled 
functions, such as resolution bandwidth and sweeptime change auto- 
matically as frequency span is reduced to maintain a calibrated dis- 
play. A tunable marker is available for directly measuring a signal or 
speeding the process of magnifying the portion of the spectrum to be 
analyzed. 

With the marker set to the signal peak, the signal’s amplitude and 
frequency, to counter accuracy, are numerically displayed on the 
CRT. A second marker, useful for modulation or distortion measure- 
ments, makes relative measurements by displaying the difference in 
amplitude and frequency between the two markers. Marker informa- 
tion enables the operator to step between evenly spaced portions of 
the frequency spectrum such as communication channels or signal 
harmonics; the noise level at the marker can be converted to RMS 
noise density normalized to a 1 Hz bandwidth. The marker may also 
be positioned at the peak of the largest signal on the screen and used 
to zoom-in on signals automatically. 

Once the analyzer’s controls have been adjusted, all settings can be 
saved in memory and later recalled to repeat the measurements. An 
internal battery maintains the contents of memory in the event of a 
power failure. 

, 
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All displayed information resides in a digital memory from which 
the CRT is refreshed at a flicker-free rate. Display titles may be add- 
ed. A trace may be viewed real-time or stored; max hold displays the 
largest amplitude at 1001 points across the CRT over successive 
sweeps to aid in the measurement of residual FM or drift. Up to three 
traces may be observed simultaneously and arithmetic between traces 
or a trace and reference display line is possible for comparison or fre- 
quency response normalization. 
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SIGNAL ANALYZERS 
Spectrum Analyzer, 100 Hz to 1500 MHz (cont.) 

Automatic Measurement Capability 
The design of the 8568A lends itself to automatic control via the 

H P  Interface Bus (IEEE Standard 488-1975). The analyzer can be 
tuned with the precision of a synthesizer while retaining analog sweep 
and exceptional spectral purity. Its internal architecture facilitates 
the remote programming of all function settings and the output of 
CRT trace and marker readout information; the display itself is ac- 
cessible for annotation purposes. 

By exploiting this architecture, a new level of interaction between a 
user and a measurement system becomes possible under program con- 
trol. While the user's measurement programs reside in the controller, 
the operator need interface only with the analyzer (which functions as 
a "measurement terminal"). A list of these programs may be dis- 
played on the CRT for selection through the appropriate code on the 
numeric keyboard. The programs themselves can lead the operator 
through a measurement using graphics to explain each step of the 
process. 

Friendly analyzer codes and HP-IB commands are used to program 
the analyzer; for example, C F  20 M Z  instructs the analyzer to set 
center frequency to 20 MHz. Built-in firmware features such as in- 
strument preset, peak search and zoom further simplify writing soft- 
ware. Control settings may even be "programmed" from the 
instrument front panel using "learn" mode. 

The primary advantage of computer control is the execution of 
complicated or time consuming measurement routines with a mini- 
mum of involvement by the operator. This capability is especially use- 
ful in production line testing or unattended measurement situations 
such as spectrum monitoring. An analyzer may be joined by other 
instruments in a distributed system, or be controlled remotely 
through a data communications network. External control is desir- 
able for setting the proper analyzer function values, reading data, 
performing any numerical manipulation required (including error 
correction), analyzing the results, and providing output data in a con- 
venient format on a printer, plotter, or the analyzer CRT. This capa- 
bility is available in the form of a configured system: 
8581A Automatic Spectrum Analyzer. 
Consider this measurement example: 
Electromagnetic interference: the analyzer begins by using the 
CRT to show the test set-up. Next it draws the MIL-STD 461 con- 
ducted interference test limits on the CRT, adjusting them for the 
current probe transfer impedance and normalizing for the analyzer 
impulse bandwidth. The analyzer controls (including resolution 
bandwidth, video bandwidth, and calibration units) are set to their 
proper values for the measurement and the results are presented on a 
semi-log plot together with a printout analyzing compliance. 

I 

8568A Specifications 
Frequency 
Displayed range 

Frequency span: 100 Hz to 1500 MHz over 10 division CRT hori- 
zontal axis. In zero span, the instrument is fixed tuned at the center 
frequency. 

Full span (0-1500 MHt): is immediately executed with a 0-1.5 
GHz or INSTR PRESET keys. 
Frequency span accuracy: for spans >1 MHz, k (2% of the 
indicated frequency separation between two points +0.5% span); 
for span 5 1 MHz, k (5% of frequency separation +OS% span). 

Center frequency: 0 Hz to 1500 MHz. Center frequency step size 
may be set using the numeric keyboard or MKR/A+STP SIZE 
key. 

Readout accuracy: Span 2 100 Hz: k (2% of frequency span + 
frequency reference error x tune frequency +10 Hz) in AUTO 
resolution bandwidth after adjusting freq zero at stabilized tem- 
perature, and using the error correction function, SHIFT W and 
SHIFT X. 

Start-Stop frequency: permissible values must be consistent with 
those for center frequency and frequency span. SHIFT 0 sets the 
analyzer start and stop frequencies equal to the frequencies of the 
two A markers. 

frequency Readout accuracy: center frequency accuracy + 
span accuracy. 

Marker 
Normal: displays the frequency at the horizontal position of the 
tunable marker. 

Accuracy: center frequency accuracy + frequency span accuracy 
between the marker and center frequencies. 
PEAK SEARCH positions the marker a t  the center of the largest 
signal response present on the display to within f 10% of resolu- 
tion bandwidth. MKR 4 C F  sets the analyzer center frequency 
equal to the marker frequency; MKR/A -+ STP SIZE sets the 
center frequency step equal to the marker frequency. 

Freq count: displays the frequency signal on whose response the 
marker is positioned. The marker must be positioned a t  least 20 dB 
above the noise or the intersection of the signal with an adjacent 
signal and more than four divisions up from the bottom of the CRT. 

Accuracy: for span I 1 0 0  kHz: frequency reference error x dis- 
played frequency k 2 counts. For span > 100 kHz but I 1  MHz: 
freq. ref. error x displayed frequency k (10 Hz +2 counts). For 
span >lMHz: k ( 1 0  kHz +1 count). 
Frequency reference error: aging Rate (1 x IO-*/Day; Temp 
Stability (7 x lo-*, 0" to 55°C. 

Signal track: re-tunes the analyzer to place a signal identified by 
the marker at the center of the CRT and maintain its position. Use- 
ful when reducing frequency span to zoom-in on a signal; also keeps 
a drifting input signal centered. 
A: displays the frequency difference between the stationary and tun- 
able markers. Reference frequency need not be displayed. 

Accuracy: same as frequency span accuracy; in the FREQ 
COUNT mode, twice the frequency count uncertainty plus drift 
during the period of the sweep (typically (10 Hz/minute). 
MKR/A + STP SIZE sets the center frequency step size equal to 
the frequency difference between the markers. SHIFT 0 sets the 
analyzer start stop frequencies equal to the frequencies of the two 
markers. 

Zoom: makes it possible to reduce the frequency span about the 
marker (or signal in the signal track and freq count modes) using 
the step down key. 

Resolution bandwidth: 3 dB bandwidths of 10 Hz to 3 MHz in a 
1, 3, 10 sequence. Bandwidth may be selected manually or coupled 
to frequency span. 

Bandwidth accuracy: calibrated to: k20%, 3 MHz to 10 Hz; 
f lo%, 1 MHz to 3 kHz. 

Bandwidth selectivity: 60 dB/3 dB bandwidth ratio: <15:1, 3 
MHz to 100 kHz; <13:1, 30 kHz to 10 kHz; <ll : l ,  3 kHz to 30 
Hz. 60 dB points on 10 Hz bandwidth are separated by (100 Hz. 

Residual FM: <3 Hz peak-to-peak 5 1 0  sec; span (100 kHz, res- 
olution bandwidth 1 3 0  Hz, video bandwidth I 3 0  Hz. 

Resolution 

Stability 



LA 

Drift: < 10 Hz/minute of SWEEPTIME after 1 hr. warmup a t  sta- 
bilized temperature, for frequency span 1 1 0 0  kHz. Spans > 100 
kHz but 1 1  MHz, < 100 Hz/minute of SWEEPTIME > 1 MHz, 
t 3 0 0  kHz/minute of SWEEPTIME. 

Noise sidebands: >80 dB below the peak of a CW signal at fre- 
quency offsets 230  x resolution bandwidth setting, for resolution 
bandwidths 1 1  kHz. 
Line related sidebands: >85 dB below the peak of a CW signal. 

Spectral purity 

Amplitude 
Measurement range: -135 dBm to +30 dBm. 
Displayed range 

Calibration 

Scale: Over a IO division CRT vertical axis with the Reference 
Level at the top graticule line. 

Log: 
IO dB/div for 90 dB display from Reference Level. 

5 dB/div for 50 dB display \ 
2 dB/div for 20 dB display 
1 dB/div for 10 dB display 

Linear: 
10% of Reference Level/div when calibrated in voltage. 

Fidelity: 
Log: incremental Cumulative 

f 1.0 dB max over 0 to 80 dB 
display, 20-30°C. 
f 1.5 dB max over 0 to 90 dB 
display. 

f O . l  dB/dB over 
0 to 80 dB display 

I 

5 

Linear: k 3% of Reference Level. 
Reference level 

Range 
Log: 
+60.01 to -139.9 dBm or equivalent in dBmV, dBpV, volts. 
Linear: 
228.61 volts to 0.22 pvolts full scale. 

Accuracy: the sum of the following factors determines the accura- 
cy of the reference level readout. Depending upon the measurement 
technique followed after calibration, various of these sources of un- 
certainty may not be applicable. 
An internal error correction function calibrates and reduces the un- 
certainty introduced by analyzer control changes from the error 
calibration state (-7 dBm reference level, 1 dB/div scale, 10 dB R F  
attenuation, 1 MHz bandwidth) when SHIFT W is executed just 
prior to the signal measurement (i.e., at the same temperature) 
within the 20"-30" range. 

Calibrator uncertainty: f 0.2 dB. 
Frequency response (Flatness) uncertainty: input #1: f 1 
dB, 100 Hz to 500 MHz; ? 1 SdB 100 Hz to 1500 MHz; input #2: 
k 1 dB, 100 kHz to 1500 MHz. 
Amplitude temperature drift: a t  -10 dBm reference level with 
10 dB input attenuation and 1 MHz resolution bandwidth, kO.05 
dB/ "C (eliminated by recalibration). 
input attenuation switching uncertainty: over 10 dB to 70 dB 
range. 
Resolution bandwidth switching uncertainty: (referenced to 1 
MHz bandwidth)-corrected (uncorrected) 

fO.l dB 

fO.1 dB 

Range 20-30°C 0-55°C 
3 MHz to 10 Hz 

1 MHz to 30 Hz 
(k 1.0 dB) ( f 2 . 0  dB) 

(f0.5 dB) (k 1.0 dB) v 

Log scale swltching uncertainty: f 0.1 dB corrected ( f 0.5 dB 
uncorrected). 
IF Gain uncertainty: corrected (uncorrected). Assuming the in- 
ternal calibration signal is used to calibrate the reference level a t  
-10 dBm and the input attenuator is fixed a t  IO dB, any changes 
in reference level in the following ranges will contribute IF  gain 
uncertainty: 

Range 20-30°C 0-55°C 
0 dBm to -55.9 dBm 

-56 dBm to -129.9 dBm 

NA2 
(* 0.6 dB) ( f 1.0 dB) 
f 1.0 dB3 

( f l . 0 d B )  (zk1.5dB) 

Each 10 dB decrease (or increase) in the amount of input attenu- 
ation at the time of calibration and measurement will cause a cor- 
responding IO dB decrease (or increase) in the absolute reference 
level settings described above. 
RF Gain uncertainty (due to 2nd LO shift): f O . l  dB corrected 
( f 1 .O dB uncorrected) 
Error correction accuracy: (applicable when controls are 
change from the error calibration state if SHIFT W and SHIFT 
X are used): It0.4 dB. 

Marker 
Normal: displays the amplitude at the vertical position of the tun- 
able marker. 

Accuracy: equals the sum of calibrator uncertainty, reference 
level uncertainty, and scale fidelity between the reference level 
and marker position. 

PEAK SEARCH positions the marker a t  the peak of the largest sig- 
nal present on the display. MKR + REF LVL set the analyzer refer- 
ence level equal to the marker amplitude. RMS noise density in a 1 
Hz bandwidth is read out using SHIFT M, by sampling the displayed 
trace and arithmetically correcting for the analyzer envelope detector 
response, log shaping, and measurement bandwidth. 
A: displays the amplitude difference between the stationary and tun- 
able markers. Reference frequency need not be displayed. 

Accuracy: equals the sum of scale fidelity and frequency between 
the two markers. 

Reference lines 
Display line: movable horizontal line with amplitude readout. 
Threshold: movable horizontal trace threshold with amplitude 
readout. 
Accuracy: equals the sum of calibrator uncertainty, reference level 
uncertainty, and scale fidelity between the reference level and refer- 
ence line. 

Dynamic range 
Spurious responses: for signal levels 1-40 dBm at the input 
mixer of the analyzer, all image and out-of-band mixing responses, 
harmonic and intermodulation distortion products are >75 dB be- 
low the input signal level. 

Second harmonic distortion: for a signal -30 dBm a t  the mixer 
and 2 10 MHz, second harmonic distortion >70 dB down; 60 dB 
down for signals (10 MHz. 
Third-Order intermodulation distortion: for two signals -30 
dBm a t  the mixer, third-order intermodulation products >70 dB 
down (+5 dBm T.O.I. for 0 dB input attenuation). 

Residual responses (no signal at input): (-105 dBm, with 0 
dB input attenuation (typically (-1 I5 dBm). 
Average noise level: displayed (-135 dBm for frequencies >1 
MHz, (-1 12 dBm for frequencies 5 1  MHz but >500 Hz with 10 
Hz resolution bandwidth (0 dB input attenuation, 1 Hzvideo filter). 

Video bandwidth: post detection low pass filter used to average 
displayed noise: bandwidth variable from 1 Hz to 3 MHz in a 1,3, 
10 sequence. Video bandwidth may be selected manually or coup- 
led to resolution bandwidth. 
Digital video averaging: displays the sweep-to-sweep average of 
the trace over a specifiable number of sweeps with SHIFT G, vid- 
eo averaging is turned off with SHIFT H. 

Gain compression: < O S  dB for signal levels 5-10 dBm at the 
input mixer. 

Sweep 
Trigger 

Free run: sweep triggered by internal source. 
Line: sweep triggered by power line frequency. 
Video: sweep triggered by detected waveform of input signal a t  an 
adjustable level; signal must be 10.5 div peak-to-peak. 
External: sweep triggered by rising edge of signal input to rear pan- 
el BNC connector: trigger source must be >2.4 volt ( 5  volt max). 

'Maximum input mum not exceed +30 dBm (damage level). 
'Accounted lor under Error Correction Accuracy. 
Forrection only applies over the 0 dBm to -55.9 dBm range. 



SIGNAL ANALYZERS 
Spectrum Analyzer, 100 Hz to 1500 MHz (cont.) 

Continuous 
Sequential sweeps initiated by the trigger: 20 msec full span to 1500 
sec full span in 1, 1.5, 3, 5,7.5, 10 sequence. 
Accuracy: sweep time 5 100 sec, + 10%; >IO0 sec, +20%. 
2ero frequency span: 1 psec full sweep (10 divisions) to 10 msec 
full sweep in 1, 2, 5 sequence; 20 msec full sweep to 1500 sec full 
sweep in 1, 1.5, 2, 3, 5, 7.5, 10 sequence. 

Accuracy: same as continuous. 
Sweep time may be set manually or automatically for the frequen- 
cy span, resolution bandwidth and video bandwidth selected. 

Single: single sweep armed on activation and initiated by trigger 
(sweep 2 2 0  msec only). 
Display 
Trace: A and B are two independent signal response memories each 
having 1001 horizontal data positions and vertical resolution of 0.1%. 
Memory contents are displayed on the CRT at a rate independent of 
the analyzer sweep time. Trace A is displayed brighter than trace B. 

Clear/Write: clears memory contents when first activated, then 
writes the analyzer signal response into the memory each sweep and 
displays memory. 
Max hold: retains in memory and displays the largest signal level 
occuring a t  each horizontal data position over the repetitive sweeps 
beginning a t  the time the function is activated. 
View: stops writing into memory and displays memory without 
changing its contents. 
Blank: stops writing into memory and blanks the trace while retain- 
ing the last response in memory. 
Arithmetic 

A-B-: initially subtracts the stored memory contents of B from 
the current memory contents of A and writes the difference into 
A; this process continues as the A memory is updated a t  the sweep 
rate. To accomplish A+B+A use SHIFT c. 
A= B: exchanges A and B display memory contents. 
B-DL-B: subtracts the amplitude of the display line from the 
memory contents of B and writes the difference into B. 

A third signal response memory, C (also with a 1001 data positions), 
can be used for signal response storage. It is accessed indirectly by 
transferring memory contents between B and C. 

B-C: SHIFT 1. 
BSC: SHIFT i. 
View C: SHIFT j. 
Blank C: SHIFT k. 

Annotation 
Title: allows the user to write characters into a specified area on the 
CRT by pushing SHIFT E and typing the keys next to the blue 
front uanel characters and data numbers desired. Use BACK- 
SPACE for corrections. 
Blank: SHIFT o blanks (SHIFT p unblanks) all CRT characters 
and control setting readouts. SHIFT m blanks (SHIFT n unblanks) 
the CRT graticule. 

input 
RF Inputs 
The standard instrument configuration is as follows: 

InDut # 1: 100 Hz to 1500 MHz, 500, BNC connector (Fused); dc 
coupled. 

Reflection coefficient: >0.20 (1.5 SWR) to 500 MHz, t 0 . 3 3  
(2.0 SWR) 500 MHz to 1500 MHz; 2 1 0  dB input attenuation. 

Input # 2: 100 kHz to 1500 MHz, 500, Type N connector; ac coup- 
led. 

Reflection coefficient: t 0 . 2 0  (1.5 SWR); 210  dB input at- 
tenuation. 

LO emission: typically (-75 dBm (0 dB R F  Atten). 
Isolation: >90 dB between inputs. 
Also available: Input # I ,  100 kHz to 1500 MHz, 750, BNC con- 
nector, ac coupled (Opt 001). 

AC: continuous power, +30 dBm (1 watt); 100 watts, 10 psec pulse 
into 250 dB attenuation. 

Maximum input level 

DC: Input # I ,  0 volts; Input #2, 50 volts. 
Input attenuator: 70 dB range in 10 dB steps. Zero dB attenuation 
accessible only through numeric/unit keyboard. Attenuation may be 
selected manually or coupled to reference level to insure a -10 dBm 
input mixer drive level for full-screen signals; other mixer levels may 
be specified using SHIFT ' and entering the desired amplitude 
through the keyboard. 

Accuracy: +LO dB over 10-70 dB range. 
output 
Calibrator: 20 MHz 2 2 0  MHz x frequency reference error (1 x 
IO-g/Day), -10 dBm k0.2 dB; 500. 
Probe Power: +I5 V, -12.6 V; 150 mA max. 
Auxiliary (rear panel; nominal values) 

Display: X, Y and Z outputs for auxiliary CRT displays. X, Y: 1 
volt full deflection; Z: 0 to 1 V intensity modulation, -1 V blank. 
BLANK output (TTL level >2.4 V for blanking) compatible with 
most oscilloscopes. 
Recorder 

Horizontal sweep output (x axis): a voltage proportional to the 
horizontal sweep; 0 V for left edge to +10 V for right edge. 
Video output (y axis): detected video output proportional to ver- 
tical deflection of CRT trace. Output increases 100 mV/div from 
0 to 1 v. 
Penlift output (z axis): 15 V blanking output during retrace. 

21.4 MHz IF: a 500, 21.4 MHz output related to R F  input to the 
analyzer. Output nominally -20 dBm for a signal a t  the reference 
level. Bandwidth controlled by the analyzer's resolution bandwidth 
setting. 
1st LO: 2-3.7 GHz, >+4 dBm; 500 output impedance. 
Frequency reference: 10.000 MHz, 0 dBm; 500 output imped- 
ance. 

instrument Statement Storage 
Up to 6 complete sets of user-defined control settings may be stored 

and recalled by pressing SAVE or RECALL and the desired register 
number (1 to 6) from the keyboard. Instrument state information is 
retained in memory indefinitely in STANDBY and approximately 30 
days after line power is terminated. 
Remote Operation 

The standard 8568A operates on the Hewlett-Packard Interface 
Bus (HP-IB). All analyzer control settings (with the exception of 
VIDEO TRIGGER LEVEL, FOCUS, ALIGN, INTENSITY, 
FREQ ZERO and AMPLD CAL) are remotely programmable. 
Function values, marker frequency/amplitude, and A/B traces may 
be output; CRT labels and graphics may be input. 
General 
Environmental 

Temperature: operating 0°C to 55°C. storage -40°C to +75"C. 
Humidity: operating (95% R.H., 0°C to 40°C except as noted. 
EMI: conducted and radiated interference is within the require- 
ments of CEO3 and RE02 of MIL STD 461A, VDE 0871, and 
CISPR pub'n 1 , 2  and 4. 

Power requirements: 50 to 60 Hz; 100,120,220 or 240 volts (+5%, 
-10%); approximately 450 VA (40 VA in standby). 400 Hz oper- 
ation is available as Opt 400. 
Weight: total net, 45 kg (100 Ib); Display/IF Section, 21 kg (47 Ib); 
R F  Section, 24 kg (53 Ib). Shipping, Display/IF Section 31 kg (69 
lb.); R F  Section 34 kg (75 Ib). 
Ordering information Price 

$27,800 8568A Spectrum Analyzer 
Opt 001: 750 (BNC), 100 kHz to 1500 MHz R F  

Opt 4 0 0  400 Hz Power Line Frequency Operation 
Opt 907: Front Handle Kit 
Opt 908 Rack Flange Kit 
Opt 909 Rack Flange and Front Handle Kit 

Input #l $200 
$400 
$40 
$30 
$60 

Opt 9 1 0  Extra Manual $100 



SIGNAL ANALYZERS 

8 5 6 8 A  
Spectrum Analyzer 

Automatic Spectrum Analyzer, 100 Hz to 1500 MHz A I 

Model 8581A 

9 8 2 5 A  
Computing Controller 

Interactive Front Panel Under Program Control 
Friendly Programming Codes and Powerful Firmware 

9825A Computing Controller 
Ease of Operation Via HP-IB 

Recommended 

The 858 1 A “Automatic Spectrum Analyzer” includes 8568A Spec- 
trum Analyzer, 9825A Desktop Computer with 23K bytes of memory 
and all necessary accessories, 9866B Printer with stand, and system 
table. A sample program PAC contains twenty annotated subpro- 
grams which extend the firmware capability of the analyzer. Several 
useful measurement programs exemplify the use of these subpro- 
grams. In addition, utility programs enable CRT plot and system 
checkout. 

Recommended 

Ordering information Price 
8581A Automatic Spectrum Analyzer $45,600 

System Components 
8568A Spectrum Analyzer 
9825A Desktop Computer with Option 002, 23K Bytes 
Memory 
98210A String-Advanced Programming Plug-In 
98216A Plotter-General I/O-Extended 1/0 Plug-In 
9866B Printer with Option 025, 9825A Interface 
98034A HP-IB Interface Card 
98226A Computer Cradle 
System Table 
85860A Starter-Software PAC for 8568A19825A 
Factory Assembly and Checkout Prior to Shipment 
8581A Options 
Opt 002: Delete System Table 
Opt 910: Extra Manual Set 

less $600 
$150 

85860A Starter-Software Pac for 8568A19825A: 
PAC includes two 9825 cartridges containing sample 
measurement programs, subprograms, and utilities. 
The sample programs demonstrate the application of 
the subprograms with practical measurements, such as 
harmonic distortion and spectrum search. Also includ- 
ed is a manual with annotated program listings. Com- 
plete compatibility requires 856844; 9825A, Opt 002; 
9866B Opt 025; 98210A; 98216A; and 98034A (plus 
9872A Opt 025 and HP-IB cable for plotting). $250 



I SIGNAL ANALYZERS 
I 

Spectrum Analyzer, 10 MHz to 40 GHz 
Model 8565A 

0.01 to 22 GHz coverage with internal mixer 
Internal preselection 1.7 to 22 GHz 
Wide choice of resolution bandwidths 

Simple three knob operation 
Absolute amplitude calibration 
CRT bezel readout displays control settings 

8565A Spectrum Analyzer 
Covering from 0.01 to 22 GHz with its internal mixer, the 8565A 

has built-in preselection and brings accuracy plus convenience to mi- 
crowave spectrum analysis. The wide range, spurious-free display, 
compact design and ease of use make it well suited for lab, produc- 
tion, or field applications requiring accurate measurement from IF  
thru microwave frequencies. The 8565A can cover 0.01 to 22 GHz in 
just two spans for rapid location of signals prior to close-in analysis in 
one of six bands. Coverage is easily extended up to 40 GHz with the 
H P  11517A External Mixer. 
High Resolution 

Fully automatic stabilization in narrow spans reduces residual FM 
and drift. Standard resolution bandwidths range from 1 kHz to 3 
MHz. The 1 and 3 MHz bandwidths allow fast sweeps in wide spans 
and increased dynamic range for pulsed RF; narrow bandwidths for 
measurement of closely spaced signals. Option 100 provides addition- 
al 100 Hz and 300 Hz IF bandwidth filters, and residual FM is (100 
Hz when stabilized. This 100 Hz resolution is useable up to 8.5 GHz 
and the 300 Hz resolution bandwidth to 22 GHz. All resolution filters 
are gaussian-shaped for repeatable measurements, faster non-distort- 
ing sweeps and best pulse response. 
Absolute Amplitude Calibration 

Absolute signal levels from - 1 12 dBm to +30 dBm are easily mea- 
sured because the HP 8565A always displays the value of the refer- 
ence line with LED's in the CRT bezel and at the reference level 
control. Changes in RF, IFgain, and preselector loss are automatical- 
ly included. In addition, flat frequency response insures accuracy for 
relative as well as absolute power measurements. 
Wide Dynamic Range 

Internal preselection (1.7 to 22 GHz) enables you to measure dis- 
tortion products as much as 100 dB down. Even for closely spaced 
signals or measurements below 1.7 GHz, all distortion products are 
greater than 70 dB down. In either case, maximum dynamic range is 
assured even for 1 watt signals with the 70 dB input attenuator. An 
input limiter (0.01 to 1.8 GHz) and the internal preselector (1.7 to 22 
GHz) enable the 8565A to withstand RF signals up to +30 dBm for 
all input attenuator settings. 
Designed For Convenience 

Coupled controls allow you to make most measurements in 3 simple 
steps. Green color coded keys preset the 8565A for normal operation 
so a measurement only requires that y G u n e  to a signal, select a 
desired span, and raise it to the reference level. Automatically select- 

ed sweep times insure a calibrated display for all combinations of fre- 
quency span, resolution bandwidth and video filtering. 

The CRT bezel LED's display all pertinent control settings to give 
you all the information needed for signal evaluations in one central 
location. These data are also captured in CRT photos. 

8444A Option 058 Tracking Generator 
Make swept frequency response measurements to * 1.7 dB from 10 

to 1300 MHz with greater than 90 dB of dynamic range. The output 
is absolutely calibrated at 0 dBm and continuously variable to (-10 
dBm . The frequency of unknown signals as well as the frequency of 
any point on the frequency response curve can be measured from the 
external counter output using the low-cost H P  5300/5305B 1300 
MHz Counter. 

8750A Storage-Normalizer 
The analyzer is made even easier to use with the digital storage of 

the 8750A because there is no need to re-adjust intensity or persis- 
tence as the sweep time changes. With the push of a button, a signal 
can be frozen on the CRT and then compared directly to the current 
input signal. Traces can also be compared arithmetically (i.e., nor- 
malized) to automatically remove frequency response variations. This 
is especially useful when used with the H P  8444A Opt. 058 Tracking 
Generator. 

Frequency Specifications 
Frequency range: 0.01 to 22 GHz with internal mixer, 14.5 to 40 
GHz with H P  11517A External Mixer. 
tuning accuracy (digital frequency readout in any span mode) 

internal mixing: 0.01 to 2.5 GHz < +. 5 MHz, k 20% of Freq. 
Span/Div; 2.5 to 22 GHz, &0.2%, k 20% of Freq Span/Div. 
External mixing: 14.5 to 40 GHz < f0.7%, 20% of Freq Span/- 
Div. 

1.7 to 22 GHr: multiband span from 1.7 to 22 GHz in one sweep. 
Full band: displays spectrum of entire band selected. 
Per division: eighteen calibrated spans from 1 kHz per div. to 500 
MHz per div. in a 1, 2, 5 sequence, plus a full band span, "F". 

Span width accuracy: the frequency error for any two points on 
the display for spans from 500 MHz/div to 20 kHz/div (unstabi- 
lized) is less than rt 5% of the indicated separation; for stabilized 
spans 100 kHz/div and less, the error is less than f 15%. 
Zero span: analyzer becomes a manually tuned receiver. 

8565A Specifications 

Frequency spans 



Spectral resolution and stability 
Resolution bandwidths: resolution (3 dB) bandwidths from 1 
kHz to 3 MHz in 1, 3, 10 sequence. Bandwidth and span width are 
independently variable or may be coupled for optimum display 
when control markers are aligned (M). 

Resolution bandwidth accuracy: 3 dB points: < f 15%. 
Selectivity (60 dB/3 dB bandwidth ratio): <15:1. 

Stability: Total residual FM (fundamental mixing 0.01 to 4.1 
GHz): stabilized, (200 Hz p-p in. 0.1 sec; unstabilized < I O  kHz 
p-p in 0.1 sec. 

Stabilization range: first LO automatically stabilized for fre- 
quency spans 100 kHz/div or less. First LO residual FM typically 
30 Hz 
Noise W 
signal :r. 

Ampliti 
Amplitude range - internal mixer 

Measurement range 
Total power: +30 dBm (1 watt). 
Damage levels: ( 5 O Q  nominal source impedance.) 
dc: 0 V with 0 dB input atten, -t 7 V with 1 1 0  dB input atten. 
ac: 0 V with 0 dB input atten, 10 V peak with 2 1 0  dB input 
atten. 
RF: (signals above 10 MHz) + 30 dBm for any attenuator setting. 

Gain compression: < 1 dB for 0 dBm input level with 0 dB attenu- 
ation. 
Average noise level: max. avg. noise level with 1 kHz Res. Band- 
width (0 dB atten and 3 Hz video filter) is in the table below: 

Frequency Response* 
( f dB MAX) 

-109 

2- -103 

3- -94 2.5 

8.5-18 

10.5-22 

321.4 4+ -a7 3.0 

321.4 5+ -75 4.5 

requency). 
ttenuator at 10 dB or more: 50 ohms non .. - --. . - I__ - ~ . - -- --- 

to 22 GHz. 
3tection (for input signals from 0.01 to 22 
I 1.8 GHz frequency band: internal diode lir 
m e  #.”- * _^_..^_^.. L..-A-. -..* __..̂ I :-- ..r,,,/. 

occurs at total input signal power I 
lge. 
mixer input: BNC female connector 
as current and IF  return. 
aecificatians 

lute amplitude calibrated display. 
,rated sweep times: 21 internal sweep times from 2 
t sec/div in 1, 2, 5, 10 sequence. 
BV Characteristics 

Signal identifier: available on all bands, used in 1 MHz/div span 
for signal identification 

Signal Input Characteristics 
Input 50Q 0.01 to 22 GHz 

Input connector: precision Type N female. 
Input impedance 

Input attenuator at 0 dB: 50 ohms nominal. 
SWR: < l S ,  0.01 to 1.8 GHz; (2.0, 1.7 to 22 GHz (at analyzer 
tuned fi 
Input a iinal. 
SWR: c l . 3 ,  U.UI to 1.8 CrHz; <L.U, l./ to LL CrHz. 

LO Emission (2.00 to 4.46 GHz): -50 dBm, 0.01 to I .8 GHz; -85 
dBm, 1.7 
Input prc GHr) 

0.01 t c  niter. 
1.7 to LZ unL iicIquun~y uanua; SdlU~dUUI1 UI I IU filter (pre- 
selector levels below input mix- 
er dam; 

External n is a port for LO power 
transfer, bi 
Sweep S, 
Sweep time 

Auto: sweep time is automatically controlled by Frequency Span/- 
Div, Resolution Bandwidth and Video Filter controls to maintain an 
absol 
Calit psec/div 
to 1c 

Displ,, -. _ _  - - ._ .- _ _  - - 
Cathode Ray Tube (aluminized P31 phosphor, 8 x 10 div inter- 
nal graticule) 

Persistence 
Conventional: natural persistence of P3 1 phosphor. 
Write: continuously adjustable from 0.2 sec to full storage. 
Storage time: continuously adjustable from 1 minute (full 
brightness) to >30 minutes (minimum brightness). 

CRT Bezel Readout: bezel LEDs display the following measurement 
data (included in CRT photographs taken with the H P  197A Opt 
001, 006 Oscilloscope Camera): Ampl. Scale Factor, Ref. Level, In- 
put Atten., Res. Bandwidth, Sweeptime/Div., Freq., Freq. Span/Div. 
General Specifications 
Temperature range: operating 0°C to 55”C, storage -40” to 
+75”C. 
Humidity range (Operating): (95% R.H. 0°C to 40°C 
EMI: conducted and radiated interference is within the requirements 
of methods CEO3 and RE02 of MIL STD 461A, VDE 0871 and 
CISPR pub’n 1 , 2  and 4. 
Power requirements: 48-66 Hz, 100, 120,200 or 240 volts (-10% 
to +5%) 220 V A max (400 Hz operation available as Opt 400). 
Size: 188 H x 426 W x 552 mm D (7%’’ x 16%” x 21%”). 
Weight: net 29.1 kg (64 Ibs). Shipping 38.6 kg (85 Ibs). 
Standard options available 
Opt 100, 100 and 300 Hz Resolution Bandwidths: adds 100 Hz 
and 300 Hz resolution bandwidths with 11:l shape factor, residual 
FM (100 Hz when stabilized and improves sensitivity by 10 dB. 
Opt 200-Calibration in dBpV 
Opt 400-400 Hz Power Supply 
Ordering information Price 
8565A Spectrum Analyzer $18,900 

add $800 
add $100 
add $250 

add $30 
add $20 
add $40 
add $45 

$250 
$160 
$160 
$160 

8444A Opt 058 Tracking Generator, 10 to 1300 MHz $3,975 
8750A Storage-Normalizer $1,450 

Opt 100: 100 Hz and 300 Hz Resolution 
Bandwidths 
Opt 200: Calibration in dBpV 
Opt 4 0 0  Internal 50 to 400 Hz Power Supply 
Opt 907: Front Handle Kit 
Opt 908: Rack Flange Kit 
Opt 909: Rack Flange and Front Handle Kit 
Opt 9 1 0  Extra Operating and Service Manual 
11517A External Mixer (taper section req’d) 
11518A Taper Section, 12.4 to 18 GHz 
11519A Taper Section, 18 to 26.5 GHz 
11520A Taper Section, 26.5 to 40 GHz 



SIGNAL ANALYZERS 
Spectrum Analyzer, 0.01 to 350 MHz 
Models 8557A/ 182T & 8750A 

Easy to  operate 
Signal level displayed directly in dBm 
+- 2.25 dB amplitude accuracy 

8557A Spectrum Analyzer 
Economy plus performance 

The Model 8557A is a 0.01 to 350 MHz spectrum anlayzer which 
plugs into any model 180-series oscilloscope display. This low cost, 
easy-to-use analyzer provides high accuracy in both amplitude and 
frequency measurements. 

Simple, 3-knob operation 
Most measurements consist of three simple steps. Center the invert- 

ed marker under the signal to be measured; its frequency is displayed 
on the digital readout. Zoom-in on the signal by decreasing the fre- 
quency span; bandwidth, sweep time, and video filtering are set auto- 
matically. Raise the signal to the top of the CRT; read its amplitude 
(in dBm) from the reference level control. 

Absolute amplitude calibration 
Signal levels can be read directly from the CRT in dBm (dBmV for 

Option 002) without the use of external standards or calculations. 
The signal level represented by the top CRT graticule line is always 
indicated by the reference level control, and vertical scale factors of 
10 dB/div, 1 dB/div, or linear can be selected. 

Optional 75 ohm input 
Two options are available which allow measurements in 75 ohm 

systems: Option 001 has 75 ohms impedance and retains the dBm 
power calibration; Option 002 is also 75 ohms, but the amplitude is 
calibrated in dBmV for measurements on systems such as CATV. 

Res luti n bandwidths 1 kHz to  3 MHz 
Optional 759 input with dBm or dBmV calibration 
Digital Storage-Normalizer available 

8750A 

8750A Storage-Normalizer 
The 8750A is an accessory which provides digital storage, trace 

comparison and normalization where data in memory is subtracted 
from current input and then displayed. In conjunction with the 182T 
display maniframe and either the 8557A or 8558B, the Storage-Nor- 
malizer provides flicker-free display of measured signals. High reso- 
lution and slow sweep time measurements are easy to observe because 
of the 8750A’s continuous refresh whose rate is independent of the 
analyzer’s sweep rate. Additionally, two traces can be viewed from 
memory for CRT photography or detailed signal comparision. 

Recommended dlsplays 
The 8557A/8558B Spectrum Analyzers will function with any 

1 80-series display. However, the following are recommended: for low 
cost, large screen display, the Model 182T is ideal; the Model 181T 
offers variable persistence and storage; and the Model 180TR offers a 
rack mount configuration. Each of these displays provides a long per- 
sistence P39 phosphor (except variable persistence displays) and four 
non-buffered rear panel outputs compatible with most X-Y recorders. 

8557A Specifications 
Frequency specifications 
Frequency range: I O  kHz to 350 MHz. 
Frequency display span: (on a IO-division CRT horizontal axis): 
12 calibrated spans from 20 MHz/div to 5 kHz/div in a 1, 2, 5 se- 
quence. In “ F  or full span the analyzer displays the full 10 kHz to 
350 MHz. In “ 0  or zero span, the analyzer is a fixed-tuned receiver. 

Accuracy: frequency error between any two points on the display is 
less than ? 10% of the indicated frequency separation. 

Digital frequency readout: indicates center frequency or start fre- 
quency of the frequency display span. In full span, the readout indi- 
cates center frequency or start frequency of the frequency display 
span. In full span, the readout indicates the frequency at the marker 
with 100 kHz resolution. 

Accuracy: (after zeroing on the LO feedthrough) f 3 MHz + 10% 
of frequency span per division setting. 

Residual FM: less than 1 kHz peak-to-peak for time 1 0 . 1  sec (vid- 
eo filter full clockwise, but not in detent). 
Noise sidebands: more than 75 dB below CW signal, 50 kHz or 
more away from signal with a lkHz resolution bandwidth and full 
video filtering. 

Bandwidth ranges: 3 dB resolution bandwidths of lkHz to 3 MHz 
in a 1, 3, 10 sequence. Resolution bandwidth may be coupled to 
frequency display span a t  a ratio of two display spans per resolution 
bandwidth. 

Stability 

Resolution 



Resolution bandwidth accuracy: individual resolution band- 
width 3 dB points calibrated to +20%, (10" -40°C). 
Resolution bandwidth selectivity: 60 dB/3 dB resolution band- 
width ratio <15:1. 
Video filter: post-detection low pass filter used to average dis- 
played noise. Bandwidth variable from approximately 3X Resolu- 
tion Bandwidth to approxiately 0.01X Resolution Bandwidth. In 
the MAX position provides a noise averaging filter with a band- 
width of approximately 1.5Hz. 

Amplitude specifications 
Absolute amplitude calibration range 

Log Calibration range: from -117 dBm to +20 dBm in 10 dB 
steps. Reference level vernier, 0 to - 12 dB continuously. 
Log display ranges: 10 dB/div on a 70 dB display and 1 dB/div on 
an 8 dB display. 
Linear display: from 2.2 microvolts (-100 dBm) full-scale to 2.24 
volts (+20 dBm) full-scale in 10 dB steps. Full-scale signals in lin- 
ear translate to approximately full-scale signals in log. 

Average noise level: (-107 dBm with a 10 kHz resolution band- 
width (0 dB input attenuation), 1-350MHz. 
Spurious responses: for input signal level i Optimum Input 
Level setting, all image and out of band mixing responses, harmonic 
and inter-modulation distortion products are more than 70 dB be- 
low input signal level, l MHz to 350 MHz; 60 dB below, 20 kHz to 
1 MHz. 
Spurious responses due to 3rd order intermodulation distor- 
tion: for two input signals 10 dB above Optimum Input Level set- 
ting 3rd Order Intermodulation distortion products are >70 dB 
below the input signals, 1-350 MHz; 60 dB below, 10 kHz to 1 
MHz (signal separation 150 kHz). 
Residual responses: (no signal present at input): (-100 dBm 
with 0 dB input attenuation, 0.1-350MHz. 

Frequency response (flatness): k0.75 dB. 
Switching between bandwidths (at 10" -4O"C, 90% relative 
humidity) 
3 MHz to 300 kHr: +0.5 dB. 
3 MHr to 1 kHr: * 1.0 dB. 
Reference level accuracy (at fixed center frequency, fixed reso- 
lution bandwidth): + 1.5 dB (includes input attenuator and IF gain 
accuracy. May be improved using IF  or R F  substitution tech- 
niques). 
Amplitude log display: kO.l dB/dB but no more than + 1.5 dB 
over full 70 dB display range. 

Amplitude: -30 dBm k 1 dB. 
Frequency: 250 MHz + 50 kHz, crystal controlled. 

Dynamic range 

Amplitude accuracy 

Calibrator 

Input specifications 
Input connector: Type BNC female. 
Input impedance: 50Q nominal. Typical reflection coefficient 
(0.27 (1.74 SWR) for all Optimum Input Level settings except -40 
dBm (0 dB Input Attenuation). 
Input attenuator: 50 dB range. Accuracy k0.5 dB per 10 dB step, 
but not more than + 1 .O dB over full 50 dB range. 
Maximum input levels 

* AC or peak: peak or average power +20 dBm (3.16 V ac peak or 
0.1 W) incident on analyzer. (MAX input markings on front panel 
indicate maximum input allowable for < 1 dB gain compression or 
attenuator overload.) 
DC: rt 30 V dc. 

Output characteristics 
Cal output: -30 dBm, 250 MHz. 
Probe power: +15 V, -12.6 V; 150 mA max. Powers 1120A, 
1 12 1 A, 1 123A. or 1 124A high impedance probes. 

Note: oscilloscope display rear panel outputs refer to 180T-series 
displays and 180-series Option 807 displays only. See below for in- 
formation on modifying standard disfilays. 

Vertical output: (AUX A on oscilloscope display rear panel): 0 to 
0.8 V for 8-division deflection on CRT display; 50Q output imped- 
ance. 
Pen lift/blanking output: (AUX B on oscilloscope display rear pan- 
el): 0 to 15 V (0 V, pen down). Approximately lOkQ impedance when 
blanked. Compatible with H P  7004B, 7034B, 7005B, and 7035B X-Y 
RECORDERS. 
21.4 MHr IF output: a 21.4 MHz output linearly related to the R F  
input to the analyzer. Bandwidth controlled by analyzer Resolution 
Bandwidth setting. Amplitude controlled by input attenuator, IF  gain 
vernier, and first six IF step gain positions (-10 through -60 dBm 
Ref Level with 0 dB input attenuation). Output is approximately - 10 
dBm for full-scale signals on the CRT. (AUX C on oscilloscope dis- 
play rear panel, 50Q output impedance.) 
Horizontal output (AUX Don oscilloscope display rear panel): -5.0 
to +5.0 V for 10 div CRT deflection, 5kQ output impedance. 

Sweep characteristics 
Sweep time 

Auto: sweep time is automatically controlled by Frequency Span, 
Resolution Bandwidth, and Video Filter. 
Manual: sweep determined by front panel control; continuously 
variable across CRT in either direction. 
Calibrated sweep times: 16 internal sweep times from 0.1 ms/div 
to 10 sec/div in a 1,2,5 sequence. For sweep times of 2 ms/div to 10 
sec/div, the analyzer is operable in its normal swept-frequency 
mode. Faster sweeps are useful for anlayzing modultion waveforms 
when the analyzer is being operated as a fixed-tuned receiver with 
zero Display Span. Sweep times may be reduced to an effective 10 
w c /  
div by using the 180-series XI0 horizontal magnifier. 
Accuracy: + 10%. 

Internal: sweep internally triggered by envelope of R F  input signal 
(signal amplitude of 1 .O division peak-to-peak required on CRT dis- 

Line: sweep triggered by power line frequency. 
Free run: sweep triggered repetitively by internally generated 
ramp. 
Single: sweep triggered by front panel sweep trigger switch (spring 
return position). 

Sweep trigger 

play). 

Display characteristics 
Oscilloscope display sections 

180 Series compatibility: the 8557A is compatible with all 
180A/180AR, 18OC, 180D, 180F, 181A, 181AR, 182A, 184A,and 
184B mainframes. It is operable with the 183A, 183B mainframes, 
but the display is limited to 6 divisions by the 6-division CRT. The 
following 180-series oscilloscope displays are recommended for use 
with the 8558B Spectrum Analyzer because they provide 4 nonbuf- 
fered rear panel auxiliary outputs (for unattenuated vertical, hori- 
zontal, and penlift outputs) and P39 medium-persistence CRT 
phosphor (except with 181T, 181TR which provide variable persis- 
tence): 

180TR P39 phosphor 
181T 
181TR 
182T P39 phosphor 

P31 phosphor with variable persistence 
P31 phosphor with variable persistence 

See H P  Service Notes 180A/AR-10, 180C/D-2, 181A/AR-8 and 
182A/C-1 for information needed to modify standard display to 
provide auxiliary outputs. 

Ordering information 
8557A Spectrum Analyzer 

Opt 001: 75 ohm input (BNC), dBm calibration 
Opt 002: 75 ohm input (BNC), dBmV calibration 

182T Display 
18OTR Display 
181T Display 
181TR Display 
8750A Storage-Normalizer 

Price 
$3950 

add $100 
add $100 

$1900 
$1900 
$2600 
$2700 
$ 1450 



SIGNAL ANALYZERS 
Spectrum Analyzer, 0.1 to 1500 MHz 
Models 8558B/ 182T & 8444A 

Simple, 3-knob operation 
Display of signal levels directly in dBm 
Resolution bandwidths from 1 kHz to  3 MHz 

8558BI182T 

8558B Spectrum Analyzer 
Economical, wide frequency coverage 

The Model 8558B is a 0.1 to 1500 MHz spectrum analyzer which 
plugs into any 180-series oscilloscope display. It is fully calibrated in 
frequency and amplitude, easy to use, and provides an economical 
means for making measurements in the R F  range. 

Simple, 3-knob operation 
Most measurements consist of three simple steps. Tune to the signal 

to be measured; its frequency is displayed on the LED readout. 
Zoom-in on the signal by decreasing the frequency span; bandwidth, 
sweep time, and video filtering are set automatically. Raise the signal 
to the top of the CRT; read its amplitude (in dBm) from the reference 
level control. 

Absolute amplitude calibration 
Signal levels can be read directly from the CRT in dBm (dBmV for 

Option 002) without the use of external standards or calculations. 
The signal level represented by the top CRT graticule line is always 
indicated by the reference level control, and scale factors of I O  
dB/div, 1 dB/div, and linear can be selected. 

Optional 75 ohm input; Internal Limiter 
Two options are available which allow measurements in 75 ohm 

systems: Option 001 has 75 ohms impedance and retains the dBm 
.. power calibration; Option 002 is also 75 ohms, but the amplitude is 

calibrated in dBmV for measurements on systems such as CATV. 
Option 003 is an internal limiter that protects the input mixer from 

application of signal levels in excess of optimum levels. 

0.5 to  1300 MHz Tracking Generator 
Digital Storage-Normalizer available 
Input protection 

” \ . .. m-, 11” - . .  ,.. , , . . 

/ 

8444A Option 058 Tracking Generator 
(0.5-1300 MHz) 

Make swept frequency response measurements to +. 1.5 dB from 
0.5 to 1300 MHz with greater than 90 dB of dynamic range. The 
output is absolutely calibrated at 0 dBm and continuously variable to 
-10 dBm. The frequency of unknown signals, as well as the frequen- 
cy of any point on the frequency response curve, can be measured 
using the external counter output and Model 5300/5305B Counter. 

8750A Storage-Normalizer 
The 8750A is an accessory which provides digital storage, trace 

comparison and swept response normalization. The frequency re- 
sponse variation of a swept measurement system, such as the 8558B 
and 8444A, can be removed through normalization. In addition, a 
“real time” signal can be compared with a stored trace or both traces 
can be viewed from memory for CRT photography or detailed com- 
parison. 

Suggested displays 
The 8557A/8558B Spectrum Analyzers will function with any 

180-series display. However, the following are suggested: for low cost, 
large screen display, the Model 182T is ideal; the Model 181T offers 
variable persistence and storage; and the Model 180TR offers a rack 
mount configuration. Each of these displays provides a long persis- 
tence P39 phosphor (except variable persistence displays) and four 
non-buffered rear panel outputs compatible with most X-Y recorders. 

8558B Specifications 
Frequency specifications 
Frequency range: 100 kHz to 1500 MHz. 
Frequency display span: (on a IO-division CRT horizontal axis): 
14 calibrated spans from 100 MHz/div to 5 kHz/div in a 1, 2, 5 se- 
quence. In “0” (zero span) the analyzer is a fixed-tuned receiver. 

Accuracy: frequency error between any two points on the display is 
less than k 5% of the indicated frequency separation. 

Digital frequency readout: indicates center frequency or start fre- 
quency of the frequency display scan. Two ranges: 0 to greater than 
195 MHz with 100 kHz resolution; 195 MHz to 1500 MHz with 1 
MHz resolution. ZERO control allows frequency readout to be ad- 
justed for accurate calibration anywhere in the frequency range; 
CAL control removes frequency hysteresis. Resolution 100 kHz. 

Accuracy: (after zeroing on the LO feedthrough and operation of 
the CAL button, 20” -40°C). 
0-195 MHr: * 1 MHz +20% of frequency span per division setting 
( I 1  MHz per division). 
195-1500 MHz: k 5 MHz +% of frequency span per division set- 
ting. 

Stability 
Residual FM: less than 1 kHz peak-to-peak for time 5 0 . 1  sec. 
Noise sidebands: more than 65 dB below CW signal, 50 kHz or 
more away from signal with a 1 kHz resolution bandwidth and full 
video filter. 



Resolution 
Bandwidth ranges: 3 dB resolution bandwidths of I kHz to 3 
MHz in a 1,3, 10 sequence. Resolution bandwidth may be coupled 
to frequency span at a ratio of two display spans per resolution 
bandwidth. 
Resolution bandwldth accuracy: Individual resolution band- 
width 3 dB points calibrated to +- 20%. 
Resolution bandwldth selectivity: 60 dB/3 dB resolution band- 
width ratio <15:1. 
Video filter: post-detection filter used to average displayed noise. 
Bandwidth variable from approximately 3X Resolution Bandwidth 
to approximately 0.01X Resolution Bandwidth. In the MAX posi- 
tion provides a noise averaging filter with a bandwidth of approxi- 
mately 1.5 Hz. 

Amplitude specifications 
Absolute amplitude calibration range 

Log calibration range: from -115 dBm to +30 dBm in 10 dB 
steps. Reference level vernier, 0 to -12 dB continuously. 
Log display ranges: 10 dB/div on a 70 dB display, and 1 dB/div 
on an 8 dB display. 
Linear display: from 2.2 microvolts (-100 dBm) full scale to 7.1 
volts (+30 dBm) full-scale in 10 dB steps. Full-scale signals in lin- 
ear translate to approximately full-scale signals in log. 

Average noise level: (-107 dBm with a 10 kHz resolution band- 
width (0 dB input attenuation). 
Spurious responses: for input signal level I Optimum Input 
Level setting, all image and out-of-band mixing responses, harmon- 
ic and intermodulation distortion products are more than 70 dB be- 
low input signal level, 5 MHz to 1500 MHz; 60 dB below, 100 kHz 
to 5 MHz. 
Spurious responses due to 3rd order intermodulation dlstor- 
tion: for two input signals 10 dB above Optimum Input Level set- 
ting 3rd Order Intermodulation distortion products are >70 dB 
below the input signals, 5-1500 MHz; 60 dB below, 100 kHz to 5 
MHz (signal separation 2 5 0  kHz). 
Residual responses: (no signal present a t  input): (-100 dBm 
with 0 kB input attenuation. 

Frequency response (flatness): * 1 .O dB. 
Switching between bandwidths (at 10" -40" C). 
3 MHz to 300 kHz: f 0 . 5  dB. 
3 MHz to 1 kHz: -t 1.0 dB. 
Reference level accuracy: (at fixed center frequency, fixed reso- 
lution bandwidth): f 1.5 dB (includes input attenuator and IF  gain 
accuracy). May be improved using IF  or R F  substitution tech- 
niques. 
Amplitude log display: f O . l  dB/dB but not more than + 1.5 dB 
over full 70 dB display range. 

Amplitude: -30 dBm & 1 .O dB. 
Frequency: 280 MHz k 50 kHz, crystal controlled. 

Dynamic range 

Amplitude accuracy 

Calibrator 

Input specifications 
Input connector: type N female. 
Input impedance: 50R nominal. Typical reflection coefficient 
(0.20 (1.5 SWR) for all Optimum Input Level settings except -40 
dBm (0 dBm input attenuation). 
input attenuator: 70 dB range. Accuracy f0.5 dB per 10 dB step 
but not more than It 1.0 dB over full 70 dB range. 
Maximum 

AC or peak: peak or average power + 10 dBm (1 .O V ac peak) inci- 
dent on mixer (0 dB input attenuation), +30 dBm (10 V ac peak or 
1 W), incident on input attenuator. (MAX input markings on front 
panel indicate maximum input allowable for (1 dB gain compres- 
sion or attenuator overload). 
DC: +5OV dc. 

Output characteristics 
LO output: +10 dBm nominal, 50 ohms; 2.05-3.55 GHz. 
Cal output: -30 dBm, 280 MHz. 
Probepower:+lSV,-12.6V; 150mAmax.Powers 1120A,1121A, 
1 123A. or 1 124A high impedance probes. 

Note: the following oscilloscope display rear panel outputs refer to 1807 180TR. 181T. 181TR displays and 
older 180-series displays with Option 807 only. 
Vertical output: (AUX A on oscilloscope display rear panel.) 0 to 
0.8 V for 8-division reflection on CRT display: 50Q output imped- 
ance. 
Pen lift-blanking output: (AUX B on oscilloscope display rear pan- 
el): 0 to 15 V (0 V, pen down). Approximately 10 kQ impedance when 
blanked. Compatible with H P  7004B, 7034B, 7005B, and 7035B X-Y 
RECORDERS. 
21.4 MHz IF output a 21.4 MHz output linearly related to the R F  
input to the analyzer. Bandwidth controlled by analyzer Resolution 
Bandwidth setting. Amplitude controlled by input attenuator, IF  gain 
vernier, and first six IF  step gain positions (-10 through -60 dBm 
Ref Level with 0 dB input attenuation). Output is approximately -10 
dBm for full-scale signals on the CRT. (AUX C on oscilloscope dis- 
play rear panel, 50 R output impedance). 
Horizontal output (AUX D on oscilloscope display rear panel): 
-5.0 to +5.0 V for 10 div CRT deflection, 5kQ output impedance. 

Sweep characteristics 
Sweep time 

Auto: sweep time is automatically controlled by Frequency Span, 
Resolution bandwidth, and Video Filter. 
Manual: sweep determined by front panel control, continuously 
variable across CRT in either direction. 
Calibrated sweep time: 16 internal sweep times from 0.1 ms/div 
to 10 sec/div in a 1 ,2 ,5  sequence. For sweep times of 2 ms/div to 10 
sec/div, the analyzer is operable in its normal swept frequency 
mode. Faster sweeps are useful for analyzing modulation wave- 
forms when the analyzer is being operated as a fixed-tuned receiver 
with zero Display Span. Sweep times may be reduced to an effective 
10 psecldiv by using the 180-series X 10 horizontal magnifier. 
Accuracy: ? 10%. 

Internal: sweep internally triggered by envelope of R F  input signal 
(signal amplitude of 1 .O division peak-to-peak required on CRT dis- 

Line: sweep triggered by power line frequency. 
Free run: sweep triggered repetitively by internally generated 
ramp. 
Single: sweep triggered by front panel sweep trigger switch (spring 
return position). 

Sweep trigger 

play). 

Display characteristics 
Oscilloscope dlsplay sections 

180 Series compatibility: the 8558B is compatible with all 180A, 
180AR. 180C. 180D, 180F, 181A, 181AR, 182A. 184A. and 184B 
mainframes. It is operable with the 183A. 183B mainframes, but 
the display is limited to 6 divisions by the 6-division CRT. The fol- 
lowing 180-series oscilloscope displays are recommended for use 
with the 8558B Spectrum Analyzer because they provide 4 non-buf- 
fered rear panel auxiliary outputs (for unattenuated vertical, hori- 
zontal, and penlift outputs) and P39 medium-persistence CRT 
phosphor (except with 181T, 181TR which provide variable persis- 
tence): 

180TR P39 phosphor 
181T 
181TR 
182T P39 phosphor 

P31 phosphor with variable persistence 
P31 phosphor with variable persistence 

See HP Service Notes 180A/AR-I 0, 180C/D-2, 18lA/AR-8 and 
182A/C- 1 for information needed to modify standard displays to pro- 
vide auxiliary outputs. 

Ordering information 
8558B Spectrum Analyzer 
Opt 001: 75 ohm input (BNC), dBm calibration 
Opt 002: ohm input (BNC), dBmV calibration 
Opt 003: Internal Limiter 

182T Display 
180TR Display 
181T Display 
181TR Display 
8444A Opt 058 Tracking Generator 
8750A Storage-Normalizer 

Price 
$4950 

add $100 
add $100 
add $150 

$1900 
$1900 
$2600 

$3975 
$1450 

$2700 



SIGNAL ANALYZERS 
Plug-in spectrum analyzer system, 20 Hz to 40 GHz 
Model 141T system 

20 Hz to 40 GHz with just a tuning section change 
Advantages of fully calibrated solid state system 
Add measurement capability t o  your system as needed 

141T, 8552B 

8444A 

84458 Opt 002, 003 

Hewlett-Packard’s high performance plug-in spectrum analyzer 
family makes frequency domain measurements from 20 Hz to 40 
GHz. Because of the system’s modularity, the user need purchase 
only analyzer components necessary to meet immediate production or 
laboratory measurement requirements. Then, as broader frequency 
capability is required, additional ,tuning sections or companion instru- 
ments can be added. 

The models 8553B. 8554B. 8555A. and 8556A are tuning sections 
which plug into a 141T display mainframe along with an 8552B IF  
section to form a member of the Hewlett-Packard high performance 
spectrum analyzer family. Each tuning section covers a frequency 
range convenient for equipment design or spectrum surveillance: 
8556A, 20 Hz to 300 kHz; 8553B, 1 kHz to 110 MHz; 8554B, 100 
kHz to 1250 MHz; and 85SSA. I O  MHz to 40 GHz. The IF  section 
plug-in which is used with each tuning section, serves to condition the 
measurement signal for proper display on the CRT. Two IF  sections 
are available, the 85S2B high performance model and the 8552A 
model for economy. The spectrum analyzer specifications included in 
this catalog assume the use of the 8552B. 

The 8443A and 8444A are tracking generators complementing the 
basic spectrum analyzer function with an R F  source locked to the 
tuning frequency. The 8445B is an automatic preselector which en- 
hances the dynamic range of the I O  MHz to 40 GHz 855SA tuning 
section analyzer. 

Tracking generator expands measurement capability 
Increase dynamic range with tracking preselector 
Storage-normalizer adds digital storage 

85538 85548 

8555A 8556A 

The 141T based spectrum analyzer features absolute calibration of 
frequency and amplitude, high resolution and sensitivity, wide dy- 
namic range, and simple to interpret display output. 

The following pages cover spectrum analyzer performance with 
each of the tuning sections and companion tracking generator/prese- 
lector. 

Absolute amplitude calibration 
For ease and speed of measurement, full frequency band amplitude 

calibration allows direct interpretation of signal power or voltage 
from the CRT display. A choice of logarithmic or linear scaling cali- 
brates the CRT in dBm or pV respectively. Front panel settings set 
the top horizontal graticule on the CRT as the reference power in the 
logarithmic mode; all other CRT measurements can be made relative 
to this reference. In linear scaling the CRT is calibrated in voltage per 
division using front panel settings. The bottom graticule is zero volt- 
age. 

When a combination of frequency scan, bandwidth, or video filter 
settings are chosen such that the display becomes uncalibrated, a 
warning light indicates the condition. 

High resolution frequency calibration 
The frequency measurement capability of the spectrum analyzer is 

responsive to user need, making spectrum measurements simply and 
accurately with three frequency scan modes. 

First is the FULL scan mode, which displays the entire tuning sec- 
tion frequency band on the 10 cm horizontal ‘CRT graticule. This 
mode is effective in viewing broadband effects of circuit adjustments 
and refinements as they are made. In FULL scan a marker on the 
CRT corresponds in frequency to the position of the pointer on the 
tuning section frequency scale, so signals can be readily identified. 

The second mode, PER DIVISION scan, centers the display about 
the frequency indicated by the tuning section pointer. In this mode, 
narrow, calibrated scan per division and automatic frequency stabili- 
zation make high resolution measurements for analysis of signal puri- 
ty, sidebands, and low deviation FM. 

tuned to the frequency indicated on the scale. Modulation in an input 
signal at the tuned frequency is displayed on the CRT in the time 
domain. The scan time control provides a calibrated time base. 
High resolution 

The ability to resolve close-in signal sidebands, such as line related 
modulation, is important in frequency domain analysis. The Hewlett- 
Packard 141T plug-in spectrum analyzers each have narrow band- 
widths for such resolution. Up to 1 I O  MHz, the analyzers offer 10 Hz 
bandwidths and 18 GHz, 100 Hz bandwidths. The frequency stabili- 
zation feature already mentioned ensures high resolution by main- 
taining a jitter-free display. 

In the third mode, ZERO scan, the analyzer becomes a receiver - 



bility of measuring 0.03% signal distortion from the CRT d 
With the 8445B preselector the 8555A has a spurious-free ran 
10 dB. The CRT displays full dynamic range on a linear, easy 
scale. 

I 1 . . I .... 3- I...._ *. r.._ * \ 

Wide dynamic range, sensitive 
Confidence in signal identification is given by the analyzer's ability 

to measure wide amplitude differentials without distortion products 
and to measure very low-level signals. The plug-in spectrum analyzers 
have typically 70 dB of distortion free dynamic range; that is, the 
capa is- 

of io  to 
read 

Signals a t  as low a level as - 1 4 ~  at5m {LU nanovons, JU onms) can 
be detected by the spectrum analyzer with 10 Hz bandwidth. At high 
frequencies and with 100 Hz bandwidth, -125 dBm signals can be 
measured. 

A parallax free, storable disr 
The 141T spectrum analyzer mainrrame ana aispiay rearures a 

variable persistence CRT which enables response storage for any 
measurement. With very narrow bandwidth measurements, extreme- 
ly slow sweeps are necessary to maintain amplitude calibration (al- 
lowing band-pass filters time to respond). A recording CRT is 
necessary to save this response for viewing. Of course, any response 
can be stored for a display ready to be photographed. Another display 
mainframe, the 140T, is available with standard persistence. 

Interpretation of response levels on the CRT is free from parallax 
since the graticule is etched on the inside of the display screen adja- 
cent to the phosphor. 

IF section adds convenience features 
The high resolution 8552B or the economic 8552A I F  section fea- 

tures video filtering, recorder outputs and an internal calibration sig- 
nal to make the spectrum analyzer easier to use. Video filtering is a 
low-pass filter which averages noise amplitude response for easier 
small signal readings. I t  also makes wide band noise measurements 
easier. 

Recorder outputs, including pen lift, allow hard copy duplication of 
the CRT display. Manual scan allows setting up of accessories, such 
as X-Y recorders, adjusting signals on screen during slow scans and 
measuring frequencies with a counter. 

The internal calibration standard is a very stable -30 dBm, 30 
MHz signal for quick front panel calibration. 

Tracking generators for each frequency band 
Either available internally, or as a companion instrument, are lev- 

eled signal sources designed to track the swept tuning frequency of 
the spectrum analyzer. Amplifiers, filters or any circuit which re- 
quires an input signal can be characterized to 1300 MHz, with typi- 
cally wider dynamic range and more precise frequency accuracy than 
with the spectrum analyzer alone. 

The 8556A low frequency tuning section has an internal tracking 
generator, standard with the instrument. The 8553B and 
8554B/8555A use separate generators namely 8443A and 8444A re- 
spectively. 

8750A Storage-Normalizer 
YOU can add digital storage to the 140-series spectrum analyzer 

with the 8750A (Opt. 001) and an external oscilloscope. Digital stor- 
age provides a flicker-free display regardless of the analyzer sweep 
speed and facilitates trace comparisons of two traces. If a tracking 
generator is employed, the normalization feature significantly re- 
duces frequency response variations. The 8750A Storage-Normalizer 
is a versatile accessory which may be used directly with other HP 
spectrum and network analyzers. (See Page 24.24). 

Play. ge 

General specifications 
141T spectrum analyzer system 
Input impedance: 50Q nominal. Reflection coefficient (0.30 (1.85 
SWR), input attenuator 1 1 0  dB. 
Maximum input level: peak or average power +13 dBm (1.4 V ac 
peak), * 50 V dc. 
Attenuator: 0 to 50 dB in 10 dB steps. 
Scan time: 16 internal scan rates from 0.1 ms/div to 10 sec/div in a 
1, 2, 5 sequence, and manual scan (8552B only). 

Scan time accuracy 

Scan mode 

0.1 ms/div to 20 ms/div: * 10%. 
50 ms/div to 10 s/div: k20%. 

Ink analyzer repetitively scanned by internally generated ramp: 
synchronization selected by scan trigger 
Single: single scan with front panel reset. 
Ext: scan determined by 0 to +8 volt external signal. 
Manual: scan determined by front panel control. 

Scan trigger: for internal scan mode, select between 
Auto: scan free-runs. 
Line: scan synchronized with power line frequency. 
Ext: scan synchronized with >2 volt (20 volt max.) signal. 
Video: scan internally synchronized to envelope of R F  input. 

Vertical output: 0 to -0.8 V for full deflection. 
Scan output: -5 V to +5 V for IO div CRT deflection. 
Pen lift output: 0 to 14 V (0 V, pen down). 

Auxiliary outputs: 

Display characteristics 
141T, 140T 
Plug-ins: accepts Models 8552A/B, 8553B, 8554B, 8555A and 
8556A and Model 1400-series Oscilloscope plug-ins. 
Cathode-ray tube type 

Model 141T: post-accelerator storage tube, 9000 volt accelerating 
potential; aluminized P3 1 phosphor. 
Model 140T: post-accelerator, 7300 volt potential medium-short 
persistence (P7) phosphor. 

Cathode-ray tube graticule 
Model 1 4 1 1  8 x 10 division (approx, 7.1 cm x 8.9 cm parallax-free 
internal graticule. 

Normal: natural persistence of P31 phosphor (0.1 second). 
Variable 
Normal writing rate mode: continuously variable from less than 
0.2 second to more than one minute. 
Maximum writing rate mode: from 0.2 second to 15 seconds. 
Erase: manual; erasure takes approximately 350 ms. 

Persistence, model 141T only 

Storage time model 141T only: normal writing rate; more than 2 
hours a t  reduced brightness (typically 4 hours). 
Fast writing speed, model 141T only: more than 15 minutes. 
Functions used with oscilloscope plug-ins only. Intensity modu- 
lation, calibrator; beam finder. 
EM: conducted and radiated interference is within requirements of 
MIL-I-16910C and MIL-1-6181D and methods CE03, and RE02  
of MIL-STD-461 (except 35 to 40 kHz) when appropriate R F  tuning 
section and 8552A or 8552B are combined in a 140T or 141T Display 
Section. 
Temperature range: operating, 0°C to +55"C; storage, -40°C to + 75°C. 
Power requirements: 100, 120,220, or 240V +5%. -10%. 50 to 60 
Hz, normally less than 225 watts (includes plug-ins used). 
Weight 

Model 8552A or 8552B IF section: net, 4.1 kg (9 Ib). Shipping 
6.4 kg (14 Ib). 
Model 140T display section: net, 16.8 kg (37 Ib). Shipping, 20 kg 
(45 Ib). 
Model 1411 display section: net, 18 kg (40 Ib). Shipping, 23 kg 
(51 Ib). 
Tuning section: see following pages. 

Size: model 140T or 141T with plug-ins: 221 H x 425 W x 416 mm D 
(8%" x 16%" x 16%"). 
Special order: chassis slides and adapter kit. 

Ordering information Price 
140T Normal Persistence Display $1800 
Opt 908: Rack Flange Kit add $15 
141T Variable Persistence Display $2600 
Opt 908: Rack Flange Kit add $15 
8552A Economy I F  Section $3 175 
8552B High Resolution I F  Section $4025 



I SIGNAL ANALYZERS 
‘ 141T Spectrum Analyzer System: 20 Hz to 300 kHz 

Model 8 5 5 6 ~  

Accurate signal level measurements (20.95 dB) 
Accurate frequency measurements ( f 3 Hz) 

High sensitivity ( -152 dBV) 
Built-in tracking generator 

8556A 

General purpose measurement flexibility 
The 8556A Spectrum Analyzer covers the frequency range from 20 

Hz to 300 kHz. It was designed to accommodate the variety of char- 
acteristic impedances and amplitude units used in making audio mea- 
surements. Balanced or unbalanced inputs are available, and open 
circuit voltages (dBV or linear) or power (dBm) in several character- 
istic impedances may be measured. The analyzer is capable of high 
resolution; frequencies can be measured very accurately. A built-in 
tracking generator further increases the instrument’s utility. 

Frequency range 
The 8556A has two frequency scales, e 3 0 0  kHz for full coverage 

and 0-30 kHz for better resolution at low frequencies. The analyzer 
may be swept symmetrically about a tunable center frequency, swept 
from 0 Hz to a selectable end point, or operated as a fixed tuned re- 
ceiver. 20 kHz crystal markers (accurate to 0.01%) can be generated 
on the CRT to make very accurate frequency measurements. 

Absolute amplitude calibration 
The 8556A is calibrated for dBm in 600Q, dBm in 50Q, dBV, and 

volts. The very accurate reference level control ( 20.2 dB) and vernier 
(k 0.25 dB) allow the IF  substitution technique to be used to improve 
amplitude measurement accuracy. 

Low distortion 
Careful design has decreased analyzer distortion to the extent that 

a full 70 dB dynamic range is achieved. This allows small signals, 
such as harmonic or intermodulation distortion, to be measured in the 
presence of large ones. 
Resolution -sensitivity 

Resolution bandwidths from 10 Hz to 10 kHz are provided on the 
8556A. Using the narrow bandwidth, 50 or 60 Hz line related side- 
bands can be measured. The analyzer’s extremely low noise figure 
together with its narrow bandwidths makes the 8556A very sensitive. 
Signals as low as -152 dBV (25 nV) can be measured in a 10 Hz 
bandwidth. The 8556.4 may be used to n 
ference conducted along an AC power li 

Isolated input 
The isolated input eliminates the possibility of spurious signal 

pickup which could be caused by line related ground currents flowing 
in the ground connections between the analyzer and signal source. 
The input impedance (1 MQ) is high enough so that a scope probe 
may be used with a minimum of loading. An optional balanced input 
is available which is transformer coupled for isolation and high com- 
mon mode rejection. The input impedance is 15 kQ, and the analyzer 
is calibrated for either dBm- 135R or dBm-150Q as well as dBm-600Q 
and dBm-900R. Balance (symmetry) is 80 dB at 50 Hz and typically 
50 dB at 300 kHz. 

Tracking generator 
A tracking generator is built into the 8556A. If an external counter 

is connected to the tracking generator, frequencies can be measured 
to an accuracy of ? 3 Hz. Swept insertion loss or return loss measure- 

ments can be made on a device such as an amplifier or filter. A 140 dB 
measurement range is possible using the narrowest resolution band- 
width. The tracking generator also provides a convenient signal for 
compensating an oscilloscope probe used with the 8556A. 

Other applications 
The combination of a tracking generator and spectrum analyzer in 

this frequency range is valuable in applications such as receiver test- 
ing and fault location. 

Specifications-with 85526 IF Section 
Frequency specifications 
Frequency range: 20 Hz to 300 kHz. Tuning dial ranges of 0-30 
kHz and 0-300 kHz. 
Scan width: (on a IO-division CRT horizontal axis) 

Per division: 10 calibrated scan widths from 20 Hz/div to 20 
kHz/div in a 1, 2, 5 sequence. 
0-10 f: 10 calibrated preset scans, from 200 Hz to 200 kHz in a 1, 
2, 5 sequence. Analyzer scans from zero frequency to ten times the 
scan width per division setting. 
Zero: analyzer is a fixed tuned receiver. 

Center frequency accuracy: 0-30 kHz Range: f 500 Hz; &300 
kHz Range: - t 3  kHz. 
Marker accuracy: R F  markers every 20 kHz accurate to within 
f 0.01%. Markers controlled by front panel on/off switch. 
Scan width accuracy: frequency error between any two points on 
the display is less than f 3% of the indicated frequency separation. 

Residual FM: sidebands >60 dB down 50 Hz or more from CW 
signal, scan time 2 1  sec/div, 10 Hz bandwidth. 
Noise sidebands: more than 90 dB below CW signal, 3 kHz away 
from signal, with a 100 Hz IF bandwidth. 
Frequency drift: less than 200 Hz/lO min. 

Bandwidth ranges: IF bandwidths of 10 Hz to 10 kHz are pro- 
vided in a 1, 3, 10 sequence. 
Bandwidth accuracy: individual I F  bandwidth 3 dB points cali- 
brated to f 20% (10 kHz bandwidth -t 5%). 
Bandwidth selectivity: 60 dB/3 dB IF  bandwidth ratios, with I F  
section: < I  1:l for IF bandwidths from 10 Hz to 3 kHz; <20:1 for 
10 kHz bandwidth. For 10 Hz bandwidth, 60 dB points are separat- 
ed by less than 100 Hz. 

Frequency accuracy 

Stability 

Resolution 

Amplitude specifications 
Absolute amplitude calibration 
Log calibration modes 

dbV O d B V = l V r m s  
dBm-600Q 
dBm-5OQ 

0 dBm = 1 mW-600Q 
0 dBm = 1 mW-50Q 

Input impedance is I MQ. dBm ranges are referenced with input 
properly terminated externally. 



-60 dBm/dBV to -10 dBm/dBV indicate maximum input level for a 
minimum of 70 dB spurious-free dynamic range. Accuracy k0.2 dB 
(2.3%). 
Input impedance: 1 MR shunted by -32 pF. 
Maximum input level: 10 V rms, 5 200 V dc. Ground terminals of 
BNC input connectors are isolated from the analyzer chassis ground 
to minimize ground loop pickup at low frequencies. 

Maximum voltage, isolated ground to chassis ground: 5 100 
V dc. 
Isolated ground to chassis ground Impedance: 100 kR shunted 
by approximately 0.3 pF. 
Gain compression: for input signal level 20 dB above INPUT 
LEVEL setting, gain compression is less than 1 dB. 
Tracking generator specifications 
Frequency range: tracks the analyzer tuning, 20 Hz to 300 kHz. 
Amplitude range: continuously variable from 100 mV rms to 
greater than 3 V rms into an open circuit. 
Amplitude accuracy: with TRACKING GEN LEVEL in CAL 
position and 20 kHz markers off, output level at 100 kHz is 100 mV 
50.3 dB into an open circuit. 
Frequency response: 50.25 dB 50 Hz to 300 kHz. 
Output impedance: 600R. 
Residual FM: < 1 Hz peak-to-peak. 
Power requirements: 100, 120,200, or 240 V +5%, -lo%, 50 to 
60 Hz, normally less than 225 watts. 
Weight: Model 8556A LF section: net, 3.7 kg (8 Ib). Shipping, 5.3 
kg (1 2 Ib). 
Size: 102 H, 226 W, 344 mm D (4” x 87/” x 13%”). 

Specifications with 8556A Options 001,002-balanced 
input 
Amplitude 
Log calibration modes-balanced (bridged) input 
dBm-135Q (Option 001) O.dBm = lmW-135R 
dBm-15OQ (Option 002) 0 dBm = 1mW-l50R 
dBm-600R 0 dBm = ImW-60051 
dBm-900R 0 dBm = lmW-900R 
Input impedance is typically 15 kn. dBm ranges are referenced with 
input properly terminated externally. 

Maximum input levels: normal Mode, f 20 V rms or +. 150 V dc 
for normal mode (symmetrical) signals between input signal con- 
nectors; Common Mode, 200 V rms at 60 Hz or 5 5 0 0  V dc for 
common mode (asymmetrical) voltages between input signal con- 
nectors and GUARD or instrument chassis; Guard, k 100 V dc 
from GUARD to instrument chassis. (GUARD to chassis imped- 
ance is approximately 100 kR shunted by 0.3pF.) 
Balance (Symmetry): 0 -30kHz Range, greater than 80 dB, 50 
Hz to 1 kHz; 1 -300 kHz range, greater than 60 dB, 1 kHz to 20 
kHz. 

Input 

Ordering information 
8556A RF section 
Opt 001: Balanced input 
Opt 002: Balanced input 

Price 
$2525 

add $220 
add $220 



SIGNAL ANALYZERS 
141T Spectrum Analyzer System: 1 kHz to 110 MHz 
Models 85538 8,8443A 

Wide frequency range 
10 Hz resolution bandwidth 
High sensitivity (- 140 dBm) 

n 

a55313 U 

General purpose 
The 8553B Spectrum Analyzer makes absolute amplitude and fre- 

quency measurements over the 1 kHz to 1 I O  MHz range. This fre- 
quency span includes audio, video, navigation aids, telemetry, 
multiplex communication systems basebands, commercial AM, FM, 
TV, and land mobile communication. The analyzer features high res- 
olution and stability, low distortion, high sensitivity, and a wide dy- 
namic range. A tracking generator is available which improves the 
frequency measurement accuracy of the analyzer and can be used to 
make swept measurements. 
Wide frequency range 

The broad frequency range of 1 kHz to 1 I O  MHz extends from 
audio through the FM broadcast band. Scan widths from 200 Hz to 
100 MHz allow a user to view all or selected parts of the frequency 
spectrum while the zero scan mode turns the analyzer into a fixed 
tuned receiver and displays amplitude variations in the time domain. 
The analyzer has two dial scales, 0-1 10 MHz for full coverage and 0- 
1 1  MHz for better resolution at low frequencies. 

Resolution -stability 
The 8553B has resolution bandwidths that range from 300 kHz to 

10 Hz. Wide bandwidths are necessary for making measurements on 
a wideband spectrum such as FM. The extremely high resolution 10 
Hz bandwidth allows measurement of 50 Hz sidebands 60 dB down. 
Such high reolution is made possible by automatic stabilization 
through phase lock, which reduces residual FM to a negligible level. 
Good stability is required to measure oscillator residual FM and drift. 

Absolute amplitude calibration 
The 8553B Spectrum Analyzer is absolutely calibrated in both 

dBm and volts from -142 dBm (18 nV) to +10 dBm (0.7 V). This 
absolute calibration is derived from a built-in calibrator (-30 dBm at 
30 MHz) and extremely flat analyzer frequency response ( ? O S  dB). 
A display uncal. light warns if the display becomes uncalibrated. The 
probe power output supplies power to a high impedance probe which 
can be used to make bridging measurements on circuits terminated at 
both ends. 
High sensitivity 

A low analyzer noise figure and narrow bandwidths give the 8553B 
very high sensitivity. Signal levels as low as -140 dBm can be mea- 
sured in 10 Hz bandwidth, and a preamplifier is available to further 
increase sensitivity by 16 dB. Video filtering in I O  kHz, 100 Hz and 
I O  Hz bandwidths will average the displayed noise. High analyzer 

Accura te  amplitude m e a s u r e m e n t s  ( _ t  1.25 de> 
10 Hz frequency a c c u r a c y  with tracking genera tor  
130 d B  s w e p t  measurement  range 

.. . ,  . . .  

sensitivity is required if distortion in an amplifier or oscillator is to be 
measured as a function of output level. ln EM1 studies, field strength 
can be measured with a calibrated antenna. 
70 dB dynamic range 

The 8553B has a 70 dB dynamic range when the signal level is prop- 
erly conditioned a t  the input mixer. A wide dynamic range is neces- 
sary to measure small signals in the presence of large ones, such as 
harmonic or intermodulation distortion or to monitor signals of wide- 
ly varying amplitudes, such as in EMC, RFI, and surveillance work. 
8443A Tracking Generator 

A tracking generator, 8443A, is available which covers the 100 kHz 
to 1 I O  MHz frequency range of the 8553B. It has a built-in counter, 
and precision RF attenuators which are useful in making substitution 
measurements. 

Frequency accuracy 
In conjunction with an 8443A Tracking Generator, the 8553B 

Spectrum Analyzer can measure frequencies to an accuracy of +. 10 
Hz. When the 8443A is operated in the “track analyzer” mode, the 
counter will read the frequency a t  a tunable marker which is generat- 
ed on the analyzer CRT. The “restore signal” mode is a more conve- 
nient way to measure signal frequencies in wide scans because the 
counter reads the signal frequency automatically without fine tuning. 
The 8443A Tracking Generator may also be used externally as a 120 
MHz direct reading counter. 
Swept measurements 

The 8443A Tracking Generator can be used with the 8553B to 
make swept insertion loss and return loss measurements over the 100 
kHz to 110 MHz frequency range. Because the signal source tracks 
the analyzer’s tuning, up to 130 dB dynamic measurement range is 
possible (at 10 Hz bandwidth). Excellent system flatness (k 1.0 dB) 
insures the accurate determination of swept response characteristics. 

Specifications-with 8552B IF Section 
Frequency specificatians 
Frequency range: 1 kHz-1 I O  MHz (0-1 1 MHz and 0-1 10 MHz 
tuning ranges). 
Scan width (on 10-division CRT horizontal axis) 

Per division: 18 calibrated scan widths from 20 Hz/div to I O  
MHz/div in a 1, 2, 5 sequence. 
Preset: 0-100 MHz, automatically selects 300 kHz bandwidth I F  
Filter. 

~ Zero: analyzer is fixed tuned receiver with selectable bandwidth. 



Frequency accuracy 
Center frequency accuracy: the dial indicates the display center 
frequency within ? 1 MHz on the 0-1 10 MHz tuning range; f 200 
kHz on the 0-1 1 MHz tuning range with FINE TUNE centered, 
and temperature range of 20°C to 30°C. 
Scan width accuracy: scan widths I O  MHz/div to 2 MHz/div 
and 20 kHz/div to 20 Hz/div: Frequency error between two points 
on the display is less than f 3% of the indicated frequency separa- 
tion between the two points. Scan widths 1 MHz/div to 50 kHz/div: 
Frequency error between two points on the display is less than 
f 10% of the indicated frequency separation. 

Bandwidth: IF  Bandwidths of I O  Hz to 300 kHz are provided in a 
I ,  3 sequence. 
Bandwidth accuracy: individual I F  bandwidths' 3 dB points cali- 
fibrated +20% (10 kHz bandwidth ?5%). 
Bandwidth selectivity: 60 dB/3 dB IF bandwidth ratios: IO Hz to 
3 kHz bandwidths, < I  I : ] ,  I O  kHz to 300 kHz bandwidths, <20:1; 
60 dB points on 10 Hz bandwidth separated by (100 Hz. 

Residual FM stabilized: sidebands >60 dB down 50 Hz or more 
from CW signal, scan time 2 1 sec/div, 10 Hz bandwidth (typically 
less than 1 Hz peak-to-peak). 
Residual FM unstabilized: < 1 kHz peak-to-peak. 
Noise sidebands: more than 70 dB below CW signal, 5OkHz or 
more away from signal, with 1 kHz IF  bandwidth. 
Long term drift (after 1-hour warm-up), stabilized: 50 Hz/min, 
500 Hz/lO min; unstabilized: 5 kHz/min, 20 kHz/lO min. 

Resolution 

Stability 

Amplitude specifications 
Absolute amplitude calibration range 

Log: from -130 to + I O  dBm, I O  dB/div on a 70 dB display or 2 
dB/div on a 16 dB display. 
Linear: from 0.1 pV/div to 100 mV/div in a 1.2 sequence on an 8- 
division display. 

Average noise level: <-I 10 dBm with 10 kHz I F  bandwidth. 
Video filter: averages displayed noise; I O  kHz, 100 Hz, and 10 Hz 
bandwidths. 
Spurious responses: are below a -40 dBm signal a t  the input 
mixer as follows: All image and out-of-band mixing responses, har- 
monic and intermodulation distortion more than 70 dB down, 2 
MHz to 1 I O  MHz; more than 60 dB down, 1 kHz to 2MHz. Third 
order intermodulation products more than 70 dB down, 1 kHz to 
110 MHz (Signal separation >300 Hz). 
Residual responses (no signal present at input): with input at- 
tenuation at 0 dB: <-I 10 dBm (200 kHz to 110 MHz); <-95 
dBm (20 kHz to 200 kHz). 

Dynamic range 

Amplitude accuracy: Log Linear 
Frequency response 
(Flatness: attenuator 
settings > I O  dB): 
1 kHz to 1 I O  MHz ? O S  dB k 5.8% 
Amplitude Display f0 .25  dB/dB k 2.8% of 

but not more than f 1.5 full 8 div 
dB over the full deflection 
70 dB display range 

Calibrator amplitude: -30 dBm, k0.3 dB 
Calibrator frequency: 30 MHz, f 3  kHz. 

Log reference level control: provides 70 dB range (60 dB below 
200 kHz), in I O  dB steps. Accurate to + 0.2 dB (?  2.3%, Linear Sen- 
sitivity). 
Log reference level vernier: provides continuous 12 dB range. Ac- 
curate to k 0.1 dB ( ? 1.2%) in 0, -6, and - 12 dB positions; other- 
wise ? 0.25 dB ( f 2.8%). 
Amplitude measurement accuracy: f 1.25 dB with proper tech- 
nique. 

General 
Input impedance: 50Q nominal, BNC connector. Reflection coeffi- 
cient t 0 . 1 3  (1.3 SWR), input attenuator 210  dB. A special 75Q 
8553B/8552B is available. 
Maximum input level: peak or average power +13 dBm (1.4 V ac 
peak), f 50 V dc, 1 dB compression point, -10 dBm. 
Scan time: 16 internal scan rates from 0.1 ms/div to I O  sec/div in a 
I ,  2, 5 sequence, or manual scan. 
Scan mode 

Int: analyzer repetitively scanned internally. 
Ext: scan determined by 0 to +8-volt external signal. 
Manual: scan determined by front panel control. 

Attenuator: 0 to 50 dB, in I O  dB increments, coupled to Log Refer- 
ence Level indicator; automatically maintains absolute calibration. 
Attenuator accuracy k0.2 dB. 
Power requirements: 100,120,220, or 240 V +5%, -10%. 50 to 60 
Hz, normally less than 225 watts. 
Weight: Model 8553B R F  Section: net, 5.5 kg (12 Ib). Shipping, 7.8 
kg (17 Ib). 
Size: 102 mm H x 226 mm W x 334 mm D (4" x 8%" x 13%"). 

Tracking generator (8443A) 
Frequency range: 100 kHz to 1 IO MHz. 
Amplitude range: < -120 dBm to + I O  dBm in I O  and 1 dB steps 
with a continuous 1.2 dB vernier. 
Amplitude accuracy 

Frequency response (flatness): + O S  dB. 
Absolute: 0 dBm at 30 MHz: f 0 . 3  dB. 

Output impedance: SOQ, BNC connector, ac coupled, reflection co- 
efficient 10.09 (1.2 SWR) with output ( 0  dBm. 
Counter 

Display: 7 digits with 1 digit over-range. Reads to k 10 Hz incre- 
ments. 
Resolution (gate time): 1 kHz (1 ms), 100 Hz (10 ms), I O  Hz 
(100 ms). 
Accuracy: k 1 count ?time base accuracy. 
Time base aging rate: (3  x IO-Q/day (0.3 Hz/day) after warm- 
UP. 
External counter inputs: I O  kHz to 120 MHz, 50Q, -10 dBm 
min. 

Power: 100, 120,220, or 240 V +5%, -IO%, 48 to 440 Hz 75 watts. 

Weight: Model 8443A net, 11.04 kg (24 lb, 5 02). Shipping, 14.47 kg 
(31 Ib, 14 02). 
Size: 88.2 mm H x 425 mm W x 337 mm D (3I6/Q2" x 16*4" x 13'4"). 

. 

Ordering information 
8553B RF Section 
8443A Tracking Generator 

Price 
$3350 
$5000 



SIGNAL ANALYZERS 
141T Spectrum Analyzer System: 100 kHz to 6250 MHz 
Models 85548  & 8444A 

High resolution to 100 Hz 
Flat frequency response -t 1 dB 
High sensitivity to -122 dBm (180 nV) 

85548 

8444A 

85546 Spectrum Analyzer 
The 8554B Spectrum Analyzer RF Section covers the frequency 

range from 100 kHz to 1250 MHz. This broad frequency coverage 
allows analysis from baseband through UHF navigation bands. Abso- 
lute amplitude calibration is maintained over the entire range. Some 
typical applications include power and frequency measurements on 
modulation, distortion and spurious outputs, frequency response mea- 
surements of filters, amplifiers, modulators and mixers. The analyzer 
can also be used to make noise measurements such as noise power 
density over a specified frequency band, carrier-to-noise ratio or 
swept noise figure measurement of amplifiers. With a calibrated an- 
tenna or current probe the analyzer can characterize broadband and 
narrowband signals encountered in EM1 applications. 
Absolute amplitude calibration 

Absolute amplitude measurements can be made from + I O  to -122 
dBm with 22.8 dB accuracy. This accuracy can be improved to 
& 1.75 dB using IF  substitution. The display is calibrated in log 
(dBm) to obtain a wide display range and linear (voltage) for mea- 
surements requiring maximum resolution. The top graticule line on 
the CRT is a calibrated reference level which can be changed by the 
front panel controls from +10 to -72 dBm for IF  substitution mea- 
surements. Amplitude calibration is dependent upon the proper rela- 
tionship between sweep width, sweep time, resolution bandwidth and 
video filtering. An uncal warning light is present to indicate an unca- 
librated situation. 
Flat frequency response 

In broadband use, the wide bandwidths allow fast sweeping of the 
entire spectrum. The analyzer is extremely flat ( &  1 dB) over its en- 
tire range, allowing direct comparisons of signal amplitudes displayed 
on the CRT. A 0 to 50 dB input attenuator is provided to prevent 
overdriving the input mixer. 
Resolution 

The low residual FM ((100 Hz peak-to-peak) of the.8554B makes 
possible resolution bandwidths as narrow as 100 Hz. This enables re- 
solving closely spaced signals such as 1 kHz and 400 Hz sidebands. 
Bandwidths range from 100 Hz to 300 kHz in a 1, 3, 10 sequence 
making it easy to select an optimum bandwidth to scan width ratio. 

Variable persistence display 
Companion Tracking Generator 
Optional internal limiter 

The resolution bandwidths consist of synchronously tuned "gaussian" 
shaped filters to enable faster sweeping for any given bandwidth. In 
addition, these filters have narrow shape factors making it possible to 
measure closely spaced signals differing greatly in amplitude. 
Sensitivity 

The high sensitivity (-122 dBm in 100 Hz bandwidth) and wide 
spurious-free measurement range (>65 dB) of the 8554B means ac- 
curate measurements can be made on low level signals and signals 
varying widely in amplitude. For example, modulation as low as 0.2% 
can be measured. Low level harmonic and intermodulation distortion, 
spectrum surveillance and EM1 are just a few of the measurements 
possible. A video filter is provided in the IF  section to average dis- 
played noise and simplify the measurement of low level signals. 

Automatic tuning stabilization 
The 8554B Spectrum Analyzer is automatically stabilized in nar- 

row scans. This gives the stability (< 100 Hz peak-to-peak residual 
FM) needed for high resolution analysis. Stabilization is accom- 
plished by phase locking the LOs (local oscillators) to a crystal refer- 
ence in scan widths 200 kHz/div and below. No signal recentering or 
checking for stabilization is required because the signal remains on 
screen when phase locked. 

8444A Tracking Generator 
The 8444A Tracking Generator is a signal source, which, when 

connected to the 8554B Spectrum Analyzer, has an output whose fre- 
quency is the same as the swept frequency of the analyzer. The track- 
ing generator is used as a signal source to measure the frequency 
response of a device. It can also be used for precision frequency mea- 
surements. An external counter output is provided on the 8444A and 
the frequency of unknown signals as well as the frequency of any 
point on a frequency response curve can be measured. The use of the 
5300/5305B Counter is suggested for frequency measurements to 
1300 MHz. 

The tracking generator-spectrum analyzer system can be used as a 
sweeper to provide test signals for other devices. The sweep widths 
and sweep rates are controlled from the spectrum analyzer and the 
output level from the tracking generator. 



8554B Specifications-with 85526 IF Section 
Frequency specifications 
Frequency range: 100 kHz to 1250 MHz. 
Scan width (on 10.divlsion CRT horizontal axis) 

Per division: 15 calibrated scan widths from 100 MHz/div to 2 

F 
kHz/div in a 1, 2, 5 sequence. 
Preset: 0-1250 MHz, automatically selects 300 kHz bandwidth I1 
filter. 
Zero: analyzer is fixed-tuned receiver. 

Frequency accuracy 
. .  

frequency with 10MHz.  
Scan width accuracy: frequency error between two points on th 
display is less than 10% of the indicated separation. 

Bandwidth: IF bandwidths of 0.1 to 300  kHz provided in a 1,3, 1 
Resolution 

sequence. 
Bandwidth accuracy: individual IF bandwidths 3 dB points cal  
brated to k 20% (10 kHz bandwidth f 5%). 
Osrd- ldbh  s s l a r b t s A h . .  Ln A Q  1'1 A Q  T O  hn-rlw;rlth mt;n N'Jn.1 4'" 
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IF bandwidths from 10 kHz to 200 kHz. 60 dB/3 dB bandwidth 
ratio (1 1:l for I F  bandwidths 100 Hz to 3 kHz: 

Stabilized: < 100 Hz peak-to-peak. 
Unstabilized: < 10 kHz peak-to-peak. 
Noise sidebands: more than 70 dB below CW signal, 30 kHz c 
more away from signal, with 1 kHz IF bandwidth. 

Stability (residual FM) 

)r 

Amplitude specifications 
Absolute amplitude calibration range 

Log: from -122 to +10 dBm. 10 dB/div on a 70 dB display, or 2 
dB/div on a 16 dB display. 
Linear: from 0.1 pV/div to 100 mV/div in a 1,2 sequence on an 8- 
division display. 

Average noise level: (-102 dBm with 10 kHz IF bandwidth. 
Spurious responses: All image and out-of-band mixing re- 
sponses, harmonic and intermodulation distortion products are 
more than 65 dB below a -40 dBm signal a t  the input mixer. 
Residual responses (no signal present at Input): with input at- 
tenuation a t  0 dB: (-100 dBm. 

Dynamic range 

Amditude accuracy 
Log Linear 

Frequency response 

100 kHz to 1250 MHz f 1  dB f 12% 
Switching between 
bandwidths (at 20°C) k0.S dB k 5.8% 
Amplitude display k0.25 dB/dB but not 2.8% of 

full 8 div 
deflection 

(flatness) 

more than k 1.5 dB 
over the full 70 dB 

display range. 
Calibrator output 

Log reference level control: provides 70 dB range (60 dB below 
200 kHz), %, Linear Sen- 
sitivity). 
Log refer dB range. Ac- 
curate to L U . I  OD I L I . L / O ~  111 U. -0. ~ I I O  - I L  UD positions; other- 
wise k0.25 dl  
Amplitude mc 
nique. 

Amplitude: -30 dBm, k0.3 dB. 
Frequency: 30 MHz, 2 3  kHz. 

in 10 dB steps. Accurate to k0.2 dB (k2.3' 

ence level vernier: provides continuous 12 
- n  1 A D  1 - 1  -01\ I- n L --A 1 -  A D  - 

3 ( f2 .8%).  ' 

sasurement accuracy: f I .75 dB with proper tech- 

RF input specifications 
input impedance: 5OQ nominal. Typical reflection coefficient 
(0.30 (1.85 SWR), input attenuator 2 1 0  dB. 
Maximum input level: peak or average power +13 dBm (1.4 V ac 
peak), k 50 V dc. 

General 
Scan time: 16 internal scan rates from 0.1 ms/div to 10 sec/div in a 
1 ,  2, 5 sequence, and manual scan. 
Scan time accuracy 

0.1 ms/div to 20 ms/dlv: f 10%. 
50 ms/div to 10 s/dlv: f 20%. 

Weight 
Model 85548 RF section: net, 4.7 kg (10 Ib, 4 oz). Shipping 7.8 kg 
(17 Ib). 

Size: 102 H, 226 W, 344 mm D (4" x 8%" x 13%"). 

sncy 1 

Dynamic range: >90 dB from spectrum analyzer 1 QB gain com- 
pression point to average noise level (approximately -10 dBm to - 100 dBm). Spurious responses not displayed. 
Gain compression: for -10 dBm signal level a t  the input mixer, 
gain compression < 1 dB. 
Absolute amplitude calibration range: 

Tracking generator (drive level to test device: 0 to -10 dBm con- 
tinuously variable. 0 dBm absolutely calibrated to f0.5 dB a t  30 
MHz. 

rrequency range: 500 kHz to 1250 MHz. 
Vequency resolution: 1 kHz. 
itability . , . ... , _ I n n  T X  1 L.l..-- - . . 

F 
f 
t 

Residuai FM (peak-to-peaK): statmzea, <LUU n z ;  unsraoiiized, 
t 1 0  kHz. 

System frequency response: f 1 
Tracking generator calibration: 0 dBm a t  30 MHz to f U . 3  aM. 

Amplitude accuracy 

Specifications for precision frequency measurements 
Frequency accuracy: for unknown signals k 10 kHz. (Tracking 
drift typically 50 kHz/lO min after 2-hour warm-up). For points on 
frequency response curve, counter accuracy f Residual FM (200 
Hz). 
Counter mode of Operation 

Manual scan: scan determined either by front panel control of 
8552B IF Section or by external scan signal provided by the 8444A. 
Zero scan: analyzer is fixed-tuned receiver. Counter reads center 
frequency to accuracy of tracking drift. 
Counter output level: typically 0.1 V rms. 

Specifications for sweep/CW generator 
Frequency: controlled by spectrum analyzer. Range 500 kHz to 
1250 MHz with 8554B. Scan widths are as enumerated on this page. 
Frequency accuracy. k 10 MHz using spectrum analyzer tuning 
dial. Can be substantially improved using external counter outout. 
Flatness: f 0.5 dB. 
Spectral purity 

Residual FM (peak-to-peak): 200 Hz. 
Harmonic distortion: 25 dB below output level (typical). 
Nonharmonic (spurious) signals: >35  dB below output level. 

Long term stability: drift typically less than 30 kHz/hour when sta- 
bilized after 2-hour warm-up. 
Sweep width: 20 kHz to 1000 MHz. 
Sweep rates: selected by Scan Time per Division on spectrum ana- 
lyzer. 

General 
Temperature range: operation, 0°C to 55"C, storage -40°C to 
75°C. 
EMI: conducted and radiated energy is within the requirements of 
MIL-1-6181D. 
Power: 115 V and 230 V, 48 to 440 Hz, 12 watts max. 
Weight: net, 7.1 kg (15  Ib, 10 02). Shipping, 9.5 kg (21 Ib). 

D (315&" x 16%" x 1834"). 

Price 
$4975 

Opt 003: Internal Limiter $170 
8444A Tracking Generator $3675 

Size: 88.2 H, 425 W ,  467 mm 

Ordering Information 
8554B R F  Section 

. - .  . . ~ -  



I I SIGNAL ANALYZERS 
1 141T Spectrum Analyzer System: 10 MHz to 40 GHz 

Models 8555A, 8444A & 84458  

Absolute amplitude calibration 
High sensitivity to -125 dBm (125 nV) 
Resolve signals to 100 Hz 

8555A 

8444A 

84450 Opt 002,003 

8555A Spectrum Analyzer 
The 855544 spectrum analyzer covers 10 MHz to 18 GHz with fun- 

damental and harmonic mixing. A single external waveguide mixer 
can provide 12.4 GHz to 40 GHz coverage. This broad frequency 
range coupled with its high sensitivity and resolution bandwidth allow 
a variety of power measurements, frequency measurements, modula- 
tion, and noise analysis on almost every type of design module: the 
frequency response of amplifiers, mixers, and modulators, response 
and alignment of filters, isolators, couplers and limiters. With wide 
scan widths and calibrated amplitude the 8555A i s  ideal for spectrum 
surveillance and RFI/EMC field strength analysis with a calibrated 
antenna. 

Absolute amplitude calibration 
The 8555A offers absolute amplitude calibration fr6m 4-10 dBm to 

-125 dBm over the 10 MHz to 18 GHz frequency range. This capa- 
bility makes possible not only absolute signal power measurements, 
but also the measurement of the power differential between two sig- 
nals separated by as much as 18 GHz. The parallax-free CRT grati- 
cule can read as a log scale (dBm) or a linear scale (volts) with a 
frequency response accuracy of * 1.5 dB to 6 GHz and * 2.0 dB to 18 
GHz. The top line of the display is established as the reference level 
by front panel controls. A light warns of an uncalibrated condition. 

High sensitivity 
The high sensitivity from -125 dBm (fundamental mixing) to 

-100 dBm (4th harmonic) in a 100 Hz bandwidth makes it possible 
to measure large values of attenuation, out of band filter and amplifi- 
er response, weak transmitted signals in surveillance work or micro- 
volt signals in EMC applications. A post-detection filter with 10 kHz, 
100 Hz and 10 Hz positions averages noise and yields an extremely 
clean observed trace. 

Scan .IP t o  8 GHz full screen 
100 dB distortion-free dynamic range with preselector 
Companion tracking generator to 1.3 GHz 

High resolution 
Due to low residual FM ((100 Hz peak-to-peak) the 8555A offers 

outstanding 100 Hz resolution which allows the users to resolve close- 
ly spaced signals and low-level sidebands resulting from a 1 kHz mod- 
ulating signal. The resolution capability makes it possible to analyze 
spurious low frequency modulation of microwave signals. The high 
stability of the analyzer results in more accurate measurements of 
residual FM, long-term drift, phase noise, and spectral purity. Fur- 
thermore, the gaussian shape of the IF filters allows fastest sweep for 
a given resolution bandwidth. 

Automatic tuning stabilization 
When scanning over a relatively narrow frequency range, the fre- 

quency stability of the analyzer’s internal local oscillators becomes 
important for high resolution and frequency measurements. For this 
reason the 8555A is equipped with a tuning stabilizer circuit which 
automatically phase locks the analyzer to a crystal oscillator. Display 
jitter and signal recentering are virtually eliminated. 

Added input mixer protection 

pushbutton lockout is provided on the attenuator knob. 
To prevent an inadvertent 0 dB setting of the input attenuator, a 

84456 Tracking Preselector, 10 MHz to 18 GHz 
The 8445B Tracking Preselector is a YIG tuned filter coupled to 

the 8555A spectrum analyzer in order to be tuned exactly to the ana- 
lyzer’s reception frequency. The preselector suppresses harmonic 
mixing image and multiple responses from 1.8 to 18 GHz. The result 
is a wide spurious free amplitude measurement range. Clean, full 
band sweeps are possible in scans of 2,4,6 or 8 GHz depending upon 
the band selected. 

Below 1.8 GHz the image and multiple responses are eliminated by 
a low-pass filter in the preselector. 



An optional five digit LED display with 1 MHz resolution allows 
accurate measurement of either the display frequency at the display 
marker in full scan mode or the center frequency in per division scan. 

12.4-18.0 
18.0-26.5 
26.5-40.0 

8444A Tracking Generator 10 to 1300 MHz 
The 8444A Tracking Generator provides a level, calibrated R F  sig- 

nal which is exactly the tuned frequency of the spectrum analyzer. 
This enables swept frequency tests such as frequency response and 
return loss measurements up to 1300 MHz. With an external counter 
the frequencies of unknown signals on points along a frequency re- 
sponse curve can be made. 

6- -85 
6+ -80 

10+ -65 I 

8555A Specifications-with 85526 IF Section 
Frequency specifications 
Frequency range: 0.01-40 GHz. 
Tuning range 

With internal mixer: 0.01-18.0 GHz. 
With external mixer: 12.440 GHz. 

Signal identification: not normally required with preselector. Sig- 
nal identifier provided for positive identification of all responses. 
Rejection of images and multiple responses with preselector is >70 
dB. 

Full scan: the width of the scan depends on mixing mode. Scan 
width = n x 2000 MHz, where n is the mixing mode; e.g. for n = 2, 
scan width is 4 GHz. Maximum scan width full screen is 8 GHz 
with coaxial mixer. Preselector necessary to make wide scans us- 
able. 
Per division: 16 calibrated scan widths from 2 kHz/div to 200 
MHz/div in a 2, 5, 10 sequence. 
Zero scan: analyzer becomes fixed-tuned receiver. 

Dial accuracy: n x ( f 15 MHz) where n is the mixing mode. 
Scan accuracy: frequency error between two points on the display 
is less than .+ 10% of the indicated separation. 
Stability: residual FM stabilized < 100 Hz peak-to-peak (funda- 
mental mixing). 
Noise sidebands: for fundamental mixing. More than 70 dB be- 
low CW signal 30 kHz or more away from signal, with l kHz IF  
bandwidth and 100 Hz video filter. 

Long term drift: a t  fixed center frequency after 2-hour warm-up 
(Typical). 
Stabilized: f 3.0 kHz/lO min. 
Unstabilized: 2 2 5  kHz/lO min. 
Stabilization range: first LO can be automatically stabilzed to in- 
ternal crystal reference for scan widths of 100 kHz/div or less. 

Bandwidth range: selectable 3 dB bandwidths from 100 Hz to 300 
kHz in a 1, 3, IO sequence. 
Bandwidth shape: approximately gaussian. 
Bandwidth selectivity: 11:l to 20:l (60 dB/3 dB). 
Bandwidth accuracy: individual IF bandwidth 3 dB points cali- 
brated to f 20% (IO kHz bandwidth, k 5%). 

Harmonic mixing mode 

Scan width 

Frequency accuracy 

Frequency drift 

Resolution 

Amplitude specifications 
Measurement range 

Log reference level: from -60 dBm to + I O  dBm. 
Linear sensitivity: from 0.1 pv/div to 100 mV/div. 

Frequency Power Incident 
Range on Input Mixer 

0.01-1.85 GHz -40 dBm 

1.85-18.0 GHz 0 dBm 

Sensitivity and frequency response with internal coaxial mixer 
oise level: specified for 1 kHz bandwidth. 

2nd Harmonic 
Distortion 
-63 dB 

-100 dB 

requency res1 
Frequency 

Range 
(W 

0.01-2.05 
1.50-3.55 
2.07-6.15 

4.11-6.15 
2.60-4.65 

4.13-10.25 

6.19-14.35 
6.17-10.25 

8.23-14.35 
10.29-18.00 

lnse with II 
Mixing 
Mode 

(n) 
1- 
1- 
2- 
1+ 
1+ 
3- 
2+ 
4- 
3+ 
A+ 

iB input atter 
Average Noise 

level 
(dBm max.) 

-115 
-117 
-108 
-117 
-115 
-103 
-105 
- 95 
-100 
- 90 

ator setting: 
Frequency 
Response' 
(dB max.) 
f 1.0 
f 1.0 
k 1.3 * 1.0 
f 1.0 
f 1.5 
f 1.5 
f 2.0 
f 2.0 
f 2.0 

~~ 

. .  
udes mixer freauencv response. RF attenuator frepuency response. mixing mode gain variation, 

RF input VSWR. 

Sensitivity and frequency response with 11517A external 
waveguide mixer and appropriate waveguide tapers 

Average noise level 10 kHz bandwidth (dBm typical): 
Frequency Mixing Average Noire 

Range Mode 1 level I (GHz) (dB max.) I 

Spurious responses due to third order intermodulation distor- 
tion with preselector 

Third Order 
Frequency Signal Power Incident Inter modulation 

Range Separation on Input Mixer Distortion 
0.01-18.0 GHz > I  Mnz -30 dBm -70 dB 

t 2 0  MHr 
0.01-1.85 GHz >70 MHz -30 dBm -70 dB 
1.85-18.0 GHz >70 MHr -100 dB 

Video filter: post detection filter used to average displayed noise. 
Nominal bandwidths: 10 kHz, 100 Hz, and 10 Hz. 
Gain compression: for internal mixer gain compression < 1 dB for - 10 dBm peak or average signal level to input mixer. 1 1517A Exter- 
nal Mixer ( 1  2.4-40 GHz) gain compression < 1 dB for - I5 dBm 
peak or average signal level to input mixer. 
Amplitude accuracy 

IF gain variation with different bandwidth settings: (at 20°C.) 
Log: f O . 5  dB. 
Linear: * 5.8% 



SIGNAL ANALYZERS 
141T Spectrum Analyzer System: 10 MHz to 40 GHz 
Models 8555A, 8 4 4 4 ~  & 84458 (cont.) 

Amplitude display 
Log: + 0.25 dB/dB, but not more than f 1.5 dB over the full 70 dB 
display range. 
Linear: k 2.8% of full 8-division deflection. 
Log reference level: accurate to f 0.2 dB ( f 2.3% linear sensitiv- 
ity). 
Log reference level vernier: accurate to f 0.1 dB (1.2%) in 0, 
-6, and -12 dB positions; otherwise, f 0.25 dB (+ 2.8%). 

Input attenuator range: Ck50 dB in 10 dB steps, manual safety lock- 
out for 0 dB position. 

Frequency response: typically f 0 . 6  dB from 10 MHz to 18 
GHz. 

Calibrator output: amplitude -30 dBm, 5 0 . 3  dB. Frequency 30 
MHz + 3  kHz. 
Absolute calibration accuracy: overall accuracy is a function of 
measurement technique. With the appropriate technique, absolute 
accuracy of f 1.6 dB (fundamental mixing) and + 2.6 dB (4th har- 
monic mixing) is achievable. 

Input characteristics 
Input impedance: 50 ohms nominal (0.01-18 GHz). 
Reflection coefficient: (0.130 (1.30 SWR) for input R F  attenua- 
tor setings 2 1 OdB. 
Maximum input level: peak or average power +13 dBm (1.0 V ac 
rms) incident on mixer (+30 dBm with Opt 002), +33 dBm incident 
on input attenuator. 
RF Input connector: type N female. 
LO emission: -10 dBm without preselector, -80 dBm with preselec- 
tor over recommended operating ranges (IO dB input attenuator set- 
ting). 

General 
Scan time: 16 internal scan rates from 0.1 ms/div to 10 sec/div in a 
1, 2, 5 sequence. 
Power requirements: 100, 120, 220 240 V +5%,-lo%, 50-60 Hz, 
normally less than 225 watts (varies with plug-in units used). 
Size: 102 H x 226 W x 344 mm D (4.0" x 8%" x 13.5"). 
Weight: net, 16.8 kg (14 Ib, 15 02). Shipping, 8.7 kg (19 Ib). 

Specifications with option 002; internal limiter installed 
All specifications are the same as for the standard unit except the 
following: 
Frequency range: 0.1-12.4 GHz, usable over 0.01-18 GHz range. 
Maximum input level 

Continuous: 1 W(+30 dBm). 
Pulse: 75 watts peak, pulse width 5 1  ps, 0.001 duty cycle. 

Reflection coefficient: (0.33 (2.0 SWR). 
Frequency response (flatness): < k 0.5 dB degradation in re- 
sponse, 0.1-12.4 GHz. 

8445B Tracking Preselector 
Frequency specifications 
Frequency range: DC-1.8 GHz low-pass filter. 1.8-18 GHz track- 
ing filter. 
Tracking filter 3 dB bandwidth: typically 20-45 MHz. 
Tracking filter skirt roll-off: characteristics of a three-pole filter. 
(Nominal: 18 dB/octave.) 

Insertion loss 
Insertion Loss lmcrtii Loss 

(Opt. 004) 
Low-Pass Dc-1.8 GHz t 2 . 5  dB 

filter a2.05 GHz >50 dB 
Tracking 1.8-12 GHz 

filter 12-18 GHz <lOdB 

'Low.Pass Filler deleted with Opt 004. 

Typical preselector minimum insertion loss at 25°C. 
P R E S E L E C T O R  I N S E R T I O N  LOSS 

0 
2 

6 
8 

dB 

OGHz 2 4 6 8 10 12 14 16 18 
LP F I L T E R  I-YIG FILTER-1 

Out-of-band rejection: for YIG filter 1 GHz from center of pass- 
band >70 dB. 
Digital frequency readout (Option 003): 

Function: 
Full scan mode: displays frequency a t  inverted marker. 
Per division scan. displays center frequency. 
Manual or remote operation of preselector: displays tuned fre- 
quency of filter. 
Resolution: 1 MHz. 
Accuracy: 0.01-1.0 GHz: f 6  MHz. 

1.0-4.0 GHz: f 8 MHz. 
4.0-18 GHz: +0.2% 

Input specifications 
Input connector: precision Type N female. 
Input VSWR: typically (2.0 (1.8-18 GHz). 
Limiting level: (maximum input level for (1 dB signal compres- 
sion), >+5 dBm. 
Damage level: >+20 dBm. 

General 
Remote function: YIG filter frequency can be set by externally sup- 
plied voltage. 
Power requlrements: 100,120,220, or 240 V + 5%,-lo%, 48 to 440 
Hz, less than 110 watts. 
Size: 88.2 H x 425 W x 467 mm D (315/321 x 1634" x 1834"). 
Weight: net, 8.8 kg (19 Ib 8 02). Shipping, 11.9 kg (26 Ib). 

8444A Tracking Generator 
Frequency range: 10 MHz to 1300 MHz. 
Frequency resolution: 1 kHz. 
Residual FM (peak-to-peak): 200 Hz (stabilized). 
Amplitude range 

Spectrum analyzer dlsplay: from -130 dBm to +10 dBm, 10 
dB/div on a 70 dB display or 2 dB/div on a 16 dB display (8552B 
only). 
Tracking generator (drive level to test device): 0 to -10 dBm 
continuously variable. 

System frequency response: f 1.50 dB. 
Tracking generator calibration: 0 dBm at 30 MHz to f 0 . 5  dB. 

Amplitude accuracy 

Dynamic range: >90 dB. 
Counter output: typically 0.1 V rms. 

General 
Power: 1 15 V and 230 V, 48 to 440 Hz, 12 watts max. 
Size: 85.2 H x 425 W x 467 mm D (315&" x 16%" x 1834"). 
Weight: net, 7.1 kg (15 Ib, 10 oz). Shipping, 9.5 kg (21 Ib). 

Ordering Information 
8555A Tuning Section 

Opt 001: APC-7 connectors 
Opt 002: Internal limiter 
Opt 005: Video tape 

Price 
$8100 

add $40 
add $210 
add $105 

8445B Tracking Preselector, dc -18GHz $3 180 
add $155 

add $80 
add $670 
less $425 

less $50 

Opt 001: APC-7 connectors 
Opt 002: Add manual controls 
Opt 003: Add digital frequency readout 
Opt 0 0 4  Delete low-pass filter 
Opt 005: Delete interconnect rigid coax 

8444A Tracking Generator, 10 MHz-1300 MHz 
11517A External Mixer (taper section req'd) 
11518A Taper Section, 12.4 to 18 GHz 
11519A Taper Section, 18 to 26.5 GHz 
11520A Taper Section, 26.5 to 40 GHz 

$3675 
$250 
$160 
$160 
$160 
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1 1694A 

1121A 

11517A 

1 1693A 
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197A 

Spectrum analyzer accessories i 
i Models 8750A, 8447 Series, 11694A, 1121A 

8750A a447 Series 

8750A Storage-Normalizer 
The 8750A's digital storage allows the user to maintain a flicker- 

free display, even at slow sweep speeds. Trace comparisons are simpli- 
fied with the dual memory by simultaneously displaying two traces. 
When used with a tracking generator, system frequency response 
variations may be stored in memory and automatically removed from 
the measurement (normalization). 

The 8750A is directly compatible with the H P  8557A, 8558B, and 
8565A spectrum analyzers, as well as most HP network analyzers, 
and requires a conventional low-frequency oscilloscope to be used 
with the 140 series analyzers. (See page 479). 

8447 Series Amplifiers (0.1-1300 MHz) 
The 8447 Series amplifiers feature low noise and wide bandwidth. 

This makes them ideal for improving spectrum analyzer sensitivity 
and noise figure while providing input isolation. Accurate measure- 
ments over a wide frequency range are assured due to the broad fre- 
quency coverage, flat frequency response and low distortion of these 
amplifiers. (See page 33). 

1169414 75Q Matching Transformer (3-500 MHz) 
Allows measurement in 75-ohm systems while retaining amplitude 

calibration. VSWR is less than 1.2, and insertion loss is less than 0.75 
AR Nnte. A k n  nntinnf nnl rind nn3 fnr 750 vprpinnp nf 8557A 

it H P  Spectrum Analyzers ar 
accurate, convenient measui 

..-. &."..,. '.."" ".," Vy..Y.." "". -..- ".,_ -". ."-- .-.1--._1 -- --- . _ -  
and 8558B. 

1121A Active Probe (0.1-500 MHz) 
Provides high impedance (>lo0 kQ shunted by t 3  pF) input to 

spectrum analyzer for measurements on sensitive circuits. Probe pow- 
er is supplied by mor id flat response with 
unity gain assures rements. (See page 
469). 

11517A External Mixer 
To extend the frequency range of the 8555A and 8565A analyzers 

to 40 GHz. Taper sections for 12.4-18 GHz (11518A), 18-26.5 GHz 
(1 1519A) or 26.5-40 GHz (1 1520A) bands are required. 

11693A Limiter (0.1-12.4 GHz) 
The Model 11693A Limiter provides input protection for a variety 

of instruments in general applications (usable from 0.01 to 18 GHz). 
For example, the input circuits of spectrum analyzers, samplers, or 
amplifiers may be protected for inputs up to 75 watts peak or 1 watt 
average power. Also, signal generators can be protected from applica- 
tion of reverse power. 

8721A Directional Bridge 

(See page 469 under "1 1652A: Directional bridge"). 

8406A Frequency Comb Generator 
Produces frequency markers at I ,  10, and 100 MHz increments ac- 

curate to -+ 0.01 %. External oscillator can be used to generate preci- 
sion interpolation sidebands. Comb is usable to beyond 5 GHz. 

197A Oscilloscope Camera 
For a permanent record of vour measurements. The 10367A 

Adapter is re :s displays. (See 
page 189). 
Ordering i f  Price 
11694A 7552 $75 
11517A Exte $250 
11518A/1151~~/115~uA wavegulae laper bections $160 
11693A Limiter $235 
8406A Frequency Comb Generator $950 
8750A Storage-Normalizer $1450 

For making return loss measurements from 100 kHz to 110 MHz. 

quired to use the cimera with 182-serie 

iformation 
Matching Transformer 
rnal Mixer (Mixer only) 
. A .  .----_. ... .. ,.. " .. 



t SIGNAL ANALYZERS 
5 Hz to 50 kHz spectrum analyzer 
Model 3580A 

Description 
Hewlett Packard's 3580A 'Spectrum Analyzer is a low frequency 

high performance analyzer. Its 1 Hz bandwidth allows the user to 
examine noise and extraneous signal content close in to a signal of 
interest. 

For low frequency applications where sweep speeds can be slow and 
time-consuming, a special feature, adaptive sweep, allows the user to 
set a threshold above which only the spectra of interest is observed. In 
this mode, the CRT is rapidly swept. When a signal is encountered, 
the sweep slows down to reproduce full response. A factor of ten speed 
gain is possible. 

Digital storage is another important feature which enhances the 
display for slowly swept low frequency signals. The analyzed signals 
are digitized and stored in memory. Trace information is then read 
from memory at a rate appropriate for obtaining an analog-like dis- 
play. 

Digital storage for spectra comparison 
Digital storage makes it possible to store one or two traces. When 

two are stored, both may be simultaneously displayed for easy com- 
parison as shown below. 

Adaptive sweep 
A tremendous savings in sweep time can be achieved by using adap- 

tive sweep. In the left trace below, over 80 dB of dynamic range is 
used to look at low level signals and noise. Two hundred seconds were 
required to make the sweep. In the right trace, the baseline is raised to 
give 50 dB of dynamic range. Noise and other responses are not ana- 
lyzed so the sweep now takes only 14 seconds. 

1 Hz bandwidth 
When using a 1 Hz bandwidth 60 Hz line related spectra are clearly 

exposed as shown in the left trace. An analysis of the same signal with 
a 10 Hz bandwidth will not resolve the line related spectra as shown 
on the right. 
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F~SIGNAL ANALYZERS 
Dual-Channel, Real-Time Spectrum Analyzer 0.02 Hz to 25.5 kHz 
Model 3582A 

0 Transfer function magnitude and phase measurements 
0 Coherence function measurement 
0 Phase spectrum measurement 
0 Transient capture and frequency domain analysis 

0 Internal periodic and random noise source 
0 Band selectable analysis for 0.02 Hz resolution 
0 Alphanumeric CRT annotation and marker readout 

Description 
The 3582A is a powerful dual-channel, real-time spectrum analyzer 

that solves bench or systems measurement problems in the frequency 
range of 0.02 Hz to 25,599 kHz. Sophisticated LSI digital filtering 
combined with microcomputer execution of the Fast Fourier Trans- 
form (FFT) provides exceptional measurement capability and perfor- 
mance. 

Exceptional frequency resolution 
The ability to resolve closely spaced spectral components is often 

critical in the study of subtle phenomena such as structural transfer 
functions. Unlike conventional digital signal analysis which extends 
from DC to some maximum frequency, the Model 3582A can “zoom 
in” to analyze any selected band of frequencies with dramatically im- 
proved resolution. The start or center frequency of the 5 Hz to 25 kHz 
band analysis spans can be adjusted in 1 Hz increments to cover the 
entire frequency range of the instrument. This provides resolution 
down to 20 milliHertz across the entire range for spectrum analysis or 
40 milliHertz for transfer functions, representing as much as 5000 to 
1 improvement over conventional “baseband” analysis. 

Excellent low frequency coverage 
Many electrical and physical measurements have signficant spec- 

tral information in the audio and sub-audio range. With frequency 
ranges from 25 kHz down to 1 Hz full scale, the Model 3582A is 
extremely well suited to these types of rnzasurements. The display 
shown in fig. 1 represents the phase noise of i frequency synthesizer over 
the range of 0 to 1 Hz with a frequency resolution of only 6.00milliHertz. 

Figure 1 

Real time measurement speed 
Long measurement times can be a major limitation of swept low 

frequency spectrum analyzers. In high volume testing or in applica- 
tions requiring substantial on-line tuning these long measurement 
times are both expensive and inconvenient. Since the Model 3582A 
uses an advanced microcomputer to execute the Fast Fourier Trans- 
form (FFT), it can perform equivalent measurements as much as one 
to two orders of magnitude faster than a swept analyzer. 



Wide Am 
When examining the sensitivity or an analyzer, it is important to 

consider the full range of potential applications. If the analyzer does 
not directly cover the range of anticipated signals, external amplifiers 
or attenuators will be required. These devices can add their own noise 
and can distort the signal being measured. The Model 3582A offers 
150 dB of calibrated measurement range covering +30 dBV (31.6 
volts) to - 120 dBV (1 pvolt) and thus minimizes the need for external 
signal conditioning. Even with input sensitivities down to -120 dBV 
the input circuit is fully protected against accidental overloads of 100 
Volts DC or 120 Volts RMS for short periods. 

Wide dynamic range 
In many applications the information of interest is contained not in 

the high amplitude fundamental, but rather in the low amplitude 
components. For a spectrum analyzer to provide useful information 
about these low level comoonents in the oresence of a laree signal, it 
must offi ange is 
specified 

Phase ! 

of a signal, yet complete characterization in the frequency domain 
also requires phase information. Signals with identical amplitude 
spectra, but different phase spectra can differ significantly. The ad- 
vanced digital signal orocessine techniaues incorDorated in the Model 
3582A 

Trans 
Man nsients 

may OL-~, IrrlrMiU-,,LIJ DyvllrallruurlJ nLnaJ unnLy for a 
brief period of time. Swept spectrum analyzers generally cannot han- 
dle these transient signals. By using digital processing techniques, the 
Model 3582A can capture and analyze transients as short as a few 
milliseconds. This means that spectrum analysis and transfer func- 
tion analysis are no longer limited to stable, time invariant signals. 

Y V .  - 
. provide direct measurement of phase spectra. 

;ient capture and analysis 
iy signals such as mechanical shocks and electrical tra 
n-.... ; " f r ~ n . r z . " * l . r  ""A r..,,"tnnnn...l.. n n A  m n . 7  l n r t  fin1 

2A directly measures the complete transfei 
le and phase. With dual channels the actua 
on Channel A and thus does not have to bc 
variations are taken out in the computatiox . -. . .  

Transfer function measurement with the internal noise 
source 

Many electrical circuits and mechanical systems can be treated as 
linear networks and can be characterized by the magnitude and phase 
of their transfer functions. 

Most spectrum analyzers can measure only the magnitude portion 
of the transfer function - and even then only by assuming a flat drive 
signal. The Model 358: r 

drive signal is measured 
totally flat; drive signal 1 
process to give valid results. I ne major constraint on the input signal 
is that, unlike a swept source, it must stimulate all frequencies of in- 
terest simultaneously. For some applications, true random noise or 
even impulse signals serve as useful drive signals. In most applica- 
tions, however, the built-in noise source serves as an ideal input. With 
this drive signal functioning as a "tracking generator" substitute, the 
Model 3582A is a low frequency network analyzer with "real-time" 
measurement speed. As with spectrum measurements, portions of the 
transfer function as narrow as 5 Hz can be examined anywhere over 
the 25 k! 

Cohere 
The m i that the 

device under test is linear ana that no portion or the output is caused 
by noise or extraneous signal sources. In active electronic circuits or 
mechanical structures these conditions can easily be violated - yet 
such violations are very difficult to identify. The Model 3582A con- 
siderably simplifies this problem by providing the direct measure- 
ment of the coherence function. This is a frequency domain measure 
of the fraction of the power in one signal (e.g., the output) caused by 

function, both magnituc I 

Hz frequency range. 

n c e  function measurement 
easurement of a device transfer function assumes . .. . .  . ^ .  

the other measured signal (e.g., the input). If this fraction is 1.0, the 
output at that frequency is caused by the input and the transfer func- 
tion is valid. If the fraction is near 0.0, the output is caused by some- 
thing other than the measured input. This cause could be noise, non- 
linearities or an unanticipated input, but the result is the same - the 
transfer function data a t  that frequency is suspect. 

In addition to serving as a valuable check on the validity of transfer 
functions, the coherence function can be useful when investigating 
cause/effect relationships particularly in multiple input systems. 

Digital averaging capability 
Many spectral measurements contain both discrete signals and ran- 

dom noise components. Obtaining proper amplitude readings can be 
difficult if the random components are really the ones of interest or 
are of nearly the same amplitude as the discrete signals. 

The digital averaging techniques incorporated in the Model 3582A 
help solve these problems. The RMS averaging mode takes the power 
average of 4 to 256 successive spectra in order to reduce the uncer- 
tainty of the estimate of random spectral components. For measure- 
ments where the spectral information is not stable but varies slowly 
with time, a running exponential form of RMS averaging is provided. 
By continually reducing the importance of older spectra, this mode 
prevents old data from completely obscuring new data yet still retains 
the basic advantages of averaging. 

When a synchronizing trigger signal is available, the TIME aver- 
age can enhance the signal-to-noise ratio by as much as 24 dB. Since 
it involves the averaging of successive time records before transfor- 
mation it is also significantly faster than other types of averaging. 

Fully annotated, calibrated CRT display 
One of the most important features of the Model 3582A is its ease 

of use. Operator interaction with the instrument is simplified by the 
combination of intelligent microcomputer control and the alphanu- 
meric display capability. The basic annotation clearly shows the ma- 
jor measurement parameters. 

Figure 2 

Powerful marker operations 
The intensified dot marker is a major operational convenience. 

When active the frequency and corresponding amplitude, phase or 
coherence value of the dot are displayed alphanumerically on the dis- 
play. Since the results are calibrated, there is no need to go through 
the time consuming, error-prone process of visually interpreting dis- 
play points. 

For operations such as determining frequency separation, the 
marker can read out in units relative to a previous marker setting 
which was defined as a reference point. 

When making band analysis measurements, the marker can be used 
in place of the frequency adjust control to define a new start or center 
analysis frequency. 



. SIGNAL ANALYZERS 
Dual-Channel, Real-Time Spectrum Analyzer 0.02 Hz to 25.5 kHz 

1 Model 3582A (cont.) 

Digital trace storage 

ory for later recall and comparison. 
Two independent information traces can be stored in digital mem- 

Powerful HP-IB capability 
The Hewlett-Packard Interface Bus (HP-IB) is an interface con- 

cept that allows two way communication among as many as fifteen 
different devices. Generally, at least one of these devices is a “com- 
puting controller” which exercises overall system control. This con- 
troller directs and coordinates the activities of the other devices in the 
system. 

All major front panel controls with the exception of the verniers are 
fully programmable via the HP-IB. The programming codes are sim- 
ple and are logically derived from the front panel control labels. The 
states of the various controls occupy only ten 8-bit bytes of data that 
can be read and written by the HP-IB. This allows you to manually 
set up a test from the front panel and store it in a compact form. 

From the HP-IB it is a simple matter to command the Model 
3582A to output results in a usable form. Not only can the various 
control settings be retrieved, but numeric marker data can be extract- 
ed. More importantly, the full display can be read in ASCII format 
along with complete annotation. 

The flexible HP-IB structure also allows a computing controller to 
input data other than commands to the Model 3582A. For example, a 
perfect time record can be synthesized from a mathematical model 
and input to the instrument for analysis. More importantly, stored 
display information such as the vibration signatures of a rotating ma- 
chine can be input to the instrument for review. Also, the controller 
can mathematically process the stored data and format the results for 
display on the CRT. Since the controller can also write its own four 
lines of alphanumeric text, the results can be properly annotated and 
calibrated. The operator can even be given brief interpretation 
instructions - all on the CRT of the instrument. 

Figure 3 

A wide range of applications including: 
0 Low frequency electronics 

Spectrum analyzers have typically been of major value in charac- 
terizing the harmonic distortion, spurious outputs, level and frequen- 
cy of signal sources. The model 3582A not only makes these 
measurements better and more accurately than before, but it also 
makes them faster. The additional combination of “real-time” mea- 
surement speed and the powerful HP-IB capability make automated 
testing of these parameters very attractive. 

In addition to characterizing low frequency sources, the Model 
3582A can help characterize the short term random frequency fluctu- 
ations of a precision high frequency source. This is accomplished by 
mixing the high frequency signal down to DC and measuring the 
phase noise close-in to the carrier. 

With direct transfer function measurements and the built-in driv- 
ing source, the Model 3582A is well suited to performing a network 
analysis of low frequency devices such as filters. Figure 4 shows a five 
section low pass elliptic filter. 

Figure 4 

0 Telecommunications 
The frequency range and performance characteristics of the Model 

3582A are well matched to the R&D and production needs of tele- 
communications. Voice frequency components including analog lines 
can be easily characterized. 

Specialized signal sources such as multifrequency tone sources and 
modems can pose unusual testing problems. Figure 5 shows the fre- 
quency spectrum of a modem transmitting a string of asterisks. 

Figure 5 

Audio and acoustics 
The Model 3582A has a number of features that make it well suited 

to the analysis of entertainment products. For example, an audio tape 
recorder is a moderately complex electromechanical system. Any un- 
wanted mechanical speed variations will show up as discrete modula- 
tion sidebands on a recorded tone. 

With the frequency resolution of the Model 3582A, it is possible to 
identify the sidebands precisely enough to relate them to actual geom- 
etries. 

Loudspeakers provide another interesting application example. By 
combining the built-in noise source with time averaging, it is possible 
to obtain valid characterizations even in the presence of ambient 
noise as shown in figure 6 below. 

Figure 6 



It is also possible to use impulse type signals for this measurement. 
Since the time record collection time is only a few milliseconds, this 
can minimize the echo problems. 

With a slightly different hook-up the electrical impedance of a 
loudspeaker can even be measured. 

Structural analysis 
A broad range of mechanical structures can be adequately de- 

scribed as linear systems and can be characterized by their frequency 
domain transfer functions. These transfer functions relate applied 
forces and the resulting motion. This example illustrates the driving 
point inertance (acceleration/force) transfer function of a small 
beam. 

Figure 7 

Rotating machinery signatures 
Every rotating machine exhibits a unique characteristic vibration 

pattern determined not only by the basic design and construction of 
the machine, but also by environmental factors and wear. With the 
appropriate transducers the Model 3582A can measure and analyze 
these vibration patterns or "signatures." 

Figure 8 

3582A Specifications 
Frequency 
Range: 0.02 Hz to 25.5 kHz with the low frequency limit the result of 
DC response. 
Spans: 1 Hz to 25 kHz in a 1-2.5-5-10 sequence. The 1 Hz and 2.5 
Hz spans are usable only in the 0-start mode. 
Accuracy: f 0.003% of display center frequency. 
Resolution: 0.4% of the frequency span for single channel or 0.8% of 
the frequency span for dual channels. 
Filter passband shape: 

Flat Top Hanning Uniform 
3 dB Bandwidth (1.4 t-O.I% (0.58 f0.05% (0.35t-0.02% 
(single channel) of span) of span) of span) 
Shape Factor 2.6 t-0.1 9.1 k0.2  7.6 t-20 

Amplitude 
Display modes: 

Log: 10 dB/division or 2 dB/division 
Linear: Constant voltage/division 

Log: +30 dBV to -120 dBV noise floor 
Linear: +30 V to 1pV noise floor 

Measurement range: 

_. ._ 
Dynamic range: IO dB 
DC response: Adjustable to >40 dB below maximum input level 
Accuracy: 

Accuracy at the T0.5 dB 
Passband Center 
Flat top filter: +0, -0.1 dB 
Hanning filter: ,+O, -1.5 dB 
Uniform filter: +0, -4.0 dB 

R 
center plus the selected filter accuracy. 
esolution: 
Log: 0.1 dB 
Linear: 3 digits 

Phase 
Display range: +200 degrees to -200 degrees 
Accuracy: t- 10 degrees 
Resolution: 1 degree 

Transfer function 
Measurement range: 

Log: +160 dB full scale to -80 dB full scale 
Linear: 4 X lo8 full scale to 4 x IO-' full scale 

Phase display range: +200 degrees to -200 degrees 
Accuracy: 

Amplitude: f 0 . 8  dB 
Phase: k 5 degrees 

Coherence 
Measurement range: 0.0 bottom display line to 1.0 top display line 
Resolution: 0.01 

Input 
Impedance: 10% f 5% shunted by t 6 0  pF from input high to low 
(for less than 75% relative humidity) 
Isolation: Input low may be floated up to 30V 
Coupling: Switch selection of AC or DC coupling. The low frequency 
3 dB roll off is <1 Hz. 
Common mode rejection: 

50 Hr: >60 dB 
60 Hr: >58 dB 

Crosstalk: (-140 dB between channels with 1 kQ source imped- 
ance driving one channel and the other terminated in 1 kQ. 

X-Y recorder: 
output 

Level: OV to 5.25 V k 5% 
Impedance: 1 kQ 
Pen lift: contact closure during sweep 

Type: Periodic pseudorandurn noise or random noise signal with 
switch selection. Both are band limited and band translated to 

Noise source: 

match the analysis. 
Level: From (10 mV to >500 mV RMS into >50Q 
Impedance: (23 

General 
Environmental: 

Temperature: 0°C to 55°C operating; -40°C to t75'C storage 
Humidity: t 9 5 %  R.H. 0°C to 40°C 

Power requirements: 100,120,220, or 240 volts (+5%, -10%); 48- 
66 Hz; less than 150 VA 

Dimensions 
Sire: 425.5 mmW X 552.5 mm D X 188 mmH (16.75" X 21.75" X 

Weight: 24.5 kg (54 Ibs.); shippping weight: 29 kg (63 Ibs.) 
7.4") 

3582A Spectrum Analyzer $10,000 



F ~ G N A L  ANALYZERS 
Digital Signal Analyzer 
Model 5420A 

Dual-Channel Transfer  Function 
Band S e l e c t a b l e  Analysis 
Fully Calibrated Annotated Display 

The 5420A Digital Signal Analyzer is a high performance dual- 
channel instrument capable of a number of both time domain and 
frequency domain measurements over a 25 kHz range. It is particu- 
larly adapted to solving problems associated with structural vibration 
and noise, rotating machinery, electro-mechanical control systems, 
acoustics and a host of similar applications which call for advanced 
low-frequency analysis. 

Among the instrument’s important standard features are a fully an- 
notated and calibrated dual-trace display, permanent digital storage 
for measurement results, band selectable analysis, extensive data pro- 
cessing, advanced triggering capability, external sampling capability, 
calibration in engineering units and a built-in random noise gener- 
ator. Capable of both stimulus-response and response only analysis, 
the 5420’s measurement repertoire includes: 

Transfer Function 
Coherence Function 
Impulse Response 
Auto Spectrum 
Cross Spectrum 
Important capabilities such as independent pre and post trigger de- 

lay on each input channel, overlap processing, and external sampling 
insure that the instrument’s measurement power can be effectively 
applied to a wide range of problems. Applications which benefit from 
these capabilities include transient capture and analysis, structural 
and acoustic transfer function characterization and rotating machin- 
ery studies. 

A built-in “waveform calculator” is useful for processing measured 
or synthesized data, as well as real or complex constants, and greatly 
extends the instrument’s basic capabilities. Examples of useful com- 
puted functions include: 

Data Comparisons 
Resonant Frequency 

0 % Critical Damping 
Open Loop Gain 
Calibration in % 
Mechanical Impedance Power 

Linear Spectrum 
Time Record 
Amplitude Histogram 
Auto Correlation 
Cross Correlation 

0 Total Harmonic Distortion 
0 Coherent Output Power 
0 Signal-to-Noise Ratio 
0 Transmissibility 

Function Synthesis 

0 

0 

0 

Powerful Post-Measurement  Process ing  
Digital Data  S t o r a g e  
Random Noise Generator  

Operation 
Operation of a digital signal analyzer has never been easier. A novel 

“menu” concept replaces the rotary and toggle switches commonly 
used to control an instrument’s operation. The entire current set-up 
state, including measurement type, bandwidth, input ranges, etc., is 
displayed on the CRT at the push of a key. Changes to the set-up are 
made by selection from displayed lists (menus) or by direct numerical 
input from the control keyboard. 

Once set up, measurements are eaG!y executed and may be paused 
or continued at will. Results are always fully calibrated and anno- 
tated. A self-test feature verifies proper operation. 

Data Display 
The 5420A features a fully annotated and calibrated, dual trace, 

three-format display which provides for ease of data interpretation. 
Each display trace is totally independent of the other in terms of the 
data which the user selects for display, the horizontal and vertical 
ranges over which it is displayed, and the coordinate system chosen. 
The user may select from up to 13 available coordinate systems, in- 
cluding complex plots such as Nyquist and Nichols, at the push of a 
key. Display traces may be viewed one at a time in full format or 
simultaneously in either an upper/lower or overlayed format. 

Dual X and Y axis cursors provide numerical data readout, in ei- 
ther absolute or relative terms, on both axes simultaneously in full 
format. Any area of the display may be graphically expanded for opti- 
mum viewing. Cursors may be either swept or set explicitly, via nu- 
merical entry, to desired locations. Harmonic cursors are provided. 
The X axis cursors may also be used to set the frequency range over 
which the instrument will operate, thereby concentrating its resolu- 
tion into the bandwidth of interest. 

The display section of the instrument also contains a digital record- 
er which provides permanent storage of measurement results on small 
removable tape cartridges and eliminates the need to repeat time con- 
suming and expensive testing. Up to 120 separate measurements may 
be easily stored and recalled for display, plotting, or further process- 
ing on a single cartridge 

I I E A S U R E K N T a  TRANSFER FWCTION 

AVERAGE I 2s , STABLE 

SIGNAL a RANDOH 

TRIGGER a FREE RW , CHNL 1 

CENT FREO a ZBBBBB KHZ 
BANDWIDTH a BBB000HZ 

TIWE LENGTH a 328888 nS 

AF a 3.12588 HZ AT I 62!j.888 pS 

A M :  CHNL RANGE AC/M: DELAY CAL(Cl/c2) 

1 5 V AC 0.0 s 33.3333 
20.0000 10.0000 S * 2  10 v DC 
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Plotting and Printing 
The Hewlett-Packard Interface Bus accessory, 10920A, interfaces 

the  5420A to other HP-IB compatible instruments, plotters and com- 
puting controllers. With this accessory installed, the 5420A will pro- 
vide both annotated graphic and alpha/numeric data hardcopy on 
either the HP 9872A or 7245A Digital Plotters. A separate comput- 
ing controller, with its attendant cost and programming require- 
ments, is not needed although one may be used to provide additional 
annotation or special plots. The user merely presses the plot or print 
key and the instrument will reproduce the desired information on the 
plotter. Cursors are plotted, if displayed, and may be used to select 
specific data, such as the amplitudes of the rotational orders of a ma- 
chine, for printing. The user may conveniently scale plots to the de- 
sired size. Seven line types and six symbols are available for use in 
plotting and identifying data. 

TRANS R l h m  Ik  188 EXPAW 
TRANS R 4  m U h  188 EXPAW 

10. BBB LC HZ 600.00 

WITH AM0 WITMIUT 

BAHl SELECTARE ANALYSIS 
-58 BBB 
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Control and Data Transfer 
Certain applications can benefit substantially from the powerful 

combination of the 5420A, 10920A and a computing controller. The 
task of characterizing the dynamic properties of a mechanical struc- 
ture by identifying its modes of vibration is an example. The transfer 
function measurements which provide the raw data can be executed 
rapidly and automatically, over different frequency ranges and at 
various points on the structure, under the control of a simple program. 
All the keys on the 5420A’s front panel can be remotely “pushed” by 
a computing controller. 

With the measurement complete, the data is easily transferred over 
the HP-IB from the 5420A to the computing controller where the  
resonant frequencies, damping factors and mode shape data are ex- 
tracted. The reduced data can then be transferred back to the 5420A 
for display in tabular form or as an animated mode shape which de- 
picts structural deformation. 

And More 
There is much more to the 5420A than can be described here. With 

all of its power and flexibility, the instrument’s operation remains 
straight-forward and human-oriented. Its performance specifications 
are impressive and include a 75 dB dynamic range, accuracy to 0.1 dB 
and 5 degrees, and up to 33 bandwidth selections providing frequency 
resolutions as fine as 16 pHz. 
5420A Digital Signal Analyzer $29,900.00 
10920A HP-IB Interface $2.200.00 



SIGNAL ANALYZERS 
' Digital Fourier Analyzer, Vibration Test Control 

Models 5451C, 5427A 
i 
I 

Model 5427A 

5451C Fourier Analyzer 

The 5427A provides closed-loop control of environmental and/or 
developmental random vibration test stimuli. Sine and transient test 
control may be added optionally and inexpensively. 

The basic system consists of: 5478C 2-channel (expandable to 4) 
analog-to-digital converter for processing feed-back information; 
21 MX-E series, microcoded digital processor; 1335A Persistence 
CRT Display; 2640B operator's terminal; 5477A pushbutton control 
unit, 9885M flexible disc storage unit; cabinet and programs for ran- 
dom control and a set of analysis routines designed for easy operation 
by laboratory personnel. 

System operation 
Random, sine and transient control follow the same logical oper- 

ational phases. First, the appropriate disc is loaded and the test pro- 
gram or setup (envelope, alarm and abort limits, test time, 
calibrations, etc.) is loaded from disc storage in response to search 
codes or names. If a new program or modifications are desired, a 
friendly question-and-answer sequence is used. Once a new setup has 
been generated or changes made, it can be assigned a new name and 
stored for later use. 

After a satisfactory setup is obtained, the operate phase allows con- 
trol of the actual test via pushbuttons on the central control panel. 
Removable snap-on overlay panels clearly label buttons for the type 
of test desired. Choices of on-line displays and a 'save' button allows 
saving of data for later plotting, including auxiliary PSD measure- 
ments during random control. 

After the test, results and all saved data are available for review or 
documentation. The digital plotter or graphic terminal options pro- 
vide fully labeled, report-quality plots of test results. 

5427A Description 

Specification summary (Random control) 

Resolution: 64, 128 256 512 lines (1024 lines optional). 
Loop lime: 1 0 . 9  second with 2500 Hz bandwidth, 256 lines. 
Bandwidth: Af to 5000 Hz. 
Dynamic Range: 2-65 dB. 
Reference Spectrum: programmable, 32 breakpoints. 

542714 Base Price $43,000 

Digital Accuracy and Repeatability 
Pushbutton Operation, Eliminates Programming 
Easily Expanded to Sine and Transient Control 

Model 5451C 
Multi-Channel Operation DC to 50 kHz 
Keyboard-Controlled Data Acquisition and Analysis 
>75 dB Dynamic Range 
Dedicated Model and Signature Analysis Packages 

545 1 C Description 
The 5451C Fourier Analyzer provides digital frequency domain 

analysis of complex time signals in the frequency range of DC to 50 
kHz. I t  is a fully calibrated, multi-purpose digital system for data 
acquisition, data storage, and data analysis. The primary analysis 
functions which are controlled from the system keyboard include: 
Forward and inverse Fourier transform, auto and cross power spec- 
trum, transfer and coherence function and time or frequency domain 
averaging. 
The ability to measure these functions quickly and accurately and 
with large dynamic range makes the Fourier Analyzer a powerful tool 
for stimulus-response measurements, system identification, vibration 
control, modal analysis, signature analysis, underwater sound, acous- 
tics, communications, and more. 

Band Selectable Fourier Analysis 
5451C Band Selectable Fourier Analysis (BSFA) allows the digital 

analyzer user to perform digital spectrum analysis over a frequency 
band whose center frequency and bandwidth are independetly selec- 
table by the operator. This frees the user from the DC to F,,, restric- 
tions of conventional baseband digital analysis. With BSFA the 
frequency resolution of a measurement can be increased by a factor of 
400:l without a corresponding increase in the amount of computer 
data space required. With BSFA, the full dynamic range of the ana- 
lyzer can be applied to the band of interest without interference from 
outside frequencies. 

Modal Analysis Option 
Hewlett-Packard offers a comprehensive modal analysis system de- 

signed to meet the requirements of a wide range of modal testing ap- 
plications. The Hewlett-Packard Modal System operates on 
measured transfer function data to determine modal properties. In 
addition, an animated isometric display of the structure under test is 
generated to aid the engineer to better understand its dynamic char- 
acteristics. This system offers significant time savings over traditional 
swept sine analog techniques because it operates on transfer function 
data. The system provides random, pseudo-random, transient, or peri- 
odic random excitation for transfer function measurements. 
Signature analysis 

Noise, vibration, and failure problems in rotating machinery are 
quickly analyzed using Hewlett-Packard's powerful Signature Anal- 
ysis Package. It combines key rotating machinery measurements into 
a dedicated user-oriented system that's used for preventive mainte- 
nance, production quality control, design analysis, and noise and vi- 
bration studies. 

Six measurements are pushbutton selectable from the operator's 
control panel: RPM and TIME Spectral Maps, Power Spectrum 
Analysis, Composite Power Spectrum, Order Ratio, and Order 
Tracking. This complete range of measurement and analysis features 
helps the user quickly gain insight into the overall dynamic character- 
istics of the device, eliminating time-consuming trial-and-error proce- 
dures. 

5451C System Price from $61,500 
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3 7 2 1 A  Correlator 
The Model 3721A Correlator is a digital statistical signal analyzer 

covering the range dc to 250 kHz. It computes autocorrelation. cross- 
correlation, and amplitude probability functions. In addition, a signal 
recovery facility uses signal averaging to improve the signal-to-noise 
ratio of a repetitive signal buried in noise. The resultant functions are 
displayed on a built-in CRT. 

The versatile analysis and averaging capabilities combined with 
portability, automatic calibration, built-in CRT and real-time oper- 
ation make the 3721A an ideal analyzer for both laboratory and field 
use. 

Major Specifications 
Input signal bandwidth: dc to 250 kHz. 
Input range: 40 mV rms to 4 V rms. 
Functions: Autocorrelation, Crosscorrelation, Probability (Density 
and Integral), Signal Recovery. 
Number of points: 100 points computed and displayed for each 
function. 
Sampling interval: 1 s to 1 ps (1 Hz to 1 MHz sampling rates). 
External clock facility allows any interval 2 1 ps to be selected. In 
Correlation and Signal Recovery the time between displayed points is 
equal to the sampling interval. 
Averaging (two modes are provided). 

Summation: computation automatically stopped after a fixed 
number of samples has been taken. Number of samples selectable 
from 128 to 128 x 1024. 
Exponential: continuous averaging with time constant selectable 
from 36 ms to over IO7 seconds. 

Calibration: vertical calibration is automatically displayed on an 
illuminated panel (except Probability). 
Outputs: all computed functions are displayed on the built-in CRT. 
Analog outputs are provided for use with X-Y recorder and external 
oscilloscope. Digital outputs allow the transfer of computed data to 
any H P  digital computer or H P  paper tape punch (2895A or 8100A). 
Extra plug-in assemblies are required, type depending on the periph- 
eral used. 

3 7 2 0 A  Spectrum display 
The 3720A Spectrum Display is a unique add-on unit for the Corre- 

lator, to complement and extend its capability by Fourier transform- 
ing any time display on the 3721A and presenting its equivalent 
frequency function on a built-in display. 

The 3720A performs the Real and/or Complex trallsformation of 
autocorrelation and crosscorrelation functions to produce the Power 
and Cross Spectral Density functions respectively, and converts sig- 
nal recovered data into frequency information. 

Together the 3721A Correlator and 3720A Spectrum Display, each 
with its own CRT display, form an analysis system giving both time 
and frequency information simultaneously. 

Correlator and spectrum display 
Models 3 7 2 1 A ,  3 7 2 0 A  

Models 3 7 2 1 A ,  3 7 2 0 A  

Major Specifications 
Input data: digital data is transferred from the Correlator and held in 
either of two stores, labelled 1 and 2. 
Computed transforms: either the Real or Complex transform can 
be computed of the contents of store 1, the contents of store 2, or the 
contents of stores 1 and 2 together. 
Frequency range: 0.005 Hz to 250kHz using internal 3721A clock. 
Extendable down to dc with external clock. 
Displayed frequency range: two decades of frequency are dis- 
played, the highest frequency being Ih At Hz (At is the 3721A Times- 
cale setting). 
Dynamic range: ratio of full scale signal to noise level, for fixed inte- 
grator gain, is better than 50 dB. 
Gain: continuously variable over a 2-decade, 40 dB, range in seven 
discrete steps, with intermediate vernier. 
Window: two choices are available. 

OFF: natural window, nominal bandwidth 1/200 At. 
ON: triangular window, nominal bandwidth 1 / 100 At. 

MANUAL: computes and displays 100 frequency points. Frequen- 
cies of all 100 points can be simultaneously and equally varied over 
a frequency interval, 1/200 At. 
AUTO: automates the manual interpolation, calculating 10 equi- 
spaced points across each frequency interval. 

Transform presentation: all combinations of the following axes are 
available for display. 

Interpolation: two modes available. 

Vertical axis: Phase, Log Mod, Modulus, Imaginary, Real. 
Horizontal axis: Frequency, Log Frequency, Real, Phase. 

CRT display: built-in variable persistence CRT with storage facility. 
X-Y recorder: separate horizontal and vertical analog outputs corre- 
sponding to the CRT display. 

Ordering information Price 
3720A Spectrum Display $8,765 
3721A Correlator $11,170 



F~SIGNAL ANALYZERS 
Calibrated noise for system stimulation 
Model 3722A 

3722A 
The Model 3722A Noise Generator uses digital techniques to syn- 

thesize binary and Gaussian noise patterns. These 'pseudo-random' 
patterns, which are of known content and duration, are repeated over 
and over without interruption. Since one pattern is identical with the 
next, each pattern has the same effect on the system under test, For 
this reason, pseudo-random noise signals cause no statistical variance 
in test results. The Model 3722A also generates truly random binary 
and Gaussian noise. 

The basis of the Model 3722A is a binary waveform generator. The 
binary output has a (sin x/x)* shaped spectrum and the Gaussian out- 
put, which is derived from the binary signal by precision low-pass fil- 
tering, has an almost rectangular spectrum. Both binary and 
Gaussian outputs are controllable in bandwidth, but the output power 
remains constant regardless of selected bandwidth. The frequency of 
the first null in the binary spectrum is selectable from 0.003 Hz to 1 
MHz, and the bandwidth (at -3 dB point) of the Gaussian noise is 
selectable from 0.0001 5 Hz to 50 kHz. 
Opt HOl 

Model 3722A Option H01 is a standard Model 3722A Noise Gen- 
erator modified to provide a second binary output which can be de- 
layed by a selectable number of clock periods with respect to the main 
binary output. The delayed binary output is available only when the 
instrument is in the pseudo-random mode. The delay introduced be- 
tween the two binary outputs is selected by three decade switches on 
the front panel. These switches are set according to a conversion table 
supplied with the instrument. 

Specifications 
Binary output (fixed amplitude) 
Amplitude: & 10 V. 
Output impedance: <loa. 
Load impedance: 1 kQ minimum. 
Rise time: < 100 ns. 
Power density: approximately equal to (clock period x 200) V*/Hz 
a t  low frequency end of spectrum. 
Power spectrum: ((sin x/x)z form) first null occurs at clock fre- 
quency, and -3 dB point occurs a t  0.45 x clock frequency. 
Gaussian output (fixed amplitude) 
Amplltude: 3.16 V rms. 
Output impedance: <1 Q .  
Load impedance: 600 Q minimum. 
Zero drift: <5 mV change in zero level in any 10°C range from 0" to 
+55"C. 
Power density: approximately equal to (clock period x 200) Vz/Hz 
at low frequency end of spectrum. 
Power spectrum: rectangular, low-pass: nominal upper frequency f,, 
(-3 dB point) equal to 1/20th of clock frequency. Spectrum is flat 
within * 0.3 dB up to 'hf,, and more than 25 dB down at 2f0. 
Crest factor: up to 3.75, dependent on sequence length. 

Variable output (binary or gaussian) 
Amplitude (open circuit) 

Binary: 4 ranges: -+ 1 V, *3 V, +3.16V, and k 10 V, with ten 
steps in each range, from XO.l to X1.0. 
Gaussian: 3 ranges: 1 V rms, 3 V rms. and 3.16 V rms, with ten 
steps in each range, from XO.l to X1 .O. 

Output impedance: 6009 * 1%. 
Main controls 
Sequence length switch: first 17 positions select different pseudo- 
random sequence lengths: final position selects random mode of oper- 
ation (INFINITE sequence length.) N = 2"-1, where n is the range 4 
through 20. 
Clock period switch: selects 18 frequencies from internal clock. 

Internal clock 
Crystal frequency: 3 MHz nominal. 
Frequency stability: < k 25 ppm over ambient temperature range 
0" to +SS"C. 
Output: +12.5 V rectangular wave, period as selected by CLOCK 
PERIOD switch. 

External clock 
Input frequency: usable BINARY output (pseudo-random only) 
with external clock frequencies up to 1 MHz. 
Input level: negative-going signal from +S V to +3 V initiates clock 
pulse. 
Maximum input: k 20 V. 

Remote control 
Control Inputs: remote control inputs for RUN, HOLD, RESET, 
and GATE RESET functions are connected to 36-way receptacle on 
rear panel. 
Sequence length lndlcatlon: 18 pins plus one common pin on the 
36-way receptacle are used for remote signaling of selected sequence 
lengths (contact closure between common pin and any one of the 18 
pins). 

Delayed binary output (Opt HOl) 
Typical performance figures for the delayed output are: 
Amplitude: switches between +1.5 V and +12 V. 
Maximum sink current at 1.5 V level: 10 mA. 
Impedance: 50Q (+1.5 V) and 600Q (+12 V). 
Rise time: <SO ns. 
Fall time: (20 ns.* 
*Measured with + probe shunted by 10 pF. 

General 
Size: 132.6 H x 425 W x 416 mm D (57/32" x 1634" x 1634"). 
Weight: net, 10.5 kg (23 Ib). Shipping 13.5 kg (30 Ib.) 
3722A Noise Generator $4185 
Opt H01: Delayed Ouput add $350 



SIGNAL ANALYZERS 
Automatic spectrum analyzers from 10 Hz to 13 MHz k J  I 

Models 3044A/3045A 

3044A 3045A 
0 High accuracy and resolution digital amplitude measure- 

Synthesizer frequency accuracy and stability 
Wide amplitude range of 150 dB 

0 Narrow band analysis 
Full digital control via HP-IB 

0 Full automation and low cost 
0 Speed and precision in measurements 

Data analysis and presentation of results 
Simplicity and flexibility in operation 
HP-IB systems interfacing flexibility 
9825A Computing Controller 
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tested, verified and specified as a system. It is supplied with complete 
software and documentation. 

The 9825A Controller allows program and data storage on its fast 
tape cassette. The tape cassette, short calculation times and buffered 



SIGNAL ANALYZERS 
Automatic spectrum analysis from 10 Hz to 13MHz (cont.) 

Applications 
Sideband analysis 

This is a more traditional spectrum analysis measurement using 
HP's 3044A and 1201 B Oscilloscope. Figure 3 is a picture of the spec- 
trum. The carrier frequency was required to be at 10.7 MHz. There- 
fore, the synthesizer was set up with a 10.7 MHz center frequency 
and a k 500 Hz sweep about the center frequency. From the display, 
it is apparent that the carrier frequency is approximately where it 
should be. It is possible to move the center frequency in 0.1 Hz steps 
with the step keys and look for the peak response to more accurately 
identify the carrier frequency. 

Using the 3 Hz resolution bandwidth, 60 Hz spurious responses are 
revealed. Noise products also appear very close to the carrier. Here 
the wide dynamic range of the system exposes the responses that are 
more than 70 dB below the carrier. 

Distortion measurements 
The spectrum analyzer system can be very powerful for character- 

izing the complete response of amplifiers. Gain, noise, spurious dis- 
tortion and frequency response can all be done with one setup. This 
example of distortion measurement is one part of the total character- 
ization that can be done. 

Distortion of audio frequencies as they pass through amplifiers is 
measured by several methods. Total harmonic distortion is found by 
measuring the harmonic output assuming a pure sinewave input. 
Here again- the 3045A offers benefits through calculation power. 
After the user enters the fundamental frequency, the calculator 
makes measurements at  the appropriate frequencies and calculates 
the percentage distortion. Figure 2 shows the type of user-oriented 
printout that is possible using the 9825A Controller and the 9866A 
Printer. 

Intermodulation distortion can similarly be measured as part of the 
same system provided the sources are available. 

Modulation measurements 
Both A M  and FM modulation show up very well in the frequency 

domain. Figure 4 shows a typical wide band FM signal. The calcula- 
tor is used to program the instruments for measurements at the carri- 
er and sideband frequencies. From the data, the modulation index 
was calculated to be 1.53 with a calculator Bessel algorithm. This is a 
good example of using the 3045A to make measurements that are not 
easy with a manual spectrum analyzer. 

Figure 3. A 3044A was used to analyze close in spurious and 
noise of a 10.7 MHz carrier. T h e  sweep covers 1 kHz around the 
carrier. 

8149 8150 8151 8151.5 8148 
kHz 

Figure 1. This bandpass filter was characterized using a 3044A 
system and an x-y recorder. By expanding the Y-axis to cover 
only 5 dB, the ripple and 3 dB points are very easy  to identify. 
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Figure 2. Using a .3045A system, an amplifier can be  completely 
characterized for total harmonic distortion as well a s  intermodula- 
tion distortion, noise, spurious, frequency response and gain. 

Figure 4. Wideband FM modulation with a 5.3 MHz carrier. 



Telemetry 
One of the most powerful applications for the spectrum analyzer is 

in monitoring frequency multiplexed telemetry or alarm systems. 
The operating system may have many channels at  different levels. 

When spurious signals appear or channels drop out, it is difficult to 
see them on a CRT. The 3045A system can be used to show just the 
problems. This is done by storing the spectrum of the system when it 
is running properly. Figure 5a shows a part of such a telemetry sys- 
tem. Then subsequent spectrums are subtracted from the normal 
spectrum. Channels that drop out or lose gain will appear as negative 
points as shown in Figure 5b. Spurious signals that were not present 
before will appear as points above the noise level. Rather than looking 
over the entire spectrum for problems, the system shows them graphi- 
cally with enough frequency accuracy so the channel with problems 
can be quickly identified. 

Figure 5a. This represents a portion of a frequency multiplexed 
system operating normally. Notice that not all channels are oper- 
ating at the same level. 

Figure 5b. The difference between a normal system and one that 
has problems is immediately apparent. One of the channels has 
dropped out. 

3044A/3045A Specifications 
Frequency specifications 
Frequency range: 10 Hz to 13 MHz. 
Scan wldth: any desired scan is possible in 10, 100 or 1000 steps of 
frequency increments as small as 0.1 Hz and with 0.1 Hz resolution. 
The 3045A is additionally capable of taking any number of steps with 
direct calculator control of the sweep. 
Resolution 

Bandwidth: 3 Hz to 10 kHz in a 1 ,3 ,  10 sequence. 
Bandwidth seiectlvlty: 60 dB/3 dB bandwidth ratios 5 1  1:l. 

Long term: f l  X 10-7day. 

Phase noise: (50 dB below CW signal in a 30 kHz band around 
signal. 

Stability 

? 1 X lO-'/month. 

Amplitude specifications 
Absolute amplltude calibration range: -130 dBm to +20 dBm 
(50 or 753). -140 dBV to +10 dBV. 
Digital amplitude readout: f 199.99 dB with 0.01 dB resolution. 
Dynamlc range 

Average noise level: -127 dBV in 1 kHz resolution bandwidth. 

Smoothing (vldeo filter): provides smoothing with a bandwidth of 
Y,th the resolution bandwidth on all but the 3 Hz and 10 Hz band- 
widths. 
Spurious responses: >70 dB below input range setting. 
Distortion responses: >80 dB below input signal at  input range 
setting level. 
Power-line related responses: 70 dB below input range on +10 
dBV through -40 dBV ranges; 60 dB on -50 dBV; 50 dB on -60 
dBV ranges. 

Amplitude accuracy 
Frequency response: f0 .25  dB (250 kHz reference). 
Input range: k0.05 dB/step, f0 .15  dB total accumulation. 
Log linearity: 0 to -30 dB f O . l  dB. 

-30 to -60 dB 
-60 to -80 dB 

f 0.25 dB. 
f0 .75  dB. 

Stablllty: (8 hr., 25°C f l0C ,  after 1 hr. warmup) 
10 k k ,  3 k k ,  100 k, 30 A, 10 k. BW's 

f 0.05 dB 
O d B  -30 dB -60 W tanp. C O e M  

1 pEiE-1 i 0.08 dB 

1 kM, 30 k, 3 k BW's 
O d B  -30 dB -60 dB 

f 0.08 dB 29.15 dB -1 I 
Tracking generator (33306 output) 
Frequency range: 0.1 to 13 000 999.9 Hz. 
Frequency resolution: 0.1 Hz (9 digits). 
Amplitude range: +13.44 to -86.55 dBm (503). 

Amplitude accuracy 
Leveled frequency response (10 kHz reference)* 

+11.68 to -88.31 dBm (753 option). 

l3 +13.44 dBm 
-16.55 dBm 
-36.55 dBm 
-66.55 dBm 
-86.55 dBm 

f 0.05 dB 
i0.1 dB 
f 0.2 dB 

l o k i  f0.4 dB 

'Add 0.6 dB for leveling switch in off po8itiOn. 

Attenuator (10 kHz reference, 25% f 5°C): kO.02 dB/10 dB step 
of attenuation from maximum output. 
Absolute accuracy: f0 .05  dB at 10 kHz and +13.44 dBm (25°C 
+- 5°C). 
Amplitude stability (24 hr., 25% f 1OC): fO.01 dB. 

General 
input impedance: 503, 753 >30 dB return loss. 

1 M 3  f 5 %  shunted by 30 pF. 
Maximum input level: +20 dBm. 
Programmability: all controls, except power switches, are program- 
mable using the HP-IB format. 

3044A/3045A Options 
The basic 3044A and 3045A system options are listed below. For 

more information refer to the 3044A/3045A data sheet. 
3044A Options 
1 1 0  Standard 3571A 
120: Standard 503 3330B w/Isol. HP-IB 
121: Standard 753 3330B w/Isol. HP-IB 
122: 5 v output 
3045A Options 
200. 50fl System 
201: 753 System 
204: 1201 B Oscilloscope 

Ordering information 
3045A Automatic Spectrum Analyzer consisting of: 
3330B Synthesizer; 3571A Spectrum Analyzer; 9825A 
Controller, 6.8 k bytes memory; ROMs, Interface, 
documentation; 56" Rack. 

Price 
add $6820 
add $7860 
add $7860 
add $310 

N/C 
N / C  

add $2970 

$24,770 



SIGNAL ANALYZERS 
Distortion Measurement Set 

I Model 339A 

Ultra low distortion measurements 
Built-in low distortion oscillator 

Automatic 
0 True RMS detection 

L 

339A 

Description 
Hewlett-Packard’s new Model 339A Distortion Measurement Set 

is an ultra low distortion measuring system complete with total har- 
monic distortion (THD) analyzer, true-rms voltmeter, and sinewave 
oscillator. This small, lightweight bench measurement set allows you 
to make THD distortion measurements as low as 0.0018% over a 10 
Hz to 110 kHz frequency band including harmonics to 330 kHz. 

For fast and easy THD measurements the built-in tracking oscilla- 
tor in HP’s 339A saves test time because you tune one instrument 
instead of two. Frequency and level measurements are easy to do with 
HP‘s 339A‘s voltmeter, which offers you a 1 mV to 300 V measure- 
ment range. The Relative Level mode has been included to further 
simplify frequency response measurements. Just set a 0 dBm refer- 
ence at any frequency from 10 Hz to 110 kHz. Gain measurements 
can be read directly from the easy-to-read meter. 
Operation simplicity 

Automatic frequency tuning and set-level features allow you to 
make rapid, error free THD measurements. The 399A’s built-in 
tracking oscillator eliminates the need to find the fundamental fre- 
quency and tune the analyzer for a null. Just select your oscillator 
frequency and the rest is automatic. Automatic set-level saves time by 
automatically setting 0 dB (100%) reference in the distortion measur- 
ing mode. Front panel directional indicators light when the input 
range setting is improper insuring accurate and repeatable measure- 
ments. Automatic set-level also greatly simplifies measurements 

where distortion as a function of level (SINAD,’ for example) is de- 
sired. Without this feature, measurements are very time consuming 
and tedious. 

When an external stimulus is used, analyzer tuning is simplified by 
directional indicator lights for reaching the fundamental null quickly 
and easily. 
IHF Standards 

The ultra low distortion and true rms measuring capabilities of the 
339A will be of significant interest to the manufacturers and sales/ 
service companies offering high performance HI-FI equipment. The 
33914 conforms to portions of a new standard method of measurement 
for audio amplifiers (IHF-A-202 1978) published by the Institute of 
High Fidelity, Inc. Particularly noteworthy is the rms measurement 
of (THD + N) according to sections 1.17 and 2.9.3.1. 
SINAD’ Measurements 

Receiver sensitivity and selectivity are two of the most important 
checks for a transceiver. Since both of these measurements are gener- 
ally made by the SINAD’ method, it is very important to use a distor- 
tion analyzer that automatically compensates for input variations and 
provides an accurate indication of noise. Now, with the 339A’s auto 
set level feature and true-rms detection, a more accurate SINAD 
measurement is possible. 

‘SINAD is e smsllivily maesurerndnt computed hm the ratio of signal plus noise distortion to noise 
and distortion. 



ad 
Hz,-40 Hz with 60 dB/decade rolloff. Normally used with funda- 
mental frequencies > l kHz to reduce the effect of hum components 
in the input signal. 
DC isolation: Input low may be connected to chassis ground or float- 
ed to 30 V to reduce the effects of ground loops on the measurement. 
Relative input level mode 

Provides a ratio measurement relative to an operator selected refer- 
ence level with readout directly in dBV or dBm (600Q). Voltage 
range, frequency range, accuracy specifications, and monitor are the 
same as in Voltmeter mode. (Accuracv is relative to 0 dB set level 
input.) 
Oscillator 
Frequency range: 10 Hz to 110 kHz in 4 overlapping decade ranges 
with 2 digit resolution. Frequency vernier provides continuous fre- 
quency tuning between 2nd digit switch settings. 
Output level: Variable from < 1 mV to > 3 V rms into 60053 with 10 
dB/step Level control and > 10 dB Vernier adjustment. OSC Level 
position on function switch allows a quick check of oscillator level 
without disconnecting leads to device under test. Off position on Os- 
cillator Level control provides fast signal-to-noise measurement capa- 
bility. Oscillator output terminals remain terminated in 600Q. 
Frequency accuracy: +- 2% selected frequency (with Frequency 
Vernier in Cal position). 
Level flatness: 

Distortion (2 6o(H2 Load, I 3 V  Output): 

20 Hz to 20 kHz: 
10 Hz to 110 kHz: 

10 HZ to 20 kHz: 
20 kHz to 30 kHz: 
30 kHz to 50 kHz: 
50 kHz to 110 kHz: 

i k 0.1 dB 
5 k 0.2 dB 

< -95 dB (0.0018%) THD 
< -85 dB (0.0056%) THD 
< -80 dB (0.01%) THD 
< -70 dB (0.032%) THD 

Output resistance: 60OQ +- 5% 

Voltmeter 
Voltage range: 1 mV rms full scale to 300 V rms full scale (-60 dB 
to + 50 dB full scale, meter calibrated in dBV and dBm into 600Q). 
Detection and meter indication: True rms detection for waveforms 
with crest factor 5 3. Meter reads true rms volts, dBm into 600Q, and 
dBV. 
Accuracy (% of range setting): 
20 Hz to 20 kHz: -+ 2% 
10 Hz to 110 kHz: -+ 4% 
Frequency range: 10 Hz to I10 kHz. 
Input impedance: 100 kQ k 1% shunted by < 100 pF input High to 
Low. 
Monitor: Provides scaled presentation of input signal for further 
analysis using oscilloscope or low frequency spectrum analyzer. Out- 
put voltage: 1V rms +- 5% open circuit for full scale meter indication, 
proportional to meter deflection. Output resistance: 1 k53 f 5%. 

AM Detector 
Frequency range: Carrier frequencies: 550 kHz to 1.6 MHz. Mod- 
ulation frequencies: 20 Hz to 20 kHz. 
Distortlon Introduced by AM Detector (with 30 kHz filter 
switched IN): Up to 85% Modulation: < -36 dB (1.6%) THD 

85% to 95% Modulation: < -30 dB (3%) THD 
input level: Maximum: 60V peak. Modulation signal level: 2V rms 
minimum; 1OV rms maximum, 

Monitor (with modulated RF carrier applied to AM De- 
tector input). 
Distortion mode: Provides scaled presentation of demodulated in- 
put signal after fundamental is removed. 
Voltmeter and relative input mode: Provides scaled presentation 
of demodulated input signal. Output Voltage and Output Resistance 
are the same as in Distortion mode. 

General 
Power: 100/ 120/220/240 V + 5%. - 10% 48 Hz to 66 Hz line oper- 
ation, 200 mA maximum. 
Dimensions: 146 mm H x 426 mm W x 375 mm D (5.75” x 16.75” x 
14.75”). 
Weight: net 8.2 kg (18 lbs). Shipping 11.3 kg (25 Ibs). 

Ordering information 
339A Distortion Measurement Set $1900 



I SIGNAL ANALYZERS 

Range 

300 pV 

1 mV-30 V 
100 V-300 V 

Distortion analyzers 
Models 3 3 1 A ,  3 3 3 A ,  3 3 4 A  

* 2% * 5% 
30 HZ-300 kHz 
10 HI-1 MHz 

10 Hz-300 kHz 

20 HZ-500 kHz 
5 HI-3 MHz 

5 Hz-500 kH7 

Input level for distortion measurements: 0.3 V rms for 100% set 
level or 0.245 V for 0 dB set level (up to 300 V may be attenuated to 
set level reference). 
DC isolation: signal ground may be k400 V dc from external chas- 
sis. 
Voltmeter range: 300 WV to 300 V rms full scale (13 ranges) 10 dB 
per range. 
Voltmeter accuracy: (using front panel input terminals) 

Range 

100%-0.3% 
0.1% 

333A 

+_ 3% * 6% ? 12% 
10 Hz-3 MHz 

30 Hz-300 kHZ 20 Hz-500 kHZ 10 Hz-1.2 MHz 
10 HI-1 MHZ 

Ranfe 
100%-0.3% 

0.1% 

Description 
Hewlett-Packard's models 33 IA, 333A and 334A Distortion Ana- 

lyzers measure total distortion down to 0.1% full scale at any frequen- 
cy between 5 Hz to 600 kHz; harmonics are indicated up to 3 MHz. 
These instruments measure noise as low as 50 microvolts and measure 
voltages over a wide range of level and frequency. Refer to table be- 
low for available models and features. 

* 3% 2 6 %  * 12% 
10 HZ-300 kHz 10 Hz-500 kHZ 10 HZ-3 MHz 
30 HZ-300 kHz 20 Hz-500 kHZ 10 Hz-1.2 MHz 

Model No. Nulling Filter Filter Detector 

334A Opt. H05 

Option 001 for each model features VU meter characteristics con- 
forming to FCC requirements. 

331A Specifications 
Distortion measurement range: any fundamental frequency, 5 Hz 
to 600 kHz. Distortion levels of O.l%-lOO% are measured full scale in 
7 ranges. 

Noise measurements: voltmeter residual noise on the 300 pV 
range: (25 pV rms, when terminated in 600 (shielded) ohms, (30 
pV rms terminated with a shielded 100 kQ resistor. 
Output: 0.1 kO.01 V rms open circuit and 0.05 kO.005 V rms into 2 
kQ for full scale meter deflection. 
Output impedance: 2 kQ. 
Power supply: 1 15 or 230 V f IO%, 50 to 66 Hz, approximately 4 
VA 

333A Specifications 
Same as Model 331A except as indicated below: 
Automatic nulling mode: set level: a t  least 0.2 V rms 
Frequency ranges: X I ,  manual null tuned to less than 3% set level; 
total frequency hold-in + O S %  about true manual null. XI0  through 
X 10 k, manual null tuned to less than 10% of set level; total frequency 
hold-in rt_ 1% about true manual null. 
Automatic null accuracy: 5 Hz to 100 Hz: meter reading within 0 to 
+3 dB of manual null. 100 Hz to 600 kHz: meter reading within 0 to 
+ I  .5 dB of manual null. 
High-pass filter: 3 dB point at 400 Hz with 18 dB per octave roll off. 
60 Hz rejection: 40 dB. Normally used with fundamental frequencies 
greater than 1 kHz. 
Power supply: same as Model 331A. 

334A Specifications 
Same as Model 333A except as indicated below: 
AM detector: high impedance DC restoring peak detector with semi- 
conductor diode operates from 550 kHz to greater than 65 MHz. 
Broadband input, no tuning is required. 
Maximum input: 40 V p-p AC or 40 V peak transient. 
Distortion introduced by detector: carrier frequency: 550 kHz- 
1.6 MHz: <SO dB (0.3%) for 3-8 V rms carriers modulated 30%. 1.6 
MHz-65 MHz: (40 dB (1%) for 3-8 V rms carriers modulated 30%. 
Note: Distortion inlroduced a1 carrier levels as low as 1 Volt is normally <40 dB (1%) 550 kHr 10 65 
MHr for carriers modulated 30%. 

General 
Dimensions: 426 mm W x 126 mm H x 337 mm D (16.75" x 5" x 
13.25"). 
Weight: net, 7.98 kg (17.75 Ib). Shipping, 10.35 kg (23 Ib). 

Ordering information Price 
Option 001, indicating meter has VU characteristics add $25 
conforming to FCC requirements for AM/FM and TV 
broadcasting 
H05-332A (meets FCC requirements) add $129 
H05-334A (meets FCC requirements) add $105 
33 IA Distortion Analyzer $1 I60 
333A Distortion Analyzer $1300 
334A Distortion Analyzer $1370 



SIGNAL ANALYZERS 
15 Hz to 50 kHz wave analyzer 1 

Model 3581A I 

AMPLITUQE REF LEVEL 

Description 
Hewlett-Packard’s 3581A Wave Analyzer resolves and measures 

the amplitude and frequency of spectral components. This instrument 
offers accurate amplitude and good frequency resolution in the form 
of a portable, easy to use measuring tool. Since not all signals origi- 
nate from a stable frequency source, the 358 1A incorporates an AFC 
circuit which locks to a drifting signal for stable, accurate measure- 
ments. 

HP‘s 358 I A  has other important features that are necessary when 
making measurements of small voltages from transducers and har- 
monic signals. Its 30 nV sensitivity becomes important for these mea- 
surements. Battery operation or balanced input option can be used to 
reduce the line related interference common in low level measure- 
ments so only the real spectrum is measured. 

Digital readout of tuned frequency is located above the analog me- 
ter. It has been grouped with the meter for ease of reading. Resolution 
of the digital readout is 1 Hz for any frequency between 15 Hz and 50 
kHz. Readout is updated five times per second so delay between tun- 
ing and reading is minimized. 

Four meter scales are used to provide a wide range of displays. Two 
scales are used for linear voltage readings. Two log scales provide ei- 
ther a 90 dB or 10 dB display. In any case, the large meter with its 
mirror backing can present readings in dBV, dBm or volts. A meter 
was specifically chosen for amplitude display rather than digital read- 
out because it is easier to peak a meter reading and because it’s much 
easier to get a feel for noise or other amplitude variations by watching 
the meter. The same voltage used to drive the meter is also available 
on the rear panel for driving X-Y recorders. 

Specifications’ 
Frequency characteristics 
Range: 15 Hz to 50 kHz. 
Display: 5 digit LED readout. 
Resolution: 1 Hz. 
Accuracy: - t3  Hz. 
Typical stability: k 10 Hz/hr after 1 hour and -+5 Hz/”C. 
Automatic frequency control (AFC) hold-in range: 2 800 Hz. 

Amplitude characteristics 
Instrument range 

Linear: 30 V to 100 nV full scale. 
Log: +30 dBm or dBV to -150 dBm or dBV. 

Amplitude accuracy: Log Linear 
Frequency response, 20.4 dB f 4% 
15 Hz-50 kHz 

Dynamic range: >80 dB. 
Noise sidebands: greater than 70 dB below C W  signal. 10 band- 
widths away from signal. 
Spurious responses: >80 dB below input reference level. 

Sweep characteristics 
Scan width: 50 Hz to 50 kHz. These scans can be adjusted to cover a 
group of frequencies within the overall instrument range. 
Sweep error light: this LED indicates a sweep that is too fast to 
capture full response. When the light is on, response will be lower 
than it should be. 
External trigger: a short to ground stops the normal sweep. Opening 
the short then enables a sweep. 

Input characteristics 
Impedance: 1 MQ, 30 pF. 
Maximum input level: 100 V rms, f 100 V dc. 

Output characteristics 
Tracking generator output: (also known as BFO or tracking oscil- 
lator output). 

Range: 0 to 2 V rms. 
Frequency response: +-3% 15 Hz to 50 kHz. 

X-Y recorder analog outputs 
Vertical: 0 to +5 V 22.5%. 
Horizontal: 0 to +5 V -t 2.5%. 
Impedance: 1 kQ. 

Pen lift: contact closure to ground during sweep. 
Restored output: acts as a narrow band amplifier. 

Genera I 
Power requirements: 100 V, 120 V, 220 V, or 240 V +5% -IO%, 48 
Hz to 440 Hz, 10 VA typical. 
Dimensions: 41 2.8 mm H x 203.2 mm W x 285.8 mm D (16%’’ x 8” x 
11 %‘ I ) .  

Weight: 11.5 kg (23 Ib). Opt 001: 13.5 kg (30 Ib). 

Options Price 
001: Internal battery 12 hours from full charge. Inter- add $405 
nal battery is protected from deep discharge by an auto- 
matic turnoff. Useful life of this battery is over 100 cy- 
cles. 
910 Extra set manuals add $20 
3581A Wave Analyzer $3400 
‘Note: for complete specifications. refer to page 576 (HP 3661C selective voltmeter) which is a 
dedicated telecommunication version of the HP 3581A wave analyzer. 



SIGNAL ANALYZERS 
1 kHz to 18 MHz selective voltmeter/tracking oscillator 
Models 312B & 313A 

3128 (top), 313A 

Description 
Hewlett-Packard Model 312B/313A is a frequency selective volt- 

meter/tracking oscillator operating in the frequency range of com- 
mercially available carrier and radio systems. The set is capable of 
making transmission and noise measurements. A 3 12D is available 
with special features for telecommunications applications. See page 
598. 

HP's 3 12B uses a frequency synthesizer for tuning that is automati- 
cally phase locked in 1 MHz steps. Tuning between lock points is 
indicated on a 7-place digital readout with 10 Hz plus time-base ac- 
curacy. Coupled with this digital indication of unambiguous frequen- 
cy is an automatic tuning aid known as automatic frequency control 
(AFC). The AFC will automatically fine tune frequency to the center 
of the set's passband, and automatically correct any relative frequen- 
cy drift between the set and the signal being measured. Long term 
monitoring of signals is possible without periodic readjustment. High 
frequency accuracy coupled with AFC gives clear, instantaneous tun- 
ing and eliminates the need to search for signals. 

Input and IF attenuators allow a maximum of dynamic range with- 
out concern for overloading the set. Attenuators can be easily set for 
minimum distortion or noise performance. Attenuator settings are in- 

dicated clearly on a lighted annunciator which, when added to meter 
indication, gives a fast indication of input level. An accessory expand- 
ed scale meter allows 0.02 dB resolution of input level for high resolu- 
tion readings. 

The instrument is equipped with both balanced and unbalanced in- 
puts to fit measuring situations without the need for external accesso- 
ry transformers. A wide selection of input impedances, either 
bridging or terminated, is provided along with provisions for an acces- 
sory high impedance, balanced bridging probe to reduce measure- 
ment errors. The set always indicates directly in dBm or volts a t  any 
impedance, eliminating time consuming calculations or conversion 
charts. 

Three selectable bandwidths are provided for all measurement situ- 
ations. A narrow 200 Hz bandwidth is used for highly selective mea- 
surements, a 1000 Hz bandwidth for general measurements, and a 
3100 Hz bandwidth for noise measurements. 

Demodulation of upper or lower sideband channels with an audio 
output is provided for monitoring noise, traffic, or tones in any chan- 
nel. The accurate digital frequency readout requires only a quick ref- 
erence to the line frequency charts to determine frequency for perfect 
demodulation. In this respect, Model 312B can be thought of as a 
single-channel, tuneable, multiplex, receive terminal. 



HP's Model 313A Tracking usciiidwr pruviues ail awuiaie, iiai 

output at the frequency to which the 312B is tuned for frequency re- 
sponse measurements. Output frequency is quickly and easily set by 
the digital tuning indicator on the selective voltmeter. 

Output level is easily set by a 3-digit presentation with 0.1 dB reso- 
lution. Output level is also easily read and remains constant with 
changes in frequency requiring no time consuming resetting of level 
a t  each new frequency. 

A built-in meter provides an expanded scale display of the 312B's 
meter indication with 0.02 dB resolution of input level. 

Bandwidth 3 dB 
Hz BW 

zoo HZ 200Hz 210% 

60 W 
BW 

426 Hz 210% 

#12B Specifications 
uning characteristics 
requency range: 1 kHz to 18 MHz in 18 overlapping bands, 201 
Hz overlap between bands. 
requency accuracy: * 10 Hz + time base accuracy. Frequenc 

I .  1 . .. .. .. . I . .., , * n r - - -  ..,..I..- 

Amplitude characteristics 
Amplitude measurement range 
5022 to 15(M2: -120 dBm to +23 dBm. 
60022: -130 dBm to +13 dBm. 
Voltage: 200 mV full scale to 3.2 V (50Q reference). 

Amplitude accuracy 
Frequency response (bridging input with external termination of 
5022 -t 1%). 

1 kHz to 10 kHz: f 0 . 5  dB (5% of reading). 
10 kHz to 10 MHz: f 0 . 2  dB (2% of reading). 
10 MHz to 18 MHz: k0.5  dB (5% of reading). 

Matching impedance: 50Q, 60Q, 75% 1249, 135Q, 150Q or 600% 
b 

c 
P 
e 
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salanced or unbalanced on 312B. 

listortion 
larmonlcally related, 1 kHz to 1 MHz: >55 dB below zero refer- 
nce. 1 MHz to 18 MHz; >65 dB below zero reference. Residual 
esponse. 
loise Floor: (-120 dBm in 1 kHz Bandwidth and 7552 input. 

qeceiver characteristics 
leceiver mode outputs 
AM: diode-demodulated audio. 
Beat: beat frequency audio centered a t  f,. 

uaD. t)lvuubL-ucIIIvuuLaLcu auuIv, "drrier reinserted at fo -1.8 
kHz. 
Audio output level: >0.5 V rms into 10kQ with full-scale meter 
deflection. 
Recorder output level: 1 V k0.1 V with full-scale deflection 
across open circuit. 

Power: 115 V or 230 V f IO%, 48 Hz to 66 Hz, (100 VA. 
Sire: 266 mm H x 425 mm W x 467 mm D ( 1 015/32" x 16 34" x 1834"). 

As signal source: 10 kHz to 18 MHz in one band, continuous tun- 
ing. 

Frequency accuracy 
As tracking oscillator: 35 Hz r 4  Hz above 312B tuning. 
As signal source 

10 kHz to 2 MHz: r 1% of max dial setting. 
2 MHz to 8 MHz: * 3% of max dial setting. 
8 MHz to 22 MHz: f 5% of max dial setting. 

Frequency stability 
As signal source: short-term (5 mi,) drift ( 1  kHz in stable envi- 
ronment after warmup. 
Frequency response: k0.1 dB, 10 kHz to 18 MHz. 
Amplitude stability: fO.1 dB for 90 days (0' to 55°C). 

t Maximum output: 0 dBm or +IO dBm g0.1 dB, selectable a t  fronl 
panel. 
Output attenuator: 3-section attenuator provides 0 dB to 99.9 dE .. ..I__ ._ f i ,  J n  ..__. L 
arrenuatiun in u.1 UD steps. 

Attenuator accuracy 
0.9 dB section (0.1 dB steps): 50.02 dB. 
9 dB section (1 dB steps): r O . 1  dB. 
90 dB section (10dB steps): fO.l  dB to 50 dB, 50.2 dB to 90 
dB. 

Output impedance: 75Q unbalanced. (50Q option: 01) 
Harmonic distortion: more than 34 dB below fundamental. 
Recorder output: r 0 . 3  V for full-scale deflection. Output imped- 
ance 1 kQ, BNC female connector. 
Power: 115 V or 230 V r 10%. 48 Hz to 66 Hz, (35 VA. 
Size: 132.6 mm H x 425 mm W x 467 mm D (57/2" x 1634" x 1834"). 
Weight: net, 11.3 kg (25 Ib). 
3128 Options Price 
001: carrier rejection notches inserted a t  fo + 2  kHz add $120 

Ordering information 
312B Selective Voltmeter $5600 
313A Tracking Oscillator $2255 



SIGNAL ANALYZERS 
I 

I Modulation Analyzer, 150 kHz to 1300 MHz 
I 

Model 8901A 

Measures AM and FM to 1% accuracy 
Measures RF frequency 
Measures peak envelope power 

Low internal noise 
Completely automatic 
Optional built-in AM & FM calibrators 

890 1 A 

8901A Modulation analyzer 
The 8901A Modulation Analyzer combines the capabilities of sev- 

eral instruments to give a complete, accurate characterization of 
modulated signals in the 150 kHz to 1300 MHz frequency range. It 
very accurately measures modulation and recovers the modulation 
signal. It determines R F  frequency with 10 or 100 Hz resolution. It 
also measures R F  peak power and in many instances eliminates the 
need for a power meter. The analyzer is ideally suited for character- 
ization of transceivers and for metrology applications in calibrating 
precision signal generators. The fully automatic 8901A makes all ma- 
jor measurements with the push of a single key or under HP-IB con- 
trol. Hewlett-Packard Interface Bus (HP-IB) control is included in 
the standard instrument. 

Modulation Measurement Accuracy 
Very accurate modulation measurements along with very low inter- 

nal noise enable the 8901 A to characterize even high performance 
signal sources. Its detection system is configured for wideband recov- 
ery of the entire modulation spectrum so that highly precise measure- 
ments such as signal to noise or distortion can be made on the 
modulation signal. Modulation depth and deviation accuracy is gen- 
erally < 1% of reading. Residual AM noise in a 50 Hz to 3 kHz band- 
width is 0.02% while FM noise is (10 Hz for 1300 MHz carrier 
frequencies, decreasing to (1 Hz below 100 MHz. Since AM and 
FM demodulators are independent and highly insensitive to each oth- 
er, measurements of incidental AM and FM can be made with high 
precision. 

Three detectors are available for depth and deviation measure- 
ments, positive peak, negative peak, and an average-responding de- 
tector with RMS (sinewave) calibration. This allows for the 
determination of residual noise on a signal. The PEAK HOLD func- 
tion captures and displays the maximum peak modulation of a signal 
and is ideal for making transient measurements such as modulation 
limiting on mobile radios. It can capture even very short transients 
and hold their peak indefinitely. 

For measuring convenience, two high-pass and three low-pass post- 
detection filters for filtering the recovered modulation are included. 
The 20 kHz Bessel filter was chosen to give minimum overshoot for 
square wave modulation. This allows accurate measurement of sig- 
nals which are digitally modulated such as FSK. 

Four de-emphasis networks commonly used in FM systems, 25,50, 
75, and 750 ps, are provided. When chosen, the de-emphasis networks 
always affect the demodulated output but the user can select whether 
or not the de-emphasis network affects the deviation measured and 
indicated by the display. 

Option 010 provides precision modulation standards. One standard 
is an amplitude modulated signal whose depth is calibrated to (0.1 % 
accuracy. The second standard is a frequency modulated signal with 
peak deviation calibrated to (0.1% accuracy. Because the modula- 
tion standard can be included in the analyzer, metrology laboratories 
are not required to purchase a separate standard for calibration. 

Complete Signal Characterization 
The 8901A Modulation Analyzer is more than just a high quality 

modulation meter. I t  also performs as a frequency counter and R F  
power meter. Resolution for the 150 kHz to 1300 MHz frequency 
counter is 10 Hz below 1000 MHz and 100 Hz above 1000 MHz. 
Sensitivity is -25 dBm (12 mV rms) below 650 MHz and -20 dBm 
(22 mV rms) above 650 MHz. The standard instrument's time base 
stability is <lxlO-'/month or an optional time base is available with 
< I ~ l O - ~ / d a y  stability. 

With a wide dynamic range, >SO dB ((22 mV rms to 7 V rms), 
the Modulation Analyzer automatically adjusts the internal level of 
the signal for optimum measurement. It can also selectively measure 
signals other than the largest with the approximate frequency entered 
via the keyboard. This is done with an unprecedented sensitivity of 
0.22 mV rms, and dynamic range of >90 dB. Input protection from 
damage is provided for signals up to 25 W. 

The 8901A uses a diode detection circuit to measure R F  input pow- 
er. This technique measures peak voltage and is calibrated from 1 
mW to 1 W for sine wave inputs. 

Another function, TUNED R F  LEVEL, configures the modulation 
analyzer as a selective R F  power meter, allowing measurement of 
only signal levels in the tuned IF  filter passband prior to automatic 
leveling. 
Ease of Operation 

The 8901 A Modulation Analyzer provides unexcelled accuracy 
while remaining extremely easy to use. Under control of an internal 
microprocessor the 8901A is fully automatic and autoranging. Most 
measurements require only a single keystroke. There is no need to 
tune the analyzer, adjust levels, or select the appropriate range. Data 
processing routines of the microprocessor permit the user to make 
measurements relative to a measured value or to one entered from the 
keyboard by using the ratio keys. 

Special functions entered using the numerical keys and the special 
function key give the operator manual control of instrument func- 
tions, instrument operation, and service aids. For example, one special 
function configures the instrument to track input signals without los- 
ing frequency lock. This simplifies measurement routines which re- 
quire data a t  various frequencies across a band. 
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Demodulated Output Distortion: 0.3% THD for 550% depth 
0.5% THD for 5 9 5 %  depth 
FM Rejection (at 400 Hz and 1 kHz rates, 50 Hz to 3 kHz BW)': 
250 kHz to 10 MHz: <0.1% AM for (5  kHz 
10 MHz to 1300 MHz: (0.1% AM for (50 kE!eak deviation 
Residual AM (50 Hz to 3 kHz BW): <O.O2%rms 
Depth Resolution: 0.01% for depths 539.99% 
0.1 % for depths 2 4 0 %  

deviation 

Frequency Counter 
Range: 150 kHz-1300 MHz 
Accuracy: Reference accuracy k 3 digits. 
Internal Reference: Frequency: 10 MHz 
Aging rate: <1 X 10-6/month (Optional: 1 X 10-g/dayz) 
Maximum Resolution: 10 Hz for frequencies (1 GHz 
100 Hz for frequencies 2 1 GHz 

RF Level (peak voltage responding, rms sine wave pow- 
er calibrated) 
Range: 1 mW to 1W 
Instrumentation Accuracy: * 2 dB 
SWR: < 1.5 in a 50fi system 
Resolution: 0.1 mW for levels 0.1 to 1 w  
0.01 mW for levels 0.01 to 0.1W 
0.001 mW for levels (0.01 W 

Audio Filters 
(High-pass: 50 Hz and 300 Hz. Low-pass: 3 kHz, 15 kHz, >20 kHz. 
De-emphasis filters: 25 ps, 50 ps, 75 ps, and 750 ps.) 
Flatness: 
50 Hz High Pass: (1% at rates 2 2 0 0  Hz 
300 Hz High Pass: (1% at rates 11 kHz 
3 kHz Low Pass: (1% at rates 1 2  kHz 
15 kHz Low Pass: (1% at rates -110 kHz 
>20 kHz Low Pass: < 1% at rates 5 10 kHz 
'Peak residuals must be accounted for in peak readings. 
'Alter 30 day wanup.  

Calibrators (Option 010) 
AM Calibrator Depth and Accuracy: 33.33% depth nominal, inter- 
nally calibrated to an accuracy of kO.1% 
FM Calibrator Deviation and Accuracy: 33 kHz peak deviation 
nominal, internally calibrated to an accuracy of +0.1% 

General Characteristics 
Operating Temperature Range: 0" to 55°C 
Power Requirements: 100, 120, 220, or 240V (+5 ,  -10%); 48-66 
Hz; 200 VA max. 
Weight: Net 19.7 kg (44 Ib); shipping 25.2 kg (56 Ib). 
Dimensions: 465 mm D X 425 mm W X 187 mm H (18.3 in X 16.8 
in X 7.4 in.). 

Options Price 
001: Rear panel instead of front panel connectors $100 
002: 3 X IO-*/day internal reference oscillator 600 
003: Rear panel connections for external local oscilla- 200 
tor 
004: Operation from 48 to 440 Hz power line 150 
010 AM and FM calibrators 500 

Ordering Information 
8901A Modulation Analyzer $7500 



i SIGNAL ANALYZERS 
‘ Frequency Stability Analyzer 

Model 5390A 

0 Phase noise measurements close to carrier 
0 Offsets from 0.01 Hz to 10 kHz 
0 Sensitivity as high as -140 dBc at 1 Hz offset 

0 Measures sources to 18 GHz 
0 Automatic Operation 

5390A Frequency Stability Analyzer 

GENERAL 
The 5390A Frequency Stability Analyzer will characterize oscillator 
stability in either the time domain or the frequency domain. For time 
domain characterization, the 5390A measures fractional frequency 
deviation which represents the RMS deviation of the signal from the 
nominal carrier frequency measured over a given time interval. For 
characterization in the frequency domain, the 5390A presents results 
in terms of the spectral density of phase fluctuations. The 5390A spe- 
cializes in high resolution phase noise measurements close to the car- 
rier where other techniques are difficult to use or are unable to make 
the measurements at all. 

The system can accommodate a wide frequency range of input sig- 
nals from 500 kHz to 18 GHz. Provision is also made for external 
mixers for broader frequency coverage or direct input in the range of 
DC-100 kHz. With this amount of flexibility, almost any oscillator 
can be measured with the 5390A. Al l  the signal processing capabili- 
ties needed to make measurements are built into the system, including 
down-conversion, low-noise amplification, and bandwidth control. 

The 5390A is a complete hardware and software measurement ca- 
pability, fully assembled and tested a t  the factory. Making measure- 
ments only requires connecting the test and reference oscillators and 
specifying a few measurement parameters. Thereafter, the system 
runs unattended to the completion of the specified group of measure- 
ments. Access to the interactive application programs is provided 
through specially defined keys on the computing controller’s key- 
board. 

Measurement Technique 
The basic system configuration uses a heterodyne down-conversion 
technique to produce a measurable signal. Two oscillators, the test 
oscillator at a carrier frequency uo and a reference oscillator a t  a fre- 
quency vo & vb, are connected to a double balanced mixer through 
one of the sets of inputs on the 10830A Mixer/IF Amplifier. (Usually 
two identical oscillators, one slightly offset, are used. In this case, the 
noise measured is twice the contribution of either oscillator. The 
5390A’s software can compensate for this factor of two to produce the 
correct result). The resultant difference frequency (or “beat” fre- 
quency), ub, is filtered and amplified by a low noise limiting amplifier 
and applied to the input of the 5345A Electronic Counter. The 5345A 
makes frequency measurements of the beat frequency under the con- 
trol of the 5358A Measurement/Storage Plug-in a t  measurement in- 
tervals also determined by the 5358A. The measurement results are 
stored locally in the 5358A facilitating the taking of a large number 
of measurements very rapidly and reducing “dead time” between 
measurements to less than 17 1.1s. 

Fractional Frequency Deviation Measurements 
The 5390A system measures fractional frequency deviation over an 
exceptionally wide range of averaging times (tau values). Taus as 
small as 10 ps and as large as 999 X lo3 s can be accommodated by 
the system. The measurement bandwidth is another parameter criti- 
cal to the validity of fractional frequency measurements. The 5390A 
provides the choice of several bandwidths: 100 kHz, 25 kHz, 6.3 kHz, 
1.6 kHz, 400 Hz, 100 Hz and 25 Hz. There is also provision for an 
external filter. 
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Sample ay VI T plot generated by 5390A. 



5390 opt 010 instrument cluster (shown with Digital Clock opt 004) 

Phase Spectral Density Measurements 
The measurement of close-in phase noise (spectral density of phase 
fluctuations) at  offset frequencies from the carrier below 10 to 100 
Hz has traditionally been difficult or impossible. Now, with the 
5390A. it is possible to make these measurements rapidly and easily. 
The measurement technique is based on an N sample variance com- 
puted by the 9825A from frequency measurements made by the 
5345A. Phase noise spectral density is then determined from the mea- 
sured N sample variance. The 5358A Measurement Storage Plug-In 
controls gate time and dead time between frequency measurements. 
This makes the 5345A look like a digital filter in the frequency do- 
main whose center frequency and bandwidth are determined by gate 
time, dead time, and number of measurements in the sample. 
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Sample phase noise plot generated by 5390A. 

Option 010 Dual Mixer Time Difference 
Measurements can be made with the 5390A using either the standard 
single heterodyne configuration or the dual mixer time difference 
configuration (Option 010). The primary application of the single 
heterodyne method is where an offsettable reference oscillator is 
available, whose noise over the range of interest is equal to or better 
than the test oscillator. The primary application of the Option 010 
configuration is for measuring non-offsettable sources. 

In the Dual Mixer Time Difference configuration of the system 
(Option 010) a second 10830A Mixer-IF Amlifier is added. A third 
difference oscillator is used in this set-up to produce two measureable 
signals. The test oscillator at  a frequency vo and the reference oscilla- 
tor at  essentially the same frequency are each applied to the 
10830A's. The difference oscillator's signal (vo + vb) is split and ap- 
plied to both 10830A's. The resultant two difference signals (vb) are 
applied to the 5345A's inputs and time interval measurements are 
made between the two at  intervals 7. 

Systems Options Price 
001 Expands 5358A memory in 2K increments. Up to 
3 Opt. 001's may be added. add $300 each 

004 Adds 59309A Digital Clock and HP-IB cable. add $1085 
010 Adds second 10830A, 59308A, power splitter, sys- add $5900 
tern cabinet, and expands 5358A memory to 6K bytes. 
102 Expands 9825A memory from 15,036 bytes to add $800 
23,228 bytes. 
325 Deletes 9825A 
37 1 Deletes 9871 Printer/Plotter 

less $7950 
less $3600 

Ordering Information 
5390A Basic System includes: 

5345A Option 01 1 Electronic Counter 
5358A Measurement Storage Plug-In 
10830A Mixer/IF Amplifier 
10831A Test Tone Generator 
9825A Option 001 Computing Controller 
98210A Advanced Programming, String ROM 
98213A General I/O, Extended 1 / 0  ROM 
98034A HP-IB Interface 
9871A Option 001 Printer/Plotter 
System Cabinet 
System Software 

5390A Basic System $26,100 



CABINETS & MEASUREMENT ACCESSORIES 
p‘ Modular enclosure system for individual HP products 

I 

System-ll 

Truly modular, fits standard heights and widths 
Broad range of accessories for bench or rack use 
Strong frame, yet easy service access to interior 

Look inside newer HP instruments housed in System-ll cabinets, and you will find an ex- 
tremely strong frame allowing maximum use of interior space.  Yet, there’s excellent ser-  
vice access  from top, bottom and sides. (Optional bail handle is shown on this particular 
instrument.) 

In 1961, Hewlett-Packard introduced a 
new universal enclosure system for instru- 
ments. That system (called “System I” with- 
in HP) made it practical to stack instruments 
neatly for bench use, while at the same time 
providing a convenient means for mounting 
the instruments directly in a rack. It was also 
esthetically more appealing than the simple 
boxes of various sizes that had been the 
norm-and it provided more convenient ac- 
cess to internal parts and more efficient use 
of space than the conventional chassis- 
slipped-into-a-box approach commonly in 
use at  that time. 

Need for a new enclosure system 
Continuing changes in the nature of elec- 

tronic instrumentation have created new 
needs in enclosure systems. Foremost among 
these is the need for even better accessibility 
to internal parts, as circuits become more 
densely packed. Ideally, this not only means 
access from top and bottom, as provided by 
the 1961 system, but also from the sides, 
front and back as well. 

Today’s miniaturized circuits also lead to 
two other types of problems. First, the enclo- 
sures tend to be smaller than in the past- 
meaning that costly combining cases or 
space-consuming rack adapter frames are of- 
ten required for grouping smaller products 
together on the bench or in the rack. Second, 

there’s the need to optimize utilization of 
smaller front panel areas-and it becomes 
increasingly difficult to arrange displays, no- 
menclature and the growing number of con- 
trols for convenient user operation. 

Radiated electrical interference can also be 
a significant problem, as transition times of 
digital signals shorten to the nanosecond re- 
gion. This means that instruments tend to ra- 
diate a greater amount of high-frequency 
energy, thereby creating potential problems 
for users operating sensitive devices in close 
proximity. 

New standard enclosure: System-ll 
With the above in mind, Hewlett-Packard 

has developed a new enclosure system for H P  
products, using an “inside-out” design ap- 
proach. That is, design priorities first concen- 
trated on all servicing, manufacturing, 
electrical, mechanical, and thermal needs be- 
fore turning to the esthetic considerations. 
The resulting enclosure has greater strength 
but is lighter in weight than the earlier de- 
sign. Also, it provides better accessibility for 
servicing, has more versatility in bench/rack 
configurations, and it inherently provides 
significant attenuation of unwanted RF ener- 
gy. 

This new enclosure is called “System II”, 
and it is now the standard package in which 
new H P  cabinet-enclosed products are being 
introduced. 

Three front handle andlor rack flange kits 
are  available as standard options on full- 
width instruments-or, the kits may be  
purchased separately. 

Compatability with current System-I pro- 
ducts has been carefully considered. Cabinet 
and panel colors for both systems are the 
same, and the new System-I1 instruments 
will conveniently stack on the older System-I 
enclosures (and vice-versa). 

The basic System-I1 frame consists of six 
die-cast aluminum parts: a front panel 
frame, a rear panel frame, and four connect- 
ing side struts. It is rigid by itself and does 
not depend upon internal decking, front or 
rear panels, or covers for strength. The re- 
sulting open design makes maximum use of 
available space, and allows easy access in- 
side. 

The sturdy front panel frame is the heart of 
the design. It has integral pads for the side 
struts, mounting holes for fastening the front 
panel, recesses for front handles and rack 
flanges or for links that lock adjacent enclo- 
sures together, slots for plug-in latches, and 
narrow channels for holding top, side, and 
bottom covers. 



Heights 
- 

MODULES MODULES 3 ' h H  5Y4H 7 H  8 % H  1DRH 1 2 ' h H  

oimnsion 
Descripta 

Heieht 

Widths 

Equivalent to: 
"U"' m iKk 

F U L L  M O D U L E  

10%H 
12%H 
Width 
%Mw 
HMW 
YAWz 
1 ~ ~ 3  
Depth' 
llD 
14D 
17D 
200 
23D 

I I I 
6U 265.9 10.469 
7u 310.4 12.219 

105.7 4.160 
212.3 8.360 
318.9 12.550 
425.5 16.750 

497.8 19.600 
574.0 22.600 

Depths 

i l l  
I l l 1  

The narrow U-shaped channels serve as 
wave traps that reduce the radiation of (or 
susceptibility to) unwanted R F  energy. As a 
further precaution, small ridges aligned in 
the direction of cover insertion provide high- 
pressure points for establising good electrical 
contact. Only R F  energy a t  wavelengths 
much shorter than those of concern can move 
between these contact points. Trim detail on 
the side covers provide the same kind of R F  
seal along the sides, as does a similar ar- 
rangement under the lip of the covers a t  the 
rear. The covers, however, are each retained 
by a single captive screw, enabling quick re- 
moval for servicing. 

The sizes of holes such as those needed for 
mounting cabinet feet have been reduced to 
practical minimums. 

Maximized panel area 
Unlike the earlier design, the System-I1 

front panel frame uses all the available area 
in full multiples of vertical EIA/IEC incre- 
ments. Also, the front panel frame overhangs 
lower side members, completely filling the al- 
lotted rack space while still allowing room for 
the optional use of System-I1 rack support 
shelves. 

The front panel mounts to the framework 
with screws accessible from the outside, and 
because it does not serve as a structural 
member, there is an increase in the amount 
of usable panel space. This reduces the 
crowding of controls so instruments become 
easier to operate. 

All screws used in cabinet assembly are of 
the self-locking type with an inserted plastic 
patch on the threads, preventing the screws 
from working loose when subject to vibra- 
tion. 

Easier carrying 
Front-panel handles (now optional) have 

been designed with an outward tilt. The an- 
gled handle is comfortable for the hand, 
while presenting a minimal visual obstruc- 
tion of controls located along the edges of the 
front panel. (Optional rack-mounting 
flanges may be installed with or without the 
front handles in place.) 

3 I i H  2u 88.1 3.469 
132.6 5.219 5%H 
177.0 6.969 I SE 221.5 8.719 

7H 
8%H 

269.2 10.600 
345.4 13.600 
421.6 16.600 

' See ANSI C83.91972 cf IEC 297.1975. 
ZHP products are not available in S-ll cabinets 54 MW. bul this is a 
useful dimension to indicate filler panel widths. 
3 Adding S-li rack flanges extends the 1 MW dimension for mount- 
ing in standard 482.6 mm (19.00 inch) rack. 
4 Depth dimension includes basic cabinet only; does not include 
protrusions such as controls, lront handles, etc. 

Full width products have a handle on each 
side. Each side handle is in the form of a long 
strap, which provides more freedom in find- 
ing a balance point. The strap handle recess 
in each side panel also provides a place for 
mounting rack slides. 

An optional front bail handle is available 
for smaller products, and some products are 
equipped with a strap handle on top. 

Modular small enclosures 
The smaller enclosures in System-I1 are di- 

mensioned to be exact submultiples of the 
standard rack width design. Rack mounting 
frames are therefore not required; a simple 
extender to reach full rack width is all that is 
needed. 

It is easy to group instruments together 
horizontally or vertically by using simple 
lock links. The links can be installed by using 
threaded holes already provided in the 
framework, allowing quick assemble and sep- 
aration of instruments. 



, CABINETS & MEASUREMENT ACCESSORIES 
’ Modular enclosure system for individual HP products 

System4 general accessories and parts 

Bail-type carrying handles are available for H MW products hav- 
ing heights of 3% H, 5 %  H or 7 H. 

Sub-module cabinets ( W  MW & H MW) of equal depths lock side- 
by-side, using horizontal lock links from Kit 506 1-0094. 

Cabinets of equal depths can be stacked and locked together se- 
curely, using vertical lock links from Kit 5061-0094 



*-a 

1 and parts for System4 cabinets 

Fits these System-l C a b h e k  Description Part Number 

w e n t ,  if ordered ( fu l l  Module) cabinets, or on sub lodu le  side of front panel frames, for cabinets 5% H 5061-0089 
All cabinets-but principle use is on 1 MW Includes two front handles; fit on each 

cabinets locked together to form width of 1 MW this high: 

3% H 5061-0088 

le. Otherwise avail- 7 H 5061-0090 
lumbers listed at 8% H 5061-0091 

10% H 5061-0092 
12% H 5061-0093 

% MW (Half Module) Convenient carrying handle for 3% H 5061-2001 
lightweight cabinets this high 5% H 5061-2002 

7 H 5061-2003 

5061-0094 All cabinets, provided they are of equal depth. Ki t  of lock link hardware and screws for 
joining instrument cabinets in  several 
different configurations. Enough horizon- 
tal links (12 front, 6 rear) for three side- 
by-side joints (up to 4 instruments), and 
enough vertical links (4 front, 4 rear) to 
form two over under joints (up to 3 in- 
struments) .2 

and % WW cabinets (requires 2 front, 
2 rear). 

and is used in pairs (front or rear). 

of standard rear or front foot, to mini- 
mize bench-top creeping instrument. 
(Some lighter-weight products are sup 
plied with this type foot on rear.) 

cabinet (requires 1 in  front, 1 in rear). 

foot (only 1 used, for front or rear). 

25.4mm (1 in.) standoff protection to 
rear panel. Used when instrument is op 
erated in vertical position, or when it is 
transported/stored on its rear panel. 

power cords or signal cables may be 
wrapped for transport/storage. (not de 
signed for heavy duty support; use kit  
5061-2009 for such applications.) 

1 MW (Full Module) and % MW (Half Module) Standard foot (1): fits bottom of 1 MW 5040-7201 

lilt stand (1): fi ts onto standard foot 1460-1345 

Non-skid foot (1): used (in pairs) in  lieu 5040-7222 

$4 MW (Quarter Module) Standard foot (1): fi ts bottom of % MW 5040-7205 

lilt stand (1): fi ts onto % MW standard 1460-1369 

All cabinets--except does not normally f i t  Kit of four special feet which provide 5061-2009 
cabinets which are U MW and 3% H. 

Recommended for products only $4 MW and Ki t  of four flanged posts around which 5061-0095 
% MW weighing less than 11 kg (24 Ibs.) 

fl lea are supplied wnh appropriate mounting e r n e .  

Price 

$20 
$20 

$30 
$30 
$45 
$45 

$15 
$20 
$25 

$15 

$2 
ea. 

$2 
ea. 

ea. 
$3 

$2.50 
ea. 

ea. 

ea. 

$2.50 

$5 

$5 



CABINETS & MEASUREMENT ACCESSORIES 
‘ Modular enclosure system for individual HP products 

System-ll rack mounting accessories 

e’ 
9’ 
:P 

Cabinets 54 MW utilize one broad foot each at front and rear (ei- 
ther accept tilt stand). Note how rack mounting adapter and rack 
flange fit onto front frame, after trim strip is removed. 

Cabinets ?4 MW and 1 MW utilize two feet each at both front 
and rear (all accept tilt stand). Note how front handle and/or rack 
flange fit onto front frame. 

Sub-module cabinets ( 5 4  MW 8 % MW) may be 
extended to full rack width by using rack 
mounting adapters as shown above. 

Top Filler Panel 

Front Filler Panel 

Sub-module cabinets ( 5 4  MW 8 M MW) in any combination of 
heights (up to 7 inches) and depths (up to 20 inches) may be rack 
mounted by using the support shelf and optional filler panels. 

Standard slides fit full module cabinets (MW) for installation in HP 
rack enclosures. Adapter brackets for using slides in non-HP rack 
enclosures are also available. 



Rack mounting 

ioiI.0066 
5061.00713 

See 1MW 
above 

See 1MW 
above 

5061-0096 

5061-0098 
5061-0097 

1494-0015 

s-11 
Cabinet Width 
1 MW 

$45 
$25 

$100 

$125 
$110 

$45 

(Full Module) 

% MW 
W d e r  Moduk) 
and H MW 
(Half Module) 

ccessories for System4 cabinets 

ltrmq 

Rack flange kit 
(Will be shipped with instrument, if ordered as Option 908 at 
same time. Otherwise available separately per Part Numbers 
listed at right.) 

Rack flange b hont handle 
c m n b n a l i  kit 
(Will be shipped with instrument, if ordered as Option 909 at 
same time. Otherwise available separately per Part Numbers 
listed at right.) 

Standard skde kit 
for W rack enclosua 

Standard Mt slide 
for HP rack nc loures 

Slide adapter bracket k t  

Heavy-duty slide kit 
for HP rack enclosures. 

Rack mmmlinl 
adapter kit* 

Rack flanfe kit2 

Rack flange & front handle 
c m b h a t i i  kit* 

Front Her 
pamk for 
support shelf 

Top Rer pamk 
for Mppat shelf 

Deschtiin 
Includes two rack flanges; fit on each side of front panel 
frames, for cabinets this high 

Includes two rack flange/front handle combmations: fit one 
each side of front panel frame, for cabinets thls high, 

Includes two standard slides for installing instrument weigh- 
ing no more than 38.6 kg (85 Ib.) into HP rack enclosures. 
Fit side handle recess on S-ll cabinets this deep: 

Same as standard slide above, plus permits tilting instru- 
ments up or down 90" Fit: 

Includes brackets for adapting the standard slides abovefor 
use in non-HP rack system enclosures of adequate depth. 

Includes two heavy-duty slides for installing instrument 
weighing no more that 79.6 kg (175 Ib.) into HP rack enclo. 
sures. Fit S-ll cabinets this deep: 

Includes one rack flange and one extension adapter %m~ 
For mounting one S-ll cabinet % MW, having a height 3% H. 
Includes one rack flange and one extension adapter % MW. 
For mounting one S-ll cabinet H MW or two cabinets % MW, 
having these heights: 

Includes one rack flange and one extension adapter $4 MW. 
For mounting one S-ll cabinet % MW together with one cabi- 
net % MW. or for mounting three cabinets % MW together, 
having a height of 3% H. 

May be used whenever S-ll cabinets W MW and/or % MW are 
combined to a full width of 1 MW (Full Module) 

May be used whenever S-ll cabinets % MW and/or % MW are 
combined to a full width of 1 MW (Full Module) 

For mounting one or more S-ll cabinets which are % MW or W 
MW. and up to 200. Cabinet depths need not be equal, but 
heights must match support shelf height, except where top 
filler panels are used. Maximum shelf projection behind front 
mounting panel is 534 mrn (21 in.). Maximum instrument 
weight is 50 Ib. 

Includes two slides for slidemounting any of the above three 
support shelves in HP rack enclosures. 

For 3% H support shelf partially filled with S-11 instruments, 
and having the following front panel space to fill: 

For 5% H support shelf, and having the following front panel 
space to fill: 

For 7 H support shelf. and having % MW front panel space to 
fill. 

For % MW and having the following vertical space to fill: 

For % MW and having the following vertical space to fill: 

~~ 

Module Size 
3% H 
5% H 
7 H  

8% H 
10% H 
12% H 

3% H 
5% H 
7 H  

8% H 
10% H 
12% H 

14D & 17D 
20D & 23D 

14D & 17D 
ZOD & 23D 

20D & 23D 

3% H 
5% H 
7 H  

10% H 

3% H 
5% H 
7 H  

% MW to fill 
% MW to fill 
% MW to fill 

% MW to fill 
% MW to fill 
% MW to fill 

1% H 
3% H 

1% H 
3% H 

1 

5061-0077 
5061-0078 $20 
5061-0079 
5061-0080 

5061-0075 
5061-0083 
5061-0084 

5061-0086 
5061-0067 

50614065 

1494-0018 
1494-0017 

1494.0025 
1494.0026 

1494.0023 7 
5061-0072 
5061-0057 
5061-0060 $35 

5061-2021 

5061-2023 
5061-2022 

5061-2024 
5061-2025 
5061-2026 $40. 

5061-2027 7 
5061.2035 
5061-2036 

5061-2037 
5061-2038 

' All kits and support shelf items are supplied with appropriate mounting screw8 and hardware. 
Cabinet lock-together kit (5061-0094) is also required whenever two. three or four sub-modules (U 

MW andlor H MW) are to be joined in a configuration using Rack mounting adapters or Rack flanges. 

Also, submodules cabinets must be of equal depth. 
Requires two 5061-007 1 kits if one cabinet H MW is to be center-mounted. 



CABINETS AND MEASUREMENT ACCESSORIES 
Combining cases, rack adapters, panel covers, carrying cases 
1051A, 1052A, 11046A, 11075A, 5060 Series 

1052A 

*-/- 5080-8762 

5060-8756 

5060-8757 to 5060-8761 

1051A 

1051A, 1052A ComJining cases 
Models 1051A and 1052A combining cases conveniently rack or 

bench mount combinations of small modular Hewlett-Packard in- 
struments. In addition, these cases can be stacked on each other or on 
any full module instrument. Both cases accept % or % instrument 
modules, 130 mm or 198 mm wide (5% or 7'x2 inches). The basic 
difference is that the 1052A is 130 mm (51h'') deeper, and will accept 
modules up to 416 mm deep (16%"). The extra length provides more 
space in the rear for wiring. The 1051A accepts instruments up to 286 
mm deep (1 1 %"). Each case is furnished with two dividers. 

1051A, 1052A Specifications Price 
Dimensions 

1051A: 178 H X 482.6 W X 337 mm D (7" X 19" X 13%"). 
1052A: 178 H X 482.6 W X 467 mm D (7" X 19" X 18%"). 

1051A net, 4.5 kg (10 Ib). Shipping, 6.7 kg (15 lb) $350 
$375 

Opt 9 1 0  extra manual add $1 

Rack adapter frames 5060-8762,5060-8764 
These frames can be used to hold combinations of % and 'h width 

module HP instruments. Each frame is furnished with mounting 
hardware and divider panels. Two models are available for different 
instrument heights. Adapter frames are for permanent or semiper- 
manent rack mounting. Where quick removal and reinstallation of 
instruments is desirable, the 1051A and 1052A combining cases 
should be used. 
5060-8762: equivalent to IEC 4U (7" H), accepts in- $60 
strument heights of 38, 77, or 155 mm (1'/4", 3Jj,", or 
6%") 
5060-8764: accepts only instrument heights of 38 or 
77 mm (1 %" or 3!4,") 

Filler panels, 5060-8757 to 5066876 1 
Filler panels can be used to close off any leftover space after instru- 

ments are mounted in combining cases or adapter frames. Panels are 
made in a variety of widths and heights. Available widths are x, J j ,  
and modules; heights are %, 'h and the full 155 mm (6a/,,"). 

Weight 

1052A: net, 5.4 kg (12 Ib). Shipping, 8.1 kg (18 lb) 

$55 

Accessory drawer 5060-8756 $85 
The accessory drawer can be used in place of a filler panel to finish 

off unused space in the combining cases. The drawer is % width and % 
height. 
Dimensions: 77 H X 130.2 W X 279.4 mm D (31/3," X 51/8" X 11") 



Cooling kits, 5060-0789 and 5060-0796 
These cooling kits are designed to be easily installed in the 1052A 

combining case. They can be installed in the 1051A, a t  the factory 
upon special request, but installation in the shorter case limits the 
depth of instruments the case can accept, and makes it impossible to 
use the accessory drawer. 
5060789:  115 V, 50 to 60 Hz $200 
5 0 6 0 7 9 6 :  230 V, 50 to 60 Hz Quote 

Control panel covers, 5060-8766 to 5060-8771 
A series of control panel covers equipped with carrying handles are 

available for full rack width instruments. These covers protect instru- 
ment front panels and make rack mounted instruments tamper-proof. 

One of these covers, the 5060-8768, fits either the 105 1A or 1052A. 
Other covers are available to fit the six modular enclosures with front 
panel heights ranging from 88.1 to 310.4 mm (3% to 12%"). 
5060-8766: 88.1 mm (3%") EIA panel height $87.50 
5060-8767: 132.6 mm (5%") EIA panel height $92.50 

$100 
5060-8769: 221.5 mm (8%") EIA panel height $105 

$1 10 
$120 

5060-8768 177 mm (7") EIA panel height 

5060-8770 265.9 mm (10%") EIA panel height 
5060-8771: 310.4 mm (12%") EIA panel height 

11046A Carrying case 
This rugged, splashproof carrying case accepts % width module in- 

struments (maximum depth 203.2 mm or 8"). The case includes a 
shoulder carrying strag. Weight 5.4 kg (12 Ib). $275 

1 1046A 

11056A Hand1 l 1 0 5 6 A  (THIRD MODULE) 

A handle for ca~lylllB iir IIIJLIUIIIGIIL I I IUUUIG~ UI 73 wldth. $20 

56 ( I 1 0 5 6 A )  
( 1  29.8) 

11056A 

11075A, 11076A Module instrument case 
A rugged, high impact plastic instrument case for HP % module 

instruments. Instruments can be operated, stored or carried in this 
splashproof case. Storage compartment for power cord in rear of case 
is accessible through a removable hatch. Front lid contains adequate 
storage space for cables, test leads, etc. The dual purpose tilt stand 
also serves as a carrying handle. 1 1075A is 203 mm D (8"); 11076A is 
279 mm (11") D. 
11075A Module Instrument Case $145 
11076A: Module Instrument Case $135 

11075A 



Rugged protection for instruments 
Modular instrument transit cases 

Typical cushion 
full size (425.5 mm) module 

Typical cushion 
half size module (197.6 mrn wide) 

Typical System I transit case 

Style 

Transit Case Styles 
The HP transit cases are rugged protective outer shells for use when 

instruments must be frequently transported and used away from labo- 
ratory conditions. They are molded of strong fiberglass-reinforced 
plastic. All are sealed tightly with O-ring gaskets and clamping 
latches. They are rainproof under the test conditions of MIL-STD- 
108. Carrying handles are conveniently placed, fold flat when not in 
use. 

Transit cases are typically provided with foam cushions, custom 
formed to fit the standard HP modular cabinets. This arrangement 
provides maximum protection against damage from handling, drop- 
ping, or crushing. A selection of case sizes is available to accommo- 
date nearly any instrument and combination of accessories. 

Transit cases  - System I r Stvlc 

450.9 

Pike Lbr. k i  Number 

16 73 9211-1289 $260 
17 77 9211-1290 $260 
18 82 9211-1291 $260 

15 68 9211-1288 $180 

18 82 9211-1292 $280 
19 86 9211-0839 $280 
20 91 9211-1293 $280 

22 100 9211-1295 $280 
22 100 9211-1313 $290 
24 110 9211-1296 $320 
24 110 9211-1735 $320 
32 150 9211-1297 $280 
8 36 9211-1317 $190 

11 50 9211-1318 $150 
11 50 9211-1316 $160 
11 50 9211-1315 $190 
15 68 9211-1734 $215 
12 55 9211-1895 $225 

21 95 9211-1294 $280 



Full-module width instruments 
Transit cases-System II: 
Appropriate Front Handle Kit (HP Part Number 5061-0088 to 
-0093) must be installed on instrume e protection. 

mm 
425.5 
425.5 
425.5 
425.5 
425.5 
425.5 
425.5 
425.5 
425.5 
425.5 
425.5 
425.5 
425.5 
425.5 
425.5 
425.5 
425.5 
425.5 
425.5 
425.5 
425.5 
425.5 
425.5 
425.5 

imenslons In inches and mm 
lmtrwnent size 

13% 
13% 
13% 
13% 
13% 
13% 
16% 
16% 
16% 
16% 
16% 
16% 
19% 
19% 
19% 
19% 
19% 
19% 
22% 
22% 
22% 
22% 
22% 
22% 

132.6 
177.0 

8% 221.5 533.4 
533.4 
533.4 
622.3 
622.3 
622.3 
622.3 
622.3 
609.6 
609.6 
609.6 

10% I 265.9 
14 
15% 
17% 
8% 

10% 
12% 
14 
15% 
17% 
8% 

10% 

310.4 

5% 132.6 
7 

8% 
10% 
12% 
3% 
5% 
7 

8% 
10% 

177.0 
221.5 
265.9 
310.4 
88.1 

132.6 
177.0 
221.5 
265.9 

12% 
3% 
5% 
7 

8% 
10% 
12% 

in I 
16% 
16% 
16% 
16% 
16% 
16% 
16% 
16% 
16% 
16% 
16% 
16% 
16% 
16% 
16% 
16% 
16% 
16% 
16% 
16% 
16% 
16% 
16% 
16% 

310.4 
88.1 

132.6 
177.0 
221.5 
265.9 
310.4 

nts for adequat 

HP Part 
Number 

9211-2666 
9211-2667 
9211-2668 
9211-2669 
9211-2670 
9211-2671 
9211-2672 
9211-2673 
9211-2674 
9211-2675 
9211-2676 
9211-2677 
9211-2678 
9211-2679 
9211-2680 
9211-2681 
9211-2682 
9211-2683 
9211-2684 
9211-2685 
9211-2686 
9211.2687 
9211-2688 
9211-2689 
9211-2690 
9211-2691 
9211-2692 
9211-2693 
9211-2694 

I I in D 

Price 

$225 
$225 
$225 
$225 
$225 
$290 
$290 
$290 
$290 
$290 
$290 
S29C 
$29C 
$290 
$290 
$250 
3250 
5250 
$250 
$250 
$210 
$210 
$210 
$220 
$220 
$220 
$220 
$220 
$220 

Instrument size 
in H mm in W mm in D mm 

88.1 8% 204.2 10%. 273.1 3% 
5% 132.6 8% 204.2 10% 273.1 
7 177.0 8% 204.2 10% 273.1 

8% 
10% 265.9 8% 204.2 10% 273.1 
3% 88.1 8% 204.2 13% 349.3 
5% 132.6 8% 204.2 13% 349.3 
7 177.0 8% 204.2 13% 349.3 

8% 221.5 8% 204.2 13% 349.3 
265.9 8% 204.2 13% 349.3 10% 
88.1 8% 204.2 16% 425.5 3% 

5% 132.6 8% 204.2 16% 425.5 
7 177.0 8% 204.2 16% 425.5 

8% 221.5 8% 204.2 16% 425.5 
10% 265.9 8% 204.2 16% 425.5 

88.1 8% 204.2 19% 501.7 3% 
5% 132.6 8% 204.2 19% 501.7 
7 177.0 8% 204.2 19% 501.7 

8% 221.5 8% 204.2 19% 501.7 
10% 265.9 8% 204.2 19% 501.7 

104.8 273.1 

221.5 8% 204.2 10% 273.1 

mm 
349.3 

in I 
14% 
14% 
14% 
14% 
14% 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
24% 
24% 
24% 
24% 
24% 

349.3 
349.3 
349.3 
349.3 
349.3 
425.5 
425.5 
425.5 
425.5 
425.5 
425.5 
501.7 
501.7 
501.7 
501.7 
501.7 
501.7 
577.9 
577.9 
577.9 
577.9 
577.9 
577.9 

368.3 
190.5 
235.0 
235.0 

Case size* (not including hardware) 

v 
v 
v 
v 

in 1 mm 
584.2 
584.2 
584.2 
584.2 
584.2 
584.2 

24% 622.3 
24% 622.3 
24% 622.3 
24% 622.3 
24% 622.3 
28 711.2 
28 711.2 
28 711.2 

711.2 
711.2 

28 711.2 

i 3 n  
13% 
13% 
13% 
13% 
13% 
13% 
13% 
13% 
13% 
13 
13 
13 
13 
13 
10 
10 
10 
10% 
10% 
10% 
11% 
11% 
11% 

28 711.2 

30% 774.7 
30% 1 774.7 

342.9 
342.9 
342.9 
342.9 
342.9 
342.9 
342.9 
342.9 
342.9 
342.9 
330.2 
330.2 
330.2 
330.2 
330.2 
254.0 
254.0 
254.0 
266.7 
266.7 
266.7 
298.5 
298.5 
298.5 

.. ~ 

30% I 774.7 
30% 774.7 
30% 1 774.7 
30% 774.7 

’For overpack size to hold case add l%’, 31.8 mm. to 1 & W and 1%”, 6.4 mm to D. 

Half-and quarter-module width instruments 
Transit cases-System II: 

lmensions in Inches and mm 
I C< 

mm 
377.8 
377.8 
377.8 
377.8 
377.8 
508.0 
508.0 
508.0 
508.0 
508.0 
508.0 
508.0 
508.0 
508.0 
508.0 
616.0 
616.0 
616.0 
616.0 
616.0 
355.6 
355.6 
355.6 
428.6 
428.6 
428.6 
514.4 
514.4 
514.4 

in I 
21 
21 
21 
21 
21 
21 
24% 
24% 
24% 
24% 
24% 
24 
24 
24 
24 
24 
24 
24 
24% 
24% 
24% 
26% 
26% 
26% 

mm I in E 7 533.4 533.4 

533.4 12% 

609.6 
609.6 
609.6 
609.6 
622.3 
622.3 
622.3 12% 
666.8 
666.8 15% 
666.8 17% 

size* (not including hardw 
in W mm 

349.3 
349.3 

13% 349.3 

mm 
222.3 
266.7 
311.2 
355.6 
400.1 
444.5 
222.3 
266.7 
311.2 
355.6 
400.1 
444.5 
222.3 
266.7 
311.2 
355.6 
400.1 
444.5 
222.3 
266.7 
311.2 
355.6 
400.1 
444.5 

- 
tyla 

- 
V 
V 
V 
V 
5 
5 
V 
V 
V 
5 
5 
5 
V 
V 
V 
5 
5 
5 
V 
V 
5 
5 
5 
5 - 

1 Style I) 
in 
7% 
9% 

11 
12% 
14% 
7% 
9% 
9% 

12% 
14% 
7% 
9% 

11 
12% 
14% 
7% 
9% 

11 
12% 
14% 
6% 
8% 

6% 
8% 

6% 
8% 

10 

10 

10 

279.4 
323.9 

-1 
Number 

*For overpack size to hold case add 1%”, 31.8 mm, to L & W and %”, 6.4 mm to D. 

Cases for other size instruments or 
special applications are available through 
HP Service Center 

Caster kit 1490-0913 can be field installed 
to provide (4) 3%” diameter swivel casters 
mounted with quarter turn fasteners 



CABINETS bk MEASUREMENT ACCESSORIES 
Operating Cases: rugged protection for instruments 

Operating Case with instrument and drawer. 

H P  cases are rugged protective outer shells for use when instru- 
ments must be frequently transported and used away from laboratory 
conditions. They are molded of strong fiberglass and have convenient- 
ly placed carrying handles that fold flat when not in use. All are 
sealed tightly with O-ring gaskets and clamping latches and are rain- 
proof under the test conditions of MIL-STD-108. 

Operating cases are equipped internally with shock-mounted 
frames that accept any standard 19-inch rack-mounting instruments 
up to the maximum height of the frames. This arrangement offers the 
convenience of operation without removing the instrument from its 
carrying case. At the same time, environmental protection is 
afforded. 

More than one instrument may be combined in a single operating 
case for convenience in setting up and operating. Patch-cable inter- 
connections may then be left in place within the case, so that when the 
unit has been transported to its place of use the covers are removed 
and the instruments inside are ready to put into use with a minimum 
of delay. 

Drawers are available in three different heights so that small acces- 
sories, tools, etc., can be kept inside the case with the instruments. 
Fitted foam cushions can be made up to accommodate nearly any 
shape articles. 

A caster kit is available to fit the operating case allowing it to 
become a mobile rack. Once the kit is installed, the casters them- 
selves may be attached or removed in seconds. With casters re- 
moved, the attaching hardware adds nqthing to the overall 
dimensions of the case. 

Fitted foam drawer cushions to accommodate various HP acces- 
sory combinations are available. 

Equipped with elastomeric shock mounts, these enclosures pro- 
vide outstanding shock and vibration attenuation. A set of stand- 
ard shock mounts can be provided for any equipment weight and 
fragility. 

Operating Case showing T-Bars installed. 



M a l  
rack ht. 
m IS0 

8% 

12% 45.4 24.0 28.5 

lmbunent Weight Case Size (inches) 
Maxinun Mihnl l  Not incbdhg hardware 

Ib kg Ib kg W H D 
W Part 
Nmber 

9211-1302 
9211-1303 
9211-2635 
9211-11632 
9211-1241 
9211-1242 
9211-1243 
9211-1244 
9211-1245 
9211-2636 
9211-1911 
9211-2637 
9211-2638 
9211-2639 
9211-2640 
9211-17133 
9211-2641 

Price 
$800 
$900 
$925 
$925 

$1200 
$1250 
$1200 
$1250 
$1250 
$1500 
$1500 
$1500 
$1600 
$1500 
$1500 
$1500 
S2400 

. .  - 
Has interlocking feet lor Gacking. 
for rack mounts no deeper than 533.4 mm (21 in); uses 431.8 mm (17 in.) T-bar sets. 

14 
15% 
17% 
19% 
21 
22% 
24% 
26% 

Standard & special order features 

able T-bar instrument support brackets. 

in rear rails. 

Inner rack frame with provision for infinitely adjust- 

Inner rack frame with RETMA hold pattern drilled 

Mating feet for stacking one case on top of another. 
Special color other than tan. Please specify. 
Modified inner rack frame depth. Standard depth 20” 

from front panel mounting surface to rear surface of 
frame. This option includes an appropriate change in 
the overall depth of the enclosure. Please specify de- 
sired inner frame depth. Maximum 23”, minimum 12”. 

Chassis trak C-300 instrument slide pair to mount on 
either side of inner frame using RETMA hole pattern 
drilled in front and rear rails. 

Special shock mounts for unusual instrument 
weights. Please specify weights. 

Increased front cover depth. Maximum depth 6”. 
Please specify. 

Increased rear cover depth. Maximum depth 6”. 
Please specify. 

Latches recessed into the surface of the case. 
Handles recessed into the surface of the case. 
Hermetically sealed case tested by the hot water 

method. 
MIL-C-4150 certification with the exception of de- 

sign and preproduction testing. Case will have in- 
creased wall thickness, hardware anodized to military 

8U 130 59.0 30 13.6 24.0 20.6 28.5 
9U 130 59.0 30 13.6 24.0 22.4 28.5 

1OU 130 59.0 30 13.6 24.0 24.1 28.5 
11U 130 59.0 30 13.6 24.0 25.9 28.5 
13U 250 113.4 50 22.7 24.0 28.0 28. 
14U 250 113.4 50 22.7 24.0 29.5 28.5 
15U 250 113.4 50 22.7 24.0 31.0 28.5 
16U 250 113.4 50 22.7 24.0 30.8 28.5 

Supplied 

Supplied 

Supplied 

$60 
N/C 

$20 

$10 

$40 

$40 

$75 
$20 
$35 

$70 

569.0 
612.1 
657.9 
711.2 
749.3 
787.4 
782.3 

Case Size (mm) 
lyot mcbdni hardware 

723.9 
723.9 
723.9 
723.9 
723.9 
723.9 
723.9 

W 
609.6 
609.6 
609.6 
609.6 
609.6 
609.6 
609.6 
609.6 
609.6 
609.6 
609.6 
609.6 
609.6 
609.6 
609.6 
609.6 
609.6 

28 
29% 
31% 
33% 
47% 

17U 250 113.4 50 22.7 24.0 34.5 28.5 
18U 250 113.4 50 22.7 24.0 36.4 285 
19U 250 113.4 50 22.7 24.0 38.0 28.5 
2OU 250 113.4 50 22.7 24.0 39.9 28.5 
21U 320 145.2 70 31.8 24.0 53.9 28.5 

876.3 I 723.9 
924.6 723.9 
965.2 723.9 
995.7 723.9 

1369.1 I 723.9 

weight 

Case j Ib kg 

34.0 
34.9 
36.3 

83 37.6 
87 39.5 

40.8 
94 42.6 

44.0 
140 63.5 

shipping “ L  
28.7 

- 
50 
56 
64 
65 
70 
75 
80 
85 
90 
95 

100 
105 
110 
115 
120 
125 
175 

25.4 
29.0 
29.5 
37.8 
34.0 
36.3 
38.6 
40.8 
43.1 
45.4 
47.6 
49.9 
52.2 
54.4 
56.7 
79.4 

specification, and will be hermetically tested using the 
hot water method. 

Addition of an automatic pressure relief valve. 
Addition of a manual pressure relief valve. 
Addition of four permanently mounted, 3%” diame- 

ter swivel casters. 
Addition of four removable, 3%” diameter swivel 

casters. Also available in kit form P/N 1490-0913. 
Addition of two aluminum hat-section skids to the 

case bottom. 
Addition of lift rings to either side of the case. 

Accessories 
921 1-1 164 3% H (88.1 mm) Drawer with ball bearing 
slides. 
9211-1165 5% H (132.6 mm) Drawer with ball bear- 
ing slides. 
921 1-1 166 7 H (177 mm) Drawer with ball bearing 
slides. 
0950-0122 AC power receptacle strip with four out- 
lets mounted on bottom rear of inner rack frame. Power 
cord 1 m (3.3’) long, NEMA connectors. 
921 1-1 173 Pair T-Bar instrument support brackets. $26 

$55 
swivel casters. 
On special order, complete transportable field instrument groups 

can be assembled to suit individual requirements. On request, cases 
can be fabricated that meet the environmental requirements of Mili- 
tary Specifications. 

$20 
$10 
$40 

$55 

$30 

$15 

$195 

$180 

$230 

$25 

14-13 Caster kit, four removable 3%“ (88.9 mm) 



10501A: I10 cm (44 in) 

diy 

10502A L-20 cm (9 in) 
11086A L=60 cm (24 in) 
10503A L= 120 cm (48 in) 
10519A L=180 cm (48 in) 

d Y  

L 11170A: 30 cm (12 in) 
11 1708: 60 cm (24 in) 
11 170C: 120 cm (48 in) 

11001A: 110 cm (44 in) -1 
11035A: 30 cm (12 in) 

ul.91 cm 
(0.75 in) 

j 1 . 9 1  cm 
(0.75 in) 

Cable assemblies 

10501A Cable assembly 
1 1 1.76 cm (44 in.) of 50-ohm coaxial cable terminated 
on one end only with UG-88CIU BNC (m) connector. 

10502A Cable assembly 
22.86 cm (9 in.) of SO-ohm coaxial cable terminated on 
both ends with UG-88C/U BNC (m) connectors. 

10503A Cable assembly 
121.96 cm (48 in.) of 50-ohm coaxial cable terminated 
on both ends with UG-88CIU BNC (m) connectors. 

10519A Cable assembly 
182.88 cm (72 in.) of 50-ohm coaxial cable terminated 
on both ends with UG-88C/U BNC (m) connectors. 

11 170A Cable assembly 
30 cm ( 1  2 in.) of 50-ohm coaxial cable terminiated on 
both ends with BNC (m) connectors. 

11 170B Cable assembly 
61 cm (24 in.) of 50-ohm coaxial cable terminated on 
both ends with BNC (m) connectors. 

11 170C Cable assembly 
122 cm (48 in.) of SO-ohm coaxial cable terminated on 
both ends with BNC (m) connectors. 

1 lOOOA Cable assembly 
1 12 cm (44 in.) of 50-ohm coaxial cable terminated on 
both ends with a dual banana plug, for (% in.) binding 
posts. 

1 

--- 11002A: 150 cm (60 in) 
- - i . ~ i  cm 

(0.75 in) 

F \VI 

11OO3A: 150 cm (60 in) 
j l . 9 1  cm 

(0.75 in) 

HI 

D 

11 143A 1 IO cm (44 in 

L 11500A: 180 cm (72 in) 1 
115008: 60 cm (24 in) 

I 
11501A: 180 cm (72 in) 

11001A Cable assembly 
112 cm (44 in.) of SO-ohm coaxial cable terminated on 
one end with a dual banana plug and on the other end 
with a UG-88C/U BNC (m) connector. 

11002A Test leads 
152 cm (60 in.) test leads alligator clips to dual banana 
Plug. 

11003A Test leads 
152 cm (60 in.) test leads, probe and alligator clip to 
dual banana plug. 

11035A Cable assembly 
30 cm (12 in.) of 50-ohm coaxial cable terminated on 
one end with a dual banana plug and on the other end 
with a UG-SSC/U BNC (m) connector. 

11 143A Cable assembly 
112 cm (44 in.) test leads, dual BNC to alligator clips. 

11500A Cable assembly 
183 cm (72 in.) of 50-ohm coaxial cable terminated on 
both ends with UG-ZlD/U Type N (m) connectors. 

115008 Cable assembly 
Identical with 11500A except 61 cm (24 in.) long. 

11501A Cable assembly 
183 cm (72 in.) of 50-ohm coaxial cable terminated 
with UG-ZlD/U Type N (m) and UG-23D Type N (f) 
connectors. 

Price 

$10 

$15 

$15 

$30 

$17 

$17 

$17 

$17 

$17 

$12 

$12 

$17 

$45 

$55 

$50 

$60 



1 6 
1250-1 286 

1250-1 534 
1250-1 477 

r i m  
1250-0080 
1250-1 287 

1250-1 533 
1250-1473 

1250-01 76 

1 
1250-1 288 

1250-0559 

1250-0777 
1250-1 529 
1250-1472 

1250-0778 
1250-1 528 
1250-1472 

CABINETS AND 

1250-0780 
1250-1535 
1250-1476 

1250-0781 

1250-0846 

1250-1 158 

@a3 
1250-1 159 

1250-1 263 

1250-1 264 

1250-1 474 
1250-1 536 

1250-2277 

& 
1251-2816 

10111A 

m 10113A 

11 533A 

11 534A 

MEASUREMENT ACCESSORIES 
Accessories 

Adapters 

Adapters type N, Standard 50Q 

Part no. 
1250-0077 N (f) to BNC (m) 
1250-0082 N (m) to BNC (m) 
1250-0176 N (m) to Type N (f) right angle 
1250-0559 N tee, (m) (f) (f) 

1250-0778 N (m) to Type N (m) 
1250-0780 N (m) to BNC (f) 
1250-0846 N tee (f) (f) (f) 

Adapters type N, Precision' 50Q 

Part no. 

1250-1473 N (m) to BNC (m) 

1250-1475 N (m) to N (m) 
12508476 N (m) to BNC (f) 
1250-1477 N (f) to BNC (m) 
Adapters type N, Standard 75Q2 

Part no. 
1250-1528 N (m) to N (m) 

1250-1533 N (m) to BNC (m) 
1250-1534 N (f) to BNC (m) 
1250-1535 N (m) to BNC (f) 

Adapters SMA 

Part no. 

1250-1159 SMA (m) to SMA (m) 
Adapters APC-7 

Part no. 
11524A APC-7 to Type N (f) 
11525A APC-7 to Type N (m) 
11533A APC-7 to SMA (m) 

Adapter banana plug 

Part no. 
1251-2816 Dual Banana plug 

Adapters BNC, Standard 50Q 

Part no. 
1250-0076 Right angle BNC (UG-306/D) 

1250-0216 BNC (m) to BNC (m) 
1250-0781 BNC Tee (m) (f) (f) 
1250-1263 BNC (m) to single banana plug 
1250-1264 BNC (m) to dual banana plug 
1250-2277 BNC (f) to dual banana plug 
lOllOB BNC (m) to dual banana plug 
l O l l l A  BNC (f) to shielded banana plug 
10113A Dual BNC (f) to 
Adapters BNC, Stanc 

Part no. 
1250-1286 Right Angle E 
1250-1287 BNC (f) to BI 
1250-1288 BNC (m) to BNL (m) 

1250-0777 N (f) to Type N (f) 

1250-1472 N (f) to N (f) 

1250-1474 N (f) to BNC (f) 

1250-1529 N (f) to N (f) 

1250-1536 N (f) to BNC (f) 

1250-1158 SMA (f) to SMA (f) 

11534A APC-7 to SMA (f) 

1250-0080 BNC ( f )  to BNC (f) (UG-914/U) 

I 'Precision" typically 236 dB. Return Loss to 1.3 Wz. 
Type N outer conductor; center pm sized for 75 R characteristic. 

triple banana plug 

jard 750 

Price 
$7.90 

$17.50 
$28 
$2 1 
$7 

$10 
$5.25 

$12 

Price 
$20.50 
$20.50 
$16.50 

$28 
$2 1 
$18 

Price 
$25 
$25 
$30 
$26 
$29 
$23 

Price 
$9.50 

$1 1 

Price 
$95 

$105 
$135 
$135 

Price 
$2.40 

Price 
$5.75 
$4.90 
$5.25 
$6.20 

$11.50 
$3.60 

$10 
$25 
$17 
$20 

Price 
$12 

$10.50 
$1 1.50 



.- CABINETS & MEASUREMENT ACCESSORIES 
Instrument accessories 
Probes, voltage dividers 

11040A 

1 1047A 

11021A 

10007B, 100085 Probe 
The 10007B and 10008B are straight-thru BNC 

probes with a retractable hook tip, and 20 cm (8 in.) 
ground lead with alligator tip included 

Peak Shunt 

10007B 600 V 40 pF 1.lm (3.5ft.) 
10008B 600 V 60 pF 1.8m (6 ft.) 
11021A Divider probe 

Microvolt-Ammeter to 1000 volts 

11028A Current divider 

456A AC Current Probe 

11036A AC probe 
Peak responding for use with 410C 

1 1040A Capacitive voltage divider 
For 410 series voltmeters. Increases range so trans- 

mitter voltages can be measured quickly and easily. Ac- 
curacy f 1%. Division ratio 1OO:l. Input capacity 
approximately 2 pF. Maximum voltage 2000 V a t  50 
MHz, decreasing to 100 V at 400 MHz. Frequency 
range 10 kHz to 400 MHz 
11045A DC voltage divider 

For 410C voltmeter. Gives maximum safety and con- 
veniences for measuring high voltages as in television 
receivers, etc. Accuracy t- 5%. Division ratio 100: 1. In- 
put impedance 1 GR. Maximum voltage 30 kV. Maxi- 
mum current drain 2.5 p A  

11047A Output voltage divider 

rating M watt 

Voltage Capacitance Length 

1000: 1 divider probe increases range of HP 425A dc 

1 0 0  1 divider for extended range measurements for 

1 1045A 

Input 6009. Output 6009 f 1%. 69 f 1%. Voltage 

Price 
$40 

$135 

$85 

$180 

$130 

$100 

$35 



CABINETS & MEASUREMENT ACCESSORIES 
Instrument accessories 

Models 456A & 11473A- 11476A 

Model No. 1147311 114738 
Impedance” Unbal 75Q 1 5 0  

Bal 6009 6000 
Unbal BNC BNC 

Mating Bal WECO Siemens 
connectors 310 9 REL 

STP-6AC 

4 5 6 A  (with ac VM) 

114744 114754 114764 
75Q 75Q 75Q 
135Q l5OQ 1248 
BNC BNC BNC 

WECO Siemens WECO 
241 9 REL 408A 

STP-6AC 

1 1 4 7 3 A  

Frequency range: 
Frequency response: 
Insertion loss: 

Longitudinal balance: 
Max inout oower: 

4 5 6 A  Description 
Conventional voltmeters or oscilloscopes can measure current 

quickly and dependably-without direct connection to the circuit un- 
der test or any appreciable loading to test circuit. HP’s 456A AC 
Current Probe clamps around the current-carrying wire, and provides 
a voltage output read on voltmeter or scope. Model 456A’s 1 mA to 1 
mV conversion permits direct reading up to 1 A rms. 

5 ~Hz-5 MHz 20 Hz-50 kHz 20 Hz-50 kHz 2 ~Hz-2 MHz 2 ~Hz-2 MHz 
f 0.5 dB ? 0.5 dB f 0.5 dB f 0.5 dB ? 0.5 dB 

t 0 . 7 5  dB t 0 . 7 5  dB t 0 . 2 5  dB t 0 . 2 5  dB t 0 . 2 5  dB 
at 1 kHz at 1 kHz at 50 kHz at 50 kHz at 50 kHz 
>40 dB >40 dB >40 dB >40 dB >35 dB 

+13 dBm +13 dBm +27 dBm 4-27 dBm +27 dBm 

4 5 6 A  Specifications 
Sensitivity: 1 mV/mA f 1% at 1 kHz. 
Frequency response: +2%, 100 Hz to 3 MHz; +5%, 60 Hz to 4 
MHz; -3 dB at t 2 5  Hz and >20 MHz. 
Pulse response: rise time is (20 ns, sag t16%/ms. 
Maximum input: 1 A rms, 1.5 A peak; 100 mA above 5 MHz. 
Effect of dc current: no appreciable effect on sensitivity and distor- 
tion from dc current up to 0.5 A. 
Input impedance: (impedance added in series with measured wire 
by probe) (50 m 3  in series with 0.05 pH (this is approximately the 
inductance of 1% in. of hookup wire). 
Probe aperture: 4 mm (Sla2”) diameter. 
Probe shunt capacity: approx. 4 pF added from wire to ground. 
Distortion at 1 kHz: for 0.5 A input at least 50 dB down; for 10 mA 
input a t  least 70 dB down. 
Equivalent input noise: t 5 0  pA rms (100 pA when AC powered). 
Output impedance: 2209 a t  1 kHz; approximately +1 V dc compo- 
nent; should work into load of not less than 100,0003 shunted by ap- 
proximately 25 pF. 
Power: battery life (two), approximately 400 hours; ac power supply; 
Option 001, 115 or 230 V *lo%, 50 to 1000 Hz approx. 1 W. 

1 1473A- 1 1476A Description 
Balancing transformers provide a balanced output from a single- 

ended input, or a single-ended output from a balanced input. Impe- 
dances available are 75 ohms unbalanced to 1249, 1353, 1509, and 
6003 balanced. Frequency response is f 0 . 5  dB. 

“50Q unbalanced to balanced transformer available on special basis. Above specifications apply. 

Ordering instructions 
456A AC Current Probe 

Opt 001: AC Power Supply 
11473A Balancing Transformer 

Price 11473B Balancing Transformer 
$525 11474A Balancing Transformer 

add $50 11475A Balancing Transformer 
$290 11476A Balancing Transformer 

$290 
$290 
$325 
$290 



I TRANSCEIVER TEST EQUIPMENT 
Automatic RF test system b I 
Model 89508 i 

Designed for AM, FM and 0M transceivers from 2 to 1000 Ideal for testing FM mobile, aircraft communication, tac- 

Component stirnulus/response testing from DC to 1000 
MHz tical and citizen’s band radios. 

MHz. 

Varied applications 
The H P  8950B Transceiver Test System automatically tests AM 

and FM communications transceivers over the frequency range of 2 
to 1000 MHz. It is ideal for production line testing, R & D evalua- 
tion, quality assurance testing, incoming inspection, and user mainte- 
nance of many transceivers. The HP 9825A desk top computer 

the H P  Interface Bus (HP-IB). 

measured calibration factors, repeatable system errors such as fre- 
quency response and insertion loss are virtually eliminated. 

Data presentation 
The 9825A contains a 16 character wide thermal printer adequate 

for writing software or for short message printouts. For more sophisti- 

the H P  7245A plotter-printer, 9866B thermal printer, and the 9871A 
character impact printer. 

controls the stimulus and measurement capabilities of the system via cated printouts peripherals are system compatible including 

Speed 
Using the 8950B system, transceiver testing time can typically be 

reduced by a factor of 10 or more, resulting in greatly increased pro- 
ductivity. For example, the system performs a typical set of tests on a 
mobile radio in about minutes, while a manually operated setup 
would require about 20 minutes. 

A 
HP-IB interconnection insures that your 8950B will not become ob- 

solete in the near future: as new and more advanced instrumentation 
is offered, your system can easily be updated to include added mea- 
surement capability. The 8950B employs general purpose, off-the- 
shelf instruments exceDt for the 8951B Svstem Interface. This means 

HP48 system 

Accuracy 
Operation of the 8950B under computer control offers better accu- 

racy than a manual system. By automatically applying previously 

you may already be using nearly identical instruments in your mea- 
surements; therefore, test results will be directly comparable and op- 
eration and maintenance simplified. 



Varied applications 
The system interface provides access, under program control, to all 

instruments in the system. This hardware switching combined with 
the modular instrument driver subroutines provides powerful general 
purpose automatic stimulus/response testing from DC to 1000 MHz 
of components, audio and R F  amplifiers, modules, and subassemb- 
lies. 

89518 System interface 
The 8951B System interface contains all the signal switching and 

conditioning needed to route signals to and from the proper instru- 
ments and the radio under test. All radio connections are made a t  a 
single working panel and no manual switching or cable reconnection 
is necessary during a typical series of tests. 

In addition to switches, the 8951B includes a 100 watt R F  attenua- 
tor, a high quality FM discriminator, and a diode detector for AM 
measurements. Three band-reject filters with provision for an exter- 
nal filter are used for distortion and SJNAD measurements. 

Positive and negative peak detectors provide true FM peak devi- 
ation measurement. Extra switching is provided to add spectrum 
analysis capability to the system. 

9825A Computer controller 
The flexible and powerful 9825A is an ideal controller for this sys- 

tem. It employs HPL, a high-level programming language which of- 
fers power and efficiency for handling equations and controlling 
instruments, yet is easy to learn and use. The controller and HPL 
allow easy storage and review of programs and data on a built-in, high 
speed, 250,000 byte tape cartridge. 

System software 
The 8950B is furnished with a tape cartridge containing a compre- 

hensive library of system programs: 1) the verification program is a 
short system self-test to assure the user that the system is operational, 
2) the calibration program generates calibration factors to correct re- 
peatable errors in the system, 3) the measurement subroutines allow 
complex measurements to be made by writing only a single statement, 
4) and the instrument drivers facilitate information transfer between 
the calculator and the instruments. 

Writing programs 
To perform a series of tests on a transceiver, a program must be 

written which accesses the appropriate measurement and instrument 
driver subroutines. Additional program statements will provide a 
printed copy of the results which can include the chosen test limits or 
a Pass-Fail indication of total test performance. Because of the soft- 
ware flexibility, special tests can easily be written using the instru- 
ment drivers provided with the system. 

Typical system tests 
Receiver 
SIN AD sensitivity Hum and noise 
Quieting sensitivity AGC response 
Squelch threshold Modulation acceptance band- 
Audio power width 
Audio distortion Power supply sensitivity 
Audio response Current drain 

Transmitter 
Carrier power Audio sensitivity 
Carrier frequency and stability Squelch tone frequency 
AM depth Limited spurious measurement 
FM deviation Power supply sensitivity 
Audio distortion Current drain 
Audio response Modulation limiting 
General Purpose Automatic Tests 
DC voltage Resistance 
AC voltage Frequency 
Amplifier gain Flatness 

DC and AC voltage 

89506 System specifications (includes soft- 
ware calibration) 
General 
System frequency range: 1-1000 MHz. 
System power range: 0.5 - 100 watts. 
Calculator controlled power supply voltages: 0 to 30 V, 50 mV 
resolution. 
Current drain measurement range: 50 mA to 10 A. 

Transmitter tests 
Power measurement range (Antenna port): 1 mW to 100 watts. 
Power measurement range (AUX RF input): 10 pW to 1 watt. 
Power measurement accuracy (Antenna port): expected k 0.3 
dB &7.2%). 
Frequency measurement range: 0 to 1300 MHz. 
AM measurement 

Frequency range: 2-400 MHz. 
AM depth range: 0.5 to 95%. 
AM accuracy (1 kHz rate 10% to 80%): & 2% AM DEPTH ? 5% 
of reading. 
AM rate range (3 dB): 50 Hz - 25 kHz. 
AM residual distortion (at 30% AM): (at 400 Hz, 1 kHz, 3 kHz 
rates): 5 2 %  

Frequency range: 4-1000 MHz. 
Peak deviation range: 300 Hz - 20 kHz. 
System residual: (10 Hz in 1 kHz BW. 
FM accuracy (1 kHz rate): & 3% & 30 Hz. 
FM rate range (3 de): 50 Hz - 20 kHz. 
FM residual distortion (at 2 3  kHz peak deviation at 400 Hz, 1 
kHz, 3 kHz rates): 5 1.0%. 

Frequency range: 4 - 1000 MHz. 
Deviation: AO,,, = 20/mod. rate (kHz). 
OM rate range: 50 Hz - 20 kHz. 
OM accuracy (1 kHz rate): & 3%. 

FM measurement (positive and negative peak detection) 

OM measurement 

Spurious measurements (> 1 MHz away from carrier): 0 to -40 
dBc. 

Receiver tests 
Minimum measurable sensitivity (typical): 0.2 pV. 
Output level range (Antenna port, into 50 ohms): -145 to -19 
dBm (-0.013 pV to 25 mV). 
Output level accuracy (1 to loo0 MHz, at Antenna port): 
k 1.5 dB. 
Audio power measurement accuracy: 0.5% k speaker load 
tolerance. 
Audio distortion measurement: At 400, 1000, and 3000 Hz rates. 
Residual distortion: RF generator distortion +0.3%. 
Audio frequency range: 

AM: 50 Hz to 50 kHz (RF freq >10 MHz) 
FM: 50 Hz to 100 kHz. 

Modulation acceptance bandwidth measurement range: 1 to 
100 kHz. 

General characteristics 
Operating temperature range: 15" to 35°C. 
Power requirements: 115 volts k 10%. 60 Hz. 
Net weight (less calculator): 186 kg (410 lb). 

Options Price 
add $650 

6268B, #026,580 and 59501A for 6002A) 
003: Reduced frequency (1 10 MHz) less $4300 

005: Delete 9825A Controller, ROMs and HP-IB less $10750 
interface 

89508 Transceiver Test System $63000 
(including controller and programs) 

002: Additional Power Supply capability (Substitute 

004: 230 V, 50 Hz operation N / C  



TELECOMMUNICATIONS TEST EQUIPMENT 
General Information: PCM Testing 

PCM 
CODER 

-. 

PCMITDM transmission techniques 
Pulse code modulation (PCM) developed 

because of a need for greater capacity over 
local telephone circuits between exchanges. 
In its basic form, it replaces a system of one 
pair of wires per subscriber with a system of 
two pairs of wires for 24 or 30 subscribers. 

The basic PCM process converts the ana- 
log signal into digital pulses. The 4 kHz voice 
channel is sampled at an 8 kHz rate, each 
sample quantized to one of 256 possible lev- 
els and then each sample allocated an 8-bit 
binary code dependent on its quantized level. 
The result is a two-level (unipolar) digital 
stream clocked at 64 kb/s. 

Time division multiplexing (TDM) is a 
means of transmitting several sources of in- 
formation over one medium by allocating 
time slots to each source. Primary level mul- 
tiplexing (usually of 4 kHz voice channels) is 
achieved, either by sampling each source 
sequentially prior to quantizing and encoding 
or by time interleaving the 8-bit encoded 
samples a t  the 64 kb/s level. A 24 voice chan- 
nel assembly will then produce a digital 
stream a t  1544 kb/s comprising 24 X 64 
kb/s encoded voice plus 8 kb/s (1 bit per 
frame) of framing information to allow sepa- 
ration of the individual channels at the 
receive terminal equipment. Signalling infor- 

L 

PCM 

DECODER 

DIGITAL 

TRANSMISSION 

LINK 

mation is carried by “bit stealing” the least 
significant bit of each speech time slot one 
frame in every six. This is the standard sys- 
tem used in North America. In Europe, 30 
voice channels are combined in a digital 
stream a t  2048 kb/s comprising 30 X 64 
kb/s encoded voice plus 64 kb/s (8 bits per 
frame) of framing information and 64 kb/s 
(8 bits per frame) of signalling information. 

Higher level multiplexing is achieved by 
further interleaving of digital streams, either 
synchronously or asynchronously using pulse 
stuffing or pulse justification. There are 
three standard digital transmission “hierar- 
chies” which have been developed (North 
American, European, and Japanese) and 
some of the interfaces have been standar- 
dised internationally by the International 
Telegraph and Telephone Consultative Com- 
mittee (CCITT). However, to suit various 
local needs other transmission rates exist lo- 
cally within national boundaries. 

The basic concept of digital transmision is 
to send data so that it can be regenerated at 
frequent intervals without producing errors. 
Transmission impairments are then largely 
dependent on terminal performance. The un- 
ipolar digital stream generated in the multi- 
plex is not ideal for cable transmission 
because of its dc content, significant energy 

PCM PCM 
MULTIPLEX MULTIPLEX 

~ 

1 - p  -I-- 
Tx Rx ; 

24/30 4 --4 
SPEECH 

1- 5 
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24/30 CL 
DIGITAL REGENERATORS 

1 

24/30 
SPEECH 
1 

24/30 

I 
Figure 1. Basic PCM/TDM transmission system 

Figure 2. PCMlTDM measurements 

spectrum up to high frequencies and pattern- 
dependent timing content. Therefore, a line 
code is usually employed which has zero dc 
content, energy concentrated at frequencies 
lower than the bit rate, and regular timing 
content. The simplest form of line code is 
alternate mark inversion (AMI) where each 
data mark or “one” is given a polarity oppo- 
site to the preceeding mark. This results in a 
bipolar signal meeting the first two criteria. 
A further development of AMI is to insert a 
specific pattern whenever long runs of zeros 
occur to maintain the timing content. Var- 
ious patterns are in use; for example, B6ZS 
and B3ZS (bipolar with six or three zero sub- 
stitution) and HDB3 (high density bipolar 
with a maximum of three consecutive zeros). 
All are recognizable in that they produce a 
known sequence of bipolar errors (ie violate 
the AMI rule) and so can be removed a t  the 
receive terminaLThese simple line codes are 
also used on interface connections between 
digital equipment. 

The primary multiplex digital output sig- 
nal in line code is transmitted over existing 
audio cable by replacing loading coils with 
digital regenerators (see Fig. 1). Higher order 
multiplex signals are transmitted over co- 
axial cable using more complex line codes or 
over radio systems using phase shift keying of 
an IF  or R F  carrier or over optical fibre using 
further binary coding. 

PCM/TDM measurements 
Measurements on PCM/TDM equipment 

can be divided into those on the terminal and 
those on the transmission link. 

Traditionally the primary PCM multiplex 
terminals have been characterised in terms of 
their voice channel performance by either 
connecting two terminals back-to-back or 
looping a single terminal at the digital side. 
The measurements made have been standard 
voice channel tests of level, frequency 
response, noise, crosstalk, intermodulation, 
etc, plus measurements unique to PCM such 
as quantizing distortion. The measurement 
methods have been agreed and standardized 
by CCITT. While this approach to terminal 
testing has been adequate for local junction 
PCM systems, the increasing use of PCM in 
the trunk network and the introduction of 
digital TDM switching now makes it neces- 
sary to measure the performance of the 
transmit half of a terminal separately from 
the receive half. This requires analog-to-digi- 
tal (A-D) and digital-to-analog (D-A) tests 
of the voice channel parameters plus checks 
of digital functions such as frame alignment 
or synchronization. These types of measure- 
ments are also required on digital switching 
equipment which contains PCM coder/de- 



coders (codecs) to interface with the existing 
analog environment, for example, a PABX. 
Increasing use of single channel PCM codec 
“chips” in this type of equipment also re- 
quires A-D and D-A testing of integrated cir- 
cuit devices. 

Measurements on digital transmission sys- 
tems (including the higher level TDM multi- 
plexes) are aimed at establishing data 
transparency (ie how truthfully the data is 
transmitted). The principal measure of qual- 
ity is bit error rate (BER) which is defined as 
the total number of errors in the received sig- 
nal divided by the total number of transmit- 
ted bits. As such, it represents the probability 
of any received bit being in error. The stan- 
dard technique of measuring BER is to stim- 
ulate the transmission system with a pseudo- 
random binary data stream. The sequence 
length should be chosen to simulate a normal 
traffic signal and vary sufficiently in pattern 
content to adequately test pattern-sensitive 
parts of the equipment (eg clock recovery cir- 
cuits). For measurements at 1.512.0 Mb/s 
and 6.318.4 Mb/s a P - l  bit pattern has 
been standardized by CCITT, while for high- 
er speed systems, a 228-1 bit pattern has been 
proposed. At the transmission system output, 
the data stream is synchronized with a local- 
ly generated, error-free pattern and then a 
bit-by-bit comparison carried out. Any dif- 
ferences are bit errors, and if counted over a 

known number of clock periods, can be dis- 
played as BER. 

BER measurements are made under a 
number of differing conditions, including: 
a)  normal conditions of bit rate, signal level, 

noise, and crosstalk 
b) tests with added timing jitter (phase vari- 

ations of the clock timing instants) 
c) tests with the data bit rate offset from the 

normal clock rate 
d)  tests with noise added to the data signal. 

BER measurements are made on the uni- 
polar data stream (Le., after any interface 
code has been removed). This is especially 
important for systems where the interface 
code is not transmitted through the system 
(e.g., digital multiplex, digital radio, and op- 
tical fibre systems). However, binary access 
is not always available and it is necessary for 
test equipment to supply and accept both uni- 
polar and bipolar patterns. It is also useful to 
measure code violation errors on cable trans- 
mission systems where the line code is the 
same as the interface code. Detection of code 
errors is relatively simple and can be done 
without taking the system out of service. For 
AMI line coding, two consecutive marks hav- 
ing the same polarity constitute a code error 
or bipolar violation. For HDB3, B6ZS, and 
B3ZS, combinations of “ones” and “zeros”, 
including bipolar violations which do not 

PCM/TDM test equipment 
For testing primary multiplex terminal 

equipment, the 3779AlB Primary Multiplex 
Analyzer provides A-A, A-D, and D-A mea- 
surement capability in an integrated test set. 
The instrument can be programmed to ex- 
ecute a complete measurement sequence to 
stored test limits and print out results on an 
external printer. Automatic testing of all the 
voice channels in a multiplex can be carried 
out via the 3777A Channel Selector con- 
trolled by the 3779AlB. 

For testing digital transmission equipment 
up to 50 Mb/s, the 3780A Pattern Genera- 
tor/Error Detector provides binary and code 
error measurement in a single portable in- 
strument. Frequency offset generation and 
measurement are also included. BER mea- 
surements on higher speed systems up to 150 
Mb/s can be made with the 3762A Data 
Generator and 3763A Error Detector. This 
system includes the new interface code called 
Coded Mark Inversion (CMI). Also provided 
is BER measurement on patterns with zero 
substitution for checking the pattern depen- 
dence of a system or for testing the effective- 
ness of scramblers. The 3762Al3763A have 
also been designed to operate in burst mode 
for Time Division Multiple Access (TDMA) 

obey the coding rule, constitute code errors. satellite applications. 
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Figure 3. PCM/TDM test equipment applications 
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Model 3779A provides voice channel measurements to CEPT rec- 
ommendations. The digital option is designed to test PCM equip- 
ment conforming to CCITT Recommendations G.711 and G.732. ie 
30 voice channels132 time slots encoded using the A-law and time 
division multiplexed into a 2048 kbls digital stream. 

Concept 
The 3779A/B Primary Multiplex Analyzer (PMA) is a totally new 

concept in automated measurements of voice channel equipment in- 
cluding PCM, FDM, TDM terminals, and switching. I t  has been de- 
signed specifically to measure to CCITT, CEPT, and Bell 
recommendations and makes significant contributions in new mea- 
surement hardware and software. Separate tests of analog-digital 
(A-D) and digital-analog (D-A) performance of PCM terminals can 
be made in addition to characterizing the analog-analog (A-A) per- 
formance of voice channels. 

Organized around a microprocessor, the instrument can automati- 
cally sequence through a number of measurements to programmed 
limits, calculate, and display results. Control over the PMA is via a 
keyboard orientated towards voice channel measurements. Program- 
ming requires no special expertise, since all measurement execution 
software is pre-programmed into the instrument. Operation is there- 
fore at measurement parameter level. If required, the measurement 
parameters (test levels, frequencies, limits, etc.) may be modified via 
the keyboard. Once programmed, measurements may be assembled 
into a sequence which is stored in non-volatile memory for future use. 
Indication of the status of the instrument, together with measurement 
parameters/results, are on an alpha-numeric CRT display. Built-in 
self-test greatly facilitates calibration and fault diagnosis. Security of 
stored programs is provided via an electronic, keyboard-operated, 
combination lock. 

37798 rn 
W W 

Model 3779B provides voice channel measurements to Bell recom- 
mendations. The digital option is designed to test PCM equipment 
conforming to CCITT Recommendations G.711 and G.733, ie 24 
voice channels124 time slots encoded using the p-law and time divi- 
sion multiplexed into a 1544 kbls digital stream. 

The PMA itself can control a number of 3777A Channel Selectors 
to provide multi-channel access for voice and signalling meas- 
urements. The PMA can also format results and print them out via a 
2631A or 9871A printer equipped with HP-IB. A built-in modem in 
the PMA allows one instrument to control another remotely over the 
voice channel under test, enabling automatic end-end testing of the 
analog parameters of a voice channel circuit without recourse to ex- 
ternal modems and common carrier interfaces. 

I 1 

Figure 1. Basic 3779 measurement configuration. 
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The analog receiver contains a range of selectable filters and a 
choice of ac averaging or rms detectors. The particular configuration 
used for each measurement is fixed in ROM and controlled by the 
processor. The 3779A includes two quantization distortion measure- 
ment filters for the noise method, an 810 Hz quantization distortion 
measurement notch filter for the tone method, and a psophometric 
filter in accordance with CCITT Recommendation P.53A. The 
3779B includes four-tone intermodulation measurement filters, a 
1010 Hz quantization distortion measurement notch filter, and a C- 
message filter in accordance with BSTR Pub 41009. Both models also 
include selective filters with 3 dB bandwidths of 40 Hz and 12 Hz, 
and 3 kHz flat filter. 

The analog interfaces (including relative test levels) can be pro- 
grammed on a per channel basis to be 6003 or 9003, balanced or 
unbalanced, with or without facilities for accepting exchange battery. 
The looping of the digital signal can be provided by the PMA inter- 
nally. 

Primary Multiplex Analyzer (cont.) 
Models 3779A and 37798  I 

Analog-Digital Measurements 
Three types of A-D measurements are provided via a digital re- 

ceiver which accepts the 2048 kb/s or 1544 kb/s serial PCM stream 
and extracts the desired time slot for measurement. Any failures of 
the digital signal are detected and flagged. 

The first measurement method calculates therms power in the time 
slot using 800 samples of the 8-bit PCM word. From a measurement 
of the analog signal applied to the channel under test, parameters 
such as gain can be calculated. 

The second method uses a peak code detector and displays the posi- 
tive and negative peak codes in decimal equivalent. It can be used to 
check the gain, overload point (Tmax), symmetry, and offset of the 
coder. 

The third method returns the digital signal to the analog domain 
using a very accurate reference decoder which operates over the lower 
segments of the coding law. Conventional selective or weighted filter- 
ing can be used to measure crosstalk or noise. 

Digital-Analog Measurements 
A digital test signal can be inserted into any time slot of the PCM 

frame. The frame can be internally generated by the PMA, or accept- 
ed from the multiplex under test by the digital receiver in the PMA 
and passed through the digital transmitter. When the frame is inter- 
nally generated, the voice channels not under test are normally loaded 
with a zero-level code to simulate quiet conditions. For alignment 
tests, the idle code is replaced by a PRBS to simulate traffic condi- 
tions. 

Test patterns are derived from two sources. The digital samples of a 
variable frequency sine wave from 40 Hz to 3990 Hz in 10 Hz steps 
are available from the synthesizer in the analog transmitter. These 
samples can be attenuated from +3 dBmO to -64 dBmO in 1 dB steps 
before compression to 8-bit PCM words. This source is therefore both 
variable in frequency (not harmonically related to the 8 kHz sam- 
pling rate) and level, and is used for frequency response and level 
response measurements. Alternatively, test signals can be supplied as 
8-bit samples, synchronous with the sampling rate, directly from the 
processor. These include the CCITT I kHz digital sine wave as speci- 
fied in Recommendation (3.71 1 (commonly referred to as a “digital 
mW”) and a variable level 2kHz digital sine wave for decoder linear- 
ity checks. The processor also supplies test patterns for checking 
alarm, frame alignment, and multi-frame alignment circuits in the 
multiplex (3779A only). 

The digital transmitter and receiver in the PMA can be set for 
channel associated signalling where the signalling information for 
each channel is assigned via a multi-frame structure, or common 
channel signalling may be used. 

Single Channel Interface 
In order to perform A-D and D-A measurements on TDM switch- 

ing equipment, single channel PCM codecs and PCM codec integrat- 
ed circuits, a single channel digital interface is provided in the PMA 
at  TTL levels. This is arranged as an 8-bit serial or parallel signal, 
together with a synchronisation signal at an 8 kHz rate. A 2048 kb/s 
or 1544 kb/s clock is also provided. This interface enables simple 
external circuitry to be built for the specific application. 

Signalling 
The A-A measurement repertoire includes a measurement of “ E  

and “M” signalling distortion over a PCM or FDM transmission sys- 
tem. A variable frequency (5 Hz to 20 Hz), variable mark/period 
ratio square wave signal between gnd or battery and open circuit is 
provided on two “M” outputs separately from the voice analog out- 
put. The received signalling information on either of two “ E  inputs is 
analyzed for mark/period ratio distortion. 
Two-Wire Measurements 

Measurements on two-wire PCM voice channels can be performed 
with a single PMA connected as in Figure 1 using internal time slot 
translation on the digital signal. In the 3779.4, time slot “n” in the 
2048 kb/s signal is translated to time slot “(n+16)”. In the 3779B, 
time slot “n” in the 1544 kb/s signal is interchanged with time slot 
“(n+l)” for odd values of “n”. Thus, A-A two-wire measurements 
can be performed from one channel to its translated equivalent. 



Multi-Channel Operation 
For-A-A testing, the PMA can control a number of 3777A Channel 

Selectors in cascade to provide access to up to 256 voice channels. The 
PMA can be programmed to change the format of its analog inter- 
faces automatically as it scans the channels. 

For tests on a PCM multiplex terminal, analog signals can be 
applied to or accepted from up to 30 voice channels using a single 
3777A Channel Selector controlled by the PMA. Scanning at the 
digital time slot level is integral to the PMA. 

End-End Measurements 
Two further measurement modes in addition to the local A-A, A-D, 

and D-A modes are provided. These are “master-to-slave” (M-S) 
and “slave-to-master” (M+-S) measurements. Remote control of one 
PMA by another is possible using the built-in modem to transmit con- 
trol and result information over the voice channel under test. Thus, 
separate M-S and M-S measurements over a link can be controlled 
from one end of the link with all the results appearing at that end also. 
This capability is available for A-A measurements only and can be 
used to check out the analog performance of voice channels (PCM or 
FDM) automatically, including channel scanning using two PMA’s 
(see Figure 2), without recourse to external modems, common carrier 
interfaces, etc. 

Controller 
The processor, keyboard, and display together control the operation 

of the instrument. External control is also possible via the HP-IB in- 
terface. 

An HP microprocessor is used together with a large amount of 
memory. The processor is a 16-bit machine produced on the H P  sili- 
con-on sapphire (SOS) process. Read-only-memory (ROM) provides 
storage of the main measurement configuration and execution soft- 
ware plus “default” sets of measurement parameters (levels, frequen- 
cies, and mask limits) and self-test routines. Random-access-memory 
(RAM) is used for measurement programming and work-space. In 
addition, non-volatile-memory (NVM) is used for storing system, 
channel, and measurement parameters (including limit masks) and 
measurement sequences developed by an operator. The NVM is truly 
non-volatile magnetic core storage and can accommodate up to 68 
different measurements of average size. These can be arranged as 
four independent measurement sequences or as one long sequence. 

Programming and execution of the measurements are via keyboard 
control at a measurement level as opposed to a functional level (see 
Figure 3). Five mode keys select the measurement mode. Each of the 
seven most common measurements is selected by a key which brings 
up the “default” measurement parameters in the alpha-numeric CRT 
display. These parameters can be changed by the operator simply by 

Figure 3. Primary Multiplex Analyzer keyboard. 

manipulating the display cursor and numeric entry keys. The modi- 
fied set of parameters can then be run as a single measurement by 
pressing the RUN key, or stored in NVM for future use by pressing 
the INSERT key. This process can be repeated for other desired mea- 
surements such that a measurement sequence is built up. Less com- 
mon measurements are accessed via a “menu” OTHER MEAS key 
which brings up in the display a numbered list of measurements avail- 
able in that mode. 

Each measurement can be executed automatically. For example, a 
measurement of quantization distortion can be performed over a 
range of levels against the pre-programmed limits without manual 
intervention. The instrument can also automatically sequence 
through a programmed series of measurements and, dependent on 
whether the channel under test passes or fails, the instrument can 
halt, repeat, or branch to another part of the test sequence in addition 
to printing the result on an external printer. Entry of these “pass/fail” 
conditions is done during the programming phase using the editing 
keys (WAIT, REPEAT, GO-TO-N, PRINT). However, the WAIT, 
REPEAT, PRINT keys can be used as commands like RUN, STOP, 
SINGLE STEP to manually override the program during a “run”. 

The PROGRAM LOCK key allows locking of measurement 
sequences or the majority of the keyboard for program security sim- 
ply by entering a numeric code. 

The SELF TEST key allows access to built-in self-test routines 
which check the hardware and locate faults to a functional block or a 
circuit board. This includes self-calibration of filters, etc. 

HP-IB Control 
The PMA can control a number of 3777A Channel Selectors and a 

Printer. More complex instrument system configurations require an 
external controller. If the external controller has the capability of 
“passing control”, then the PMA can be programmed to control its 
own subsystem directly, without external controller intervention. 
Otherwise, the external controller can be used to extend the PMA’s 
capabilities as follows: 
a)  Different algorithms for setting up scanner configurations can be 

programmed in the external controller. 
b) Measurement results can be directed to a large external memory 

and processed further (eg. statistical analysis, graphical display). 
c) The measurements to be performed can be held in the back-up 

memory of the external controller (eg. cassettes or discs) and used 
as an external measurement sequence of virtually infinite length 
as a replacement for the internal sequencing capability of the 
PMA. 

d) A PMA internal sequence with associated system parameters can 
be held in the external controller memory and distributed to any 
other PMA’s. 

e) Remote control of the PMA becomes possible using HP-IB com- 
mands from the external controller. 

Specifications 
The standard 3779A/B provides analog-analog and end-end mea- 

surement capability. Analog-digital and digital-analog capabilities 
are optional. The measurements are summarized in Table 1. 

Options (3779A) Prices 
001: provides A-D and D-A hardware and software; 
digital interfaces are bipolar rectangular via 75Q unbal- 
anced BNC connectors. 
002: same as Opt 001 but with Siemens 1.6 mm con- 
nectors. 

add $2285 

add $2285 

Options (3779B) 
001: provides A-D and D-A hardware and software; 
digital interfaces are bipolar rectangular via lOOQ bal- 
anced WECO connectors. 

add $2285 

Ordering Information 
3779A Primary Multiplex Analyzer (CEPT) 
3779B Primary Multiplex Analyzer (Bell) 

$20530 
$20530 



TELECOMMUNICATIONS TEST EQUIPMENT 
HP-IB controlled Channel Selector 

Model 3777A 

DC t o  110 kHz 
2-wire/4-wire balanced switching 

Modular construction 
Up to 30 4-wire channels 

DC t o  110 kHz 
2-wire/4-wire balanced switching 

TELECOMMUNICATIONS TEST EQUIPMENT 
HP-IB controlled Channel Selector 

Model 3777A 

Modular construction 
Up to 30 4-wire channels 

Description 
The 3777A is an HP-IB controlled Channel Selector. It provides 

test point access for maintenance and production testing of PCM and 
FDM telecommunications systems. 

The instrument contains two identical banks of relays, termed 
‘Transmit’ and ‘Receive.’ Each bank comprises up to 30 balanced, bi- 
directional, two-pole changeover switches. The Transmit bank 
enables switching of a single source to any one of up to 30 outputs. In 
the Receive bank, any one of up to 30 inputs can be switched to a 
common output. To provide a quiet termination for telecommunica- 
tions equipment, all unselected channels are terminated in 600Q in 
series with 2.2 pF. 

The two switch banks are controlled independently via the HP-IB 
from the 3779A/B Primary Multiplex Analyzer, a computer or a pro- 
grammable calculator. For automatic test systems, the 3777A can 
scan, under external program control, through a number of channels 
in any desired sequence. 

Construction of the 3777A is modular, with the 30 channels in both 
Transmit and Receive banks arranged in 5 blocks, each block having 
6 Transmit and 6 Receive channels. 12 and 24 channel versions with 
only 2 or 4 blocks are available as options. 

Principal applications are in testing telecommunications equipment 
where the 3777A may be used to switch PCM primary multiplex 
channels, FDM voice channels or groups, and voice frequency tele- 
graph circuits, for measurements during production, installation, or 
maintenance. The high quality relays employed in the 3777A also 
make it suitable for many other general purpose applications requir- 
ing an HP-IB controlled channel selector. 

Specifications 
insertion loss: (0.05 dB at 110 kHz. 
Resistance of through path: (500 mQ each leg. 

Return loss of terminated pork >20 dB against 600Q (800 Hz to 
110 kHz). 
Crosstalk (isolation):3 100 dB (dc to 4 kHz). 

>80 dB (dc to 40 kHz). 
>70 dB (dc to 110 kHz). 

Changeover time: (20 ms (including bounce). 
DC isolation to ground: 130 V max. 
Max DC differential voltage: 60 V. 
AC proof voltage to ground: 184 V peak. 
Max AC differential proof voltage: 84 V pk. 
Max current capability 

DC (Through): 120 mA. 
AC (Terminated): 20 mA rms. 

Connectors: Siemens audio connectors for transmit I /P and receive 
O/P. A 37-way D-type connector is associated with each group of 6 
receive I/P’s and transmit O/P’s. 
General 
Weight: 7 kg (15.4 Ib). 
Size: 145 H X 425 W X 350 mm D (16.8” X 3.5” X 13.9”). 
Power supply: 100/120/220/240 V, +6 -13%; ac, 48 to 66 Hz; 
consumption 10 VA. 
Options Price 
001: 24 channels in transmit and receive banks. less $295 
WECO 310 connectors used for transmit I/P and 
receive O/P  
002: 12 channels in transmit and receive banks. 
Siemens audio connectors used for transmit I /P and 
receive O/P 
003: 12 channels in transmit and receive banks. 
WECO 310 connectors used for transmit I /P  and 
receive O/P. 

Model 3777A Channel Selector 

less $865 

less $865 

$40 15 



MUNICATIONS TEST EQUIP 
Mb/s PCWTDM error detection system: 

Models 3762A 81 3763A 

Crystal clocks and clock recovery 
Frequency offset facilities 
Burst mode operation 

Binary and interface codes 
Input equalization 
Error detection on PRBS + Zeros 

r 

3762A 

The 3762A Data Generator and 3763A Error Detector comprise a 
dedicated error rate measurement system for evaluating high-speed 
digital transmission equipment. Basically, there are two versions of 
the system available. One features CMI and binary data formats and 
is specifically intended for use in field commissioning and mainte- 
nance of digital radio (terrestrial microwave and TDMA satellite) 
systems. The other version, with CMI and ternary (HDB3 and 
B3ZS) data formats, is designed for digital multiplex and digital ca- 
ble systems. Although optical fiber systems are still undefined, the 
3762A and 3763A have sufficient built-in capability and flexibility to 
cover applications in this rapidly developing area of telecommunica- 
tions. 

The 3762A is a dual channel generator with the data on one chan- 
nel delayed relative to that of the other. The patterns available are 
2IO-1, 215-1, and 2*'-1 bit PRBS, two 10- or 16-bit programmable 
words, two 1010. . .repetitive patterns, and two 8-bit words alternat- 
ed by an external signal. The P5-l bit PRBS is as specified by 
CCITT. The 223-1 bit pattern conforms to the sequence currently 
proposed by many administrations for 140 Mb/s terrestrial systems 
and by Intelsat for TDMA satellite systems. The coded data outputs 
from the 3762A are at  standard levels and impedances for direct con- 
nection to the equipment under test. The binary interfaces have vari- 
able amplitude and offset to suit different logic families. Two internal 
crystal clocks are provided at standard PCM/TDM hierarchy rates, 
in the range 30 to 150 Mb/s. These can be offset by up to f 60 ppm 
from nominal. 

In the 3763A, the output from the system under test is compared 
bit-by-bit with an independent, error-free reference pattern. Synchro- 
nization can be under automatic, manual, or external control. Errors 
are displayed in BER (bit error rate) or COUNT formats. In BER 
mode, a reading is given after 10 or 100 errors are counted. In 
COUNT, the gating period can be selected internally, externally, or 
manually; using the interval timer, the gating period can be set from 1 
minute up to 24 hours. Clock recovery from interface coded data is 
provided at  the rates of the installed crystal clocks with equalization 
to compensate for up to 12 dB of loss in instation cabling between the 
system and the equipment under test. Also, frequency offset can be 
measured in the 3763A. 
For long term error measurements and more detailed studies of error 
distribution etc, error, printer, and recorder outputs are provided, to- 
gether with a time-of-day clock and an interval timer. With this, re- 
sults can be printed out at  the end of every gating period, or at  
selected intervals, together with the time of day. 

Blocks of zeros may be substituted into PRBS patterns to test 
scramblers/descramblers, clock recovery, and regenerator circuits. 
The position of the zero block within the sequence can be selected via 
a trigger word. Clock gating inputs allow burst mode gating control of 
pattern generation and error detection. In addition, a second gating 
input in the detector allows examination of the errors occurring in a 
window within the burst. 



Specifications 
3762A Data Generator 
Internal clock: two crystal clocks in the range 30 to 150 MHz; crys- 
tals fitted in standard unit are 139.264 and 141.040 MHz; offset con- 
tinuously variable up to & 60 ppm. 
External clock input: 1 kHz to 150 MHz; 75Q; 300 mV pk-pk sensi- 
tivity, with choice of input termination and trigger level. 
Burst aatina inout (rear oanelk disables clock for burst mode oDer- 

1 ,  

ation; Son; EcL levis. 
Clock output: CLOCK or CLOCK; 75Q; preset amplitude and off- 
set or fixed ECL levels. 
Patterns: 21° -1, 215 -1, and Y3 -1 PRBS; two 10- or 16-bit pro- 
grammable words; two 1010.. .repetitive patterns; two 8-bit words 
alternated by an external signal; PRBS patterns can be gated off for 1 
to 999 clock periods after trigger pulse (zero substitution); error add 
facilities. 
Alternating word control Input (rear panel): dc to 100 kHz; 250 
mV pk-pk sensitivity. 
Data output A: PRBS or WORD A; DATA or DATA, in CMI, 
N R Z  or RZ format; 753; preset amplitude and offset or fixed ECL 
levels. 

or single shot; manual start/stop or external (ECL) control; result 
displayed on LED’s as ABCD. 

Measurement gating input: gates error and clock inputs to error 
counter, providing a measurement “window”; 50Q; ECL levels. 
Frequency offset measurement: measures deviation of received 
bit rate from nominal rate; result displayed on LEDs as f BCD X 
1 o-6. 
Flags: gating; error; overflow; sync loss. 
24 hour clock: provides local time of result on printer output. 
Interval timer: controls gating period in COUNT and print rate 
when periodic printing of results is required. 
Printer output (rear panel): 8-4-2-1 BCD, IO-colums output of re- 
sult, plus local time, if required, and flags; TTL print command pulse. 
Recorder output (rear panel): constant current drive output of BER 
or COUNT result, with flags. 
Display output (rear panel): overflow digits of error count available; 
50Q; 1 V. 
Error output (rear panel): one transition per error; or one pulse per 
error below 75 Mb/s; 50% 1 V. 
Counter gate output: error counter gating period brought out to 
enable simultaneous gating of external counter; TTL levels. 

Data output B: PRBS delayed, or WORD B, in NRZ or R Z  format; 
other specifications as for Data output A. 
Trigger output: one pulse every sequence or word; variable in posi- 
tion, selected by word switches; two clock periods wide, but stretched 
in zero substitution mode; 50Q; 1 V. 
Auxiliary outputs (rear panel): clock and data (both A and B) out- 
puts in binary ECL levels. 

Genera, (3762A a 3763A) 
Size: 3762A: 133 H X 425 W X 440 mm D (5’4” X 163/,” X 175/,6”). 

Weight: 3762A: 12 kg (26.5 Ib). 3763A: 14 kg (31 Ib). 
Power supply: 1 15 V + 10%-22% or 230 V + 10%- 18%; ac, 48 to 
66 Hz; power consumption approx 12 VA, each. 

3763A: 178 H X 425 W X 440 mm D(7” X 163/” X 175/,,”). 

Options (3762A/3763A) 
3763A Error Detector 105: 75Q interfaces changed to 50Q. Frequen- Data input: CMI, NRZ, or R Z  formats; 750 DATA or DATA; 300 ties are 60.032 and 30.016 MHz. mV pk-pk sensitivity on binary inputs, with choice of termination and 20,: Data output not delayed: 
trigger level; 12 dB fixed equalization at 70 MHzon CMI inputs with HDB3/B3ZS/AMI; 75Q ~ v. Second data 

input (B) on 3763A; 75Q; HDB3/B3ZS/AMI; clock recovery. 
automatic equalization for up to 12 dB cable loss External clock: as 3762A. 
a t  ’/* bit rate relative to a f 1 V signal; clock re- Burst gating input: (rear panel): as 3762A. 
covery a t  installed crystal frequencies. Channel Clock output: monitor output; 50% ECL levels. 

Patterns: all the patterns of the 3762A, including zero substitution, 
quencies are 139.264 and 120.000 MHz. but excluding alternating words. 

Synchronization: automatic, manual, or external (ECL); sync loss 202: as for Option 201 except frequencies are 
139.264 and 34.368 MHz. > 10000 errors in 90000 bits; resync time typically t 8 0 0  bits. 
330: as for Option 201 except frequencies are Trigger output: as 3162A. 

Error measurements: closed loop bit-by-bit comparison a t  the 137.088 and 44.736 MHz, In addition, clock and 
binary data interfaces changed to 50Q. binary level with an independent, error-free local reference. 

BER: looks for 10 or 100 errors and takes reciprocal of clock 801: front cover. counter; result displayed on LED’s asX*Y X IO-” where n = 1 to 9, 
with automatic scaling. Ordering information 
COUNT: totalizes errors over a selected gating period; internal 3762A Data Generator 
period can be IO6, IO8, 10” clock periods or 1 min to 24 h, repetitive 3763A Error Detector 

be used simu,taneous,y with A. 

Prices 
-$70/-$70 

-$210/+$305 

-$250/+$260 

-$280/+$180 

+$38/+$48 

$8135 
$8480 



TELECOMMUNICATIONS TEST EQUIPMENT 
1 kb/s-50 Mb/s PCM/TDM error measuring set for field use 
Model 3780A 

Binary and code error measurements 
Internal crystal clocks and clock recovery 
Clock frequency offset generation and measurement 

Ternary coded and binary interfaces 
PRBS and WORD pattern generation and detection 
Printer and recorder outputs 

The 3780A Pattern Generator/Error Detector is a comprehensive 
error measuring set in one portable package. The instrument mea- 
sures Binary Errors and Code Errors in digital transmission equip- 
ment operating a t  bit rates between 1 kb/s and 50 Mb/s. Frequency 
offset generation and measurement are also provided a t  the standard 
bit rates used in PCM/TDM transmission. 

Binary errors are detected by stimulating the system with a test 
pattern and comparing the output bit-by-bit with a separate 
internally generated, error-free pattern. Code errors on interface or 
line coded information are detected during decoding into binary data. 
The errors can be counted over a chosen gating period and displayed 
directly as bit error rate (BER) or total error count (COUNT). 

Error measurements can be made with PRBS or WORD patterns 
and the receiver has automatic pattern recognition and synchroniza- 
tion. Zero add facilities allow investigation of regenerator clock re- 
covery performance. This capability can be extended by the optional 
addition of programmable word and alternating word generation. 

The clock frequency in the pattern generator can be offset and mea- 
sured in the receiver. The offset is displayed as a fraction of the nomi- 
nal crystal centre frequency. In addition, the offset of external clocks 
applied to the generator can be measured provided that the frequency 
is within 25 kHz of one of the installed crystal frequencies. 

BER or COUNT results can be displayed directly by LEDs on the 
front panel or monitored via a BCD printer and strip chart recorder. 
This makes the 3780A ideally suited for unattended long-term mea- 
surements. 

The 3780A has been designed principally for use in field trials, 
commissioning, and maintenance of digital transmission terminal and 
link equipment. It is particularly suited for testing digital multiplex, 
radio, and line systems but will also find application in development 
of more advanced systems such as optical fibre transmission and time 
division switching. 

Specifications 
Measurements 
Binary errors: closed loop bit-by-bit detection on any pattern pro- 
duced by generator, excluding added zeros or alternating words. 
Code errors: violations of coding rule detected on any pattern with 
AMI, HDB3, or HDB2 coding (optionally AMI, B6ZS, or B3ZS). 
Frequency offset: measurement of fractional offset of generator 
clock output from installed crystal rates. 

Options 
Word/connector options 
001: all words replaced by a 16-bit front panel pro- 
grammable word 
002: Siemens 1.6 mm connectors 
003: combination of 001 and 002 

Frequency offset option 
099: frequency offset capability-measurement only, 
generation facility deleted 

Frequency/codec options 
Std: internal clock frequencies of 2048,8448, and 1536 
kHz; HDB3/HDB2 codec. 
100: internal clock frequencies of 2048, 8448, and 
34368 kHz; HDB3/HDB2 codec. 
101: internal clock frequencies of 1544, 6312, and 
44736 kHz; B6ZS/B3ZS codec. 
102: internal clock frequencies of 1544, 6312, and 
3152 kHz; B6ZS/B3ZS codec. 

3780A Pattern Generator/Error Detector 

Price 

add $255 

add $65 
add $3 15 

less $430 

N / C  

N/C 

N / C  

$7565 



TELECOMMUNICATIONS TEST EQUIPMENT 
PCM Accessories 

Models 15507A, 155088, 15509A 

General 
In some applications, measurements with the 3762A/63A/80A re- 

quire modified digital interfaces. A range of accessories for these 
PCM instruments has been designed, therefore, to facilitate connec- 
tion to the transmission equipment under test. 

Bit Rate: 1 kb, 
Insertion Losr 
Return Loss: 
Longitudinal 1 

15507A Isolator 
The 15507A Isolator is a passive unit which provides isolation from 

longitudinal voltages appearing on connections to digital transmission 
equipment. This is useful when the ground potential of the test equip- 
ment is different from that of the transmission equipment. 

Specifications 
f s  to 150 Mb/s. 
3: (1.5 dB, from 0.1 to 150 MHz. 
>20 dB against 75 52, from 0.5 to 150 MHz. 
Wenuation: >40 dB at 50 Hz. 

>35 dB at 100 Hz. 
>20 dB at 1 kHz. 

Connectors: 75 52 BNC. 
Case Size: 22 D x 86 mm L (0.88” x 3.38”). 

15508B Converter 
The 15508B Converter is a 1 to 20 MHz balanced interface provid- 

ing 75 52 unbalanced/ 110 Q balanced impedance conversion. It has 
been designed as a passive converter for use in applications where the 
interface to the digital equipment requires a balanced bipolar signal. 

Specifications 
Bit Rate: 1 to 20 Mb/s. 
Frequency Range: -3 dB from 6 kHz to 100 MHz. 
Turns Ratio (75 fl/llO 52): 1/1.2, nominal. 
Connectors: 75 52 UNBAL-BNC. 

Case Size: 22 D x 86 mm L (0.88” x 3.38”). 
110 52 BAL-accepts WECO 310 Jack Plug. 

15509A Amplifier 
The 15509A Amplifier provides sufficient gain on a digital signal 

appearing at  a standard digital equipment monitor point to trigger 
!A error detector input. It can be used with the 
for example, a traffic signal for code violations. 

19A is supplied from the front panel of the 3780A 

‘0 Mb/s. 
.t 0.1 MHz. 
.t 45 MHz. 
.t 75 MHz. 
~ 75 a, typically; return loss >20 dB,1 to 70 MHz, 
1 MHz. 
Ipedance: 75 52. 
put: ac, 3 V peak; dc, k 20 V. 
: Applied to Output: k 10 V. 
15 V, 0 V, -12.6 V; consumption 1 VA. 
: 163 mm L (0.75” x 6.4”). 

Ordering Information 
15507A Isolator 
15508B Converter 
15509A Amplifier 

Price 
$145 
$155 
$220 



TELECOMMUNICATIONS TEST EQUIPMENT 
General Information: Data and Voice Testing 

Data and Voice Testing 
There are a wide variety of tests which can 

be made on a data communications system. 
Depending on the point in the system a t  
which the tests are made, quite different phi- 
losophies and techniques apply. These group 
conveniently into three areas; data domain, 
time domain and frequency domain (Fig. 1) Data 
domain tests are concerned with protocol and 
flow of data characters within the data com- 

DATA 

change with time. Intermittent problems are 
very difficult and time consuming to trouble- 
shoot in any system. The size and complexity 
of a data communication system aggravates 
the problems. 

Even private leased lines are in a constant 
state of flux. When a trunk goes down for 
testing or repair, a new trunk will be patched 
in with different parameters. This constant 
change requires more frequent testing. 

TIME FREQUENCY 

I DATA TERMINAL 
DATA (-1 EQU:RMENT 

SOURCE 
FRONT END 

4 I PROCESSOR 

I -  

HP 1640 A 

HP 3551 A 
HP4940A- 
HP4943A 
HP4944A 

MODEM 

lip3770 A/B+ 
HP3771 A/B+ 
HP 3552A --t 

-HP1600A/ 10254A HP1645A6 
Figure 1. The three domains of data communication instrumentation. 

munication systems. Time domain includes 
common digital tests such as bit error rate. 
Frequency domain tests describe the analog 
transmission line, for example, loss and noise. 

Data communications troubleshooting in- 
volves some unique testing problems that are 
different from the testing done on traditional 
equipment. The individual tests and param- 
eters are simple because of the low band- 
widths (about 3 kHz) and modest signal-to- 
noise ratios (about 24 dB). The difficulty 
comes from the complex interrelationships of 
these simple parameters. For example, how 
does envelope delay distortion of the line 
(Figure 2) affect the digital error rate of a 
modem (Figure 3), and how does that affect 
the throughput of the computing system? 
The mathematical relationship between 
these simple parameters is very difficult to 
understand for terrestrial data links. Gener- 
ally, specific limits for each parameter are 
tariffed for different classes of channel 
service. 

Data communication systems require ex- 
tensive handshaking between machines and 
across the different domains. Handshake 
problems are difficult to locate because they 
are transient and because each machine 
alone usually will test good. It is very diffi- 
cult to isolate the handshake problem to one 
interface. 

The geographic size and multitude of sub- 
systems in a telecommunication system make 
it vulnerable to intermittent and transient 
impairments as well as degradation and 

Data Domain 
A new serial analyzer, the H P  1640A, cap- 

tures and displays the serial data at the RS 
232C (V24) interface. Data is displayed in 
binary form using hexadecimal notation, or 
in the actual high level code being transmit- 
ted, such as ASCII or EBCDIC. In addition, 
the analyzer makes time interval measure- 
ments between events occuring at the inter- 
face. The 1640A can trap on invalid 
character sequences, time interval violations, 
or data error, enabling the user to identify 
problems quickly when troubleshooting a 
computer communications network. 

The 1640A is also capable of simulating a 
computer, terminal, or the digital side of a 
modem by generating specific messages and 
interface handshake signals-capability useful 
not only during network troubleshooting but 
also for developing and debugging systems 
software during systems integration and in- 
stallation phases. 

The H P  1600s Logic State Analyzer, 
when combined with the 10254A Serial-To- 
Parallel Converter, extends HP‘s data analy- 
sis capability to the parallel busses within the 
CPU or terminal. Comparative analysis can 
be made across 1/0 interfaces to verify per- 
formance of serial formatters for terminals 
and disc drives. The 1600S/10254A system 
operates to 10 MHz and displays data in its 
natural binary format. Its application is in- 
tended primarily for synchronous interfaces 
or asynchronous interfaces where a bit clock 
is available. 

Digital Measurements-Time 
Domain 

Data Error Analyzers are used to monitor 
the quality of both the modem and transmis- 
sion facility. They provide more information 
about the modem and transmission line than 
Logic State Analyzers, but no information 
about the Data Terminal Equipment which 
they replace. 

The overall quality of the link is indicated 
by its Bit Error Rate. A good link will have 
an error rate better than 1 x errors per 
bit. This measurement will include the effect 
of both transmission line impairments and 
the modem’s ability to overcome them. Mo- 
dems vary widely in their sensitivity to line 
impairments. Low speed (less than 300 bps) 
and adaptively equalized modems are less 
sensitive than high speed (more than 4800 
bps) and nonadaptively equalized modems. 

Since data communications systems trans- 
mit data and control errors in blocks, these 
instruments also measure Block Error Rate. 
Bit Error Rate and Block Error Rate can be 
used together to examine the statistics of the 
error mechanism. If the Bit Error Rate and 
Block Error Rate are both high, the impair- 
ment is random and probably due to noise. If 
the Bit Error Rate is high but the Block 
Error Rate is low, the impairment is more 
sporadic. This happens when lines are 
switched, sync is temporarily lost or impulse 
noise is too high. 

Error rates are qualitative checks of the 
data communication system which can be 
made in a few minutes. If the system is bad, 
diagnostic measurements are provided to 
help isolate the problem. Dropouts, clock 
slips, error skew, jitter and total peak distor- 
tion indicate some of the problems that can 
occur on a link. These measurements are 
made simultaneously with the error rate 
measurements and can be printed out in 
automatic, unattended mode if desired. 

Catastrophic failures can usually be found 
with self tests and loop back switches built 
into the Data Terminal Equipment and Mo- 
dem. A Transmission Test Set can find cata- 
strophic failures of the transmission line. 
Logic Analyzers and Data Error Analyzers 
can find catastrophic failures that are not 
illuminated by internal self tests. 

Degradations of the modem or transmis- 
sion line are more difficult to find and re- 
quire more extensive test equipment. The 
most common degradation is an excessive 
error rate due to line impairments or a faulty 
modem. 

The transmission line will have a set of 
steady state impairments (e.g., amplitude 
distortion, envelope delay distortion, non-lin- 
ear distortion, and frequency offset which 
smear the modem’s symbols and make them 
harder to separate in the modem receiver). 
The line will also have random impairments 
(e.g., message circuit noise, impulse noise, 
phase jitter, phase and gain hits which can 
temporarily push the symbols into the wrong 
slot, causing a digital error). 
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domain 

Transmission Line Analyzers and Trans- 
mission Impairment Measuring Sets 
(TIMS) are used to measure the transmis- 
sion distortion parameters that cause the mo- 
dems to have a high bit error rate. These 
distortion parameters fall into two main 
types: steady-state and transient. These 
transmission parameter measurements are 
made on the telephone plant facilities. Be- 
cause they are frequency domain measure- 
ments, they do not provide information about 
the data or time domain. In most cases, these 
transmission parameter measurements con- 
form to CCITT or Bell standards . . . both in 
their results and in the methods used. 

Typically, a telephone line is conditioned 
for a given data rate, thereby limiting the dis- 
tortion allowed. The total line capability can 
be assessed if three line characteristics are 
established: 
(a) effective channel bandwidth as given by 

the attenuation and delay distortion 
(b) net-circuit loss 
(c) noise 

The attenuation and delay distortions im- 
pose an upper limit to data transmission 
speed and reduce the noise margin to errors 
generated. The net circuit loss and noise af- 
fect the signal-to-noise margin. Noise in- 
cludes both steady-state background noise 
and transient noise which includes impulse 
noise, gain and phase hits and drop-outs. 

Measurements 
There is a major difference in testing above 

and below 2000 bps. Below 2000 bps, mo- 
dems are asynchronous and usually 
frequency shift keyed (FSK). These modems 
are not as sensitive to line impairments and 
can be maintained most of the time with sim- 
ple test equipment like H P  3551A and 
3555B. The digital measurements all can be 
made by the H P  16453 which is capable of 
either asynchronous or synchronous testing. 

Data rates higher than 2000 bps are ac- 
complished by transmitting more bits per 
symbol. This requires a synchronous modem 
of more sophisticated design. These modems, 
especially a t  7200 and 9600 bps, are sensitive 
to channel impairments. Bell modems usual- 
ly are phase shift keying (PSK) or quadra- 
ture amplitude modulation (QAM). Also 
used are pulse amplitude modulation (PAM) 
and AM single sideband (SSB) modems. 

Only the Logic State Analyzers are capa- 
ble of on-line testing with data traffic. The 
Data Error Analyzers and Transmission Test 
Sets generally require that the line be taken 
out of service and tested at each end with a 
compatible test set. These test sets require a 
known stimulus for all measurements except 
signal level and message circuit noise. 

The majority of data networks are duplex 
(two way) because of the necessity for error 
control schemes that require a reply (ACK or 

MODEM 
TYPE 

ASYNC 
< 2000 bpr 

SYNC 
> 2000 bpr 

DDS 
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this, the testing must be done near to far and 
far to near to verify that both directions of 
the line are working. 

There usually must be an identical or 
equivalent test set on each end of the line 
(4940/4940 or 1645/1645) and a technician 
to operate the set in each direction. The 
4942A and 3770B use a microprocessor to 
achieve master-slave operation so that only 
one technician is required. 

Sometimes lines can be looped around at 
the far end to eliminate the extra technician 
and test set. In the laboratory, this is always 
true for half duplex testing of experimental 
equipment. In the field, however, the loop 
around causes twice the length of line to be 
tested, so the parameters are relative. . .not 
absolute, and not tariffed. Some modems are 
capable of gain restoration in loop around to 
avoid an unrealistic extra 16 dB loss. Digital 
loop around can be accomr 
minal interface or in softwt 

The 4940A is capable of 
tariffed impairments in the 
measures in one combined unit all of the 
maintenance parameters laid down in 
CCITT recommendation M. 1060, P53A, 
and V55. The 1645A is capable of synchro- 
nous measurements according to both Bell 
and CCITT specifications. There is some 
overlapping of the frequency domain mea- 
surements. A 3551A might be used to make 
simple measurements on a synchronous cir- 
cuit and a 4940A might be used to investi- 
gate difficult problems on a low speed 
asynchronous circuit. 

The choice between digital and frequency 
measurements depends on the application. A 
telephone company may not have access to or 
responsibility for the digital side of the mo- 
dem, so frequency measurements would be 
best. A data communication end-user inter- 
ested in go/no-go testing can make them fas- 
test with a digital measurement of bit error 
rate or data characters. Since malfunctions 
know no boundaries, it is important that the 
test equipment fit the problem. 

TIME DATA FREQUENCY 
us CCITT 

3551A I -! -- I - 
4943A 
49448 
37718 - 

r 

300 IWO 3W0 HZ 

Figure 2. Advanced test sets like the 
4940A, 4942A, and 3770AlB can measure 
envelope delay distortion. 

BER 

dished a t  theter- 
ire in the DTE. 
measuring all the 
U S .  The 3770B . . .. _ .  

Figure 3. This classical performance 
characteristic of a modem shows where 
three types of equipment can contribute. 
Data error analyzers, like the 1645A, can 
measure bit-error-rate (BER) in the time 
domain. Simple transmission test sets, like 
the 3551A, can measure signal-to-noise 
ratio in the frequency domain. Advanced 
test sets like the 3770AIB. 4940A, and 
4942A can measure important envelope 
delay distortion (EDD). Further the 4940A 
measures non-linear distortion (NLD). 

Figure 4. Where to use the various HP instruments in a data communication system. 



TELECOMMUNICATIONS TEST EQUIPMENT 
Six simultaneous, automatic data measurements 
Models 1645A & 10235A 

1645A 

Direct reading, autoranged indications are displayed on an LED 
readout. Handshake signals conforming to CCITT convention are in- 
cluded for operation through any modern system. 

1645A Description 
Hewlett-Packard’s Model 1645A Data Error Analyzer quickly iso- 

lates data communications link problems through six simultaneous 
measurements. During tests, the 1645A can be left totally unattended 
because it automatically maintains synchronization even in the pres- 
ence of dropouts. And for added convenience, the 1645A can be 
equipped with a printer for hard-copy, permanent recordings of long 
tests. 

Bit-error and block-error rate tests are autoranged and displayed 
directly on an LED readout, there is no need to perform any calcula- 
tion. Additionally, the 1645A measures jitter or total peak distortion 
(the sum effect of jitter and bias), counts the number of times carrier 
loss or dropouts occur, measures data-error skew and counts the num- 
ber of clock slips resulting from phase hits on the link or modem sync 
problems. 

With all these measurements made during the same test interval, 
you’ll know precisely what is causing your problems in modems, data 
channels, complete communications systems. 

10235A Interface cover 
The 10235A Interface Cover is designed for troubleshooting prob- 

lems on the RS-232C interface bus. The most common problems such 
as wrong voltages and excessive turnaround times, which most com- 
monly occur during installation, are easily pinpointed with the mea- 
surement capability of the interface cover. 

Measurements include time interval, voltage measurements, audio 
monitoring, data set control signal monitoring, and the ability to send 
control signals to the data sets. This measurement capability can be 
easily patched through the 25 X 25 pin matrix to every pin of the 
RS232C interface for complete testing. 

The programmable matrix has the 25 pins of the RS-232C inter- 
face (modem and business machine) connected to the columns along 
with most of the RS-232C conductors from the 1645A to the modem. 
Several important signals, send data, receive data, transmit clock and 
receive clock, are separated and applied to the matrix rows for man- 
ual manipulation by the technician. 

The most important row outputs are TP1 and TP2 which are con- 
nected to the time interval circuits for measuring the inteval between 
signals occurring on two different leads in the matrix. The interval 
timer measures the time while a visual indication of which lead 
changed state first is supplied by LEDs  connected to TPI and TP2. 
This permits accurate timing measurements of important signals such 
as turnaround time between Request to Send and Clear to Send re- 
sponses. Test points 1 and 2 may also be monitored with the built-in 
loudspeaker. For maximum flexibility the voltmeter can be connected 
through jumper leads to TPI, TP2, or TP3 of the matrix to any of the 
25 input leads. The external inputs also allow external voltage mea- 
surements such as telephone line signal levels. 

Control information can also be exchanged between the 10235A 
and the data set by using any of the eight data set control switches. In 
addition control signals from the data set can be monitored through 
the matrix on the eight control signal indicators. 

Interfaces 
For versatility in design and troubleshooting, both CCITT V24 

(RS-232C) levels and TTL levels are available in the 1645A. TTL 
levels are through front panel BNC connectors. Interfacing with stan- 
dard RS-232C systems is through a rear panel 25 pin connector. The 
system interface, including connector, is contained on one circuit card 
which is easily replaced for other interfaces. The Model 10388A in- 
terface card and cable is for modems conforming to CCITT V35 
(W.E. Type 306) high speed modems.The Model 10387A interface is 
for type 303 wideband modems. Interfacing with modems con- 
forming to MIL-188C standards is available with Model 18062A. A 
breakout box, Model 10389A for RS-232C systems, is available as a 
convenient method of opening interconnecting lines. Test points on 
each side of the switch permits monitoring of signal levels, or with 
jumper leads offer a convenient method of matching different system 
installations. 

For communications companies that need to test both low and high 
speed systems the 16458 offers a complete data transmission test set. 
The test set includes a 1645A Data Error Analyzer with RS-232C 
interface; 10235A Interface Cover; CCITT V 35 and Type 303 inter- 
face with matching cables; Model 10389A RS-232C breakout box 
with cable; and two accessory pouches. The 1645A in this system in- 
corporates a wider phase lock loop capture range which allows receiv- 
er lock-on to PRBS signals of other units that do not have crystal 
controlled transmitters for end-to-end testing. The 16458 includes 
two diode and two resistor pins for the 10235A matrix. This complete 
test system offers eight basic data communication measurements plus 
audio which is capable of detecting malfunctions ranging from 
crossed wires to intersymbol interference in a wide range of data com- 
munications systems. 
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10235A 

1645A Specifications 
Bit rate 
internal 

Transmitter bits per second: selectable 75, 150, 200, 300, 600, 
1200, 1800,2400, 3600,4800,7200,9600. 
Crystal frequency: 5.75 MHz &0.03%, <0.01% jitter. 
Receiver with bit synchornizer: same as internal transmitter. 

External: transmitter and receiver, to 5 MHz. 

Data outputsAnputs 
Front panel 

Input: data input required TTL levels; max input 5.5 V. 
Outputs: receiver sync, transmitter sync, and event at TTL levels; 
data output is >2 V into 50 ohms; jitter/total peak is 1 V p-p for 
each 10% of p-p distortion from waveform causing distortion. 

Inputs: backward channel data, external transmitter and receiver 
clock require TTL levels; max input 5.5 V. 
Outputs: bits lost a t  TTL levels; internal transmitter clock is >2  V 
into 50 ohms. 

Multipin connectors: 25 pin female connector for interfacing with 
standard RS-232C communications systems. 36 pin female printer 
output at TTL levels in BCD 8421 code. 

General 
Power: 11 5 or 230 V ac, 48 to 440 Hz, 150 VA max. 
Operating environment: temperature, 0 to +55"C (+32"F to 
+130"F); humidity, to 95% relative humidity at +40°C (+104"F); 
altitude, to 4600 m (1 5 000 ft); vibration, vibrated in three planes for 
15 min. each with 0.254 mm (0.010 in.) excursion, 10 to 55 Hz. 
Dimensions: 133 H x 425 W x 286 mm D (5%" x 16%" x 11%"). 
Weight: net, 8.2 kg (18 Ib). Shipping, 10.9 kg (24 Ib). 
Accessories supplied: one 3 m (10 ft) RS-232C interconnecting 
cable to connect the 1645A to the modem, connects to 10235A when 
used in the 16458 configuration (HP P / N  01645/61605), one 2.3 m 
(7.5 ft) 3 wire power cord (HP P/N 8120-1378); one Operating and 
Service Manual. 

Rear panel 

1645A Indicators and controls 
Indicators 
Out of lock; received data inverted; bit error; carrier loss; clock slip; 
block error; data set ready (DSR); clear to send (CTS); loss of data; 
test on. 
Selector switches 
Clock; pattern; d a t a / m ;  exponent range; single/cycle (printer); 
DTR/RTS/backward channel; start/stop; off/look; off/xmit errors; 
off/filter; event, bit error, carrier loss, clock slip, block error, skew, 
jitter/total peak. 

10235A Specifications 
Time interval 
Range: 999 ms full scale. 
Resolution: 1 ms. 
Accuracy: ? 2% of measured interval k 1 count. 
Start-Stop: TPI & TP2 input, LED indicates event start at TPI or 
TP2. 

Trigger slope: positive edge. 
Trigger amplitude: ? 3 V. 
Input resistance: approx. 4 kQ. 

D C  digital voltmeter 
Ranges: 19.99 V, 199.9 V full scale. 
Accuracy: Ifr 1% of reading, ? 1 count. 
Digital units: 3% digits. 
Input resistance: 1 MQ. 
Overload protection: to 1000 V. 

General 
Interface connectors: three 25 pin female connectors for connect- 
ing the 10235A to the 1645A, modem, and business machine. Inter- 
face conforms to RS-232C standard. 
Power requirements: +15 V to 25 V and -15 V to -25 V supplied 
by the 1645A. 
Dimensions: 132 H x 399 W X 48 mm D (5.2" X 15.7" X 1.9"). 
Weight: net, 1.8 kg (4 Ib). Shipping, 3.2 kg (7 Ib). 
Accessories supplied: one 46 cm (1 8") RS-232C interconnecting 
cable conects 10235A to 1645A (HP P/N 10235-61606); one acces- 
sory pouch, attaches to side of 1645A (HP P/N 1540-0385); one Op- 
erating Note. 

Indicator and control functions 
Indicators: eight light emitting diodes (LED) provide logic H I  or LO 
indications for corresponding patch pins in the programming matrix, 
+3 V lights LED. 
Audio: built-in loudspeaker and volume control. 
Control switches: eight switches supply control signals through the 
program matrix to business machine/modem connectors. O N  is +5 
V, OFF is -5 V. 
Interfaces Price 
Model 10387A for Type 303 modems (with cable) $390 
Model 10388A for CCITT V35 (with cable) $290 
Model 10389A Breakout Box (RS-232C)(with cable) $165 
Model 18062A MIL-STD-188C Interface $190 

Accessories 
Printer interconnecting cable: Model 10233A cable 
connects the 1645A to H P  Model 5055A or 5150A 
printers; 36 pin male connector on one end and 50 pin 
male connector on the other 
Front panel cover: protects 1645A front panel during 
transit and provides convenient carrying handle (HP 
P/N 5060-8767). This cover is not needed when a 
10235A Interface Cover is ordered with a 1645A, or 
with a 16458 Data Transmission Test Set. 

Ordering information 
1645A Data Error Analyzer $2500 

Opt 908: includes rack mounting kit add $10 
Opt 910 additional set of manuals add $15.50 

10235A Interface Cover $ 1000 
1645s Data Communications Test Set* $4500 

Opt 910 additional set of manuals add $25 

$50 

$80 

'Includes 10387A. I O W A  10389A. and interconnecting cablea. 



TELECOMMUNICATIONS TEST EQUIPMENT 
Amplitude/delay distortion analyzer; Telephone line analyzer 
Models 3770A, 3770B 

3770A 8 37708 
Delay a n d  Attenuation Distortion measurements 
Compatible  with CCITT Recommendat ion 0.81 
Rugged,  portable ,  a n d  really e a s y  t o  use 

3770A 

Description 
The HP 3770A and 3770B are designed for audio data line charac- 

terization to CCITT standards. The 3770A measures the basic 
parameters affecting data lines. The 3770B makes, in one combined 
unit, all of the routine maintenance measurements listed in CCITT 
Recommendation M.1060 for high speed data lines. This includes the 
measurements performed by the 3770A. 

The 3770A measures group delay, attenuation distortion, and abso- 
lute level in the frequency range 200 Hz to 20 kHz. It has automatic 
ranging, zeroing, and synchronization, with simultaneous LED read- 
out of measurement result and frequency. The sender and receiver are 
combined in a single, rugged, portable unit. 

The 3770B, in addition, measures weighted noise, noise-with-tone, 
and impulse noise. Further, an optional slave facility for group delay 
and attenuation distortion measurements allows the measurement 
results for both directions of transmission on a 4-wire circuit to be 
displayed at one end of the circuit. Also, the measurements in both 
directions can be controlled from one end of the circuit, leaving the 
slave unit unattended. 

The 3770A and 3770B both have X-Y recorder outputs to enable a 
permanent swept record of the measurements to be made. A suitable 
portable X-Y recorder can be supplied as an option. Pre-printed 
graph paper showing CCITT limits for group delay and attenuation 
distortion measurements can also be supplied. 

Both instruments also have a built-in telephone facility to allow 
voice communication in a 2- or 4-wire mode over the line or lines 
under test. An integral loudspeaker allows the operator to monitor 
either the receiver input or sender output. 

Measurement principles 
For group delay and attenuation distortion measurements, the 

operation of the 3770A and 3770B is compatible with CCITT Rec- 
ommendation 0.81. With this method, the sender generates a carrier 
signal which switches between the reference and measuring frequen- 
cies at a rate of 4.166 Hz. The composite signal is amplitude modul- 
ated by a 41.66 Hz sinewave and transmitted through the channel to 
be analyzed. The relative group delay of the channel a t  the two fre- 
quencies is measured by comparing the delay of the envelope recov- 
ered during the measuring period with that recovered during the 
reference period. The relative attenuation measurement is made by 
comparing the amplitude of the two envelopes. 

The receiver can measure the absolute level of either the measuring 
or reference carrier within the range -50 to +10 dBm. As the sender 

3 7 7 0 B  only 
Makes  all t h e  maintenance m e a s u r e m e n t s  listed in 

Optional slaving facilities 
CCITT Recommendat ion M.1060 

37708 

output is calibrated in dBm, this measurement allows the absolute 
loss of the transmission path to be calculated. In addition to normal 
operation, absolute level measurements can be made using a pure 
tone. 
4 1fiHz I I I 

Reference Carrier 

I41.6Hz Modulation 166Hz Mddulation I 
TRANSMITTER O/P SIGNAL 

Background noise can be measured in two ways with the 3770B: 
weighted noise measurements, and weighted noise-with-tone meas- 
urements. Weighted noise measurements are made in accordance 
with CCITT Recommendation P.53A. The input is applied to a pso- 
phometric (or telephone) weighting filter and then the power is meas- 
ured using a true rms detector. The filter simulates the combined 
characteristics of a telephone handset and a human ear, and is used to 
make the noise reading correspond to the subjective effect of the noise 
on the human ear. Also available with the 3770B is a 3 kHz flat filter 
which gives the noise power in the channel without psophometric 
weighting. In the weighted noise-with-tone mode, the 3770B mea- 
sures the background noise while a 1004 Hz tone is applied to the 
channel. This is particularly important with, for example, PCM chan- 
nels where the noise measurement would be inaccurate unless the 
channel is loaded. At the receiver, the 1004 Hz tone is filtered out 
before the noise power is measured. 

The impulse noise measurement is compatible with CCITT Recom- 
mendation V.55. Impulse noise can be caused by switching, lightning, 
etc., and is characterized by large spikes exceeding the normal back- 
ground noise level. It is measured by counting the number of spikes 
which exceed a given threshold level. In the 3770B. the threshold level 
is adjustable in 1 dB steps over the range 0 to -49 dB, where 0 dB 
corresponds to 1.1 V (the peak voltage of a 0 dBm sinewave into 600R 
is 1.1 V). Pulses exceeding the threshold and of greater than 5 0 ~ s  
duration are counted; pulses of less than 20 ps duration are not. Also, 
there is a dead time of approximately 125 ms during which further 
impulses are not counted. 

The specifications which follow apply to both the 3770A and 
3770B. unless otherwise stated. 



Specifications 
Sender 
Reference carrier: 0.4 to 19.9 kHz in 100 Hz steps. 
Measuring carrier: 0.20 to 20.00 kHz in 10 Hz steps. 
Modulation envelope frequency: 41.66 Hz. (Mod. Index 0.4 
? 0.05). 
Identification-burst frequency: 166 Hz* (Mod. Index 0.2 f 0.05). 
Carrier changeover frequency: 4.166 Hz.* 
Accuracy of above frequencies: +0.1%. 
' Locked lo  envelope frequency 
Measuring frequency sweep rates: 10, 20, 40, 80, 160 Hz/s, 
nominal. 
Measuring frequency sweep Ilmlts: settable in range 0.2 to 19.9 
kHz (100 Hz steps). Accuracy as for measurement frequency. 
Carrier level: 0 to -49 dBm in 1 dB steps. 
Carrier harmonic distortion: (1% (40 dB) total. 

Receiver 
Operating level range: (-50 dBm to > + l o  dBm. 
Frequency measurement accuracy: 0.1% (with sender other than 
3770A/B: 0.1% k 5  Hz). 
Recorder 
X-axis output: 0 to +5 V for 0 to 20 kHz or 0 to 5 kHz. 
Y-axis output: f 5 V for f FS of the recorder range selected: avail- 
able for group delay, attenuation distortion, noise and noise-with-tone 
measurements. 
Output/input circuits 
Impedance: 600Q balanced. 
Return loss: >40 dB. 
Degree of balance: >50 dB. (Receiver 200 Hz to 6 kHz: >60dB). 
Maximum operating common mode voltage: (having regard to 
balance): 10 V ac rms, 100 V dc. 
Maximum safe common mode voltage: 150 V ac rms, 50 Hz to 20 
kHz, or 100 V dc. 

Combined sender and receiver 
Frequency range: 0.2 to 20 kHz. 
Group delay distortion 

Delay range: 0 to f 10 ms. 
Inherent group delay error of sender (rms): 0.2 to 0.4 kHz, 4 
ps; 0.4 to 0.6 kHz, (2 ps; 0.6 to 20 kHz, (1 w. 
Receiver measuring accuracy (rms): (5OC to 40°C) 0.2 to 0.4 
kHz, < 15ps ? 1% of reading; 0.4 to 0.6 kHz, t 8 p s  k 1% of read- 
ing; 0.6 to 20 kHz, ( 5  ps f 1% of reading. For 0°C to 50°C, * 1% 
of reading becomes f 2%. For additional group delay specifications, 
see Data Sheet. 

Receiver 
Maxinnnn Error of 
Attenuation in the 

range 0 to +40 dB 
5 t 0 4 0 " C  I 0 to 50°C 

Receive level Range within which 
both Measuement and Reference 

carriir levels are contained 

SMldU 
Max. 
Error 

+ 5 to -5 dBm + 5 to -20 dBm 
+10 to -30 dBm 
+10 to -40 dBm 
+10 to -50 dBm 

0.15 dB f 1% 0.15 dB f 1% 0.1 dB 
0.15 dB f 1% 0.15 dB zk 1.5% 0.1 dB 
0.2 dB f 1% 0.2 dB f 2% 0.1 dB 
0.2 dB f 1.5% 0.3 dB f 2.5% 0.1 dB 
0.6 dB zk 2.5% 0.7 dB f 3% 0.1 dB 

facilities 

Noise 
Slaving 
+10 dBm output 
Tone blanking 

Level measurements can also be made with modulation and change- 
over. 
Weighted noise (3770B only) 

Measurement range: 0 to -85 dBm. 
Detector type: true rms. 
Weighting filters: CCITT telephone, and 3 kHz flat. 
Method: compatible with CCITT Recommendation P.53A. 

STD 001 002 003 004 005 006 007 008 009 '010 011 - . . e .  . .  . . . . . .  . .  e .  . .  e .  e .  

e . . .  

Noise-wlth-tone (37708 only) as for weighted noise. exceDt: 

+10 to -20 dBm 
-20 to -30 dBm 
-30 to -40 dBm 
-40 to -50 dBm 

Measurement range: 0 to 1 8 0  dBm. 
Tone frequency: 1004 Hz. 

Impulse noise (37708 only) 
Threshold: single level, adjustable in 1 dB steps from 0 to -49 dB 
(0 dB is equivalent to 1.lV). 
Deadtime: 125 f 2 5  ms. 
Method: compatible with CCITT Recommendation V.55. 

Modes: remote control, and remote retransmission. Slaving applies 
to group delay and attenuation distortion measurements only. 
Remote control: the master unit controls the measurement and 
reference frequencies of the slave unit. 
Remote retransmission: the slave returns the group delay and 
attenuation distortion information to the master for display and 
recording. 

- 

Slave facility (optional-3770B only) 

General 
Size: 200 H x 330 W x 560 mm D (794," x 13" x 22"). 
Weight: 3770A, 12 kg (26.5 Ib); 3770B, 14 kg (30.9 lb). 
Temperature ranges: operating: 0°C to 50°C, unless otherwise 
specified; storage: -40°C to 75°C. 
Supply voltages: 1 15 V ac + 10-22% or 230 V ac + 10-1 8%; 48 to 
66 Hz. 
Power consumption: 3770A, 75 VA; 3770B, 100 VA. 
3770A Options 
Opt 001: send level range extended to -49 to +10 dBm. 
Opt 002: loop holding provided for sender output and receiver input. 

Maximum dc loop holdlng current: 100 mA. 
Voltage drop at maximum current: approximately 12 V. 
Dynamic output impedance: approximately 50 kQ. 

Range: two bands in the range 0.2 to 9.9 kHz. 
Range Ilmits: any multiple of 100 Hz. 
Frequency range blanked (kHz): Option number specifies range: 

Opt 005: tone blanking. 

kHz Opt kHz Opt kHz Opt 
0.4 to 0 . 6 1  17 2.0 to 2 . 6 1 0 4  2.8 to 3.2-1 10 
0.5 t00.7-101 2.1 to 2.5-105 3.0 to 3 . 6 1  11 
0.6 to 0.9-102 2.2 to 2.6-106 3.2 to 3.6-1 12 
0.8 to 1.2-1 15 2.3 to 2.7-107 3.4 to 3.8-1 13 
1.4to 1.8-116 2.4to2.8-108 3.6 to4.0-114 
1.9 to 2.2-103 2.6 to 3.0-109 

Sender Receiver Sender Receivr 

f 0.2 dB f 0 . 2  dB f 0.2 dB f 0 . 3  dB 
f 0.2 dB f 0.4 dB ? 0.3 dB f 0.5 dB 
f 0.3 dB ? 0.7 dB f 0.4 dB zk0.8 dB 
zk0.5 dB f 1.2 dB f 0 . 5  dB ? 1.6 dB 

Other ranges available on request. Quote Option 100 instead of the 
above numbers, and specify the required frequency ranges. 
In-lid operatlng instructions: English-std; German-Option 031; 
French-Option 032; Italian-Option 033; Spanish-Option 034. 
Opt 040 suitable portable X-Y Recorder in carrying case. Pre-print- 
ed graph paper showing CCITT limits also availableAmplitude 
Distortion (9280-0403). Delay Distortion (9280-0402). 
Opt 061: rack mount version. 
Opt 910: additional set of manuals. 

3770B Options 
When ordering a 3770B, select ONE option from the table below 

(i.e. select the standard instrument OR one option). This completely 
specifies the measurements selected. Note that group delay, attenu- 
ation distortion and absolute level measurement facilities are pro- 
vided with ALL instruments. 

Opt 012: loop holding-see 3770A Options for specifications. 
Tone Blanking: ranges and range limits as for 3770A. Other options 
(In-lid instructions, X-Y recorder, rack mount version, and additional 
manuals) as for 3770A. 

Ordering information Price 
3770A Amplitude/Delay Distortion Analyzer $7220 
3770B Telephone Line Analyzer $8540 



TELECOMMUNICATIONS TEST EQUIPMENT 
Data Line Analyzer 
Models 3771A, 37716 

CCITT a n d  Bell versions 
Simultaneous measurement of transients 

HP-IB option 
Optional printer output 

Description 
The 3771A and 3771B Data Line Analyzers have been designed for 

making installation and troubleshooting measurements on telephone 
lines used for carrying high-speed data. Two versions are available- 
the 3771A is compatible with CCITT standards, the 3771B with Bell 
Publication 41009 (May 1975). 

The 3771A is a companion instrument to hp 3770A Amplitude/ 
Delay Distortion Analyzer and 3770B Telephone Line Analyzer. 
When either is used with the 3771A. they provide a complete portable 
easy-to-use CCITT data line testing facility. Routine data line main- 
tenance measurements can be performed using the 3770A/B, and 
troubleshooting measurements using the 3771A. The 3771B can be 
used with the hp 4943A/4A Transmission Impairment Measuring 
Set for complete data line characterization and testing where Bell 
measurement standards are required. 

The 3771A/B measures two basic types of parameter affecting 
data lines-steady state and transient. 

The steady state parameters measured are: 
Level 
Phase Jitter 
Weighted Noise 
Noise-with-Tone 
Frequency Shift 

The transients measured are (all measured simultaneously): 
3-Level Impulse Noise 
Phase Hits 
Gain Hits 
Dropouts 

Transient parameters are normally measured over 15-minute inter- 
vals and by measuring all of them simultaneously, the 3771A/B saves 
considerable operator time. Also, any comparison of results is statisti- 
cally valid. 

The 3771A/B can be used as a stand alone test instrument or as 
part of an automatic test system. An option allows the 3771A/B to be 
controlled externally via the Hewlett-Packard Interface Bus (HP- 
IB). Other optional features available are a printer output for record- 
ing the results of unattended long-term transient measurements, and 
dc loopholding for sender output and receiver input. In-lid operating 
instructions are provided for the 3771A/B, in addition to the normal 
detailed operating booklet. In the 3771A, the in-lid instructions can 
be supplied in English, French, German, Italian, or Spanish. 

Measurement principles 
Absolute level, in the frequency range 20 Hz to 4 kHz, can be mea- 

sured from +10 to -80 dBm. To measure the loss of a line, a fixed 
frequency tone with a calibrated output level is provided from the 
transmitter. In the 3771A, the fixed frequency is 800 Hz; in the 
3771B. it is 1004 Hz. The signal level is measured using a full wave 
averaging detector. 

In the phase jitter measurement, a fixed frequency tone (1020 Hz in 
the 3771A, 1004 Hz in the 3771B) is transmitted over the line under 
test and the peak-to-peak jitter is measured and displayed in the re- 
ceiver. 

For weighted noise measurements, two weighting filters are pro- 
vided-CCITT Telephone and 3 kHz Flat in the 3771A and C-Mes- 
sage and 3 kHz Flat in the 3771B. In both instruments, a true rms 
detector is used. Noise-with-tone measurement is also available, in 
which a tone is transmitted through the line under test. The tone is 
removed at the receiver, leaving only the noise. This allows measure- 
ments to be made when the noise level is dependent on the signal level, 
eg in a PCM communications system. 

All the transients are measured simultaneously. A holding tone is 
transmitted and phase/gain hits and dropouts are measured using 
this tone. The tone frequencies used are 1020 Hz for the 3771A and 
1004 Hz for the 3771B. Note that these are the same test tone fre- 
quencies used for noise-with-tone measurements. Variable thresholds 
are provided for phase and gain hits while for dropouts the threshold 
is fixed at - 12 dB (the definition of a dropout is a negative gain hit of 
at least 12 dB, lasting for 4 ms or longer). For impulse noise measure- 
ments a blocking filter removes the holding tone. Three indepen- 
dently variable thresholds are provided. In the 3771A, there is an im- 
pulse noise only mode and both CCITT Recommendation 0.7 1 filters 
are available. 

A counting hierarchy is built into the 3771A/B to prevent "double 
counting" of hits. When a dropout occurs, the detection and counting 
of phase and gain hits, and impulse noise is blocked. Also, when a 
phase or gain hit occurs, the detection and counting of impulse noise 
is blocked. 

Frequency shift measurement is optional in the 3771A. Two tones 
at 1020 and 2040 Hz-in an exact harmonic relationship-are trans- 
mitted. Frequency shift is measured by detecting the loss in the har- 
monic relationship, as detailed in CCITT Recommendation 0.1 11. 

In the 377 1 B, frequency is measured directly from 20 Hz to 4 kHz. 
For frequency shift measurement a stable 1004 Hz tone is transmit- 
ted over the line under test and measured by the receiver. 



Specifications 
377 1 A-CCITT 
Transmitter 

Output Level: 0 to -49 dBm, in 1 dB steps. 
Frequency: automatically fixed at appropriate value for measure- 
ment selected. 

Transmitter Tone Frequency: 800 f 0.05 Hz. 
Range: +10 to -80 dBm. 
Frequency Range: 20 Hz to 4 kHz. 

Range: 0 to 30" pk-pk. 
Transmitter Tone Frequency: 1020 f 0.05 Hz. 
Technique: compatible with CCITT Recommendation 0.91. 

Dynamic Range: 0 to -80 dBm. 
Detector Type: true rms. 
Weighting Filters: 3 kHz Flat; CCITT Telephone. 
Technique: compatible with CCITT Recommendation P.53. 

Noise-with-Tone 
As for Weighted Noise, plus: 

Tone Frequency: 1020 f 0.05 Hz. 
Transient Measurements-General 

Dead Time: 125 f 25 ms. 
Transmitter Tone Frequency: 1020 f 0.05 Hz. 
Timer Ranges: 5, 15, 30, 60 minutes, and manual start/stop/ 
reset/cycle control. 
Timer Capacity: 99 hours 59 minutes. 
Max Count Capacity of Transient Registers: 9999. 
Counting Hierarchy: as Bell Publication 41009 (May 1975). 

impulse Noise 
Threshold: three, independently variable in 1 dB steps from 0 to 
-49 dBm. 
impulse Noise-FLAT: compatible with CCITT Recommenda- 
tion 0.7 1. 
impulse Noise-NOTCH: measurement simultaneous with other 
transients. 

Threshold: 2, 3, and 6 dB. 
Technique: compatible with Bell Publication 41009 (May 1975). 

Level 

Phase Jitter 

Weighted Noise 

Gain Hits 

Phase Hits 
Threshold: adjustable in 5" steps from 5 to 45". 
Technique: compatible with Bell Publication 41009 (May 

Threshold: 12 dB below carrier signal level. 
Technique: compatible with Bell Publication 41009 (May 

input impedance: 6003. 
Output impedance: 6003. 
Return Loss: 140 dB. 
Degree of Balance (input circuits only): 
50 Hz: 180 dB. 
500 Hz: 270 dB. 
500 Hz to 4 kHz: 260 dB. 

Dropouts 

Output /input Circuits 

General 

975). 

975). 

Max Operating Longitudinal Voltage: 30 V ac rms, or 125 V dc. 
Size: 200 H x 300 W x 560 mm D (7%" x 11%'' x 22"). 
Weight: 12 kg (26.5 Ib) net. 
Operating Temperature Range: 0 to 50°C. 
Storage Temperature Range: -40 to +75"C. 
Power Supply: 100, 120, 220, 240 V ac, +5 -10%; 48 to 66 Hz; 
power consumption 30 VA, max. 

3771B-Nor th America 
Transmitter 

Output Level: +10 to -49 dBm, in 1 dB steps. 
Frequency: automatically fixed a t  appropriate value for measure- 
ment selected. 

Transmitter Tone Frequency: 1004 f 0.05 Hz. 
Range: +IO to -80 dBm. 
Frequency Range: 20 Hz to 4 kHz. 

Level 

Phase Jitter 
Range: 0 to 30' pk-pk. 
Transmitter Tone Frequency: 1004 f 0.05 Hz. 
Technique: compatible with Bell Publication 41009 (May 1975). 

Dynamic Range: 0 to 90 dBrn. 
Detector Type: true rms. 
Weighting Filters: 3 kHz Flat, C-Message. 
Technique: compatible with Bell Publication 41009 (May 1975). 

Weighted Noise 

Noise-with-Tone 
As for Weighted Noise, plus: 

Frequency 
Tone Frequency: 1004 f 0.05 Hz. 

Range: 20 Hz to 4 kHz. 
Accuracy: f 0.1 Hz, 20 Hz to 1.8 kHz; f 1 Hz, 1.8 to 4 kHz. 
Transmitter Tone Frequency: 1004 f 0.05 Hz. 

Transient Measurements-General 
Blanking Period: 143 ms f 5%. 
Transmitter Tone Frequency: 1004 f 0.05 Hz. 
Timer Ranges: 5, 15, 30, 60 minutes, and manual start/stop/ 
reset/cycle control. 
Timer Capacity: 99 hours 59 minutes. 
Max Count Capacity of Transient Registers: 9999. 
Counting Hierarchy: as Bell Publication 41009 (May 1975). 

Threshold: three, independently variable in 1 dB steps from 30 to 
109 dBrn. 
Technique: compatible with Bell Publication 41009 (May 1975). 

impulse Noise 

Gain Hits, Phase Hits, Dropouts 
As for 3771A. 
Output/input Circuits 

input impedance: 60(x2,9003, and bridged. 
Output impedance: 6003 and 9003. 
Return Loss: 140 dB. 
Degree of Balance (input circuits only): 
60 Hz: 280 dB. 
540 Hz: 170 dB. 
540 Hz to 4 kHz: 260 dB. 

General 
As for 3771A. 

Options (3771A and 37718)  
Option 001-+ 10 dBm Output (3771A only) 

Output Level: maximum sender output level 0 or + 
10 dBm, selected by switch. 

3771A 
Voltage Drop: 12 f 2 V at 100 mA. 
AC impedance of Loopholding Circuit: 20 Hz to 4 
kHz: r100k3. 
377 1 B 
Technique: compatible with Bell Publication 41009 
(May 1975). 

Range: 0 to 10 Hz. 
Tone Frequencies: 1020 and 2040 Hz, in harmonic 
relationship. 
Technique: compatible with CCITT Recommenda- 
tion 0.1 1 1. 

Format: 8421 BCD. 
Compatibility: hp 5150A, 5055A, 5050B. 
information: all transient data a t  end of each timer 
interval. 

Option 002-Loophoiding 

Option 003-Frequency Shift (3771A only) 

Option 004-Printer Output 

Option 005-HP-IB 
in-lid Operating instructions: English-std; Ger- 
man-Option 031; French-Option 032; Italian-Op- 
tion 033; Spanish-Option 034. 

Ordering Informat ion 
3771A Data Line Analyzer-CCITT 
3771B Data Line Analyzer-North America 

add $58 

add $140 

add $140 

add $320 

add $220 

add $590 
N/C 

$7 150 
$7150 



TELECOMMUNICATIONS TEST EQUIPMENT 
15 Hz to 50 kHz selective voltmeter 
Model 3581C 

0 Voice grade testing 
Wideband data circuit testing 

0 Single frequency interference 
0 Spectrum analysis 

Description 
The 3581C Selective Voltmeter has found wide application in test- 

ing special service circuits in both inside and outside plant mainte- 
nance. The 3581C is used to do spectrum analysis, measure non- 
linear distortion (harmonic distortion) and to locate and measure un- 
wanted spurious and induced tones. The unit can be operated from ac 
line or from optional internal batteries. 

Dynamic range >80 dB. 
Noise level 

-120 ' 
Specifications 
Frequency range: 15 Hz to 50 kHZ. 
Display: 5 digit LED readout. Resolution: 1 Hz. Accuracy: * 3 Hz. 
Typical stability: f 10 Hz/hr. after 1 hour. f 5  Hz/"C. 
Automatic frequency control (AFC), hold-in range: f 800 Hz. 
Pull-in range: >5 x bandwidth for 3 Hz to 100 Hz bandwidth; >800 
Hz for 300 Hz bandwidth for full-scale signal. 
Lock frequency: center of passband ? 1 Hz. 

Amplitude 
Instrument range 

Linear: 30 V to 100 nV full scale. 
Log: +30 dBm or dBV to -150 dBm or dBV. 

Amplitude accuracy:' Log Linear 
15 Hz-50 kHz, frequency response f 0 . 4  dB f 4% 
Switching between bandwidths f 0 . 5  dB f 5% 
Amplitude display ? 2  dB f 2% 
Input attenuator f 0 . 3  dB f 3% 

Most sensitive range f l  dB f 10% 
All other ranges f l  dB f 3% 

Amplitude reference level 
(IF Attenuator) 

Note: these apecifications cover the full temperature frequency and amplitude range, and represent 
worst case. Accuracy io (lignificantly better for measurements not at the extremes. 

BW =so nr 
I 

I B W = 3 H 2  
I 

I I 
I 

I I 
I I 

-140 
I l W n V I  

d0V 

-160 

1k 100 1Ok look 

I I FREOUENCY 
l o  I 

15 200 

Noise sidebands: greater than 70 dB below CW signal. 10 band- 
widths away from signal. 
IF feedthrough: input level >10 V: -60 dB; input level (10 V: -70 
dB. 
Spurious responses: >80 dB below input reference level. 
Line related spurious: >80 dB below input reference level or -140 
dBV (0.1pV) or -90 dBm on 3581C in balanced terminated mode. 
Zero beat response: >30 dB below full scale at 25°C f 5°C. > 15 
dB for 0°C to 55°C. 
Smoothing: 3 position, rolloff is a function of BW. 
Overload indicator: this LED warns of possible input amplifier 
overloading. 



dB 
600R/dBm 

Input impedance 600 
0. Reads dBm 6003 
on dB scales of 
meter. 0.775 V rms 
input gives 0 dB 
reading on meter. 

Unbalanced (UNBAL) 
Impedance: 1 mR/40 pF. 
Max. input level: 
+ 30 dBm to -10 dBm Sensitivity: 100 V rms 
-20 dBm to -70 dBm sensitivity: 50 V rms o 

Impedance: 10 kQ. 
Max. input level: +20 dBm; f 100 V DC. 

ble input attenuator may be set to posi- 
useful for scaling signals. When this fea- 
indicator clearly shows the instrument is 

‘4th mirror backing: 
IB Log Frequency response: 40 Hz-20 kHz, -t 0.5 dB 
IB dBm. 

Balancedlbridged (BRDG) 

~. 

or f 100 V DC. 
r f 100 V DC. 

Uncal indicator: the varial 
tions between steps. This is 
ture is being used, the Uncal 
not on a standard setting. 
Meter scales taut band w 

0 dB to -90 d 
0 dB to -10 d 
0 to 1 Linear 
0 to 3.2 

Calibrator: the 10 kHz fundamental of the calibrator may be used 
along with the 10 kHz cal adjustment to set the meter to full scale. 
This calibrates the circuitri 
accuracy of f 1.5% a t  full E 

m for signals (20 

Dynamic range: 80 dB for signals (0 dBm and > 100 Hz. 
Common mode rejection: >70 dB at 60 Hz. 

Impedance: 600Q/900R balanced. 
Balanced /terminated (TERM) 

Sweep 
Scan width: 50 Hz to 50 k€ 
group of frequencies within 
Sweep times: 0.1 s to 2001 
REP: in the repetitive mode, 
fied band. 
Single scan: after triggerin 
a t  upper end of sweep. A 
through a BNC connector 
ger.” Grounding inhibits in1 
Reset: HP’s 3581C is set tc 
Manual: in combination wi 
duplicates span of electronit 
Off: sweep circuits and assc 
Sweep error light: this L,, ...U.-...IU .. uv.--F ...... .., 
capture full response. When the light is on, response will be lower 
than it should. 
Zero scan: to look a t  the time varying signal at center or start fre- 
quency within bandwidth selected. 
External trigger: a short to ground stops normal sweep. Opening the 
short then enables a sweep. 

..-.- 

Nut is transformer 

tracking oscillator 

’ of filter. 

racking generator 

LO output: 100 mV signal from 1 MHz to 1.5 MHz as input is tuned 
from 0 to 50 kHz. 
Output connector: WECO 310, for connection to tracking gener- 
ator output or restored output. In  addition to monitoring restored out- 
put with headphones, an internal speaker also provides an audio 
indication of signal content. 
Restored and tracking generator 

Output impedance: 600Q balanced. 
Frequency response: f 0.5 dB 100 Hz to 20 kHz. 

X-Y recorder analog outputs 
Vertical: 0 to +5 V f 2.5%. 
Horizontal: 0 to +5 V ? 2.5%. 
Impedance: 1 kQ. 
Pen lift: contact closure to ground during sweep. 

General 
Operating temperature range: 0°C to 55°C. 
Humidity: 95% relative, maximum at 40°C. 
Power requirements: 100 V, 120 V, 220 V, 240 V +5% -IO%, 10 
VA typical, 48 Hz to 440 Hz. 
Size: 412.8 mm H x 203.2 mm W x 285.8 mm D (16%” x 8” x 
11 Yi”). 
Weight: 11.5 kg (23 Ib); Option 001, 13.5 kg (30 Ib). 
Accessory available: 7035B Option 20, X-Y recorder. 
Option 001 battery: used to make floating measurements or to 
break ground loops; 12 hours from full charge; 12 hours to fully 
charge. The internal battery is protected from deep discharge by an 
automatic turn-off. 

Input 
M e t r  
Scale 

h t t m  
Volts 
9000 
dBm/LIN 

Unbalanced 
Input impedance 1 
M0.  Reads volts on 
volt scales of meter. 
1 V rms input gives 1 
V rms on meter. 
Input impedance 1 
M0. 9000 termination 
necessary to be 
calibrated with a 
source that has 9OOQ 
output impedance. 
0.949 V rms input 
gives 0 dB reading on 
meter. 

Tmninated 
Input impedance 900 
Q. Reads volts on volt 
scales of meter. 1 V 
rms input gives 1 V 
rms on meter. 
Input impedance 
9OOQ. Reads dBm 
9OOQ on dB scales 
of meter. 0.949 V rms 
input gives 0 dB 
reading on meter. 

Input impedance 10 
kQ. Reads volts on 
volt scales of meter. 
1 V rms input gives 1 
V rms on meter. 
Input impedance 10 
k0. 9000 termination 
necessary to be 
calibrated with a 
source that has 9OOQ 
output impedance. 
0.949 V rms input 
gives 0 dB reading on 
meter, 
Not a valid combina- 
tion. 

dB 
900Q 
dBm/LIN 

Volts 
600WdBm I 

Input impedance 10 
kQ. Termination 
necessary to be cali- 
brated with a source 
that has 6000 output 
impedance. 0.775 V 
rms input gives 0 dB 
reading on meter. 

Input impedance 1 
MQ. Termination 
necessary to be cali- 
brated with a source 
that has 6000 output 
impedance. 0.775 V 
rms input gives 0 dB 
reading on meter. 

Ordering Information 
3581C Selective Voltmeter 
Opt 001: Battery Pack 
70356 Opt 020: X-Y Recorder 

Price 
$3680 

add $405 
add $1770 



TELECOMlMUMICATlONS TEST EQUIPMENT 
Transmission test sets 
Models 3551A 81 355214 

Voice grade testing 
Data circuit testing 

- 
(North American) - 

3552A 

Description 
Hewlett-Packard’s 3551A (North American Measurement Stan- 
dard) and 3552A (CCITT) Transmission Test Sets are rugged, porta- 
ble and ideally suited for measurements on voice, program and data 
circuits up to 50 kb/s. 

These four-function test sets are capable of measuring tone level, 
noise level, and frequency, while simultaneously sending tone. Both 
level and frequency are fully autoranging. 

A normal sampling of lO/second in tone level and frequency allows 
a “direct feel” between an adjustment and the ensuing reading. In 
addition, a damped sample rate of 2/second is useful when reading 
noisy signals. The digital LED (Light Emitting Diode) readout dis- 
plays either the level or frequency of the input or output regardless of 
terminal function selected. 

Appropriate resolution, time constant and sample rate are auto- 
matically provided to simplify operation for the user. 

These test sets can measure both two-wire and four-wire balanced 
circuits. Impedances of 135,600, and 900 ohms can be selected on the 
3551A; impedances of 150, 600, and 900 ohms are available on the 
3552A. In addition, the receiver may be either terminated or bridged. 

The test sets may be powered by either ac line or internal recharge- 
able batteries and are suited for both inside and outside plant mainte- 
nance. 

A full wave average detector is used for tone level measurements. 
Automatic ranging eliminates the need to set attenuators and thus 
reduces the possibility of errors due to faulty calculations. Direct digi- 

tal readout gives a 0.1 dB resolution over the entire 85 dB dynamic 
range. 

For frequency measurements, a four-digit autoranging frequency 
counter is provided. The readout is calibrated in kHz and features 1 
Hz resolution from 40 Hz to 10 kHz and 10 Hz resolution from 10 
kHz to 60 kHz. The decimal point is automatically positioned to 
avoid the possibility of errors due to overflow of the four digits. 

Noise measurements are made with a QUASI RMS detector and 
displayed in dBrn on the 3551A and dBm on the 3552A, with 1.0 dB 
resolution. Display rate is slowed to 2 per second to provide analog 
feel of slowly changing noise levels. Both test sets have the capability 
of measuring noise-with-tone, message circuit noise, and noise-to- 
ground. Four switch selectable weighting networks are provided; C- 
message, Program, 3 kHz, and 15 kHz Flat in the 3551A; and Tele- 
phone (Psophometric), Programme, 3 kHz Flat and 15 kHz Flat in 
the 3552A. In the noise-with-tone position, a notch is inserted before 
the selected weighting network. 

Send oscillator covers a frequency range of 40 Hz to 60 kHz in 
three bands; 40 Hz to 1 kHz, 200 Hz to 6 kHz and 2 kHz to 60 kHz. 
The output level is continuously variable from + 10 dBm to -60 dBm. 

In addition, a fixed position is provided to be used as the holding 
tone when making a noise-with-tone measurement. 

A convenient set of clip-on dial terminals for connecting a lineman’s 
handset is provided. This allows a line connection to be dialed up and 
then held in an off-hook (busy) condition while making either receive 
or send measurements on a two-wire wet line. 



3551A Noise measurements 
Dynamic range 
Message circuit noise: 0 dBrn to +85 dBrn. 
Noise-with-tone: 10 dBrn to +85 dBrn. 
Noise-to-ground: 40 dBrn to +125 dBrn. 
Resolution: 1 dB. 
Sample rate: 2/second. 
Detector type: Quasi-RMS responding. 

Accuracy 
Message circuit noise: f 1 dB (+20 dBrn to +85 dBrn). f 2 dB (0 
dBrn to +20 dBrn). 
Noise-with-tone: f 1 dB (+20 dBrn to +85 dBrn). f 2  dB (+ 10 
dBrn to +20 dBrn). 
Noise-to-ground: f 1 dB (+60 dBrn to +125 dBrn). f 2 dB (+40 
dBrn to +60 dBrn). 
Weighting filters: C-message, 3 kHz flat, 15 kHz flat, program. 

I 

+ 0 5 d B  
n - 

Specifications, Model 355 1 A & 3552A 
Receiver 
Level Measurements 

Frequency range: 40 Hz to 60 kHz. 
Dynamic range: +15 dBm to -70 dBm. 
Resolution: 0.1 dB. 
Sample rate: lO/second normal, 2/second damped. 
Detector type: average responding. 
Accuracy: at 25°C k lO"C, temperature coefficient: f0.005 
dB/"C beyond this range. 

t 0 2 d B  '0 5dB 

-30 iI 3 - 60 LIdB LO 3 dB ? I d s  

TRANSMITTER ACCURACY NOT SPECIFIED BELOW 500Hz ON 1 3 5 n O R  
150nOUTPUT. 

Frequency measurements 
Frequency range: 40 Hz to 60 kHz. 
Dynamic range: + 15 dBm to -70 dBm. 
Resolution: 1 Hz (40 Hz to 10 kHz). 10 Hz (10 kHz to 60 kHz). 
Sample rate: 10 second normal, 2/second damped. 
Accuracy: f 1 count. 

Transmitter 3551A & 3552A 
Frequency range: 40 Hz to 60 kHz. 
Ranges: 40 Hz to 1 kHz. 200 Hz to 6 kHz. 2 kHz to 60 kHz. 800 Hz 
fixed. (Other frequencies available 3552A.) 1004 Hz fixed, 3551A. 
Resolution: 1 Hz (40 Hz to 10 kHz). 10 Hz (10 kHz to 60 kHz). 
Sample rate: lO/second. 
Harmonic distortion: t - 50 dB (THD 100 Hz to 4 kHz); G - 40 
dB (THD 40 Hz to 100 Hz and 4 kHz to 20 kHz); < - 30 dB (THD 
20 kHz to 60 kHz); < - 55 dB (all harmonics 100 Hz to 4 kHz); < 
- 60 dB (THD 1004 Hz fixed). 
Accuracy: f 1 count. 
Level range: + 10 dBm to -60 dBm (40 Hz to 60 kHz). +6 dBm to 
-60 dBm. (1004 Hz fixed-3551A; 800 Hz fixed-3552A). 
Resolution: 0.1 dB. 
Sample rate: IO/second. 
Accuracy: at 25°C f 10°C, temperature coefficient: k0.005 
dB/"C beyond this range. 

RECEIVER ACCURACY NOT SPECIFIED BELOW 500Hz OR BELOW -6MBrn 
WHEN USING 135nOR 150nINPUT. 

3552A Noise measurements 
Dynamic range 
Message circuit noise: -90 dBm to -5 dBm. 
Noise-with-tone: -80 dBm to -5 dBm. 
Noise-to-ground: -50 dBm to +35 dBm. 
Resolution: 1 dB. 
Sample rate: 2/second. 
Detector type: Quasi-RMS responding. 

Accuracy 
Message circuit noise: f 1 dB (-70 dBm to -5 dBm). f 2  dB 
(-90 dBm to -70 dBm). 
Noise-with-tone: f 1 dB (-70 dBm to -5 dBm). f 2 dB (-80 dBm 
to -70 dBm). 
Noise-to-ground: f 1 dB (-30 dBm to +35 dBm). + 2  dB (-50 
dBm to -30 dBm). 
Weighting filters: Telephone (CCITT Psophometric), 3 kHz flat, 15 
kHz flat, Programme. 

General 
Monitor: built-in speaker, monitors received or transmitted signal. 
Balanced Impedances: 1353,60OQ,90OQ(3551A). 
Balanced Impedances: 150Q, 600Q. 900Q (3552A). 
Bridging loss: (0.2 dB. 
Return loss: >30 dB. 
Longitudinal balance: >60 dB at 6 kHz. >126 dB a t  50 Hz. 
Hold circuit: 20 milliamps constant current. t 0 . 2  dB holding loss, 
resistive fuse protection. 
Input/output protection: blocks 300 V dc. 
Maximum longitudinal voltage: 200 V rms. 
Battery supply: >4 hours continuous operation on internal rechar- 
geable batteries at 25°C. Battery drain is automatically turned off 
when discharged below proper operating level. Complete recharge in 
12 hours. 
Power requirements: 100 V, 120 V, 220 V, 240 V f 10%; 48 Hz to 
440 Hz; 4 VA. 
Temperature range: 0°C to 55"C, operating; -20°C to +66"C 
storage. 
Relative humidity: 0 to 95% ((40°C). 
Dimensions: 133 mm H X 343 mm W X 254 mm D (5%" X 13%" X 
1 0"). 
Weight: net, 6.6 kg (14.5 Ib). Shipping. 7.3 kg (16 Ib). 

Options Price 
C01-3551A, C01-3552A: 19 inch rack mount, ac 
power only (no batteries) 
H10-3551A: Extends frequency range to 85 kHz add $300 

Ordering information 
3551A Transmission test set $2000 
3552A Transmission set (CCITT) $2345 

N/C 



TELECOMIMUNICATIONS TEST EQUIPMENT 

355% (Nath American Standards) 

'An,d Transmission & noise measuring set 
Models 35558 81 3556A 

35561 (CCITT Standards) 

Voice and carrier testing 

Description 
Hewlett-Packard's 3555B Transmission and Noise Measuring Set 

is designed especially for telephone plant maintenance. It measures 
attenuation, distortion, cross-talk coupling and noise. Weighting net- 
works comply with Bell System Technical Reference Publication 
number 41009, and include C-message, 3 kHz, 15 kHz flat and pro- 
gram. 

HP's 3556A performs the same tasks as the 3555B. It also has built- 
in weighting networks that comply with 1960 CCITT requirements, 
which include telephone (psophometric) 3 kHz flat, and 15 kHz flat, 
Programme (P53) weighting filters. 

Operating instructions printed in the protective cover are available 
in different languages a t  no extra charge. 

Complementary equipment for the 3555B is H P  236A Telephone 
Test Oscillator (236A Opt. H I 0  for the 3556A). When used together, 
they make a complete transmission test set for accurate, convenient 
voice and carrier measurements. 

dB/volt range 
Level accuracy** 
Input 

Holding circuit 

-91 dBm to +31 dBm -78 dBm to +32 dBm/O.l mV to 30 V F.S. 
k 0 . 5  dB; k0 .2  dB, 40 Hz to 15 kHz, level >60 dBm 100 Hz to 5 kHz: k 0.2 dB; 20 Hz to 20 kHz: 2 0.5 dB 
Terminated or bridged 6009 or 9OOQ balanced. Bridging loss: Terminated 600Q symmetrical. Non-terminated: 10 kQ 
t 0 . 3  dB at 1 kHz. Balance: >80 dB at 60 Hz 2 7 0  dB at 6 symmetrical. Non-terminated error: t 0 . 4  dB at 800 Hz. 
kHz, >50 dB to 20 kHz. Return loss: 30 dB min (50 Hz to 20 Symmetry: >80 dB at 50 Hz, >70 dB at 6 kHz, >50 dB to 20 
kHz) kHz. Return loss: 30 dB min (50 Hz to 20 kHz) 
70052 dc resistance, 60 mA max. loop line current at 300 Hz. With holding circuit in, above specs apply from 300 Hz to 4 kHz 

dB/volt range 
Weighting filters 

Input 

-1 dBrn to +121 dBrn 
3 & 15 kHz flat, C-message, and program 
(Bell system technical reference pub #41009) 
Same as for voice frequency measurements 

-78 dBm to +32 dBmlO.1 mV to 30 VF. S. 
3 & 15 kHz flat. Telephone and Programme (P53, CCITT) 

~~ ~ 

Meter I Linear dB scale [ Linear dBm scale 
External batterv I 24 V or 48 V office batterv. t l5 mA 

dB/volt range 
Level accuracy 

Input 
Return loss 
Bal/symmetry 

-61 dBm to +11 dBm 
600Q balanced (symmetrical): 1 kHz to 150 kHz k 0 . 5  dB; 10 kHz to 100 kHz, k 0 . 2  dB. 1358 balanced (or 1500 balanced)t: 1 kHz 
to 600 kHz. k0 .5  dB; 10 kHz to 300 kHz, k0 .2  dB. 75Q unbalanced (asymmetrical): 100 Hz to 600 kHz, kO.2 dB; 30 Hz to 1 MHz, 
k 0.5 dB; 1 MHz to 3 MHz. ? 0.5 dB 2 10% of meter reading 
Terminated or bridged 135Qt or 600Q balanced (symmetrical) and 759 unbalanced (asymmetrical) 
600Q: 26 dB min., 3 kHz to 150 kHz; 135Qt: 26 dB min. 1 kHz to 600 kHz; 75Q: 30 dB min. to 3 MHz 
>70 dB to 10 kHz, >60 dB to 100 kHz. >40 dB to 600 kHz 

I -48 dBm to +12 dBm/3 mV to 3 VF.5 

Internal battery 

Ordering information 
HP 236A Telephone Test Oscillator (complementary 
equipment for 3555B) see page 580 

Single NEOA 202, 45 V '6" battery Option H03 uses 
rechargeable batteries and similar to 3556A 

4 rechargeable batteries (25 V total) or power line from 90 V to 
250 V ac. 48 Hz to 440 Hz. t 1 0  VA. Ootion 001 uses same 

Price 

HP 236A, Opt H I 0  Telephone Test Oscillator (comple- 
mentary equipment for 3556A) see page 580 
3555B Transmission and Noise Measuring Set $1250 
3556A Psophometer $1290 

AC 
Dimensions 
Weight 
Jacks 

I battery as 35556 
115 or 230 V (specify for 35556) (switch for 3556A) 48 Hz to 440 Hz, t 1 0  VA 
299 mm H X 197 mm W X 207 mm D (11%" X 7%" X 8%") 
Net, 6.8 kg (15 Ib). Shipping. 7 5 kg (17 Ib). 
Will accept Western Electric 241, 309, 310, 358, 289 and 347 
plugs; l O l l B  hand-set or 52 type headset 

Will accept Siemens 9 REL KLl-GA, 4 mm diameter banana 
plugs or 3-prong Siemens 9 REL STP-6AC connector 



TELECOMMUNICATIONS TEST EQUIPMENT 
Telephone test oscillators 

Model 236A (Bell) Model 236A Opt H10 (CCITT) 

2361 (Bell) 

Voice and carrier testing 

236A Option H10 (CCITT) 

HP 236A 

Frequency range 
Frequency dial accuracy 

___ 
HP 236A Option H10 

50 Hz to 560 kHz 
k 3% of setting 

General 
Hewlett-Packard's Models 236A and 236A Option H10/H20 Tele- 

phone Test Oscillators are particularly useful for lineup and mainte- 
nance of telephone voice and carrier systems when used with their 
companion instruments 3555B and 3556A Transmission Noise Me- 
ters. CCITT requirements are met with the H P  236A Option HI0 
and H P  3556A when used together. 
Ordering information Price 
HP236A Option H10, CCITT (ac line and dry battery) add $235 
HP 236A Option H20, CCITT (ac line and rechargea- add $340 
ble batteries) 
HP 236A Telephone Test Oscillator (North American) $800 



TELECOMMUMCATIONS TEST EQUIPMENT 
Transmission impairment measuring sets (TIMS) 
Models 4940A 

Complete analog testing of voice/data channels 
Compatible with North American Standard 
Low frequency phase jitter 

TIMS-Transmission impairment measuring set 
Most of the important analog parameters can be measured by a 

combined assortment of analog test sets which measure only a few 
parameters. However, TIMS are "stand alone" combination test sets 
that measure 7 to 15 parameters depending on the model and options 
selected. Thus TIMS can replace a large number of analog test sets. 
The major advantages of TIMS are that they cost significantly less 
and are more compact and more portable than a combination of test 
sets required to do the same measurements. 

In addition to its cost savings and portability, TIMS are easy to 
operate. The switches on the front panel are logically arranged in 
functional groups. Simple straight-forward operating procedures al- 
low the craftsperson or engineer to quickly and easily analyze voice 
band data channel. 

4940A TIMS-complete analog testing 
The H P  4940A measures all the necessary parameters to complete- 

ly describe the ability of a voiceband channel to carry medium and 
high speed data. The 4940A is the ideal tool for analyzing and troub- 
leshooting C and D-1 conditioned lines. 

With the H P  4940A it is possible simultaneously to observe all of 
the transients that cause data errors. By counting phase hits, gain 
hits, dropouts and three levels of impulse noise a t  the same time, a 
more accurate analysis can be made of error causes and channel qual- 
ity. All of these transients are totalled by TIMS during the selected 
count time and stored in memory. The pushbutton-selectable count 
times are 5.15 minutes and continuous. During the test and at the end 
of the count time, either the impulse noise totals or the hits and drop- 
out totals may be displayed from memory. 

The 4940A TIMS measures the peak-to-peak phase jitter in two 
separate bands. Bell standard phase jitter is measured in the frequen- 
cy band of 20 Hz to 300 Hz, and Bell low frequency phase jitter is 
measured in the frequency band of 4 Hz to 20 Hz. By measuring the 
peak-to-peak phase jitter in each band, you can identify positively the 
existance of low frequency phase jitter from standard phase jitter. 

4940A ! 

4940A TIMS data brochure. 
For detaiiea specitications ask your local HP sales otfice for a 

ts to 129 volts AC, 60 Hz, 130 watts. 
5.4 cm H x 47.0 cn? W x 32.4 cm D (18%'' x 1 

General 
Power: 105 vol 
Dimensions: 4( 8Yz" x 
12%"). 
Weight: net, 18 kg (39 Ib). Shipping, 25 kg (54 Ib). 
Options Price 
001: adds 1 add $300 
002: adds I I U M I I I G ~ I  UIJLUI LIUII I i I c a x u c i i i c i l i i  add $800 
003: adds P/AR and nonlinear distortion measure- add $975 

P/AR measurement 
..,."l:"*"- A:"+--*:-.. -a""...,a-"... 

ments 
004: adds P/AR, nonlinear distortion and low frequen- 
cy phase jitter 
010 Field carrying case 
019 19" Rack Mount Adapter 
023: 23" Rack Mount Adapter 

add $1 770 

add $300 
N/C 
N/C 

The nonlinear distortion technique is licensed under 
Hekimian Laboratories, Inc., USA Patent No. 
3862380. 
4940A Transmission Impairment $9000 
Measuring Set 

Measures level and frequency, message circuit noise (C-message 
and 3 kHz flat), noise-with-tone, 3-level impulse noise, phase hits, 
gain hits, dropouts, phase jitter, envelope delay, noise-to-ground. 

4940A, 4943A and 4944A Comparison 
Meawemmt 
Message Circuit Noise-C-Message 

3 kHz Flat 

Noise with Tone 
Attenuation Distortion 
Envelope Delay Distortion 

Impulse Noise 1 level 
3 Levels 

Phase Hits 
Gain Hits 
Dropouts 
Phase Jitter 
low Frequency Phase Jitter 
NonLinear Distortion 
Peak to Averane Ratio 
Noise to Grouid 
Signal to Noise Ratio 

49401 I 49431 I 49441 

' 1 ' 1 '  
. I  

I .  

: I  



Transmission impairment measuring set (TIMS) ' - I' 
Models 4943A and 4944A 

Portable for field service tests 
Analog testing of vo ice ldata channels 

4943A 

4943A TIMS 
Gives you a permanent record of your measurements 

The analog output circuit allows you to display the measured signal 
on a CRT display or record it on an X-Y recorder or strip chart re- 
corder. Built-in storage and internally generated graticule lines allow 
you to use non-storage oscilloscopes or uncalibrated CRT display. 

Customers who want to have analog output capability and nonlin- 
ear distortion should order a 4943A option 012. Option 012 removes 
phase jitter and adds nonlinear distortion. Customers who want to 
have nonlinear distortion and no analog output capability should or- 
der a 4944A TIMS. 

4943A Specifications 
For detailed specifications ask your local H P  Sales Office for a 

4943A TIMS Data Brochure. 

General 
Power:l00, 120,220,240 V ac 48 to 66 Hz. 
Size: 196 H X 338 W X 591 W mm D (7.7" X 13.3" X 23.3"). 
Weight 12.2 kg (27 lb). 

Options Price 
010: HP-IB Interface add $500 
012: Nonlinear distortion replaces phase jitter add $450 
015: 18055A Transit Case add $300 
019: 10491B 19" Rack Mount add $100 
910: Extra set manuals add $50 
4943A Transmission Impairment Measuring Set $7400 

Measures level and frequency, message circuit noise (C-message 
and 3 KHz Flat), 1 level impulse noise, signal-to-noise ratio, envelope 
delay, phase jitter. Analog outputs with internal storage and internal- 
ly generated graticules, two holding coils, MASTER-SLAVE fea- 
ture, and portable mainframe. 

Master-slave for remote end-to-end testing 
Automatic self check 

4944A 

4944A TIMS 
Measures all parameters for C & D conditioned 
channels 

The 4944A TIMS measures all parameters including nonlinear dis- 
tortion, tariffed for c- and D-conditioned leased data lines. Non-lin- 
ear distortion is measured using the four tone intermodulation 
distortion technique. This technique is licensed under Hekimian Lab- 
oratories, Inc. USA Patent No. 3862380. The 4944A TIMS com- 
putes the 2nd and 3rd order products and automatically corrects the 
readings for noise. 

Applications for the 4944A TIMS include circuit routining, circuit 
troubleshooting and installation testing. The portable 4944A is de- 
signed for both field service use and test center use. 

4944A Specifications 
For detailed specifications ask your local H P  Sales Office for a 

4944A TIMS Data Brochure. 

General 
Power: 120' V or 240 V/50 Hz/60 Hz Power Operation 
Size: 196 H x 338 W x 591 mm D (7.7" x 13.3" x 23.3"). 
Weight: 12.2 kg (27 Ib). 

Options 
001: Deletes nonlinear distortion 

010: HP-IB Interface 
019: 10491B 19" Rack Mount 
910: Extra set of manuals 

Price 
subtract 

$1050 
add $500 
add $100 

add $50 
4944A Transmission Impairment Measuring Set $7200 

Measures level and frequency, message circuit nolse (C-message 
and 3 KHz Flat), signal-to-noise ratio, 1 level impulse noise, envelope 
delay, non-linear distortion, two holding coils, MASTER-SLAVE 
feature, and portable mainframe. 



TELECOMMUNlCATlOMS TEST EQUIPMENT 
Portable test set 
Model 35508 

Voice and carrier measurements 

Description 
Hewlett-Packard's Model 3550B Portable Test Set is designed spe- 

cifically to measure transmission line and system characteristics such 
as continuity and attenuation distortion. It is particularly useful for 
lineup and maintenance of multi-channel communication systems. 
Model 3550B contains a wide range oscillator, a voltmeter, and a 
patch panel to match both oscillator and voltmeter to 135, 600, and 
900 ohm lines. These instruments are mounted in a combining case 
that is equipped with a splash-proof cover. In addition, the oscillator, 
voltmeter, and patch panel may be used separately whether they are 
in or removed from the combining case. 

Both the oscillator and voltmeter are transistorized and operate 
from their internal rechargeable batteries or from the ac line. Batter- 
ies provide 40 hours of operation between charges and are recharged 
automatically during operation from the ac line. 

Specifications 
Oscillator HP 204C Opt H 2 0  
(Refer to Page 348) 

Voltmeter, HP 4038 Opt 001 
(Refer to Page 41) 

Patch panel, HP 353A 
(Specifications apply with oscillator and voltmeter) 
input (receiver) 

Frequency range: 50 Hz to 560 kHz. 
Frequency response: 
k0.5 dB, 50 Hz to 560 kHz. 
impedance: 135Q, 600Q, and 900Q and bridging (10 kQ center 
tapped). 
Balance: better than 70 dB at 60 Hz for 600Q and 900Q; better 
than 60 dB at 1 kHz for 6000 and 900Q; better than 40 dB over 
entire frequency range for 1359, 600Q2, and 900Q. 
insertion loss: less than 0.75 dB a t  1 kHz. 
Maximum level: +IO dBm (2.5 V rms at 600 ohms). 

Frequency range: 50 Hz to 560 kHz. 
Frequency response: f0.5 dB, 50 Hz to 560 kHz. 
impedance: 1353,600f2, and 900Q center tapped. 
Balance: better than 70 dB a t  60 Hz for 600Q and 9009; better 
than 60 dB a t  1 kHz for 600Q and 90052; better than 40 dB over 
entire frequency range for 135Q2, 600Q2, and 900Q. 
insertion loss: less than 0.75 dB a t  1 kHz. 
Distortion: less than 1%, 50 Hz to 560 kHz. 
Maximum level: +10 dBm (2.5 V rms into 600 ohms). 
Attenuation: 110 dB in 10 and 1 dB steps. 
Accuracy, 10 dB section: error is less than k0.25 dB a t  any step. 
Accuracy, 100 dB section: error is less than k0.5 dB a t  any step. 
Connectors: two 3-terminal binding posts for external circuit con- 
nection and two BNC female connectors for oscillator and volt- 
meter connection. 

Output (send) 

Patch panel, Opt H02-353A 
(Same as Model 353A except as indicated below) 
Attenuator: 23 dB k0.5 dB (I-step slide switch). 

Hold circuit (rec terminals) 
'Frequency response: 300 Hz to 3 kHz 20.5 dB, 1 kHz refer- 
ence. 
DC resistance: 240 ohms nominal. 
Maximum DC current: 100 mA. 
Maximum DC voltage: 150 volts. 
Attenuation: 23 dB +- 0.5 dB (I-step slide switch). 

'Frequency response: 300 Hz to 3 kHz k0.5 dB, 1 kHz refer- 
ence. 
DC resistance: 240 ohms nominal. 
Maximum DC current: 100 mA. 
Maximum DC voltage: 150 volts. 
Connectors: special telephone jacks to accept Western Electric 
No. 309 and 310 plugs. Sleeve jack is connected to sleeve of jacks 
309 and 310. Two 3-terminal binding posts for external circuit con- 
nection. 

Two terminals (Tel Set) connector for Hand Set, two BNC female 
connectors for oscillator and voltmeter connection. 

Patch panel, Opt H03-353A 
(Same as Model 353A except as indicated below) 
Hold circuit (rec terminals) 

Hold circuit (send terminals) 

*Frequency response: 300 Hz to 3 kHz k0.5 dB, 1 kHz refer- 
ence. 
DC resistance: 240 ohms nominal. 
Maximum DC current: 100 mA. 
Maximum DC voltage: 150 volts. 
Attenuation: 23 dB k0.5 dB (I-step slide switch). 

'Frequency response: 300 Hz to 3 kHz k0.5 dB, 1 kHz refer- 
ence. 
DC resistance: 240 ohms nominal. 
Maximum DC current: 100 mA. 
Maximum DC voltage: 150 volts. 
Connectors: special telephone jacks to accept Western Electric 
No. 309, 310 and 241 at send and receive terminals. Sleeve jack is 
connected to sleeve of jacks 309 and 310. 

Two terminal (Tel Set) connector available for Hand Set. TWO BNC 
female connectors for oscillator and voltmeter connection. 
General 
Size: 489 H x 213 W x 337 mm D ( 1 9 y  x 8 3 r  x 13%") with cover 
installed. 
Weight: net, 13.5 kg (30% Ib). Shipping, 18 kg (40 Ib). 
Ordering information Price 
3550B Portable Test Set (with 353A Patch Panel) $1850 
H02-3550B (with H02-353A substituted for standard add $1 50 
353A) 
H03-3550B (with H03-353A substituted for standard add $1 50 
353A) 

Hold circuit (send terminals) 

'This in the frequency response with the holding coil across the line. Refer to Model 353A Specifica- 
tions lor response in %on holding" condition. 



TELECOMMUNICATIONS TEST EQUIPMENT 
Outside plant test equipment 

Analysis-The Key to Success 
Trying to locate a short, ground, cross, 

(short between to conductors) and open in 
buried plant means you are literally working 
blind. Analysis provides the clues to help you 
visualize what's going on in the cable and, 
therefore, a pretty good idea of what caused 
the fault. 

To locate a fault in buried plant the first 
problem we must solve is to locate the cable. 
With the Hewlett-Packard Cable Fault Lo- 
cator Model 4904A this problem is easily 
solved. The 4904A is a tone set that has a 
very stable transmitter output signal, and a 
sharply tuned receiver unit to allow you to lo- 
cate cable path and depth under the most ad- 
verse conditions. This instrument is designed 
to reject the normal noise interference from 
power lines. As the cable path is being locat- 
ed the depth of the cable can be measured 
and sheath damage can be pinpointed. 

Now that the path and depth of the cable 
are known the exact location of the fault may 
be determined. If the fault is resistive, (short, 
cross, grounded conductor, battery cross) we 

will use the Hewlett-Packard Model 4930A 
Conductor Fault Locator. In plastic insulat- 
ed conductor (PIC) cable the resistive faults 
can range in severity from a few ohms to 
many thousands of ohms. The 4930A will lo- 
cate the exact distance (in feet or meters) to 
the fault regardless of the fault resistance. 
The operator need only follow the easy to un- 
derstand diagrams and instruction in the lid 
of the instrument to locate the most complex 
resistive fault. 

The third instrument required for fault lo- 
cating is the Hewlett-Packard Model 4910G 
Open and Split Locator. The open conductor 
is located as quickly and easily as the resis- 
tive faults using the 4910G. The instrument 
uses the latest in electronic technology, 
which allows you to make very accurate mea- 
surements without the need of repetitive 
operation. This microprocessor based instru- 
ment performs several measurements auto- 
matically and digitally displays the distance 
to the open. In many cases an open conductor 
is not open but split with another pair. The 
4910G will locate the split to within one 

manhole. The 4904A Cable Fault Locator 
can now be used to verify the split location 
before the splice case is removed. As you can 
see the 4910G Open and Split Locator will 
save you many hours in locating both opens 
and splits. 

In order to be able to effectively and effi- 
ciently find faults in multi-pair cable the 
craftsperson must be equipped with a Cable 
Fault Locator (4904A), Conductor Fault 
Locator (4930A). and the Open/Split Loca- 
tor (4910G). With this family of instruments 
all cable faults can be located quickly. This 
will therefore keep down time, and customer 
complaints to a minimum. 

When several pair have high resistance 
faults in the same cable, water in the cable is 
a good possibility. With the ease of operation 
and speed at which the operator can deter- 
mine the fault locations, the size and location 
of the wet section of cable can be quickly 
measured and the decision to repair or re- 
place that section can be made with confi- 
dence. 



TELECOMMUhllCATlONS TEST EQUIPMENT 
Telephone outside plant instruments 
Models 4960A, 4961A, 4910G, 4930A, 4904A, 4905A, 18043A 

Teleph 
Telepl 

testing n 
telephone caoies, conraining many nunureus 01 conuucror pairs, pro- 
vide the most effective method of transmitting voice band informa- 
tion signals from a distribution point to the communications terminal 
at the subscriber’s location. Most of the larger cables use noncolor- 
coded paper and pulp insulation for the pairs. Prior to termination in 
the field, the new pairs must be identified by pair number. Traditional 
methods of pair identification were time consuming and later semi- 
automatic methods often proved unreliable. An increasing need to 
rearrange telephone cables and pairs as well as a higher labor content 
associated with such activities has resulted in a need for fast, reliable 
pair identification equipment. 

New 4960A/4961A automatic pair identifier system 
The 4960A/4961A System reliably identifies and tests working 

and nonworking telephone cable pairs in loaded or nonloaded tele- 
phone cables up to 40,000 feet in length. The system has two parts. . . 
the 4960A Office Unit and the 4961A Field Unit. The office main- 
frame using standard test connectors (shoes). The Field Unit is oper- 
ated by the craftsperson at the field location. A pushbutton starts the 
operation of testing, identifying and determining the status of each 
pair. 

There are four operating modes: Self Check, Shoe Check, Scan 
Mode and Select Mode. Self Check tests the operation of the units. 
Shoe Check determines if all the pairs in the shoe are making good 
contact to the mainframe. Scan Mode determines the pair number of 
a randomly chosen pair within the hundred pair count. Select Mode 
instructs the Office Unit to apply an audible tone to any selected pair 
in the count. The Select Mode is useful for identifying pairs that do 
not identify in the Scan Mode and for determining the problem on a 
faulted pair. 

The system is noninterfering to voice and most data circuits. No 
control pair is required for communication between the Office and 

r indi- 

Cable fault locating 
Of prime interest in telephone cable maintenance is the location of 

physical damage to the cables. Telephone cable fault location has be- 
come an especially acute problem in recent years as more cable is 
placed underground. Although better protected from the environ- 
ment, the cable is subject to new dangers and the telephone craftsman 
is faced with locating damage hidden by several feet of earth. In addi- 
tion, higher traffic density on cables and demands for higher qualilty 
transmission have placed more emphasis on cable reliability and qual- 
ity. 

Direct reading fault locators 
Field instruments that provide a direct distance-to-fault reading in 

feet (or metres) have the benefit of relieving the craftsman of the 
drudery of performing manual calculations. Locating faults becomes 
faster, requires less training and is less error prone than with manual 
bridge techniques. 

4930A conductor fault locator 
The 4930A is an automatic, digital, direct reading test set operating 

on the Wheatson Bridge principle. It is designed to locate extremely 
high resistance shorts, crosses and grounds, such as might occur from 
minute amounts of moisture in plastic insulated cable (PIC). The 
4930A is connected to the cable pairs at an access point and the far- 
end of the cable is strapped to form a bridge configuration. Two null- 
ing operations are performed and then either the distance to the fault, 
distance strap to fault or the distance to the far-end is obtained on the 
autoranging digital display. The 4930A includes pushbutton checks 
of the fault resistance, the condition of the strap as well as of its 12 V 
battery. A self check circuit is built into the set. The 4930A is housed 
in a rugged polycarbonate case. 50 Hz noise rejection and metric op- 
tions are available. 



New 4910G open and split fault locator 
The 4910G is designed to provide direct distance readings to both 

opens and splits. An open is a discontinuity in one or both of the wires 
of a cable pair. Opens can be the result of bad splices as well as the 
result of damage caused by shotgun pellets, squirrels, gophers or 
shovels. A split is a splicing error in which one side of a pair is inadver- 
tently cross-connected with one side of a second pair while the re- 
maining sides are spliced correctly. The split is the only cable fault 
that is virtually always man-made. The 4910G operates on a capaci- 
tance charge sampling principle which relates the charge placed on a 
length of wire to its capacitance and hence its length. A built-in mi- 
croprocessor performs automatically the measurements and calcula- 
tions necessary to locate opens and splits. The test set averages out the 
effect of noise on the line by automatically taking several readings on 
the pair prior to displaying the fault distance on its autoranging digi- 
tal display. The 4910G is set automatically for standard .083mf/mile 
exchange cable but can be reset to other types of cable by means of 
the D Factor control. 50 Hz noise rejection and metric options are 
available. 

Tone type fault locators 
The tone type locator, such as the Model 4904A. places a pulsed 

tone on the faulted circuit which is traced by an inductive pick-up coil 
and a sensitive tuned receiver. At the point of the fault, the signal 
drops in level, thereby pinpointing the exact physical location of the 
fault. The tone locator also has the advantage of being able to precise- 
ly trace the path of the cable and, by triangulation, determine its 
depth at any point. This information is necessary for use in accurately 
locating the fault. It is also necessary for accurately marking the ca- 
ble location to protect it from construction and excavation work being 
performed in the vicinity of the cable. The tone locator system is de- 
signed so that only the transmitted signal is detected, and interfering 
signals (such as power line harmonics) do not interfere with the mea- 
surement. Output power of the transmitter is kept low to prevent in- 
terference with other working circuits in the cable and to prevent 
“carry-by” of the signal beyond the fault. 

4904A cable fault locator 
The 4904A is a pulsed tone system for locating shorts, crosses and 

grounds in direct buried, underground (ducted) and aerial utilities 

‘ 
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cable. It also accurately locates path and depth of buried cables and 
pipes. The sensitive narrow bandwidth receiver rejects ac hum and 
permits locating high resistance faults. It produces a pulsed 990 Hz 
tone for buried cable fault locating and a pulsed 150 Hz tone for aeri- 
al cable. The tone transmitter unit also has a built-in ohmmeter for 
analyzing faults. The accessory earth contact frame is especially use- 
ful for locating high resistance pinhole faults in the cable sheathing. It 
comes complete with transmitter, receiver, search wand, earth con- 
tact frame, cables and ground rod. 

Ultrasonic leak detection 
As pressurized gas escapes through an aperture, it creates consider- 

able noise in the ultrasonic region of 36 to 44 kHz. The HP Ultrasonic 
Translator Detectors (such as Model 4905A) detect this characteris- 
tic sound with a sensitive, directional Barium Titanate microphone 
and translates the signal to audio by mixing it with a 40 kHz local 
oscillator signal. The audio signal is then amplified and monitored on 
a speaker and level meter. 

The most common causes of pressure leaks in cable plant are corro- 
sion (particularly in coastal areas), electolysis, squirrels, boring bee- 
tles, abrasion from wind and weather, hunters, and outside workmen. 
Abrasion (during installation) and corrosion are the most frequent 
causes of cable sheath trouble in cable installed underground in duct- 
ed passages. 

To detect leaks in aerial cables, the craftsman merely scans the ca- 
ble from the ground with the flashlight-size microphone, listening for 
the characteristic hissing sounds of a leak. By simutaneously observ- 
ing the level meter, he can “peak in” on the leak and determine its 
exact location. Pole mounted accessories are available for closer scan- 
ning of the cable and the 18043A Ultrasonic Reflector accessory is a 
parabolic type dish allowing exact aerial leak locating from ground 
level. 

Leaks in ducted underground systems are located with a unique 
“Duct Probe” accessory. 

4905A ultrasonic translator detector 
The 4905A is a lightweight, portable ultrasonic detector which in- 

cludes a directional probe, a 6-ft. coil cord and a leather utility case. It 
has a self-contained speaker, a logging meter, and provision for head- 
phones. 
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DWCarrier Systems Testing 

TELECOM 
General Inform 

FDM/Carrier Systems 
FDM/carrier systems are used to transmit 

large numbers of communications channels 
simultaneously over a single transmission 
medium, each channel being allocated a 
unique part of the frequency spectrum. The 
transmission media are generally microwave 
radio networks, which typically carry up to 
1800 channels on each R F  carrier, and co- 
axial cable systems, which typically carry up 
to 3600 channels on each coaxial ‘tube’. 
Higher capacity systems also exist (for ex- 
ample, 60 MHz coaxial cable) which can 
carry 13,200 channels on each tube. 

Each transmission spectrum is complex, 
containing-in addition to the communica- 
tions channels-residual carriers, pilot tones, 
signalling and test tones which may be used 
to monitor the working of the system while it 
is actually carrying traffic. 

Measurement Requirements 
In the design, manufacture, installation 

and maintenance of FDM/carrier systems 
several types of measurement are necessary. 
Some measurements use general-purpose 
instruments such as network analyzers, pow- 
er meters and frequency standards, but the 
majority of measurements require a dedi- 
cated communications selective level meter 
and a level generator. 

H P  offers a wide range of instrumentation 
to satisfy your measurement needs. 

FDM/Carrier System 
Measurements 

the most common are: 

, 

Of the many FDM measurements made, 

Reference pilots 
Line pilots 
Channel power 
Channel noise 
Group power 
Carrier leak 
Signalling tone 
Test tone 
Supervisory tones 
Inter-supergroup noise 
Spectrum analysis 
Broadband power 
Frequency response 
Gain/loss 
Return loss 
Crosstalk 

Selective Level Meter 
Requirements 

When choosing a selective level meter 
(SLM), there are several criteria to consider 
in balancing cost and performance. 

Frequency Accuracy: Ideally, tuning 
should be accurate and stable, using a 
synthesized local oscillator. This allows 
precise tuning to the frequency at which 
the measurement is to be made and, if re- 
quired, remote control of the tuning. 

Cost savings can be made using a free- 
running local oscillator, with reduced fre- 
quency accuracy and stability. This ap- 
proach needs manual searching in the 
region of the signal and peaking the meter 
on the signal of interest. 

. Sensitivity: An SLM as well as being able 
to measure high level signals accurately 
needs enough sensitivity to measure, for 
example, channel noise at a low level test 
point. In defining measurement range, 
noise floor is typically the limiting factor 
and generally - 1 15 dBm in 3.1 kHz is ac- 
ceptable. Where greater sensitivity is re- 
quired, external low-noise amplifiers are 
available. 

3. Measurement Filters: It is useful to have a 
selection of filters for measuring pilots 
and other single-frequency tones, channel 
power, channel noise and group power. 
The pilot filter should have sufficient out- 
of-band rejection to reject adjacent sig- 
nals, for example, when measuring a 
channel virtual carrier leak in the pres- 
ence of a group pilot. If the SLM is syn- 
thesizer-tuned and the need for “peaking” 
is to be avoided, then a flat top is neces- 
sary to allow for drift in the station master 
oscillator and the SLM between calibra- 
tions. 
The channel filter should ideally have a 

flat top and a bandwidth equal to the 
voice-channel (generally 3.1 kHz). At the 
same time, it should have sufficient out- 
of-band rejection to reject adjacent chan- 
nels, residual carriers and pilots, thereby 
ensuring an accurate measurement of all 
signals within the voice-channel. To make 
accurate noise measurements on all types 
of signals, a true psophometric or “C”- 
message weighting filter should be used 
with an RMS detector. Account should be 
taken of inverted channels, since weight- 
ing filters are asymmetric. 
Cost savings can be made using the con- 

ventional 1.74 kHz effective noise band- 
width filters. The sacrifice with these is 
that they give the correct result only if the 
signals being measured are single tones or 
white noise. If the channel contains, for 
instance, VF signalling tones or data then 
the measurement may be in error. 

The group filter is useful both in measur- 
ing the power in a group and in speeding 
up the search for high level users in the 
multiplex. In the majority of cases it is 
found that a high level user in one channel 
of a group has a sufficiently large effect 
on the group power to enable reliable de- 
tection with the group filter. Thus by 
measuring blocks of 12 channels the 
search is greatly speeded up. 

4. RMS versus Average Detector: A true 
RMS detector always gives the correct re- 
sult regardless of the composition of the 
signal being measured, but it is more ex- 
pensive than an averaging detector. Usu- 
ally the averaging detector is calibrated to 
give correct power measurements with 
sinusoidal signals and it will be in error 
when signals with a different spectral 
composition are measured. In order to 
overcome this, in the case of the nominal 
1.74 kHz bandwidth channel filter, this 
bandwidth is increased to give the correct 
results when measuring white-noise sig- 
nals. 

5. Ease of Use: When making measurements 
on an FDM signal with a conventional 
manually-tuned SLM, the frequency of 
the desired pilot or channel to be mea- 
sured must first be determined from the 
line frequency chart, a table containing 
several hundred frequencies. The SLM is 
then tuned to that frequency, its input and 
IF attenuators adjusted and the meter 
read, probably after fine tuning to peak 
the signal. The meter reading must be 
added to the attenuator settings to com- 
plete the measurement. The process is a 
familiar one, but time consuming and 
prone to error. 
An alternative approach, made possible 

by developments in microprocessors and 
semiconductor memories, is to store the 
tables of FDM frequencies in the SLM so 
that, with the aid of a synthesized local 
oscillator, measurements may be made, 
with speed and confidence, directly in 
terms of the FDM description. 

Manual Testing 
The 312B SLM and the 313A Tracking 

Oscillator are widely used in all FDM appli- 
cations from R&D to system maintenance. 
These units provide a relatively low-cost 
solution when an SLM and a tracking source - 
is adequate. 

The 312D SLM and the 3320C stand- 
alone Level Generator are specifically de- 
signed for FDM system installation and 



maintenance. The SLM and Level Generator 
are among the lowest priced units designed 
for this purpose. 

The 3040A Network Analyzer provides a 
synthesized tracking generator and selective 
level meter. It can be used for stimulus-re- 
sponse testing up to 13MHz (2700 chan- 
nels). The 3044A Megahertz Spectrum 
Analyzer provides a precise tracking gener- 
ator and SLM. It has 0.1 Hz frequency reso- 
lution and 0.01 dB level resolution plus 
digital readout and keyboard control. It can 
readily be automated by adding HP-IB con- 
trol hardware and a system controller such as 
the 9825A Desk-top Computer. In this con- 
figuration (HP3045A) the system offers an 
ideal solution for production test and Q.A. 
requirements. 

The 3745A & Band the 3747A & B Selec- 
tive Level Measuring Sets and the 3335A 
Synthesizer/Level Generator provide an op- 
timum solution to the problems of measure- 
ments on FDM systems for manufacture, 
installation and field maintenance. These se- 
lective level measuring sets each have a syn- 
thesized local oscillator, wide sensitivity 
range of +15 dBm to -120 dBm 
(which is adjusted automatically), and abso- 
lute measurement accuracy of ?0.25 dB in- 
cluding typical flatness of 0.1 dB. The 
measurement filters are purpose designed for 
FDM systems: a 22 Hz flat-topped pilot fil- 
ter, a 3.1 kHz channel filter with an optional 

true psophometric or “C”-message weighted 
noise filter and a 48 kHz group filter. The 
detector is a true RMS thermopile detector. 

The stnsitivity is automatically adjusted 
and the measurement results displayed on a 
digital LED display. CCITT and Bell fre- 
quency plans are stored in memory thus tun- 
ing is effected simply by keying in Channel, 
Group, Supergroup number, etc. 

Several automatic routines are also acces- 
sible from the simple keyboard. Examples 
are scans of pilots, channel power, group 
power, carrier leak and inter-supergroup 
noise. These sets can also measure broad- 
band power and, optionally, phase jitter, 
weighted noise and noise-with-tone. 

Automatic Testing 
Hewlett-Packard manufactures a wide 

range of HP-IB automatic system compo- 
nents. These make the implementation of 
automatic system ideas relatively straight 
forward from both the hardware and soft- 
ware standpoints. HP-IB systems make auto- 
matic testing more economically justifiable. 

The 3042A Network Analyzer offers auto- 
matic stimulus-response testing of level, 
phase and group delay. It is ideal for use in 
the design and manufacture of FDM equip- 
ment to 13 MHz (2700 channels.) 

The 3045A Automatic Spectrum Analyzer 
is also used primarily in FDM design and 
manufacture. The system consists of a preci- 
sion source and tracking detector under the 

control of a desk-top computer such as the 
9825A. Manufacturers of FDM equipment 
have found that the 3045A has helped reduce 
test time on radio equipment by a factor of 
10. Equally important is that manufacturers 
have found that 3045A programming can be 
handled in-house without needing software 
specialists. 

The 3745A & B and the 3747A & B can be 
remotely controlled through the HP-IB from 
a suitable controller such as the 9825A or 
9845A Desk-top Computers or the HP 1000 
Computer System. This facilitates building a 
range of measurement systems from, for ex- 
ample, a single-instrument automatic, pro- 
duction test system to a fully automatic, 
multi-station, remote surveillance system. 
3745A & B and 3747A & B SLMS systems 
are already providing comprehensive auto- 
matic measurement capability on FDM net- 
works in many countries throughout the 
world. 

An integral part of both large and small 
surveillance systems is a means of both con- 
necting test points to the measuring set and 
connecting test signals to appropriate test in- 
puts. This access switching is provided by the 
3754A, 3756A and 3757A Switches which 
are controlled by a 3755A Switch Controller. 
For small systems, manual control is avail- 
able by means of a keyboard on the 3755A 
and for large systems an HP-IB input is pro- 
vided. 

Summary of Selective Level Meters 

‘Optional-refer to specifications 
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' 25 MHz and 90 MHz Selective Level Measuring Sets 

Models 3745A, 37458 and 3747A, 37478 

3745AJE 3747AJB 
3.1 kHz-Channel +15 to -115 (-100 (-95 

Frequency range 50 Hz to 25 MHz (3745A/B), 

Selective filters for pilot, channel and group power 

Autoranging attenuators and automatic tuning to stored 

10 kHz to 90 MHz (3747AIB) 

measurements 

frequency plans 

(-113 

Out-of-limit alarm with hardcopy record on separate 

Automatic routines for unattended measurements 
HP-IB compatible 

printer 

I- 
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Description 
The 3745A & B and 3747A & B Selective Level Measuring Sets 
(SLMS's) are designed to make fast, accurate selective level meas- 
urements. A built-in frequency synthesizer gives accurate, stable tun- 
ing to the precise frequency a t  which the measurement is to be made. 
This simplifies the tuning of the SLMS. The 3745A/B and 3747A/B 
can be tuned over their frequency ranges (50 Hz to 25 MHz and IO 
kHz to 90 MHz respectively) with a resolution of 10 Hz. 

The SLMS's measure true rms power between +I5 dBm and -120 
dBm with 0.1 dB or 0.01 dB resolution. Fully autoranging attenuators 
and amplifiers simplify operation further by eliminating the need to 
set attenuators and add meter readings. Measurement results are 
automatically displayed to the selected resolution, in dBm or dB rela- 
tive terms, on an LED display. The absolute accuracy of the measure- 
ment over wide level and temperature ranges is ( f0 .25  dB 
including a flatness variation of typically < f 0.1 dB. 

Many benefits are derived from the purpose-designed filters con- 
tained in the SLMS's. The pilot filter has a flat-top, necessary for 
automatic tuning, and achieves high out-of-band rejection so that, for 
example, carrier leak and adjacent pilots can be measured on active 
systems. The channel filter is a flat-topped 3.1 kHz filter which mea- 
sures all signals in the voice-channel with high out-of-band rejec- 
tion-ensuring that pilots, residual carriers, signalling tones, etc., do 
not interfere with measurements. Optional weighted filters are avail- 
able to make either true 'C'-message or C€ITT psophometrically 
weighted noise measurements. With these options, phase jitter on a 
voice-channel can also be measured. A 48 kHz filter for group power 
measurements is also provided, to facilitate fast location of high level 
signals on a multiplex. 

The SLMS is internally-controlled by a microprocessor which pro- 
vides several ease-of-use and time-saving features. As well as tuning 
exactly to an entered frequency, the SLMS can refer to BELL or 
CCITT multiplex frequency plans in its memory and automatically 
tune to the correct frequency a t  any level in the multiplex. Other fre- 
quency plans can be installed to special order. This eliminates the 
need for FDM Plan Charts and Tables. The SLMS's can automati- 
cally step through pilots, channels, group powers, carrier leaks, etc., 
across the baseband of a multiplex-comparing levels with pre-deter- 
mined alarm limits and providing a print-out of out-of-limit signals on 
a separate Thermal Printer. 250 pilot measurements can be made in 
about 2 minutes or, 2700 channel powers or carrier leaks can be mea- 
sured in about 15 minutes. Spectrum analysis measurements of a 
voice-channel, group, supergroup or even the whole baseband can also 

be made. Measurements can be made unattended, for example, over- 
night. 

The SLMS's are fully programmable via the Hewlett-Packard In- 
terface Bus (HP-IB) and so can form the basis of a powerful, fully- 
automatic surveillance system. 

Specifications (Unless otherwise stated, all specifications are 
for 0°C to 55°C after 30 minute warm-up) 

Frequency range 
75Q Unbalanced input 

(3745A/B): 50 Hz* to 25 MHz. 
(3747A/B): 10 kHz to 90 MHz. 

124Q Balanced Input (37458/3747B): 10 kHz to 10 MHz. 
13551 Balanced input (3745B/3747B): IO kHz to 10 MHz. 
150Q Balanced input (3745A/3747A): 10 kHz to 10 MHz. 
Minimum frequency step size: IO Hz. 
'When fitted with Option 050 

Frequency tuning accuracy 
With INTERNAL REFERENCE OSCILLATOR 

Initial setting accuracy: < k 2 x 10-8 parts, f 1 Hz 
Ageing rate: (1.5 x 10-8 parts/month. 

Measurement ranges 
750 Unbalanced input 

(37451/8) 
300 kHz to 90 MM 

1 - 1 1 0  

Broadband (3745AtB) 
+15 to -55 
(3747AJB) 



Input circuits 

10 kHz to 25 MHz (3745A/B) 
50 kHz to 70 MHz (3747A/B) 
70 MHz to 90 MHz (3747A/B) 

impedance: 75Q. 
Return loss: >32 dB (50 kHz to 25 MHz-3745A/B). 

Maximum ac input power: +25 dBm. 
Measurement accuracy 
750 Unbalanced input-selective measurement 

>30 dB (50 kHz to 70 MHz-3747A/B). 
>22 dB (70 MHz to 90 MHz-3747A/B). 

level Accuracy (dB) 
over the temperature range 10°C to 

35°C. after autocalibration 
(see Notes 1 and 2) 

+15 to -60 dBm 60 to -80 dBm I -  F r q m c y  Range 

< ? 1.0 
<? 1.0 

< 2 1.5 (nominal) 

75Q Unbalanced input- broadband measurement 
level Accuracy (dB) 

over the temperature range 0°C to 55% 
after autocalibratii-(see Mote 2) FrMumcv R i m e  

Note 1: For all seIective measurements in the frequency range 10 kHz to 90 MHz. to extend the 

Note 2: The following errors are eliminated by autocalibration. 
temperature range to 0% to 55'C, add 0.1 dB. 

Temperature Coeflicient: 0.01 dB/ 'C. 
StabiRy: 0.1 dW24 hours (at constant temperature). 

Measurement display 
Resolution: 0.01 dB (with long averaging). 

Filters 
Pilot filter-22 Hz 

0.1 dB (with normal averaging). 

Ripple over 22 Hz bandwidth: t O . l  dB pk-pk. 
3 dB bandwidth: 38 Hz, f 10%. 
Adjacent pilot rejection (e60 Hz): >38 dB. 
Rejection at > f 110 Hz: >60 dB. 

Ripple over 2.6 kHz bandwidth: (0.5 dB pk-pk. 
3 dB bandwidth: 3.1 kHz, k 10%. 
Virtual carrier rejection at f 1.85 kHz: >55 dB. 
Adjacent channel rejection ( f 4  kHz): >70 dB (3745A/B). 

Channel filter-3.1 kHz 

>65 dB (300 kHz to 70 
MHz) (3747A/B). 
>63 dB (70 MHz to 90 
MHz) (3747A/B). 

Equivalent noise bandwidth: 3.1 kHz (nominal) 

3 dB bandwidth: 48 kHz, ? 15%. 
Adjacent group rejection (+48 kHz): >25 dB. 
Rejection at > 2 80 kHz: >40 dB. 

Group filter-48 kHz 

lntermodulation 
Second order intermodulation rejection: >70 dB (3745A/B) 

>65 dB (3747A/B). 
in-band image and IF signals: >80 dB. 
Typical measurement times 
Pilot filter: 450 ms (for pilots in a typical multiplex system). 
Channel filter: 300 ms (for channels in a typical multiplex system). 
Group filter: 260 ms (for groups in a typical multiplex system). 
Additional output 
Audio output 

Frequency response: f 1 dB (600 Hz to 3.1 kHz). 

General 
Size: 268 H x 425 W x 505 mm D (10.6" x 16.8" x 19.9"). 
Weight: net, 40 kg (88 Ib); shipping, 54 kg (120 Ib). 
Power: 

Voltages: 100/120/220/240 V (+lo% -13%), 48 to 66 Hz. 
Consumption: 200 VA. 

Options 
Connectors: A range of connector options is available (see Data 
Sheet for information). 
Opt 021: phase jitter + psophometric weighted filter. 
Phase jitter 

Ranges: 3" and 30" FSD. 
Residual phase jitter: t0 .5" .  
Accuracy: k 15% of reading + residual phase jitter. 
Bandwidth: 20 to 300 Hz. 

Measurements are made on a tone after the input signal has been 
demodulated. The demodulated test-tone must be within the range 
950 Hz to 1050 Hz. 
Weighting filter 

Weighting curve: CCITT recommendation P.53 superimposed on 
3.1 kHz channel filter, as specified. 

Opt 022: phase jitter + C-message weighted filter. 
Phase jitter 

Ranges: 3" and 30" FSD. 
Residual phase jitter: t0.5". 
Accuracy: f 15% of reading + residual phase jitter. 
Bandwidth: 20 to 300 Hz. 

Measurements are made on a tone after the input signal has been 
demodulated. The demodulated test-tone must be within the range 
950 Hz to 1050 Hz. 
Weighting filter 

Weighting curve: C-message weighting superimposed on 3.1 kHz 
channel filter, as specified. 

Opt 023: 800 Hz notched filter. 
Allows the SLMS to make notched psophometrically-weighted mea- 
surements (to CCITT standard). 
Opt 024: 1010 Hz notch filter. 
Allows the SLMS to make notched '(2'-message weighted measure- 
ments (to BELL standard). 
Opt 025: 2.5 kHz channel filter. 

Ripple over 2.3 kHz bandwidth: (0.8 dB. 
3 dB bandwidth: 2.5 kHz, ? 5%. 
Adjacent channel rejection ( f 3  kHz): >60 dB. 
Equivalent noise bandwidth: 2.5 kHz (nominal). 

Opt 040: X-Y recorder/X-Y display driver. 
Allows SLMS to drive an X-Y recorder or X-Y display. 
Opt 050 extended frequency range (3745A/B only). Extends fre- 
quency range of 3745A/B down to 50 Hz. 

Flatness (50 Hz to 1 kHz) referred to 1 MHz and at 0 dBm: < f 
0.4 dB. 
Typical Measurement Uncertainty: (75 Q input) 200 Hz to 10 
kHz (with 22 Hz filter) for level range 0 dBm to 60 dBm: < f 0.6 
dB. 
Typical Noise Floor (with 3.1 kHz filter centered at 1.85 kHz): 
(-85 dBm. 

Miscellaneous options 3745A/B 3747A/B 
908: rack flange kit +$53 +$53 
910: extra set manuals +$63 +$73 

Ordering information Price 
3745A/B Selective Level Measuring Set $19,470 
3747A/B Selective Level Measuring Set $24,050 
Opt 021: phase jitter + psophometic weighted filter. +$295 
Opt 022: phase jitter + C-message weighted filter. +$295 
Opt 023: 800 Hz notched filter. +$320 
Opt 024: 1010 Hz notched filter. +$320 
Opt 025: 2.5 kHz channel filter. +$590 

+$1150 
Opt 050: 3745A/B extended frequency range. +$170 
Opt 040: X-Y recorder/X-Y display driver. 



TELECOMMUNICATIONS TEST EQUIPMENT 
Access/distribution switches and controller (8.5 MHz, 25 MMz, 90 MHz) 
Models 3754A, 3755A, 3756A, 3757A 

Select 1 from a possible 10 RF InputslOutputs 
Cascade several Switches to allow selection from 1000 
Inputs/Outputs 
Mix different Switches for the most cost-effective s o h -  

Single 3755A can control 11 1 Switches from a simple 

Remote input selection using HP-IB 
75Q termination of unselected ports 

keyboard 

tion 

W 

3755A 

Description 
Applications 

have been developed to meet the requirements of three main areas. 
The 3754A, 3756A and 3757A Switches and the 3755A Controller 

1. Frequency Division Multiplex (FDM) System surveillance and 
maintenance-the Controller/Switch combination is used in 
conjunction with a Selective Level Measuring Set (SLMS), such 
as the 3745A/B (25 MHz) or 3747A/B (90 MHz), to monitor 
pilot and traffic levels at various points in the multiplex without 
manually connecting the SLMS to each point. 

2. Production testing-where automatic selection of several R F  sig- 
nals is required. 

3. Data logging-where large numbers of R F  signals need to be 
accumulated at one control point. 

Model 3754A 25 MHr Access Switch 
The Model 3754A 25 MHz Access Switch is an ac-cou- 

pled, uni-directional, ten-input switch with a frequency range from 
IO kHz to 25 MHz. The 3754A incorporates a virtual-ground am- 
plifier-giving an insertion loss of < * 0.1 dB from 50 kHz to 20 
MHz and high isolation across the whole frequency range. The iso- 
lation between any unselected input and the output is >85 dB and 
the isolation between any two inputs is >90 dB. In addition, pre-set 
gains of 1, 2 and 3 dB are internally selectable to compensate for 
losses in cables and equalizers. (The 3754A can be powered from 
the ac mains or from a dc supply.) 
Model 3756A 90 MHz Bi-directional Switch 

The Model 3756A 90 MHz Switch is a dc-coupled, bi-directional, 
ten-way switch with a frequency range from dc to 90 MHz. The 
3756A offers isolation of >80 dB between Channels, and >75 dB 
between unselected input and output ports. It has an insertion loss 
of 1 dB with a flatness of < k0.2 dB and >28 dB return loss. (The 
3756A can be powered from the ac mains or from a dc supply.) 
Model 3757A 8.5 MHz Access Switch 

The Model 3757A 8.5 MHz Access Switch is a low-cost, ac-cou- 
pled, uni-directional, ten-input switch with a frequency range of 10 
kHz to 8.5 MHz. An option provides expanded frequency range 
from 200 Hz to 8.5 MHz. The 3757A has an insertion loss <0.1 dB 
from 10 kHz to 4 MHz and isolation of >95 dB between Channels. 
In addition, pre-set gains of 1,2 and 3 dB are internally selectable to 
compensate for losses in cables and equalizers. (The 3757A is 
powered from a f 15 V dc supply.) 

Model 3755A Switch Controller 
The Model 3755A Switch Controller has a small, easy-to-operate 

keyboard with a 3-digit LED display to denote the input or output 
selected. Each Switch (3754A, 3756A or 3757A) is given a 1-digit 
code, to select the required port. In a large Switch network, involv- 
ing 3 levels of cascaded Switches, selection from up to 1000 inputs 
or outputs is possible. This requires a 3-digit code (000 to 999) 
where each digit represents the input or output of the appropriate 
Switch a t  each of the 3 levels. 

Because the 3755A is a self-contained unit, separate from the 
Switches, it is possible to locate the Switches remotely from the 
Controller. In the case of the 3754A and 3757A, the control signal 
can be transmitted over the same cable as the R F  signal. This elimi- 
nates the need for separate control cables and makes inter-connec- 
tion changes easier. Sending control signals over the R F  path has no 
effect on the R F  signal source. (The 3755A is powered from the ac 
mains.) 

The control signals can also be sent along a separate two-wire 
path. This is necessary for the 3756A or when the continuous dc 
path between the Switches and Controller is interrupted, for exam- 
ple, by an ac-coupled equalizer inserted to compensate the line-fre- 
quency response. 

A combination of both methods of control signaling can be em- 
ployed in the same Switch system. Also, if necessary, high and low 
frequency Switches can be incorporated into the same system. 

HP-IB Control 
The 3755A Switch Controller can be remotely controlled over the 

Hewlett-Packard Interface Bus (HP-IB) by a desk-top computer. 
Selection of the R F  input/output to be accessed is achieved using a 
3-digit code that defines the particular input/output required. Since 
it is the 3755A which is controlled via the HP-IB, only one bus ad- 
dress is used for up to 11 I Switches. 

Ordering Information Price 
Model 3754A 25 MHz Access Switch $1975 
Model 3755A Switch Controller $1655 
Model 3756A 90 MHz Bi-directional Switch $2585 
Model 3757A 8.5 MHz Access Switch $625 



Access/Distribution Switches and Controller (8.5 MHz, 25 MHz and 90 MHz) (Cont'd) 
Models 3754A, 3755A 3756A and 3757A 

Parameter 

Frewmcy Ranfe 

TELECOMMUNICATIONS TEST EQUIPMENT 

3754A 3755A 
25 MHz Switch 
Access Switch Controller 
10 kHz to 25 MHz - 

Specifications 

R e h  Loss 

Overload Level 

>30 dB (selected I/P from 60 kHz to 

>23 dB (unselected I/P from 60 kHz 

>30 dB (output from 60 kHz to 

0 dBm (control over signal path) 
+10 dBm (control over wara te  Dath) 

>30 dB (rear panel from >28 dB (dc to 80 MHz) 
>20 dB (80 MHz to 90 MHz) 25 MHz) 

to 25 MHz) 

25 MHz) 

60 kHz to 25 MHz) 

3756A 
90 MHz 
Bi-directional Switch 

I dc to 90 MHz 

MaximM Ac hpvt Power 
Noise Power Ratio 
(Typical) 

!itserfion Loss t f O . l  dB (50 kHz to 20 MHz) 
t f 0.3 dB (10 kHz to 25 MHz) 

. .  
+8 dBm (506 version only) 
+25 dBm (at each input) 
>70 dB (-10 dBm over any 8 MHz 

- +25 dBm (at each input) 
>70 dB (-10 dBm over any - 

band) 8 MHz band) 

t O . l  dB (I/P & O/P on rear) 
t 0 . 2  dB (I/P & O/P on front) 

Thermal Noise 
(in 3.1 kHz bandwidth) 

Pre-set Gam I ;dd: f 0 . 1 d B  

(-115 dBm (from 60 kHz to 300 kHz) 
(-120 dBm (from 300 kHz to 25 MHz) 

1 dB f 0 . 2  dB 

Thermal Noise 
(in 3.1 kHz bandwidth) 

(-115 dBm (from 60 kHz to 300 kHz) 
(-120 dBm (from 300 kHz to 25 MHz) I 

t 5  mV pk-pk - 

6 kg (13 Ib) 
11 kg (24 Ib) 

General 

5 kg (11 Ib) 
12 kg (26 Ib) 

Power 
Input Voltages (ac) 
Tolerance 
Consumption 
Frequency 
OR 
Input Voltages (dc) 
Tolerance 
Nominal Current 

Ripple 
Weights 
Net 
Shipping 
Dimensions 
Width 
Height 
Depth 
Options 
BNC (756) 
Siemens Series 
2.5/6 mm (756) 
Siemens Series 
1.6/5.6 mm (75Q) 
BPO Type IE (756) 
Commercial equivalent of 
WECO Type 560 A (756) 
Commercial equivalent of 
WECO Type 4778 (756) 
BNC (506) 
Suhner I-Type (756) 

100, 120, 220, 240 V 
f 10% 
t 2 0  VA 
48 to 66 Hz 

f 1 5 V  
f 2% 
150 mA (-15 V) 
300 mA (+15 V) 

100,120,220,240 V * 10% 
t 2 0  VA 
48 to 66 HZ 

425 mm (16.8 in) 
89 mm (3.5 in) 
350 mm (13.9 in) 

425 mm (16.8 in) 
89 mm (3.5 in) 
350 mm (13.9 in) 

Front 

001 011 

002 012 
003 013 

004 014 

005 015 
006 016 - 

001 011 

002 012 
003 013 

004 014 

005 015 
006 016 - 

100,120,220,240 V 
f 108,-15% 
t 2 0  VA 
48 to 66 Hz 

+15 V 
? 2% 
200 mA 

5 mV Dk-Dk 

6 kg (13 Ib) 
11 kg (24 Ib) 

425 mm (16.8 in) 
59 mm (3.5 in) 
350 mm (13.9 in) 

Front Rear 
STD 010 

001 011 

002 012 - - 
004 014 

005 015 - 
007 017 

3757A 
8.5 MHz 
Access Switch 
10 kHz to 8.5 MHz 
200 Hz to 8.5 MHz (Opt 20 
0 dB kO.1 dB (10 kHz to 
0 dB f 0.2 dB (10 kHz to 

opt 200) 

- 

0 dB k0 .5  dB (200 HZ to IU n r i ~  - 

1 dB kO.03 dB 
2 dB fO.03 dB 
3 dB f 0 . 0 3  dB 

>70 dB (anv I/P & O/P over 10 kHz to 
8.5 M H Z )  

>75 dB (any I/P & O/P over 10 kHz to 
4 MHz or 

>95 dB (any two adjacent Inputs 
10 kHz to 8 MHz) 

>lo5 dB (any two adjacent Inputs 

'20 HZ to 10 kHZ - Opt 200) 

10 kHz to 4 MHz or 
200 HZ to 10 kHZ - Opt 200) 

>35 dB (selected I/P from 10 kHz to 

>35 dB (unselected I/P from 10k Hz 

>35 dB (output from 10 kHz to 8 MHz) 

8 MHz) 

to 8 MHz) 

0 dBm 

+25 dBm (at each input) 
>50 dB (-10 dBm Input from 60 kHz 

>58 dB (-10 dBm InDut from 60 kHz 
to 8 MHz) 

to 4.1 MHz) ' 

(-119 dBm (60 kHz to 4.1 MHz) 
(-117 dBm (60 kHz to 8.5 MHz) 
(-100 dBm (300 Hz to 3.4 kHz -Opt 

200) 

10 v 
k0.5 V 
00 mA 

<5 mV Dk-Dk 

.7kg (3.75 Ib) 
kg (7.5 Ib) 

83 mm (19 in) 
4 mm ( 2  i n )  
'60 mm (10 in) 

Front Rear 
STO - 



TELECOMMUNICATIONS TEST EQUIPMENT 
Synthesizer /level generator 
Model 3335A 

I 

3335A 

+13.01 to -6.98 

Description 
The 3335A is a 200 Hz-80 MHz Synthesizer/Level Generator with 

performance characteristics that make it ideally suited for testing 
low-density carrier, radio baseband and high-density cable carrier 
systems as well as for R&D and production testing. It features preci- 
sion level control, high frequency resolution (0.001 Hz from 200 Hz 
to 80 MHz), optional frequency stability of + 5 X 10-’O/day and high 
spectral purity. The 3335A is fully HP-IB programmable. 
Precision amplitude control 

High capacity FDM systems are placing more stringent require- 
ments on testing transmission parameters. One such area where new 
standards of performance are required is amplitude control. The 
3335A incorporates a state-of-the-art attenuator structure resulting 
in attenuator accuracies of up to kO.035 dB over the 80 MHz fre- 
quency range. A true rms leveling loop provides k0.15 dB flatness 
over the entire frequency range ( + 0.10 dB from 1 kHz to 25 MHz) 
and 0.01 dB resolution over a 100 dB amplitude range. The 3335A 
can be externally leveled. 
Digital frequency selection 

Frequency is controlled via the front panel or by remote control 
with up to 0.001 Hz resolution. Frequency can also be changed by 
incrementing or decrementing the frequency by any arbitrary 
amount. FDM testing is simplified by stepping from channel to chan- 
nel with a single keystroke. 
Amplitude blanking 

The 3335A has switch selectable amplitude blanking to prevent dis- 
turbing a pilot tone when testing FDM systems. The output is 
blanked while the synthesizer tunes to the new frequency. This allows 
response testing of FDM systems while in service. 
Internal storage for repetitive testing 

The 3335A’s internal microprocessor-controlled memory can store 
any combination of parameters (frequency, level, etc.) of the instru- 
ment in 10 separate memory registers. The contents of these registers 
can then be recalled for fast and repeatable testing. 
SLMS tracking generator 

The 3335A operates as a tracking generator with the H P  3745A/B 
Selective Level Measuring Set (SLMS) for automatic or semi-auto- 
matic testing of FDM systems. For closed-loop tracking, (3335A and 
3745A/B in the same location), the frequency is controlled by the 
SLMS. The 3745A/B and 3335A can sweep through any selectable 
frequency spectrum or cycle through the channels of a multiplex sys- 
tem by calling up the FDM frequency plans stored in the SLMS 
memory. The 3335A and 3745A/B can also operate in an open loop 
tracking mode separated by the system under test or they can be in- 
terfaced via the H P  Interface Bus (compatible with IEEE STD 488- 
1975) to a programmable calculator or computer for a completely 
automatic test system. 
Options 
Standard: Equipped with switch-selectable 50Q and 75Q outputs 
(BNC connectors). 
001: High-stability frequency reference 

50Q 

002/004: Equipped with 759 unbalanced and 12452 and 135Q bal- 
anced connectors per table. 

-6.99 to -46.98 
-46.99 to 86.98 

Option Fits WECO Spacinl Accepts 
WECO Type 

560A 439AI440A 
124Q 4778 16 mm (.625”) 372A 

560A 12.7 mm (0.5”) 443A 
135G 002/004 223A 16 mm (.625”) 241A 

003: 75Q unbalanced BNC output and 15OQ balanced output using a 
pair of BNC connectors at 20 mm (0.80 in.) spacings. 
Abbreviated specifications 
(For complete specifications, refer to page 364 and the 3335A data 
sheet.) 
Frequency range: 

Standard: 200 Hz-80 MHz; 
Opt. 002/004: 7552, 200 HZ-80 MHz; 12452, 10 kHz-10 MHz; 
135/15052, 10 kHz - 2 MHz. 
Opt. 003: 7552,200 Hz-80 MHz; 150Q, 10 kHz - 2 MHz 

Frequency resolution: .001 Hz. 
Stability, long term: * 1 X 10-8/day; f 1 X 10-7/month. 
Opt. 001 (high stability frequency reference): 

Aging rate: + 5  X 10-’0/day; + 2  X IO-g/rnonth; + 1 X IO-’/year 
Warmup: Within 5 X 10-9 of final value 20 minutes after turn-on a t  
25°C. 

Spectral purity 
Harmonic distortion: 200 Hz-IO MHz: (-45 dB; 10 MHz-80 

Phase noise (30 kHz band, excluding f 1 Hz, centered on the carri- 
er): 9.9 MHz: (-63 dB; 20 MHz; (-70 dB; 40 MHz: (-64 dB; 
80 MHz: (-58 dB 
Spurious: Nonharmonically related signals 75 dB below the carrier 
or -1 10 dBm, whichever is greater 
Amplitude range: 

MHz; (-40 dB 

Standard: 50R: +13.01 dBm to -86.98 dBm; 75Q: +11.25 dBm to 
-88.74 dBm. 
Opt. 002/004: 75/124/135Q: +11.25 dBm to -88.74 dBm 
Opt. 003: 75/1503: +11.25 dBm to -88.74 dBm 

Resolution: 0.01 dB 
Absolute level accuracy (max. output at 100 kHz, 20% to 
30°C): + 0.05 dB 
Signal balance (124Q, 13552, 150Q balanced outputs): >40 dB 
Flatness (relative to 100 kHz, full amplitude): 50/750: 1 kHz 

2 MHz: k0.18 dB 
Attenuator accuracy (relative to 100 kHz, full amplitude) 

-25 MHz: k0.07 dB; 200 HZ - 80 MHz: k0.15 dB. 12452:lO kHz - 
10MHz: + 0 . 1 5 d B , l O k H z - l O M H ~  +0.4dB;135/15OQ:lOkH~- 

knpedance Frcguew 

+11.25 to - 8.74 
-8.15 to -48.14 
-48.15 to -88.74 

N O E  For 124n, 135% and 1W. refer to data sheet. 

Options Price 
001: Hi-stability reference add $580 
002: Connector option (75/124/135Q) add $300 
003: Connector option (75/150Q) add $200 
004: Connector option (750, miniature WECO on add $300 
124/135Q) 
3335A Synthesizer/Level Generator $7000 



TELECOMMUNICATIONS TEST EQUIPMENT 
SLMS Accessories 

15575A-H, 1557849, 15580A, 1558 1 B, 15582A, 15584A, 15585A, 15587A, 15588A, 15589A 

Parameter 15578A 
Frequency Rance 
hdhl LMS 

50 kHz to 90 MHz 

0 dB 20.3 dB 
(300 kHz to 70 MHz) 

T a w i n  LMS t0.3 dB 

Active and Passive Probes 
Models 15578A, 15580A, 15581B high-impedance probes are used 

with the SLMS for bridging measurements. The 15578A and 15580A 
are "active" devices having an insertion loss of 0 dB. Model 1558 1B is 
a passive probe having an insertion loss of 20 dB. The 15581 B can also 
inject signals from a Level Generator at  points where a high imped- 
ance source is required. See Data Sheet (5952-3218) for options. 

155818 15580A 15578A 

15580A 155818 
20 kHz to 25 MHz 
0 dB +0.2 dB 
(50 kHz to 20 MHz) 
t 0 . 1 5  dB t 0 . 2 5  dB 

10 kHz to 25 MHz 

20 dB k0.2 dB 
(50 kHz to 20 MHz) 

15582A 

Max Input Power 
Power Wv 

15587A 

t 0 . 5  dB 
(50 kHz to 70 MHz) 
+25 dBm +10 dBm +25 dBm 
+15 V (25 mA) +15 V (25 mA) - 

15584A 

Parameter 15587A 
Frequency Range 

Gam 20 dB 20.2 dB 

60 kHz to 25 MHz 

15588A 

15588A 
300 kHz to 90 MHz 
20 dB k0.2 dB 

15575A-H 

kput R e h  LMS 
N e  Figure 

15585A 

>20 dB (300 kHz to 18 MHz) 
t 5  dB (60 kHz to 12 MHz) 
< I n  dR (17 MH7 tn 70 MH7) 

>20 dB ( 1  MHz to 70 MHz) 
t 7  dB (1 MHz to 90 MHz) 

15589A 

Max kput Power 
Power supply 
Rice 

-10 dBm -10 dBm 
+15 V (45 mA) +15 V (20 mA) 
s595 S780 

I (d'75i2 svstem) I (50 kHz to 50 MHz) I (50 kHz to 20 MHz) I (50 kHz to 20 MHz) I 

.. . . .  . .  
I Prices I Y 2 5  I $350 I $190 I 

Low-Noise Amplifiers 
Models 15587A and 15588A are 20 dB low-noise amplifiers de- 

signed to increase the sensitivity of the SLMS. They are particularly 
useful for extending the range of the 3145A/B or 3141A/B for low 
level Group Power and Broadband Power measurements. See Data 
Sheet (5952-3218) for options. 

Specifications 

(300 kHz to 18 MHz) 
20 dB f 1 dB 
(60 kHz to 25 MHz) 

(4 MHz to 70 MHz) 
20 dB * 1 dB 
(300 kHz to 90 MHz) I 

Return Loss Kit $550 
Model 15582A Return Loss Kit, with a suitable Level 
Generator, allows the SLMS to make return loss mea- 
surements from 10 kHz to 25 MHz. Extended coverage 
from 100 kHz to 90 MHz is possible with Model 8721A 
Opt 008 Directional Bridge. 

Cable Equalizers $270 ea 
Models 15575A-H constitute a range of eight Cable 
Equalizers, designed to equalize the Loss/Frequency 
characteristics of different lengths of 75 Ohm coaxial 
cable. 

Transit Case $550 
Model 15584A is a fibre-glass transit case with custom- 
moulded foam inserts to suit the 3145A f B or 3747A/B 
SLMS. 

Diagnostic Kit $980 
Model 15585A consists of several troubleshooting aids 
which assist in servicing the SLMS. 

Instrument Cart $560 
Model 15589A is suitable for transporting the SLMS 
and its auxiliary equipment. 



TELECOMMUNlCATlOMS TEST EQUIPMENT 
J Remote Automatic Surveillance Systems 

Models 3745A/B, 3747A/B, 3754A, 3755A, 3756A, 37574 3335A, 9825A, 1000 System 

communications 
link 

Introduction 
Hewlett-Packard offer a range of remote-surveillance systems for 

Frequency Division Multiplex (FDM)/Carrier Networks. The H P  
Systems are selected to suit the size and management requirements of 
the FDM Network. 

H P  surveillance systems are based upon the 3745A/B and 
3747A/B Selective Level Measuring Sets (SLMS’s). These instru- 
ments are semi-automatic when used ‘stand-alone’ but, with the addi- 
tion of a controller such as a 9825A Desk-top Computer or an H P  
1000 Computer System (interfaced via the HP-IB), they become the 
basis of a powerful, automatic measurement system. 

Switching between test points is achieved with the 3754A, 3756A 
and 3757A Switches controlled (via the HP-IB) by the 3755A Switch 
Controller. Test signals are generated by the HP-IB compatible 
3335A Synthesizer/Level Generator. 

Interfacing between locations is achieved over full duplex, dedi- 
cated telephone lines. Therefore, it is necessary to translate the paral- 
lel form HP-IB information to an RS232-compatible serial data 
form, suitable for transmission through standard broadband modems. 
This is achieved with a device such as the 59403A Common Carrier 
Interface. Figure 1 shows the application of an HP system to a remote 
station. 

3 3 3 5 A  
Synthesizer1 

Level Generator 

I 

Applications 
Remote Station 

There are two basic applications using either a Desk-top Computer 
(such as the 9825A) or a Computer System (such as the HPlOOO 
System) as the controller of the Surveillance system. The choice is 
made according to the size of the FDM/Carrier network and the net- 
work management requirements. 

The Desk-top Computer based system is suited to controlling sev- 
eral remote measurement locations INDIVIDUALLY. In this way, 
up to 10 remote stations can be handled with ease. In the absence of 
controller activity, the full semi-automatic capabilities of the 
3745A/B and 3747A/B SLMS’s may be utilized in each location (see 
Figure 2). 

The HPlOOO Computer System allows full automatic control of up 
to 16 remote locations SIMULTANEOUSLY. By adding the 263X 
or 264X Series terminals to remote locations, the full automatic sys- 
tem capabilities can be made available from any point in the network 
(see Figure 3). 

For networks requiring the co-ordination of greater numbers of 
measurement locations, the power of the HPlOOO Distributed System 
concept can be used to expand the measurement system to meet in- 
creased network requirements with ease (see Figure 4). 

Further details of any of the computers and instrumentation men- 
tioned can be obtained from your local Hewlett-Packard representa- 
tive. 

F uI I-duplex, 
dedicated 

HP-IB 

Controller 

Selective Level 
Measuring Set 

I I U 

I I I I  

The remote station consist of:- 

0 3 7 4 5 A l B  or 3 7 4 7 A l B  Selective Level Measuring Set 

0 3335A Synthesizer/Level Generator (optionall 

3 7 5 5 A  Switch Controller(s1 

3 7 5 4 A l 3 7 5 6 A l 3 7 5 7 A  Switches 

RS232-to-HP-IB Interface 

0 Modem 

In  isolation, each remote station is capable of  semi-automatic meas- 
urement routines. (Refer to individual instrument data sheets for 
details). 



Desk-top Computer System 

98668 

Printer 

9885M 

Computer 
System 

Full-duplex, dedicated 
communications l ink 

I10 
Expand 9825A 

5 
E - 

IIU 
Expand 

Remote automatic con t ro l  available a t  any one o f  u p  t o  1 0  Software provided t o  per form measurement routines: 
Pilots Channel power remote stations 

Semi-automatic capabil ity i n  all remote stations 
Group power Carrier leak 
Signalling & test tones Intersupergroup noise 

~~ 

Broadband power 
Single frequency 

Supervisory tones 
Spectrum measurements 

HP 1000 Computer System 

or 264X Series 

Simultaneous contro l  o f  u p  t o  1 6  remote stations Software provided: 

Fu l l  automatic system capabilities available f rom any remote System funct ional  tests 
location Diagnostic rout ine 

Measurement routines 

Stat ion data base 
Result data base 

HP 1000 Distributed Computer System 

System 

Extends HPlOOO computer system t o  contro l  an increased 
number o f  remote stations 



TELECOMMUNlCATlOhlS TEST EQUIPMENT 
Selective level meter/generator 
Models 312D & 3320C 

FDM Multiplex carrier testing 

312D 

3320C 

Description 
General 

Hewlett-Packard's Model 312D Selective Level Meter and com- 
panion Model 3320C Level Generator provide an accurate, easy-to- 
use transmission measuring set in the 1 kHz to 18 MHz frequency 
range ideally suited for maintenance and operations requirements. It 
provides proper input and output connectors and impedances to inter- 
face directly into most FDM carrier multiplex equipment. 

H P s  312D has a noise equivalent bandwidth that provides a direct 
reading of C-message or psophometric noise. The instrument has suf- 
ficient fidelity to act as an invisible channel bank to down-convert any 
4 kHz voice channel and make typical measurements such as phase 
jitter and impulse noise. It also features 10 Hz frequency resolution, 
0.02 dB level resolution on the meter expand scale, and an input over- 
load lamp to assure valid measurements. 

H P  3320C companion generator is a frequency synthesizer that 
provides signals with an amplitude resolution of 0.01 dB over a fre- 
quency range of 10 kHz to 17 MHz with 20 Hz resolution. 

3 12D Specifications 
Frequency 

Range: 1 kHz to 18 MHz; 18 bands; 200 kHz overlap; coarse and 
fine tuning. 
Accuracy: f 10 Hz plus time base stability. 

Aging rate: f 20 ppm/year. 
Temperature (25°C k 10°C): 20 ppm. 
Line voltage (It 10%): 0.1 ppm. 
Resolution: 10 Hz read on a seven digit LED display. 

Range: -120 dBm to +23 dBm, annunciator displays each 10 dB 
selected input level regardless of switch combinations. 
Attenuator accuracy: kO.1 dB (0 through -50 dB range); *0.2 
dB (-60 dB range). 
Flatness (75Q matched load; 0 dBm max. level): 0.5 dB, 1 kHz 
to IO kHz; k0.2 dB, 10 kHz to 10 MHz; f 0.5 dB, 10 MHz to 18 
MHz. 

Stability 

Amplitude level 



Stability: 0.1 dB, 90 days. 
Overload: lamp indicates incorrect range selection. 
Selectivity: the exact midband of the selected filter is identified by a 
3 Hz rejection notch. 

Bandrridth 3 W Rejection 

*150 Hz 150Hz f 10% 
'50 Hz 50 Hz f 10% 

2300 Hz f 10% 
3100 Hz f 10% 

**1740/2300 Hz 
'3100 Hz 

60 W Rejection 
106 2 10% 
320 2 10% 

4800 f 10% 
6200 * 10% 

Passband flatness: (0.2 dB. 
Meter: (backlighted scale shows whether normal or expand mode is 
selected). 
Meter range: 

Normal: -20 dB to +3 dB. 
Expand: -1 dB to +1 dB. 
The expand meter will expand any two dB portions of the meter 
from -7 dB to +3 dB in 1 dB step. 
Tracking: 50.05 dB expand; 50.1 dB normal (to -10 dB indica- 
tion). 

Input impedance: 75Q unbalanced, accepts WECO 358A plug; 
1243 balanced, accepts WECO 408A plug; 135Q balanced, accepts 
WECO 241A plug. 

Receiver 
Modes 

AM: average responding diode demodulated audio. 
Beat: beat frequency, carrier reinserted at fo. 
LSB: product demodulated audio, carrier reinserted a t  f. + 1.8 kHz. 
USB: product demodulated audio, carrier reinserted at f. - 1.8 kHz. 

1 kHz to 1 MHz: >55 dB below zero reference. 
1 MHz to 18 MHz: >65 dB below zero reference. 

Distortion 

Residual response: 72 dB below zero reference with no input. 
Noise level: < -117 dB in 2300 Hz bandwidth. 
Internal calibrator output: 1 MHz square wave; -40 dBm f O . l  dB 
into 753 termination; accepts WECO 358A plug. 
Common mode rejection: >40 dB, 1 kHz to 5 MHz; >30 dB, 5 
MHz to 18 MHz. 
Output level (front panel): + 14 dBm into 6009 with full scale meter deflection. 
Accepts WECO 464A plug for operator head set. 
Accepts WECO 310A plug for 600Q output. 
Speaker is normally in the output circuit unless a plug is inserted, 
then speaker is disconnected. 
Auxiliary outputs (rear panel) 

1 MHz: > O S  volt p-p sine wave into 1 kQ, BNC female. 
30 MHz: 40 mV to 70 mV rms into 50Q, BNC female. 
Local oscillator: 30 MHz to 48 MHz, 60 mV to 90 mV rms into 
50Q, BNC female. 

External reference frequency: 1 MHz, 0 dBm f 10 dBm into 
50Q. 

General 
Size: 266mmH x 425mmW x 467 mm D (1015/,," x 1634" x 183g). 
Weight: net, 20.7 kg (46 Ib). Shipping 26.6 kg (59 Ib). 
Power: 115 or 230 V f 10%. 48 to 66 Hz, (100 VA. 

Auxiliary input (rear panel) 

Specifications, 3320C 
Frequency 

Resolution 
Range: 10 kHz to 17 MHz in one range (750). 

Vernier out: 10 kHz. 
Vernier in: 20 Hz. 
The frequency counter in the 312D can be used to count the output 
frequency of the 3320C to within 10 Hz. 

Vernier out: k 10 ppm of setting. 
Vernier in: 10 kHz to 12.5 MHz; f 6 0 0  Hz. 

Stability: f 10 ppm/year. 
TC: 20°C to 30°C: f 5  ppm. 
Line variations of 10%: 0.1 ppm. 
High stability crystal reference oven available (Option 001). 
Phase noise: < -40 dB in to 30 kHz band, excluding f 1 Hz. 
Harmonics and spurious: >50 dB down. 
Internal frequency standard: 20 MHz. 

Range: + 11.99 dBm to -79.99 dBm. 
Resolution: 0.01 dB. 
Accuracy: + 11.99 dBm to -60 dBm: f0 .25  dB. -60 dBm to 
-79.99 dBm; k0.4 dB. 

7552 unbalanced: accepts WECO 358A Plugs. 
124Q balanced: accepts WECO 408A Plugs. 
1353 balanced: accepts WECO 241A Plugs. 

-Tracking output: Tracks main output with 20 MHz offset. 
> 100 mV rms into 50Q, Female BNC. 
-Low level output: same frequency as main output but remains 
between 50 mV rms and 158 mV rms into 50Q Female BNC. 
- 1 MHz output: Reference output, 0 dBm f 10 dBm into 50Q, 
Female BNC. 
Can be used as external frequency source for the 312B or 312D. 

External frequency reference input: may be phase locked with 
an external signal which is within 200 mV rms and 2 V rms and 
which is any subharmonic of 20 MHz from 1 MHz through 10 
MHz (e.g., 1 MHz, 2 MHz, 2.5 MHz, 5 MHz, 10 MHz), Female 
BNC. 

5 MHz reference in temperature stabilized oven. 
Stability: f 1 part in 108/day or 1 part in 107/month. 
Accuracy: f 1 part in lo7 of setting/month. 
For field installation order Accessory Kit 11237A. 

Accuracy 

12.5 MHz to 17 MHz; f750 Hz. 

Amplitude level 

Output impedance (front panel switch selectable) 

Auxiliary outputs (rear panel) 

Auxiliary Input (rear panel) 

High stability crystal oven (Option 001) 

General 
Operating temperature: 25°C f5" 
Power: 115 V or 230 V ?lo%, 48 Hz to 66 Hz, 110 VA. 
Weight: net, 15.4 kg (34 Ib). Shipping, 22.2 kg (49 Ib). 

312D Selective Level Meter $6300 
Opt 001: 150 Hz bandwidth 
Opt 908: Rack Flange Kit add $15 
Opt H03: CCITT Version add $320 

3320C Level Generator $4200 
Opt 001: Crystal Oven add $525 
Opt 908: Rack Flange Kit add $10 
Opt H02: CCITT Version add $430 

N/C  



EQUIPMENT 

X-axis linear output: 
(1 k0 muice resistance) 

X-axis log output: 
(1 k0 source resistance) 

Selective voltmeter, 20 Hz to 620 kHz 
Models 3591A/3594A 

i I 

0 to -12.4 V 
(200 mV1kHz +5%) 

5VIdecade f 5% 
(50 Hz-62 kHz) 

0 to -12.4 V 
(20 mV/kHz +5% 
5 Vldecade f 5%) 
(500 H z - 6 2 0  kHz) 

Voice grade testing 
FDM Carrier testing 

Bandrridttn 
10 Hz and 100 Hz 
1 kHz and 3.1 kHz 

Description 
Hewlett-Packard’s 3591A Mainframe and 3594A Plug-in combine 

to form a general purpose 20 Hz to 620 kHz frequency selective level 
meter. The 3591A/3594A features automatic level ranging, wide dy- 
namic range, log and linear x-y outputs as well as several input impe- 
dances and AM/SSB demodulation capability. 

The 3591A/3594A has found wide acceptance in communications 
laboratories, manufacturing and field maintenance. 

Specifications 
Frequency range: 20 Hz to 620 kHz. 
Amplitude ranges: 3 p V to 30 V full scale in 15 ranges. 
Amplitude accuracy with input terminated 
Meter switch in normal position: overall accuracy: f0 .43  dB to 
f 0.67 dB of reading depending on frequency, including 
Frequency response flatness, total deviation: 6009: 20 Hz to 
100 Hz f0.53 dB (f5%): 100 Hz to 620 kHz 20.26 dB (53%).  
Ail other terminatlons: 5 kHz to 620 kHz f 0.26 dB ( f 3%). 
Meter tracking: kO.1 dB or f 1% of reading, 0 dB to -10 dB. 
Meter switch in linear dB position: overall accuracy: f 1 dB. 
internal calibrator: frequency, 100 kHz f 10 Hz; amplitude, full 
scale on 0 dB range in CAL mode: accuracy, fO.l  dB. 
Dynamic range: (IM and harmonic distortion products) >85 dB 
below zero dB reference level when absolute measurements are being 
made (>70 dB for 20 Hz to 50 Hz). >80 dB below zero dB reference 
level when relative adjustment is used (>70 dB for 20 Hz to 50 Hz). 
Residual responses 
>80 dB below zero reference (>70 dB for 20 Hz to 50 Hz). 
Return loss: 100 Hz to 620 kHz, 600Q >30 dB; 5 kHz to 620 kHz, 
150Q, 135Q,75Q2, >35 dB. 
Noise level 
I 

hp”’ noise level 
(6000 nput impedance) 
1 - 1 2 5  dBm or 0.44 pV 
1 - 1 1 5  dBm or 1.38 pV 

Rejedbn 
3 dB 

60 dB 

10 Ih 100 R 1 kHz 3.1 kR 
10 Hz 100 Hz 1 kHz 3.1 kHz 
35 Hz 320 Hz 3.1 kHz 9.6 kHz 

inputs: balanced or single-ended, not floating, terminating, or bridg- 
ing. 

Automatic frequency control 
Capture threshold: 75 dB below 0 dB reference. 
Dynamic hold-in range: >3 bandwidths. Tracking rate proportion- 
al to bandwidth. 
Input functions 
dBm: levels calibrated in dBm for impedances selected. 
Abs Vm: level calibrated in volts. 
Rei: input level can be set arbitrarily to 0 dB Ref. (10 dB set level 
range). 
Input impedances’ 
Resistances: 759, 135Q, 1509, 6009 terminated; 50 kQ (single end- 
ed bridging) and 100 kQ (balanced bridging). 
Capacitance (each terminal to ground): 10 mV, 30 mV ranges 
( 5 5  pF; 100 mV to 30 V ranges (40 pF. 
Common mode rejection: 20 Hz to 620 kHz, >40 dB. 
Automatic ranging: 8 ranges, 0 dB to -70 dB. Ranging rate propor- 
tional to bandwidth. 
Output: amplitude: adjustable 0 to 1 V rms open circuit. 
BFO frequency response flatness: f 0 . 2  dB or +2%. 
Resistance: 600Q. 
L.O. output: frequency, 1.28 MHz to 1.90 MHz (1.28 MHz + tuned 
frequency); amplitude, 0.65 V rms f 20% open circuit; resistance, 
250Q. 

Recorder OUtDUtS 
Plug-h freclucncy nn;er 

62 kth 620 k k  
X-ark 

Y-AXIS 
Linear Y axls output + 10 V dc f 2% for full scale meter indica- 
tion, 1 k9 source resistance. 
Log Y axis output: + 1 V to + 10 V dc, proportional to linear dB 
meter indication (-90 to 0 dB, 0.1 V/dB) 1kQ source resistance. 

Power: 115 V or 230 V k lo%, 50 Hz to 400 Hz, (70 VA. 
Size: 221 H x 425 W x 467 mm D (8%” x 16%” x 18%”). 
Weight: net, 17.2 kg (38 lb). Shipping, 24.9 kg (55 lb). 
Options Price 
908: Rack Flange Kit add $15 

3591A Selective Voltmeter $5465 
3594A Sweeping Local Oscillator Plug-in $2850 
‘Other tmlnatlons on special order. 



TELECOMMUNICATIONS 

8. Video System Program Channel (Subcarrier) Tests 

In many countries the main communica- 
tion system consists of a network of FM 
microwave radio links. Typically, these links 
can carry up to 1800 FDM telephone chan- 
nels, using a 70 MHz IF carrier and an R F  
band in the range 600 MHz to 18 GHz. 
However, some countries are now installing 
140 MHz IF microwave links which can 
carry up to 2700 FDM telephony channels. 

All information signals (speech, television, 
or data) carried by these links have a com- 
mon objective--to convey the information 
with maximum fidelity. Failure to keep dis- 
tortion in a link within specified limits results 
in an unacceptably high level of intermodula- 
tion noise. This prevents the link from carry- 
ing the designated channel capacity and the 
link operator incurs a severe financial 
penalty due to loss of revenue-earning chan- 
nels. The qualitative tests shown in Table 1 
are particularly relevant as indicators of 
overall system performance. 

The use of noise-loading measurements to 
establish the intermodulation performance of 

. 

FDM telephony links is well known and they 
provide ‘go/no-go’ criteria for the transmis- 
sion quality of a system between baseband 
(BB) terminals. Although such measure- 
ments can separate the basic and intermodu- 
lation noise components, they do not localize 
the noise sources. 

The main contributors to distortion in FM 
microwave radio links are the modulators, 
demodulators and carrier circuits at I F  such 
as amplifiers, and carrier circuits at R F  such 
as non-linear amplifiers. The distortion para- 
meters of these circuits can be measured in 
terms of nonlinearity, amplitude variations 
and group delay variations. To do this, test 
equipment must interface with the links at 
BB, IF and RF. Commissioning microwave 
link equipment involves minimizing these 
circuit distortion parameters by adjustment 
or equalization. 
On lower capacity systems, these adjust- 

ments are normally enough to reduce inter- 
modulation distortion to an acceptable level. 
With increased traffic capacity, the toler- 

9. Bit Error Rate Tests 

Table 1. Qualitative tests to verify radio system performance 

. 

Difital 
1. Insertion Gain 
2. Frequency Response 
3. Envelope Delay Distortion 
4. Spurious Interference Tones . . 
5. Thermal Noise . 0 

6. White Noise Loadinn . 

Meawmnt  
1. Module Power Levels, Gains and Losses 
2. Modem Centre Frequencies 
3. TX and RX Local Oscillator Frequencies 
4. Transmitter RF Output Frequency 

5 Spurious Tones 
6. FM Mod + Demod Deviation Sensitivity 
7. FM Mod + Demod Linearitv 

- 
BB IF RF 
0 . 0 

0 . 
0 . . . . . . . . . . 

9. Amplitude Flatness 
10. Group Delay 
11. Differential Gain and Phase 

. . . . . . . 
1 E. Return Loss 1 . 1 . 1 . 1  

TEST EQUIPMENT 
Microwave radio testing 

ances imposed on the circuit parameters 
become more and more strict and normal 
commissioning methods often do not produce 
satisfactory results. Consequently, relating 
the circuit parameters to the intermodulation 
noise (measured by a noise-loading test set) 
becomes increasingly more difficult. 

The main source of discrepancy is the 
result of amplitude modulation to phase 
modulation (AM/PM) conversion in the 
transmission carrier path. This AM/PM 
conversion occuring in non-linear networks 
introduces additional intermodulation from 
the signal deviations arising in preceding 
networks. These ‘coupled’ responses can be 
assessed only by differential gain/ 
differential phase (DG/DP) measurements 
with high-frequency test tones. 

DG/DP measurements have the advantage 
of characterizing a link more completely and 
they yield valuable diagnostic information. 
Furthermore, these two measurements are 
mathematically related to the BB measure- 
ment of noise power ratio. This information 
allows microwave link manufacturers to 
design link parameters with much more 
certainty and it allows microwave link opera- 
tors to optimize performance in a more cost 
effective way. H P  Application Note AN 
175-1 ‘Differential Phase and Gain a t  Work’ 
covers this subject in considerable detail. 

H P  microwave link analyzers (MLA’s), at 
70 MHz IF and 140 MHz IF, were devel- 
oped specifically for the purpose of meas- 
uring various forms of distortion on ter- 
restrial and satellite microwave radio links. 
The measurement capabilities of HP link 
analyzers, as shown in Table 2, were estab- 
lished in close cooperation with the telecom- 
munications industry. 

A valuable extension of the MLA meas- 
urement capability can be obtained using R F  
up and down converters. The circuit distor- 
tions a t  R F  have identical effects to the I F  
circuit distortions when the carrier signal is 
eventually demodulated. Hence, the R F  dis- 
tortions can be analyzed using an MLA, pro- 
vided a transparent RF-to-IF interface is 
available. A down converter provides such an 
interface and allows independent measure- 
ments on microwave transmitters. A so- 
called ‘up-converter’ in fact provides a trans- 
parent BB-to-RF interface, allowing inde- 
pendent measurements on microwave 
receivers. Both converters used with an MLA 
provide an RF-to-RF measurement capa- 
bility. 



TELECOMMUNICATIONS TEST EQUIPMENT 
Microwave Link Analyzers 
Models 3710A and 3790A MLA systems 

Isolate and characterize causes of intermodulation dis- 

Baseband and IF interfaces 

70 MHz or 140 MHz IF capability 
Test analog and digital radios tortion in wideband microwave radios 

3710A 
(70 MHz IF) 
MLA System 

Description 
The 3710A and 3790A Microwave Link Analyzer (MLA) Systems 

are diagnostic instruments. They isolate and characterize causes of 
intermodulation distortion in wideband microwave radios. The 
MLA’s have applications in both analog and digital radio systems. 
Both MLA’s have baseband and IF interface capabilities. The 37 10A 
system interfaces with 70 MHz IF radios and the 3790A MLA sys- 
tem interfaces with 140 MHz IF radios. 
Primary measurements provided by the HP MLA systems are: 

baseband power, gain and loss. 
IF  power, gain and loss. 
IF centre frequency. 
modulator/demodulator deviation sensitivity. 
modulator/demodulator linearity. 
modulator/demodulator group delay. 
swept IF amplitude response. 
swept IF group delay. 
swept IF return loss. 
baseband and IF differential gain (HF linearity). 
baseband and IF differential phase (HF group delay). 
baseband return loss. 

When used with the 8620(3/86200 Series RF Sweeper system 
(equipped with the MLA interface option) and the 3730A RF Down 
Converter, the swept measurements of the basic MLA can be ex- 
tended to RF. Pages 606 and 607 give further details about this RF 
instrumentation (3730A and 8620C). 

3790A 
( 140 MHz IF) 
MLA System 

Because H P  MLA’s have low inherent distortions they provide ex- 
tremely accurate and rapid radio measurements. The specifications of 
HP MLA’s are conservatively defined to assure adequate perfor- 
mance over wide operating ranges and long-time periods. The system 
specifications and oscillograms on the following page illustrate per- 
formance capabilities of HP MLA’s. 
A series of options are also provided with the MLA’s. The options 
include: 

0 test-tone frequencies. 
connectors. 

0 balanced 124Q baseband impedance. 
0 sweep frequebcies. 
0 variable phase output of sweep signal. 
With this performance capability and range of options, a highly- 

accurate and flexible measurement system is available from HP. 
Therefore, the H P  MLA’s provide for improved design, production, 
commissioning and maintenance of wideband analog and digital 
Microwave Radio Systems. 

Ordering information Price 
140 MHz system (3790A/3791A/3792A/3793A) $19830 
70 MHz system with high frequency test tones $19840 
(37 lOA/3702B/3705A/37 16A) 
70 MHz system with low frequency test tones $18255 
(3710A/3702B/3703B/37 15A) 



Typical HP MLA Performance 
- + O l d B  

3 7 1 0 A  MLA system: Amplitude flatness 
performance at 0 dBm input level. 

- - 0 l d B  

1 1 1  

Calibrated 
Meawement IF Range Display Maxinun Maximum Inherent 

Capability (MHd Range Sensitivity slope 
+0.05dB at +5dBm 
*O.ldB from +5 to +21dBm IF R-e 45 to 95 0 to 5 l d B  O.ldB/cm 

- 
3 7 1 0 A  M L A  system: Group delay (mask 

fications using 250kHz test-tone). - A  

L L  
includes inherent slope and noise speci- - -1 5OMHr I- 

Maximun Inherent Noise (m) 

IF-IF BB 
Frequency ' 

- 

"0". - - - 
I ma 

- 1 1 3 7 1 0 A  MLA .. system: Differential gain 

Cabrated 
Display 
Range 

0 to ? l d B  

Maximm Inherent Noise (m) 

IF-IF Maxinun M a x h  Merent BB 
Sensitivity Slope Frequency 

k0.05dB at +5dBm 
kO.ldB lrom +5 to k IOdBm at input to 
3792A 

0.025dB/cm - 

0.2% 
0.4% 50 to 90 0.25%/cm 

45 to 95 
I O to BB Limarity .4 

Differential Gain 

0 to 50% 

20011s 

18" or 
31.4% rad 

rms dev 
55 to 85 0.41s 83.333kHz 

Group Delay 50 to 90 200 ns 0.25ns/cm 0.6ns 250kHz 
45 to 95 LOns 5OOkHz 

0.25%/cm 0.2% - 0.4% 

0.2ns 250hHz 
200kHz 

0 . h  rms dev I 83.333hHz 

500kHz 0 . h  

2.4MHz 0.1" 

0.5" 5.6MHz - 
8.2MHz - 

0.25ns/cm 0.5ns 

0.5"/cm 0.2" 4.43MHz ;:;: I E%" 
12.39MHz 

Differential Phase 

10 to 49dB 
(accuracy 
depends on 
Hybrid used) 

55 to 85 0.4" at 0.4" at 2.4 MHz 
50 to 90 I 18" or 
45 to 95 31.4% rad 0.6" MHz 0.8" MHz 

8.2MHz 

I 0.5"/cm I 0.4.) 2.4 0.6') >2.4 I i::;p I 11% ) :!.% kHz I 

ldB/cm 1dB 
- 

IF Retun Loss 45 to 95 1 10 to 49dB 
(accuracy 
depends on 
Hvbrid used) 

1 ldB/cm 1dB 

3790A (140 MHr IF) MLA S 
I 

Meawement 

IF Respmse 

BB Linearity 6 
Diflerential Gain 

boup Dday 

Differential Gain 

IF R e h  Loa 

IF Range 
(MW 

115 to 165 

125 to 155 
115 to 165 

125 to 155 
115 to 165 

125 to 155 
115 to 165 

115 to 165 



TEST EQUIPMENT 
Microwave Link Analyzers (Cont’d) 
Models 3710A and 3790 MLA Systems 

Mertuemcnt 

IF *Power 
Gain 
L o u  

69 *Power 
Gam 
L o a  

Modubta 
SemitiVity 

CkmoMata 
Sensitivity 

Notes: 

Range 
Accuacy Freqmcy 

M a x h  Mihllun 
-1OdBm f 0.5dB 45 to 95MHz 3710A 115 to 165MHz 3790A 

9OdB) MA OdB k 1dB 45 to 95MHz } MLA 115 to 165MHz MU\ .% 1 20dB System OdB & 1dB 45 to 95MHz System 115 to 165MHz )System 
-10dBm -49dBm ? 0.5dB t80kHz to lOMHz 3710A t80kHz to 15MHz 3790A 
39dB OdB f 1dB t8OkHz to ~OMHZ}MLA t8OkHz to 15MHz)MLA 
59dB OdB f 1dB t8OkHz to lOMHz System t8OkHz to 15MHz System 

14lkHz RMS/-49dBm 141kHz RMS/OdBm (using 83.333kHz 70f3MHz 3710A 140k3MHz 3790A 

+21dB 3710A +19dB 3790A 

1 kHz 

BB test-tone (at IF Output) } ;;;em (at IF ouput) 
and first Bessel 
Zero 2.405) 

-1OdBm/10 to 500kHz RMS -49dBm/10 to 5OOkHz RMS - 45 to 95MHz (at IF INPUT) 
(using calibrated deviation control and measuring the BB output power from the 
demodulator) 
* Receiver onlv 
t Using the 3 i l5A or 3791A Ext Input facility, at BB frequencies other than indicated on front panel Also requires removal of 3705A/3703B from 37026, to avoid builtm lowpass 

filter at frequencies other than indicated on front panels 

STD 
BNC 

Options 
To compile a suitable MLA System for your application, select one 
of the following combinations: 
(70 MHz IF with low-frequency test-tones only)-3710A/3702B/ 
3715A13703B 
(70 MHz IF with low- and high-frequency test-tones)-3710A/ 
3702B/37 16A/3705A 
(140 MHz IF with low- and high-frequency test-tones)-3790A/ 
3792A/3793A/3791A 

002 003 004 
Siemens Siemens Commercial equivalent 
(large) (small) of WECO Type 4778 

l4OMh 

N O E  H is not necessary to specify connector options on the Phase Detector plug-ins 
(37038.3705A,3793A). 

STD 0 0 0 0 0 3791Af 
0 0 3793A 013 0 

STD 006 
70 Hz 50 Hz 

* 18 M is in addition to the 70 Hz internal swwp on the Generator and mwt be used with associated 
bandwidths of 90 Hz and 180 Hz (available only on Phase Detector plug-in 3705A Opt 015). 

Bandwidth Options (3705A only) 
STD - 1 kHZ, 5 kHz, 10 kHZ 
015 - 90 Hz, 180 Hz, 1 kHz, 5 kHz, 10 kHz 

007 015. 
100 Hz 18 Hz and 70 HZ 

lest-tone (BB) Options 
The low-frequency test-tones have been classified into two groups: 
CCIR - 83.333,250 and 500 kHz 

Note: Only one of these groups can be specified. 
Various combinations of low- and high-frequency test-tones can be 
ordered. Selection can be made from the following table. 

BELL - 92.593, 277,778, 555.556 kHz 

Other Option8 
008 provides a variable-phase sweep output on the 3710A or 3790A 
IF/BB Transmitters. 



TELECOMMUNICATIONS TEST EQUIPMENT 
MLA Accessories 

3 7 4 3 4  3 7 4 4 4  3750A 

lNWT - 75 Q - OUTPUT 

3743A IF Amplifier 

3744A BB Sweeper 
Operates with 70 MHz or 140 MHz IF  MLA’s to provide swept 

Frequency range, 100 kHz to 15 MHz. 
Flatness, (0.1 dB (from 100 kHz to 8.5 MHz). 

baseband stimulus and amplitude detection. 

HEWLETT PALKARD 

dc - lOOMHz 

3750A Attenuator 

For detailed performance specifications on the 37 \, 3744A and 

For details on additional MLA accessories, refer to the MLA data 

75Q cables. 
Test hybrids, loads and calibrated mismatch. 
Transit cases. 

For accessories which support the 3730A R F  Down Converter and 
8620C R F  Sweeper, refer to the appropriate data sheets and sections 

3750A, refer to the appropriate data sheet. 

sheets. These additional accessories include: 

3743A IF Amplifier 
Improve MLA IF  input sensitivity to -40 dBm. 
Frequency range, 45 to 95 MHz. 
Group delay, t 0 . 3  ns. 
Amplitude flatness, t 0 . 2  dB. 
Return loss, >26 dB (75R). 
Noise figure, 1 8  dB. 

3744A BB Sweeper 

3750A Attenuator 
Impedance, 75R. 
Attenuation range, 0 to 99 dB in 1 dB steps. 
Frequency range, dc to 100 MHz. 

Ordering Information 
3743A IF  Amdifier 

Price 
$970 

3744A BB Sweeper $1860 
~~ . 

of this catalog. 3750A Attenuator $410 



TELECOMMUNICATIONS TEST EQUIPMENT 
RF Down Converter 

RF to IF frequency conversion 
1 to 12 GHz frequency range 

Extends test capability of microwave link analyzers to 
RF 

RFDown Converter 
Mainframe 

r 
m 
, 

3736A 3737A 3738A 3739A 37301A 
Plug-in Plug-in Plug-in Plug-in Dummy 

Plug-in 3.3 to 6.5 GHz 6.3 to 8.5 GHZ 10.7 to 11.7 GHz 1.7 to 4.2 GHz 

Description Specifications 
The 373014 R F  Down Converter and plug-ins provide RF to IF con- 

version and RF test capabilities for Microwave Link Analyzers 
(MLA’s). The RF range (1 to 12 GHz) is accommodated by a series 
of local-oscillator plug-ins, allowing easy tuning to the desired operat- 
ing frequency and convenient change of R F  operating bands. A 
dummy plug-in (37301A) allows the user to connect his own 
localoscillator source to the Down Converter mainframe. 

The Down Converter mainframe features an IF  centre frequency 
meter (to facilitate RF tuning), an AFC (to maintain centre frequen- 
cy), an input-overload warning light and an optional 1 dB step vari- 
able gain control. Special options are available to extend the R F  
range up to 18 GHz and down to 0.5 GHz. A special 140 MHz I F  
output is also available. (Contact your local H P  representative for 
details on these options). 

Using the 3730A R F  Down Converter, R F  Transmitter perfor- 
mance can be verified and the performance adjusted locally in-sta- 
tion. This minimizes the amount of compensation required in the 
Receiver for Transmitter distortion. Thus it provides a more rapid 
System trouble-shooting/alignment procedure and improves System 
performance by minimizing Transmitter distortions at  their source. 
The 3730A can also be used at  the R F  Receiver pre-selector output to 
isolate path/antenna/feeder problems. 

3730A RF Down converter mainframe 
Frequency range: 1.0 GHz to 12.0 GHz (0.5 GHz to 12.0 GHz and 
1.0 GHz to 18.0 GHz are available as special options*). 
RF Input level range: 0 to -16 dBm (standard) (0 to -40 dBm with 
25 dB/1 dB step variable gain control-Opt 010). 
Maximum input level: 0 dBm. 
RF Input impedance: 50Q. 
RF Input VSWR: (1.4. 
IF Output frequency: 70 MHz 225 MHz (140 MHz +25 MHz 
available as special option*). 
IF Output impedance: 75Q. 
IF Output return loss: >28 dB. 
tRF-IF Amplitude flatness: < O S  dB over any 50 MHz band ((0.7 
dB over any 50 MHz band with Opt 010). 
tRF-IF Group delay: < 1 .O ns over any 50 MHz band 
‘Contact your HP representative for details on special options. 
t mese specifications include 37iOA system residuals. 
(Refer to MLA Data Sheet for detailed specifications.) 

3730A RF Down Converter $4460 
3736A 1.7-4.2 GHz $2605 
3737A 3.3-6.5 GHz $2895 
3738A 6.3-8.5 GHz $4095 
3739A 10.7-1 1.7 GHz $3590 



TELECOMMUNICATIONS TEST EQUIPMENT 
RF Sweeper MLA Upconverter Simulator 

Models 8620C, 86200 Series RF Plug-ins 

86222AlB 
86235A 
86240C 
86242D 
86245A 
86250D 
R676OA 

MLA Upconverter Simulator Options 0.5 to 18.0 GHz 
0 Use with MLA or as a general purpose sweeper 

Swept and CW RF Source 
0 Test Digital 8. Analog Microwave Radio Systems 8. Com- 

ponents 

Across Any 30 MHz BW 
H80 0.5-2.4 t 3  t2.5 t2.5 t 3  NIS $4650/5250 
008 1.7-4.3 t 2  t2.0 t2.0 t 2  +20 $3850 

3.6-8.6 tl t0.5 t0.5 tl +20 $4700 
008 5.9-9.0 t l  t0.5 t0.5 tl +20 $3350 
008 5.9-12.4 tl t0.5 t0.5 tl +20 $4850 
008 8.0-12.4 tl t0.5 t0.5 tl +20 $3450 
HX2 12.0-18.0 t 3  t2.5 t2.5 t 3  NIS f4finn 

8620Cl88245A 

Description 
The 8620C Sweep Oscillator and 86200 Series of RF plug-ins pro- 

vide a high performance, solid state source for Microwave Radio Sys- 
tem tests via MLA Upconverter Simulation Options. These permit 
accurate RF-to-BB, RF-to-IF and RF-to-RF distortion measure- 
ments to be made with the 3700 Series MLA System. Also the plug- 
ins can be used as standard sweeper plug-ins, with the only basic dif- 
ference being modified FM circuitry. The RF-to-RF measurements 
must be made in conjunction with the 3730A R F  Down Converter. 
This allows group delay, linearity, differential gain and phase mea- 
surements to be made on RF devices and components within the Mi- 
crowave Radio System. 

Specifications 
The 862OCl86200 Series MLA Uoconverter Simulation Plug-ins 

phase over the specified frequency range. The following specifications 
supplement the standard plug-in specifications (covered on pages 

Complementary Equipment Price 
862OC Sweeper Mainframe (required) $2350 

To properly interface the 8620C/86200 Series plug- 
in to the item under test, the following are recommend- 
ed for optimal performance: 
7849 Directional Detector (1.6 - 12.4 GHz) 

Flatness over any 30 MHz: 
Equivalent Source Match: typically 51.5 

GrOUD Delay: 50.25 ns D-D (with 1.25 SWR at each 

401-41 1). 

$800 
50.1 dB 

116759 Leveling Cable Assembly (1.7 - 12.4 GHz) $350 
. _ .  

are optimized for group delay, linearity, and differential gainand end) 

MLA Upconverter Simulation Plug-in Specifications (25°C) 

I 'Except 86222A/B & 86260A which are tested Q 2.4 MHz. 

For applications requiring better distortion specifications, H P  also 
offers plug-in systems which include a leveling cable and directional 
coupler. These systems are available in the following bands: 1.7-2.4 
GHz, 3.6-4.3 GHz, 5.8-6.5 GHz, 7.0-8.6 GHz, 10.7-11.7 GHz, 
and 12.2-12.7 GHz. The system specifications are as follows: 
Group Delay @ 500 kHz: (0.5 ns p-p 

Linearity @ 500 kHz: (0.2536 
Flatness: < kO.1 dB 
For more information consult your local H P  Field Engineer. 

The options shown after each plug-in provide the special MLA in- 
terface capability. Refer to pages 404 to 41 1 for details on other RF 
Sweeper plug-in specifications and options. 

~ ~~ 



Personal Calculators 
Pocket and Personal Printing Calculators 

General Information 
Hewlett-Packard introduced the world’s 

first pocket scientific calculator in 1972. 
Since then, Hewlett-Packard has introduced 
numerous other pocket and personal printing 
calculators with technologically advanced 
features; each with different capabilities for 
different levels of problem sophistication. To 
properly select a calculator, you must consid- 
er not only the problems you’re facing today, 
but those you’re likely to face tomorrow. 

Personal Calculators 
If your problems are fairly straight for- 

ward but still include coordinate conversions, 
log and trig functions, the new HP-31E may 
be the model for you. The new HP-3 1 E is the 
lowest priced scientific pocket calculator 
Hewlett-Packard offers, yet it has all the 
functions and features you’d expect to find in 
a quality scientific pocket calculator. For ad- 
vanced calculations, the new HP-32E may be 
ideal for you. It contains all the features and 
functions of the HP-31E plus advanced stat- 
istics to handle even the toughest of prob- 
lems. 

For repetitive or iterative problems the new 
HP-33E keystroke programmable has the 
problem-solving power to meet your need. 
The HP-33E remembers a series of key- 
strokes as you press them, then executes the 
sequence later at  your command. 

If you require keystroke programmability 
plus the advantages of Continuous Memory, 
pick up either the HP-19C or HP-29C. The 
Continuous Memory feature of these calcu- 
lators makes it possible to retain programs- 
even with the calculator switched off. And 
the HP-19C gives you a printed record of 
your scientific and engineering problems. 

If your problems are more business orient- 
ed, take a look at  the HP-37E or HP-38E. 
These calculators provide the desirable 
combination of financial, mathematical, and 
statistical capabilities frequently used in 
business transactions. And for the business- 
person that must evaluate large numbers of 
investment alternatives, the HP-92 provides 
solutions quickly, easily, and accurately. The 
thermal printing feature gives you an indis- 
pensable record of time and money solutions. 

For the ultimate in problem-solving power, 
Hewlett-Packard offers the fully program- 

mable HP-97 Printing Calculator. The HP- 
97 is the most powerful personal calculator 
ever made by Hewlett-Packard. The HP-97 
combines exceptional programming power 
with a battery-operated printer, all in one 
self-contained unit. The HP-67 provides the 

identical power of the HP-97 in the classic 
pocket size ’ 

Whichever H P  calculator you select, you 
can be assured that it is the finest in its 
class.. .the standard of H P  quality permits 
nothing less. 
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Advanced programming features 
Merged keystrokes provide greater memory efficiency 

PERSONALCALCULATORS 
Scientific Pocket Calculators 

Model HP- l9C/29C 

A complete range of preprogrammed functions and fea- 

Fast and easy editing 
tures 

The HP-I 9C and HP-29C are a pair of advanced programmable cal- 
culators with Continuous Memory. Continuous Memory retains a 
user’s programs or data, even with the power turned off. The HP-19C 
combines a full range of scientific functions, advanced programming 
features and RPN number entry with a battery powered printer in a 
convenient hand-held size. The HP-29C offers the same features and 
functions in an even smaller “pocket size.” These functionally identi- 
cal calculators provide exceptional utility to professionals and stu- 
dents in science or engineering fields. 

Specifications 
Pre-Programmed Functions 

Angular: Sin,  Cos, Tan, Sin -I, Cos -‘, Tan -l; Hours - Minutes 
- Seconds Conversion to decimal hours; polar/rectangular conver- 
sion; degrees, radians, grads angular modes. 
Logarithmic: Log, lox, Ln, ex. 
Statistics: Summations n, Zx, Zy, Zxz, Zyz, Zxy; deletion of un- 
wanted data; mean, standard deviation. 
Other: +, -, f, x, yx, xz, K, d x ,  1 /x, %. Integer truncation; fraction 
truncation: absolute value. 

Programming features: 98 steps of Continuous Memory (all func- 
tions merged); 16 Continuous Memory data storage registers; 14 
volatile data storage registers; four-register stack; last-X register; x 
# y. x = y, x > y, x 5 y; x # 0, x = 0, x > 0, x < 0 conditional tests; 

Increment/decrement storage register and skip on zero. 
Addressing 
Label addressing: indirect addressing of labels and data storage; 
relative addressing; three levels of subroutines. 
Editing: single step execution; single step and back step inspection of 
a program; insert/delete editing; position the calculator at any step i n  
program memory. Pause-review intermediate results. 

General 
Display: fixed decimal, scientific and engineering notation. 
Print select switch: print only when you desire; print digit entries 
and functions automatically; or trace an executing program. 

HP-19C Physical specifications 
Power: 1 15 Vac (or 230 Vac) f 10%. 50 to 60 hz. 
Size: 40mm H x 88mm W x 165 mm L (1.6” x 3.45” x 6.5”). 

HP-29C Physical specifications 
Power: AC 115 (or 230 V) & lo%, 50 to 60 hz. 
Size: 30.2mm H x 68.3mm W x 130.2 mm L (1.2” x 2.7“ x 5.1”). 

Ordering information Price 
HP-19C Printing Programmable with Continuous $275 
Memory 
HP-29C Programmable with Continuous Memory $175 



PERSONAL CALCULATORS [I Scientific Pocket Calculators 
HP-3 lE, HP-32E, HP-33E 

New easy-to-read display 
Self-check capacity 
Errorcodes 
Improved accuracy 

HP-3 1 E 
The new HP-3 1E is a no-nonsense machine 

that provides an excellent blend of math- 
ematical and scientific functions at  the 
lowest price ever for a Hewlett-Packard cal- 
culator. 

The HP-3 1 E has the functions you need for 
science or engineering. Exponentials, reci- 
procals, square roots, pi and per cent at  the 
touch of a key. 

Computes sine, cosine, or tangent, arc sine, 
arc cosine, and arc tangent-all with a 
choice of degrees, radians, or grads mode. 

The HP-31E gives you Rectangular/Polar 
Conversions, Logarithms, Metric Conver- 
sions, Four Addressable Registers and LAST 
X, Two Display Modes, Stack Review, Selec- 
tive Clearing Options. The HP-31E is de- 
signed to help cut through the toughest 
scientific and mathematical problems. 

HP-3 1 E Specifications 
Preprogrammed functions 
Trlgonometric/Mathematical: DEG, 
RAD, GRD modes, SIN, COS, TAN and in- 
verses, R + P, DEG = RAD, LOG, lox, 
LN, ex, y X , 6  I/x, T ,  +, -, +, x, %. 

General 
Clearing options: CLX, STK, REG, ALL, 
PREFIX 
Memory: 4 storage registers, LAST X. 
Recharger Power Requirements: 90 to 
120 VAC, 50 to 60 Hz, or 198-242 VAC, 50 
to 60 Hz. 
Size: 30 mm H (1.2") x 75 mm W (3.0") x 
140 mm L (5.6") 

Ordering information Price 
$60 HP-31E Scientific Calculator 

HP-32E 
The new HP-32E is the most powerful sci- 

entific preprogrammed calculator ever built 
by HP. The HP-32E is packed with dozens of 
invaluable mathematical and scientific func- 
tions to help solve even the toughest of prob- 
lems. 

The HP-32E has extensive statistical capa- 
bilities; normal distribution, linear regression 
and estimate, correlation coefficient, and two 
variable means and standard deviations. 15 
addressable storage registers. The HP-32E 
provides exceptional utility for managers, 
statisticians or anyone who must reduce and 
interpret data. 

HP-32E Specifications 
Preprogrammed functions 
Trigonometric/Mathematicai: DEG, 
RAD, GRD Modes, SIN, COS, TAN and 
inverses. R 2 P, DEG 2 RAD, 
H 2 H.MS, SINH, COSH, TANH and in- 
verses. LOG, lox, LN, ex, yX,% I/x, x2, T,  

Statistical:X, s, r, L.R., x, y, E+, E- (n, Ex, 
Ex', ZY, W. ZXY), Q. Q-'. n! 
General 
Clearing options: CLX, REG, 2, ALL, 
PREFIX 
Memory: 15 Storage Registers, LAST X 
Recharger Power Requirements: 90 to 
120 VAC, 50 to 60 Hz, or 198-242 VAC, 50 
to 60 Hz. 
Size: 30 mm H (1.2") x 75 mm W (3.0") x 
140 mm L (5.6"). 

Ordering information 
HP-32E Advanced Scientific Price 

$ 80 Calculator with Statistics 

+,-, X, t ,%,A%,%E.-  - 

HP-33E 
The new HP-33E provides extraordinary 

problem-solving power plus versatile key- 
stroke programmability to solve repetitive 
problems quickly and easily. The HP-33E re- 
members a series of keystrokes as you press 
them, then executes the sequence later at  
your command. Programming removes the 
drudgery of lengthy or repetitive calculations 
saving time for decision making. The HP- 
33E features 49 lines of Program Memory. 
An instruction occupies only a single line of 
memory whether a keyboard operation has 
one, two, or three keystrokes. In addition to 
the 49 lines of fully merged program mem- 
ory, the HP-33E has a variety of specialized 
functions to make programming more useful 
and powerful. 

HP-33E Specifications 
Preprogrammed functions 
Trigonometric/Mathematic: DEG, RAD, 
GRD modes, SIN, COS, TAN and inverses, 
R t' P, DEG t' RAD, H 2 H.MS, 
LOG, lox, LN,ex, y X , X  I/x, x ' , ~ ,  +, -, x, 
+, %, ABS, INT, FRAC, I 
Statistics: 51, s, r, L.R., x, y, E+, E- (n, Ex, 

Programming: SST, BST, GTO, GSB, 
RTN, R/S, PAUSE, NOP. 3 levels of Sub- 
routines, 8 Conditional tests. 

General 
Clearing options: CLX, STK, REG, 
PRGM, PREFIX 
Memory: 8 Storage Registers, LAST X, 49 
Program Lines 
Recharger Power Requirements: 90 to 
120 VAC, 50 to 60 Hz, or 198-242 VAC, 50 
to 60 Hz. 

zx2, zy, zyp, Zxy). 

size: 0 mm H (1.2") x 75 mm w (3.0") x 
140 mm L (5.6"). 

Ordering information 
HP-33E Programmable Scientific Price 

SI00 Calculator 
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HP-37E 

HP-37E 
The new HP-37E is the basic calculator you need for answers to 

most business and financial problems such as pricing, compound in- 
terest, trend lines and more. The HP-37E can solve for the fifth vari- 
able given four-n (number of compounding periods), i (interest rate), 
PV (present value), PMT (payment) and FV (future value). Key the 
elements of the problem in any order. The HP-37E’s ability to modify 
the variables in a problem continuously make it ideal for solving prob- 
lems in complex or changing business situations. 

HP-37E Specifications 
Preprogrammed functions 
Financial: Number of periods, Interest rate per period, Present val- 
ue, Payment, Future value. Accumulated interest, Payment to princi- 
pal, Remaining balance. Ordinary and Annuity due switch. 
Percent: Percent, Percent of total, Percent change, Price. 
Mathematical: Four arithmetic functions, Reciprocal, Square root, 
Exponentiation, Factorial, Natural logarithm and antilogarithm. 
Statlstlcal: Two variable mean and standard deviation, Linear esti- 
mate and correlation coefficient. Summations (n, Zx, Zxz, Zy, Zy’, 
Zxy) and error correction. 
General 
Clearing options: CLX, Clear finance, Clear all. 
Control: Enter, x-y exchange, Roll down, Change sign. Store and 
Recall. Shift key. On-off switch. 
Registers: 7user.s. 5 financial, 4 operational. 
Recharger Power Requirements: 90 to 120 VAC, 50 to 60 Hz, or 

Size: 30 mm H (1.2”) X 75 mm W (3.0”) X 140 mm L (5.6”). 

Ordering information Price 

198-242 VAC, 50 to 60 Hz. 

HP-37E Business Management Calculator $75 
HP-38E 

With all the capabilities of the HP-37E, the new HP-38E is a pow- 
erful financial calculator that includes programming. The HP-38E 
combines a wide array of financial functions with the ability to re- 
member all the keystrokes in a calculation and repeats them with the 
touch of a key. The HP-38E calculates net present value (NPV) and 

Ab CALCULATORS 
Financial Pocket Calculators 

HP-37E, HP-38E 

HP-38E 

internal rate of return (IRR) for up to 20 groups of uneven cash flows 
with up to 99 cash flows in each group. The HP-38E provides capa- 
bilities that are invaluable to business managers and business stu- 
dents alike. 

Financial: Number of periods, Interest rate per period, Present val- 
ue, Payment, Future value. Accumulated interest, Payment to princi- 
pal, Remaining balance. Ordinary and Annuity due switch. Simple 
interest. Net present value, Internal rate of return. Automatic entry 
for grouped or individual cash flows. 
Percent: Percent, Percent of total, Percent change. 
Mathematical: Four arithmetic functions, Reciprocal, Square root, 
Exponentiation, Natural logarithm and antilogarithm, Factorial. 
Stetistical: Two variable mean and standard deviation. Weighted 
average. Linear estimate of x and y values, Correlation coefficient. 
Summations (n, Zx, Zx’, Zy, Zy‘, Zxy) and error correction. 
General 
Clearing options: CLX, Clear all, Clear finance, Clear statistics, 
Clear prefix, Clear program. 
Control functions: Enter, x-y exchange, Roll down, Change sign. 
Store and Recall. Enter exponent. Round, Integer, Fraction. Two 
shift keys. On-off switch. 
Programming Functions: Program/run, Go to, Tests (x d y, 

x = 0). Single-step, Back step. Pause, Run/stop. Memory Map. 
Calendar Functions: Date with day of week, Number of days, Date 
Format switch (month-day-year or day-month-year). 
Display: 10 digits, Low-level battery indicator. 
Registers: 20 user’s, 5 financial, 4 operational, Last x register. 8 pro- 
gram lines (expandable to 99). 
Recharger Power Requirements: 90 to 120 VAC, 50 to 60 Hz, or 

Size: 30 mm H (1.2”) X 75 mm W (3.0”) X 140 mm L (5.6”). 

Ordering information Price 
$120 

mability 

HP-38E Specifications 

198-242 VAC, 50 to 60 HZ. 

HP-38E Advanced Financial Calculator with Program- 



PERSONAL CALCULATORS 
Desktop Printing Calculators 
HP-92A, HP-97A 

HP-97A 

HP-92 
The HP-92 Investor is a portable printing financial calculator for 

the person who must evaluate a large number of investment alterha- 
tives quickly, easily, and accurately. The HP-92 solves problems in- 
volving time and money; compound interest, balloons, discounted 
cash flow, bonds and notes, depreciation, net present value, internal 
rate of return. The flick of a switch engages the quiet thermal printer 
that provides an indispensible record of your calculations. 30 storage 
registers. Printing and clearing functions. And with all its powerful 
computational capability, the HP-92 fits into a standard-sized brief- 
case-an invaluable feature for the person on the go. 

HP-92 Specifications 
Compound Interest: [n]. [12X], [i]. [12+], [PV], [FV], [PMT] 
Discounted Cash Flow Analysis: [NPV], [IRR] 
Bonds and Notes: [PRICE], [YIELD], [IS, ST], [MT], [CALL], 
[CPNI 
Depreciation: [STL], [SOYD], [DB], [BOOK], [LIFE], [SAL], 
[NII. IN21 
Percentage: [%I, [A%], [%E] 
Calendar: 2000 Year Calendar, [Date + Days], [A Days], [g] 
[PRINT X] 
Statistics: [Z+], [Z-1, [XI, [SI, [L.R.], [yl, [rl 
Storage: [STO], [RCL] 
Printing and Clearing: [AMORT], LIST: [FINANCE], [PRINT 
XI, LIST: [STACK], LIST: [REG], -[XI, [CLX], [CL FIN], [CL 
REG] [CLZ], [CLEAR] 
Number Entry and Manipulation: [ENTER Tl, ICHSl, Ix z vl ._  - - - . ~ _ _  
[R TI [R 11% [EEX], [RND], [LAST XI 
Mathematics: [yxl, [eX], [LNI, [ f i l ,  [l/xl, [+I [-I [XI [+I 
Power: AC: 115 or 230 V + LO%, 50 to 60 Hz. 
Size: 63.5 mm H (2.5") x 229 mm W (9") x 203 mm L (8"). 

Ordering information 
HP-92 Investor 

Price 
$495 

HP-97 
This is the most powerful personal calculator Hewlett-Packard has 

ever made. The HP-97 combines exceptional programming power- 

HP-QPA 

plus a battery-operated printer, all in one self-contained unit. An ex- 
tra-large display provides easy readability and a buffered keyboard 
allows data to be keyed in at high speed. The HP-97 solves your prob- 
lems faster and with less chance for error. 

HP-97 Specifications 
Preprogrammed functions 
Mathematical: Sin, Cos, Tan, Sin-', Cos-', Tan-'; Degrees, ra- 
dians, grads angular modes; Coordinate conversion; Degree/radiam 
conversion; Hours/minutes/seconds addition and conversion to deci- 
mal hours; Log, lox, Ln, ex; Integer truncation; Fraction truncation; 
Absolute value; Rounding; +, -, x, +, yx. x', 1 /x,<N!, %, %CH, 

Statistical: Summations n, Cx, Zx2, Zy, Cy', Xxy; Deletion of un- 
wanted data; Mean, Standard deviations. 

Programming features 
Card Reader features: Record/Load all data registers; Load select- 
ed data registers; Record/Load entire program memory; Merge pro- 
gram subsections; Angular mode, flag settings, and display status are 
recorded with program recording and reset with program loading. 
Addressing: Label addressing; Indirect addressing of labels and data 
storage; Relative addressing; 10 user-definable keys or 20 user-defin- 
able labels; Three levels of subroutines (GSB). 
Conditionals: x = y. x # y, x > y, x I y. x f 0, x = 0, x < 0, x > 0; 
Four flags; Increment, decrement storage registers and skip on zero. 
Editing: Single step execution; Single step and back step inspection of 
a program; Insert/Delete editing. Position the calculator at any step 
in program memory (GTOmm). 

General 
Memory: 224 steps of program memory. 
Display: Up to IO significant digits with selective round-off to de- 
sired number of places in fixed decimal notation. 
Power: 90- 127 VAC or 200-254 VAC, 50 to 60 Hz. 5.0 V dc for 
nickel cadmium rechargeable battery pack. 
Size: 63.5 mm H (2.5") x 228.6 mm W (9") x 203.2 mm L (8"). 

Ordering information Price 
HP-97 Fully Programmable Printing Calculator $750 

7r. 



PERSONAL CALCULATORS 
Accessories 

Increase versatility of your calculator Customize your HP calculator to  your need 

In keeping pace with the growing number of H P  personal calculator 
owners, Hewlett-Packard offers solutions to most imaginable needs in 
the form of accessories. HP software, hardware and supplies will sig- 
nificantly increase the versatility and usefulness of your calculator. 
As your problem-solving capabilities grow, HP grows with you. By 
putting the “Application Pacs” and “Solutions Books” to work for 
you, you may find that the solutions you require already exist. 
Application Pac topic areas include: 

Stat Pac 
Math Pac 
EE Pac 
Business Decisions Pac 
Civil Engineering Pac 
Clinical Lab & Nuclear Medicine Pac 

Solutions Books, 40 total, cover numerous topic areas. Included are: 
Statistics, Math, Business, Surveying, Mechanical & Electrical Engi- 

Games Pac 
ME Pac 

0 Surveying Pac 
Navigation Pac 

neering as well as Medicine, Navigation, Real Estate, Taxes and 
Games. 

To keep your HP calculator operating a t  peak efficiency, several 
different models of rechargeable battery packs, reserve power pacs, 
and DC rechargers are available to counter untimely power losses; at 
home or in the field. 

To complement the software, H P  provides a full line of personal 
calculator accessories to keep your HP calculator safe and sound. To 
protect against a “mysterious disappearance” of your calculator, 
there is a ruggedly-designed, key-operated security cradle available 
to protect your investment. For printing models, a six-foot security 
cable is available. For some models, HP offers a hard leather case to 
guard against normal environment conditions in the field, as well as a 
stylish, black, soft leather case. From battery pacs to blank program 
cards, HP has the accessories for your needs. 



COMPUTATION 
HP 3000 Computer Systems 
Series II, Series 111 

The H P  3000 computer systems, designed 
specifically for terminal-oriented business 
data processing, are virtual memory comput- 
ers with true multiprogramming and multi- 
lingual capabilities. They can simultaneously 
handle many transaction processing, time- 
sharing, and batch operations in any of six 
high level programming languages (CO- 
BOL, RPG, BASIC, FORTRAN, SPL - the 
H P  3000 Systems Programming Language, 
and APL). The result of an integrated hard- 
ware-software design effort, the H P  3000 
systems are based on the specific demands of 
people who want to use a business data pro- 
cessing system in a multiprogramming envi- 
ronment, including a complete data base 
management and inquiry facility, interactive 
program development, and an advanced 
communications/networking capability. 

A powerful disc-based operating system, 
Multiprogramming Executive I11 (MPE 
111), optimizes the processing of the large 
number of users who concurrently communi- 
cate with the system through both interactive 
terminals and batch devices. Since transac- 
tion processing, in particular, presents the 
computer with an uneven processing load, 
large amounts of terminal and disc 1/0, and 
a high degree of code and data sharing, MPE 
is designed to dynamically allocate such sys- 
tem resources as main memory, the central 
processor, and peripheral devices to each pro- 
gram as needed. At the same time, each user 
operates in an environment of complete secu- 
rity, without interference or illegal access 
from unauthorized users. 

A wide choice of data management facili- 
ties is also available, with both sequential and 
random access methods included as part of 
the MPE file system itself. The award win- 
ning IMAGE/3000 data base management 
system allows information to be related logi- 
cally between data sets (files), minimizing 

data redundancy and facilitating informa- 
tion retrieval. Complemented by QUERY/ 
3000, an English-like interactive inquiry 
language, IMAGE handles multiple files 
and makes it easy to define and create a data 
base tailored to your specific needs. The 
Keyed Sequential Access Method 
(KSAM/3000) subsystem also extends the 
file system by providing files which may have 
one primary and up to 15 alternate keys, with 
retrieval based upon the value of the data. To 
simplify data entry procedures, the Data En- 
try Library (DEL/3000) subsystem facili- 
tates the design and maintenance of CRT 
terminal data entry screens and provides edit 
checking of entered data. 

Data communications subsystems extend 
the basic asynchronous terminal communi- 
cations under MPE to include synchronous 
multidrop terminal communications (MTS/ 
3000), IBM 2780/3780 emulation 
(RJE/3000), IBM HASP I1 and JES2 emu- 
lation (MRJE/3000), and Distributed Sys- 
tems software (DS/3000). Designed to be 
both easy to use and versatile enough to 
adapt to a broad spectrum of commercial/in- 
dustrial applications, DS/3000 provides the 
capability to establish interactive communi- 
cations links between different types of Hew- 
lett-Packard computer systems in geograph- 
ically dispersed locations. 

Manufacturing applications software 
(MFG/3000), a new offering in the H P  3000 
product line, is currently offered for sale in 
the United States and Canada. Designed for 
the discrete manufacturer who assembles 
standard, multi-piece products in lots, MFG 
provides an integrated on-line system for 
managing the materials planning and control 
function of the manufacturing operation. 

Applications for H P  3000 computer sys- 
tems encompass the full range of data pro- 

cessing tasks. For many small-to-medium 
companies an H P  3000 handles the entire 
data processing load, from inventory control 
to engineering design, sales order entry, pay- 
roll, and personnel records. Larger, multi- 
divisional corporations distribute computing 
power throughout the company by linking a 
number of H P  3000s to each other and, op- 
tionally, by allowing the H P  3000s in this 
network to communicate with a larger main- 
frame computer. 

The H P  3000 family of computers is com- 
prised of both Series I1 and Series 111 sys- 
tems, each of which offers a full range of 
peripheral options, access to all system soft- 
ware, and expandable hardware configura- 
tions. 

The H P  3000 Series 111 standard configu- 
ration features 256 kilobytes of fault control 
memory, with capacity for 2 megabytes, 10 
spare 1/0 slots, and room for 31 terminals. 
Supported memory sizes are 256kb, 512kb, 
768kb, 1024kb. 1536kb, and 2048kb. Op- 
tions are available to expand the 1/0 capac- 
ity to 23 slots and support an additional 32 
interactive terminals. 
Series 111 prices from $115,000 

Series I1 systems are available in two con- 
figurations, Model 6 and Model 8: The Mod- 
el 6 standard configuration features 256 
kilobytes of fault control memory, 10 spare 
1/0 slots, and room for 31 terminals. The 
Model 8 standard configuration includes 320 
kilobytes of fault control memory, 23 spare 
1 / 0  slots, and space for 63 terminals. Both 
Series I1 systems are expandable to 512 kilo- 
bytes of memory. All system software is com- 
pletely compatible on the Model 6, the 
expanded 1 / 0  capacity Model 8, and the 
larger memory capacity series 111. 
Series II prices from $99,000 



HP250 

HP 250 Business Computer 
The H P  250 is specifically designed to meet the business manage- 

ment needs of small to medium sized companies. User convenience 
and human engineering combine with excellent computing power to 
allow simplified operation--even for the first-time user. It achieves 
big-system performance at small-system prices. 

With the HP 250, smaller businesses can take advantage of the im- 
proved efficiency computers offer. Powerful programming tools make 
it easier for independent applications specialists to tailor solutions to 
the user’s business. Installing an HP 250 computer can lead to better 
return on investment and improved operating efficiency. 

Ease of Use 
The flexible-disc based H P  250 is equally at home in the office or in 

the computer room. It operates on either standard 110 or 220-volt 
power and normally requires no special operating environment. Built- 
in quality and excellent maintainability help assure excellent service. 

The following are some of the features that make the H P  250 easy 
to use: 

Simple turn-on. A simple twist of the key turns the H P  250 on and 
starts an automatic self-test of the system. The key also helps control 
access to the machine for data security. 

Adjustable display screen. The display screen provides a means 
of viewing information or displaying results and reports. The display 
screen itself tilts, swivels and slides-at the push of a hand-to reach 
the most comfortable and efficient position for the user. 

Softkeys. These unique keys, located along the bottom of the dis- 
play screen, can be programmed to guide the user through application 
routines. Video labels, describing the present function of each key, 
appear on the screen directly above the softkeys. 

Keyboard. The keyboard includes an office typewriter-like layout, 
10-key numeric entry pad, and control and editing keys. These fea- 
tures and other design considerations-such as a feel that encourages 
touch typing and positioning at a comfortable heightdombine to 
make data entry and system operation easier. 

Documentation. System reference manuals provide detailed oper- 
ating instructions for beginner through professional. A quick-refer- 
ence manual, stored in the console drawer, gives answers to frequently 
asked questions. 

Accent panels. To help key the HP 250 to individual office decors, 
customers can select from accent panels of several colors. 

Programming Tools 
The H P  250 incorporates several features that make the applica- 

tions specialist’s job of tailoring individual solutions simpler and less 
costly. Tools for data base management, forms and report generation 
provide capabilities previously available only on more expensive busi- 
ness computers-and not on all of them. These programming tools 
are designed to take advantage of H P  Business BASIC. This lan- 
guage takes standard industry BASIC-with conversational-style 
instructions-and enhances it for business applications. 

Data Base Management. IMAGE/250 is a subset of an award 
winning Hewlett-Packard data base management package. A collec- 
tion of programs and commands, it provides the power to create, con- 
trol and maintain a complex information management system. As a 
programmer’s tool, it enables easier, less costly application develop- 
ment. 

QUERY. QUERY/250 uses the Data Base Management capabili- 
ties in allowing unprogrammed access to stored information. It can 
provide the user with reports unique to changing requirements and is 
an excellent development and debugging tool for the programmer. 

FORMS. The FORMS/25O feature allows the programmer to easi- 
ly recreate existing forms on the display screen, letting the system 
adapt to the user’s way of doing things. Users can display and com- 
plete a form right on the screen. When blanks are filled on a displayed 
form (i.e., when processing an order), pressing a button logs the trans- 
action. 

REPORT WRITER. REPORT WRITER/250 gives the applica- 
tions specialist a versatile set of commands with which to format re- 
ports without writing complicated programs. Thus computer 
generated reports can be designed to highlight important informa- 
tion. 

Computational Power 
At the heart of the H P  250 is a processor that uses proven Hewlett- 

Packard integrated-circuit technology. It handles computations (with 
12 digit precision), performs sorts, controls information flow and dir- 
ects peripheral operation. 

The standard system contains 32K bytes of user memory (expand- 
able to 64K bytes), 128K bytes of system memory, two 1.2 megabyte 
flexible disc drives and a 180 cps line printer. 

Ordering information Price 
H P  250 - Standard (dual flexible-disc based) 
System with 2631A Printer 

$24,525 



COMPUTATION 
Business Oriented Computer System 

Full Capability Business System 
Exceptionally FRIENDLY user interface 
Operates in normal office environment 
Unique Integrated Display System 
Multiterminal processing 
Multiprogramming, multitasking, virtual 

IMAGE1300 Data Base Management 

RPG II and Business Basic Languages 
Character s e t s  for 10 European Lan- 

Expandable to grow with your needs 
Designed for reliability 
The H P  300 is a full capability, low cost 

computer system designed for dedicated, on- 
line business applications. It can answer the 
specialized needs of a department in a large 
organization or the overall requirements of a 
smaller organization. In either case, the H P  
300 can be tailored to optimize each dedi- 
cated application environment. 

The basic unit includes the Integrated Dis- 
play System, built-in disc storage for over 12 
million characters, drive for one million 
character flexible discs, 256 thousand char- 
acters of error correcting, solid-state memory 

memory operating system 

System 

guages 

I1/300 languages, and the IMAGE/300 
Data Base Management System including 
the Data Base Inquiry feature. 

The H P  300 can be expanded to include 
additional applications terminals, multiple 
printers, various increments of removable 
disc storage to a total of over 250 million 
characters, and over a million characters of 
built-in, error correcting, solid state main 
memory. 

Because of its expandability, prices span a 
broad range. For general product informa- 
tion, as well as detailed price and configura- 
tion information, please return an inquiry 
card or contact your local Hewlett-Packard 
sales office. 

Breaking Down the Barriers. 
The H P  300’s unique Integrated Display 

System (see photo below) gives the applica- 
tion designer the flexibility to implement tai- 
lored applications that are truly easy to use. 
“Push-button” softkeys along the right side 
of the screen can be used to select computer 
operations. These softkeys can be dynamical- 
ly labeled and relabeled on the display using 
the language of your business. 

The IDS screen can be divided into multi- 
ple “windows”. Each window has the full 
function of an independent display. This al- 
lows complex information to be displayed in 
easily understood ways. 

Information displayed, though it may be 
wider and much longer than the screen, can 
be “scrolled” both vertically and horizontally 
tu  be viewed in its entirety. 

and the H P  300’s powerful processor. Avail- 
able software includes the AMIG0/300 Op- 
erating System, the Typist/300 text editor, 
Sort/Merge Utilities, the HELP online ref- 
erence manual, the Diagnostic/Utility Sys- 
tem, the Business Basic/300 and the RPG 



COMPUTATlON 
HP 1000 M-Series, E-Series and F-Series Computers 

H P  1000 computers provide a performance range from the eco- 
nomical M-Series to the fast floating-point capability of the new F- 
Series Computer. Based on an architecture proven successful in over 
16,000 installations, all H P  1000 computers use the same instruction 
set and interfacing logic. Hence, the user can change models with 
minimal effect on software, peripherals, service, training, and spares 
provisioning. 
HP 1000 M-Series 

The economical M-Series, designed for cost-critical applications, 
includes the H P  2105A. 2108M. and 21 12M computers. Memory ca- 
pacity ranges from 64k to 2M bytes, and 1/0 capability is 4 to 14 
channels, expandable to 46 channels. Standard features include mem- 
ory parity, extended arithmetic, and floating point instructions. A 
board-computer version, the 2108MK, is available for OEM and 
high-volume applications. The 2108MK processor board is a capable 
24-bit microprocessor with 21 1 instructions and 325-ns cycle time. 
HP 1000 E-Series 

The E-Series computer is nearly twice as powerful as the M-Series, 
and provides variable microcycle timing, microprogrammable block 
I/O, a microprocessor port, asynchronous memory, and much larger 
control store address space. E-Series computers are available in two 
models, H P  2109E and 21 13E, with a choice of maximum mainframe 
memory capacities from 640k to 1280k bytes and 9 or 14 1/0 chan- 
nels, expandable to 46 channels. (Also available as a board computer, 
the H P  2109EK.) 
HP 1000 F-Series 

For users who need speed, precision and larger memory capacity, 
H P  offers two F-Series computers, 21 1 1 F and 21 17F. Both feature a 
new hardware Floating Point Processor that speeds calculations (2.5 
to 6 times faster than E-Series or M-Series) and a new Scientific In- 
struction Set for rapid execution of trigonometric and logarithmic 
functions (compute sine in less than 48 MUS). A Fast FORTRAN Pro- 
cessor, also standard in F-Series computers, provides firmware micro- 
code for more than a dozen instructions-cg., array address 
calculations, parameter passing, and other routines-that run 2 to 20 
times faster than conventional software execution speed. F-Series 
computers feature high-performance 350-11s memory and are fully 
user-microprogrammable. 

~ 

Type M-SerieS I E-Series I F-Series I 
Comouter model I 2105A 12108M I2112M I 2109E I 2113E I 2111F I 2117F 

Alternate Memory Systems 
For configuration flexibility, the standard memory in any H P  1000 

computer may be deleted at the time of the order, and you can select 
an alternative memory system of equal or greater size. High-perfor- 
mance 350-11s memory is available as an option for the E-Series. 

HP 2 1 1 I F  and 2 1 17F F-Series computers 

Fault-control memory, optionally available for all H P  1000 com- 
puters, detects and corrects single-bit errors and detects all double-bit 
errors, thereby improving memory MTBF three times or more. 

For compatibility and prices of alternative memory packages, con- 
sult your H P  field engineer. 
Ordering information Price' 
2108MK M-Series Board Computer w/32kb memory $2,950 
2105A M-Series Computer $4,150 
2108M M-Series Computer w/64kb memory $7,950 
21 12M M-Series Computer w/ 128kb memory $10,450 
2109EK E-Series Board Computer w/32kb memory $3,450 
2109E E-Series Computer w/64kb memory $9,250 
21 13E E-Series Computer w/128kb memory $1 1,750 
2 l l l F  F-Series Computer w/64kb high-perf. memory $12,250 
2117F F-Series Computer w/128kb high-perf. memory $16,000 
12539C Time Base Generator $350 
12897B Dual Channel Port Controller $750 
12944B/129!21B Power Fail Recovery System $600 
12977B M-Series Fast FORTRAN Processor $900 
12979B 1/0 Extender $4,500 
129908 Memory Extender $3,500 
13047A User Control Store $550 

13306A E-Series Fast FORTRAN Processor $650 
*Quantity discounts are available. 
A complete list of computer accessories is available from your H P  
Sales Office. 

13197A Writable Control Store $2,000 





HP 1000 Computer Systems 
The HP 1000 system family consists of two memory-based systems 

(Models 20 and 25) and three disc-based systems (Models 30,40 and 
45) for powerful computation and measurement/control applica- 
tions. 

Models 20, 30 and 40 utilize an E-series computer while the odd- 
numbered systems (Models 25 and 45) feature the fast new F-series 
computer with hardware Floating Point Processor and Scientific In- 
struction Set which speed calculations. (A floating point add, for ex- 
ample, executes in only 630 ns; a multiply, in 1.78 f i s . )  

High-performance memory with 350-11s cycle time is included with 
Models 25 and 45 and increases performance by up to 30% over the 
standard 595-11s memory. Available as an option, fault-control mem- 
ory detects and corrects any bit failure, thereby improving MTBF 
three times or more. And optional high-speed disc drives with 33.3 ns 
access time (average) allow up to 400M bytes of on-line disc storage. 

H P  1000 systems feature a Real-Time Executive (RTE) operating 
system and are programmable in FORTRAN, BASIC, Assembly 
Language, and Micro-assembly Language. 

Computation 
Model 45 combines the fast F-series computer with powerful new 
RTE-IV software to provide processing speed and power unique for 
this price range. The system can process data arrays as large as 
2.048M bytes directly in physical memory, without time-consuming 
disc swaps. Average execution time for square root is only 30.9 @us; 
sine and cosine, less than 48 ~ s .  New GRAPHICS/1000 software 
formats output in plots and pictures that are easier to interpret. 

Instrumentation 
HP 1000 systems are also designed for control and interaction with 
HP-IB instruments. Up to 14 HP-IB devices connect to the system via 
a single interface card, so that the system can control multiple test or 
measurement stations. For small analog input needs, the 91 OOOA 
plug-in card adds a capacity of 16 single-ended or 8 differential 
k 1OV fs analog inputs. For larger jobs, use the 2240 A Measurement 
and Control Subsystem that handles 128 channels of analog and digi- 
tal I/O, expandable to 256 channels. 

Operations Management 
Two optional software packages, DATACAP11 000 and 
IMAGE/ 1000, aid operations management. DATACAP/ 1000 is de- 
signed for automatic factory data capture from multiple terminals 
(e.g., test records, order entry, or inventory control). IMAGE/ 1000, 
data base management software, simplifies building and maintaining 
a large data base. 

Distributed Systems Network 
An important feature of HP real-time systems is their ability to be 
linked together to form a large multi-system network. DS/1000 
software/firmware interfaces multiple H P  1000 systems to each oth- 
er or to a larger HP 3000 system. RJE/1000 provides direct commu- 
nication between HP 1000 systems and most IBM 360/370 
installations. 

Five models to choose from 
Model 20 includes an E-series computer with 64k of memory, RTE- 
M software, a system console with CRT display, and your choice of 
desk or upright cabinet configuration. 
Model 21 is physically identical to the Model 20 but includes high- 
performance memory and an F-series processor. 
Model 30 includes an E-series computer, RTE-I1 software, system 
console with CRT, choice of desk or upright configuration, and a 
4.9M byte or 19.6M byte disc. 
Model 40 includes an E-series computer with 128k bytes of memory, 
new RTE-IV software, system console with CRT, a 14.7M byte disc. 
Model 45 features the fast F-series computer with 128k bytes of high 
performance memory, RTE-IV and GRAPHICS/1000 software. 
system console with graphics display terminal, 19.6M byte disc. 

Ordering information Prices 

HP 1000/25 Computer System $27,500 
HP 1000/30 Computer system $3 1,500-$36,500 
HP 1000/40 Computer System $40,000 
HP 1000/45 Computer System $46,500 

HP 1000/20 Computer System $22,000 

HP 1000 SYSTEM COMPATIBILITY SUMMARY 



COMPUTATION 
Desktop Computers 
Models 9815A, 9815S, 9825A 

, . , . . , , - 

98 15Al S 

9815A/S 
Both the 9815A and the 9815s feature a built-in high-speed data 

cartridge, a 16-character alphanumeric thermal printer, an auto-start 
switch and programming keys that double as Special Function keys. 
The 98153 has two 1/0 channels and a larger memory. Both ma- 
chines can be used in four basic ways: 

1. Interfacing: The 9815 has seven interface cards. The H P  
98310A is for the 9872 Plotter, the H P  98131A is for the 9871A 
Character Impact Printer and the H P  98132A is for the 9862A Plot- 
ter. The H P  98133A BCD 1/0 accommodates 9-digit BCD input 
with high-speed mode and 8-bit parallel output. The HP 98134A 
General 1/0 is a bidirectional 8-bit parallel interface which enables 
you to connect the 98 15 to other equipment. The 98 135A HP-IB 1/0 
will accept up to 14 HP-IB interconnected instruments. The 9815 can 
be used to control the data flow to and from the instruments, gather- 
ing and processing the data simultaneously. The HP 98134A Serial 
1/0 provides RS-232-C compatibility as well as 20 mA and 60 mA 
current-loop, receive-only options. 

2. Programmable Problem S0lVing:The 98158 has 3800 pro- 
gram steps; the 9815A has 472. Each has ten data registers at  power 
up. You can reallocate the memory for any combination of program 
steps and data registers you wish. The programming language in- 
cludes such sophisticated features as FOR-NEXT loops; symbolic, 
absolute or calculated addresses; automatic address updating during 
editing; descriptive error messages; and subroutines nested to seven 
deep. 

3. Dedicated Problem Solving: Hewlett-Packard offers sever- 
al software packages with a prerecorded cartridge, Special Function 
key overlay, and easy-to-follow instructions for each program. Set the 
switch to auto-start, slip in the cartridge, put the overlay in place, and 
turn on the 9815. The first file will be automatically loaded and the 
program executed. The tedious set-up work is done for you. 

4. Quick Keystroke Calculations: 28 built-in scientific func- 
tions, the powerful Reverse Polish Notation Logic System also used 
by H P  pocket calculators, a buffered keyboard, large display and 
hardcopy printout provide you with advanced problem solving at  your 
fingertips. 

9825A 

9825A 
The 9825A Desktop Computer has many features previously found 

only on minicomputers. It is particularly suited to controller applica- 
tions and is a powerful stand-alone device. 

Significant contributions include two-level priority interrupt, live 
keyboard, direct memory access with input speeds up to 400k 16-bit 
words per second, high-performance bidirectional tape drive, multidi- 
mensional arrays, automatic memory record and load, and extended 
internal calculation range (k lo5" to f Some of these are 
standard features and others are available in optional plug-in read- 
only memories (ROMS). 

HPL, a high-level, formula-oriented language, is easy to learn and 
is designed for controller applications as well as for data processing. 
HPL provides for subroutine nesting and flags and allows 26 simple 
variables and 26 multidimensional array variables, limited only by 
the size of 9825A's memory. Editing of lines and characters is simple, 
and error locations are identified by a flashing cursor in the display. 
Fixed- and floating-point formats can be set from the typewriter-like 
keyboard. 

The keyboard has twelve Special Function keys that, combined 
with the shift key, can handle 24 different operations. These keys help 
in program writing and in peripheral and instrument control. They 
can serve as immediate execute keys, as call keys for subroutines and 
as typing aids. 

With the live keyboard, the user can examine and change program 
variables, perform complex calculations, call subroutines, and record 
and list programs while the 9825A is performing other operations. 

Interrupt capability, available in the Extended 1/0 ROM, permits 
the 9825A to act as a controller for several instruments or peripherals 
requiring attention at unpredictable rates or times. It can also be used 
as an asynchronous terminal by adding the Systems Programming 
ROM. 

A 32-character LED display and a built-in 16-character thermal 
printer provide alphanumeric readout including both capital and 
lowercase letters. Some European and Greek characters are also 
available in an optional ROM. 

The high-speed bidirectional data cartridge holds 250k bytes of in- 
formation and has an average access time of 6 seconds to any place on 
the tape. Bidirectional search speed is 2286 mm/s (90 in+), and 
read/write speed is 559 mm/s (22 in./s). The entire memory can be 
recorded on the cartridge for reloading at  a later time. Verification of 
files is automatic on recording. 
Ordering information Price 
9815A Desktop Computer $2900 
98358 Desktop Computer $3950 
9825A Desktop Computer $5900 



COMPUTATlON 
Desktop Computers 

Series 9800 System 35 

Series 9800 System 35A 

w 
Series 9800 System 35 

This powerful, integrated desktop computer is ideal for many scien- 
tific and engineering applications involving computation, data acqui- 
sition and control, or both. It offers large memory (64K to 256K 
bytes), optional CRT and an impressive range of interfacing capabili- 
ties. 

System 35A has a 12-inch diagonal CRT that can display 20 lines 
of program or data at a time. Four additional lines are reserved for 
keyboard entries and system comments. The CRT can display 80 
characters per line. If a CRT is not required, System 35B has a 32- 
character single-line LED display. 
Language 
BASIC 

System 35's enhanced BASIC language is easy to use, yet much 
more powerful than ANSI BASIC. System 35 can run ANSI Stan- 
dard BASIC programs, and, in addition, offers many of the powerful 
and convenient features of FORTRAN and APL, including subpro- 
grams, multidimensional numeric arrays, string arrays and multi- 
character identifiers. 
Assembly 

System 35 can also be programmed in assembly language by exper- 
ienced assembly programmers. For certain specialized computational 
and 1/0 operations, assembly programming can increase speeds by a 
factor of 100 or more. For more general applications, assembly lan- 
guage may be of no benefit. The assembly language programming 
capability is intended for experienced users only and is available in a 
set of optional ROMs. 
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The optional 1 / 0  ROM provides buffered I/O, Direct Memory AC- 

cess (DMA), fast read/write, 15 levels of priority interrupt and built- 
in 1/0 drivers. A time-out feature avoids deadlocks, and auto- 
start can get the System 35 going after a power failure without an 
operator's help. 

Ready-made, plug-in interface cards are available to simplify inter- 
facing. They are the HP-IB (IEEE Specification 488-1975), Bit Par- 
allel, Bit Serial and BCD cards. The System 35 has three 1 / 0  slots to 
accept these cards, and with 1 / 0  expanders it  can interface to 14 peri- 
pherals and instruments at one time. 

A complete line of peripherals is available to augment System 35. It 
includes printers, plotters, paper tape punch, paper tape reader, card 
reader, digitizer, cartridge tape drive, and a flexible disk drive. 
Features 

Read/Write memory from 64K to 256K bytes 
Enhanced BASIC language 
Optional assembly language capability 
Optional 1/0 ROM 
Optional CRT 
Optional 16-character thermal strip printer 
Cartridge tape drive (217K bytes/tape) 
Interactive keyboard 
User-definable Special Function keys 

Ordering information Price 
9835A Desktop Computer $9900 
98356 Desktop Computer 58700 



Series 9800 System 45 
Hewlett-Packard’s System 45 is a powerful, integrated desktop 

computer, ideal for such applications as design analysis, management 
science, mathematical modeling, statistical analysis and linear pro- 
gramming. 

This system features a 13k byte user memory expandable to 62k 
bytes, CRT (Cathode Ray Tube) with graphics option, built-in ther- 
mal line printer (optional), enhanced H P  BASIC language, and dual 
tape drives (second drive optional). 
CRT 

System 45’s 12-inch diagonal CRT is an integral part of this desk- 
top computer. Its alphanumeric mode with 24 lines of 80 characters 
each lets you view data, list programs, and display keyboard inputs, 
messages and system commands. Special high-lighting features-un- 
derlining, blinking, and inverse video-are provided for visual im- 
pact. 

The CRT also has an optional raster scan graphics mode. This al- 
lows high-speed interactive plotting within a 560 x 455 dot matrix, 
presenting clear, well-defined lines and curves. System 45 also fea- 
tures a unified graphics command set that enables the same graphic 
image to be output to a variety of peripherals simply by changing one 
line of program. By giving the DUMP GRAPHICS command, you 
can also transfer on-screen graphics to the optional built-in thermal 
printer for precise hard-copy output. 

Enhanced HP BASIC Language 
System 45’s enhanced BASIC language is easy to use, yet much 

more powerful than ANSI BASIC. System 45 can run ANSI Stan- 
dard BASIC programs, and, in addition, offers many of the powerful 
and convenient features of FORTRAN and APL, including subpro- 
grams, multidimensional numeric arrays, string arrays, matrix oper- 
ations and multicharacter identifiers. 

Enhanced H P  BASIC provides for unified mass storage operations. 
No matter which storage device you choose, you use the same set of 
statements to address the media, which can be the HP 9885M/S 
Flexible Disk Drive, the H P  7906 and 7920 Disc Drives, or the built- 
in 217k byte tape cartridges. Language consistency saves you time 
and money by eliminating the need for program changes when ad- 
dressing different storage devices. 

Built-In Thermal Printer 
The optional built-in thermal printer prints up to 80 characters per 

line at  up to 480 lines per minute, and plots at  about 25.4 mm/s (1 
in./s). The printer provides quality printing with standard ASCII up- 
per and lowercase characters. It uses both black perforated and blue 
continuous-roll papers in English and metric sizes. 

Interface Capabillty 
Should your applications require peripheral/instrument control, 

the System 45 has a wide range of interfacing capabilities. It features 
15 levels of programmable priority interrupt, DMA (Direct Memory 
Access), buffered 1/0 and overlapped processing. Interface types in- 
clude BCD, bit-parallel, bit-serial (Specification RS-232-C), HP-IB 
(IEEE Specification 488-1975), real time clock and incremental plot- 
ter, 

Series 9800 System 45 
Computer Features 

Enhanced H P  BASIC 
Graphics package (optional) 
Quality alphanumeric and graphics CRT display 
Two built-in tape cartridges (one standard, one optional) 
Overlapped processing 
Typewriter-like keyboard 
Built-in unified mass storage operations 
User read/write memory of 13k bytes, expandable to 62k bytes 
Interface capability 
Built-in thermal printer (optional) 
Optional character sets in English, German, Spanish and French 

Ordering Information 
When ordering the System 45, be sure to specify either the 98458 

or 9845A. 

The 9845s desktop computer system includes 62 650 bytes read/ 
write memory; CRT with graphics package; two 217k byte tape car- 
tridge drives; built-in thermal line printer; ASCII, German, French 
or Spanish keyboard option. 

Price $20 000 

The 9845A desktop computer includes 13 488 bytes of read/write 
memory; 24-line CRT display; one 217k byte tape cartridge drive; 
ASCII, German, French or Spanish keyboard option. 

Price $1 1 500 



9 8 7 4 A  Digitizer 
The 9874A Digitizer provides a convenient method of entering 

graphic information into the HP 981 5A/S, 9825A, 9830A/B, SYS- 
tem 35A/B and System 45A/S desktop computers and other comput- 
ers using the HP-IB interface cable. 

The 9874 features an adjustable glass platen that can accommodate 
the digitizing of a wide variety of projectable media such as X rays, 
movies and 35 mm slides. By tilting the platen to full vertical position 
and setting a projector behind the digitizer, exact images can be re- 
produced without distortion, then digitized. 

To take advantage of the adjustable platen, HP developed a vacu- 
um cursor which can adhere to any portion of the platen. Regardless 
of the platen's position, the cursor will not slip-even if bumped. 

The lighted cursor has on open-circle target, 0.250 mm in diameter, 
giving the pinpoint precision to accurately position and then move the 
cursor on a line thinner than a human hair. 

In addition, the 9874 has microprocessor intelligence and its own 
built-in memory (16K bytes). It also has a control pad with digitizer 
control, Special Function and numeric entry keys. Points may be digi- 
tized one a t  a time or continuously (based on time or distance incre- 
ments) by simply pressing the appropriate key. An axis align key 
automatically aligns the x and y axes of the digitizer with those of the 
document-immediately establishing a new coordinate system. 

Used in numerous applications-strip chart analysis, mapping and 
resource management, PC board layout, and destructive and non-de- 
structive test analysis-the 9874's advanced features make it easy to 
control your entire application. 

Although especially designed for use with the Series 9800 Desktop 
Computers, all HP-IB compatible computers and peripherals can re- 
alize the full power and benefits of the 9874A Digitizier. 

COMPUTATION 
Desktop Computer Peripherals 

Models 9874A, 9875A 

9 8 7 5 A  Cartridge Tape Unit 
The 9875A is the first HP-IB compatible storage peripheral to be 

produced by HP. As such, it can be used by virtually any device that 
can function as a controller. 

The tape unit interfaces to HP Series 9800 Desktop Computers via 
the Hewlett-Packard Interface Bus. Any desktop computer in the se- 
ries can store data on the 9875 tape unit, which can then read the data 
into any other desktop computer in the series. 

The 9875 tape unit stores data in HP's Standard Interchange For- 
mat (SIF). While HP-IB compatibility requires that the tape unit be 
interfaced to the desktop computer receiving the data, an SIF-com- 
patible machine can read a 9875 tape on its own internal tape drive 
without being connected to the 9875. Similarly, tapes produced by 
SIF  machines can be read by the 9875. 

Twenty-three built-in commands provide exceptional flexibility in 
formatting each 225K byte tape cartridge. The tape is partitioned 
into files and records, much like the structure of many disk memories. 
Two physical tracks on the tape are treated as a single logical track. 
Data can be organized in a serial access format (access by file) or in a 
random access format (access by record). Physical record sizes from 
2 to 256 bytes can be selected. Records and files can be marked on the 
tape before any data is written, or they can be created automatically 
as the data are stored. The 9875 is available as either a single or dou- 
ble tape drive unit, and each cartridge has a 256K byte capacity, pro- 
viding large mass storage for far less than the cost of a disc drive. 

Ordering information 
9874A Digitizer 
9875A Cartridge Tape Unit 

Price 
$6200 
$2600 



COMPUTATION 
Desktop Computer Peripherals 
Models 9862A, 9872A, 9881A 

9872A 

X-Y plotters 
The 9862A X-Y Plotter with a peripheral control function block 

automatically scales your data, generates words as well as numbers 
and sets up both axes, complete with labels and tick marks-all in 
your designated units. 

The 9872A X-Y Plotter provides permanent four-color (blue, 
green, red and black) graphic output. This microprocessor-based 
plotter (A3 size) has automatic or manual pen selection and gives 
high-resolution line and character quality via addressable moves in 
lengths as small as 0.025 mm (0.001 in.). Seven different dashed-line 
fonts are also available for trace differentiation and easy interpreta- 
tion. In program mode, pen speed may be adjusted to any of 36 rates 
from 10 mm/s to 360 mm/s in 10 mm increments. The 9872 has five 
built-in character sets including Spanish, Scandinavian and French/ 
German. You can also change character size, slant and direction or 
even design your own characters. 

The microprocessor-based operating system accepts HPGL (Hew- 
lett-Packard Graphics Language) commands to control all the plot- 
ting functions. The HP-IB (IEEE 488-1975) interface bus and 
HPGL language allow the plotter to be interfaced to a variety of com- 
puters. High-level graphics languages are available in most comput- 
ers to make plotting even easier. 
9872A Features 

Programmable selection of four pens 
Selectable pen speed 
Five character sets 
User-defined characters 
Window plotting 
HP-IB compatibility 

9881A 

Line printer 
The 9881A Line Printer Subsystem consists of the 2607A Line 

Printer, which is a reliable, low-cost 5 x 5 dot matrix printer, and the 
11287A Line Printer Interface Card. Its unique print mechanism 
makes it quiet enough for business environment and provides up to six 
consistent, clean copies. It prints at  200 lines/min. regardless of the 
line length and has full 132-column line width. 
Interfacing 

HP offers many interface cards designed for those customers who 
desire to build custom, desktop computer-controlled instrumentation 
systems. These cards are: 
9815A interface cards 

98 133A BCD Interface-8 digit BCD input with high-speed mode, 
8-bit parallel output. 
98 134A General Interface-bidirectional 8-bit parallel interface. 
98 135A HP-IB Interface-general connection for HP-IB compati- 
ble instruments (in conformance with IEEE Std. 488-1975). 
98136A RS-232-C Serial Interface-conforms to EIA RS-232-C 
recommended specifications. 

9825A and System 35 and 45 interface cards 
98032A 16-bit Parallel Interface-latched 16-bit input/output for 
bidirectional transfer of information. 
98033A BCD Input Interface-connects the 9825A with bit-paral- 
lel, digit-parallel BCD devices. 
98034A HP-IB Interface-allows communication with as many as 
14 HP-IB compatible instruments per interface. 
98035A Real Time Clock-adds real time reference and time-re- 
lated control capabilities to the 9825A, 9835A and 9845A desktop 
computers. 
98036A Serial Interface-provides bit serial communication be- 
tween the desktop computers and asychronous EIA RS-232-C de- 
vices such as data terminals and modems. 
98040A Incremental Plotter Interface-allows the System 45 to 
access large flatbed and drum incremental plotters. 
98041A Disc Interface-provides the System 45 access to large ca- 
pacity, high-speed disc peripherals. 

Ordering information Price 
9862A X-Y Plotter $3200 
9872A Four-Color Plotter $4200 
9881A Line Printer Subsystem $7990 
98133A BCD Interface $ 600 
98134A General 8-bit Parallel Interface $ 300 
98135A HP-IB (IEEE Std. 488-1975) Interface $ 600 
98136A RS-232-C Serial Interface $ 600 
98032A 16-bit Parallel Interface $ 400 

s 400 
98034A HP-IB (IEEE Std. 488-1975) Interface $ 400 
98035A Real Time Clock Interface $ 600 
98036A Serial Interface S 600 
98040A Incremental Plotter Interface $ 600 
98041A Disc Interface $2100 

98033A BCD Input Interface 



COMPUTATION 
Desktop Computer Peripherals 

Models 98668, 9877A, 9880B, 9883A, 9884A 

Thermal printer 
The 9866B Thermal Printer is a general purpose, 80-column print- 

er. The 9866B produces page-width, fully formatted, alphanumeric 
text, tables or simple plots at 240 lines/min. and is capable of unidi- 
rectional plotting. 
High speed tape reader subsystem 

ly it reads tapes a t  500 char./s. 
t a p e  punch subsystem 

The 9883A tape reader features speed and quiet operation. Optical- 

The 9884A provides a fast and reliable method of directly transfer- 
ring output onto punched tape at 75 char./s. 
Card readers 

punched cards as well as mark-sense cards. 

sense or punched cards in less than two seconds. 

Mass memory subsystem 
The 9880B Mass Memory Subsystem supplies the H P  9830A/B 

with substantial data storage. The memory media of this peripheral 
are a permanently installed memory platter and an interchangeable 
cartridge ( H P  12869A). each having a capacity of 2.4 million bytes; 
this is the equivalent of more than 600 000 total items of data of 
twelve digits each. 
Disc interface 

The 98041A Disc Interface allows the System 45 to access the 20 
megabyte 7906 fixed/removable disc and the 50 megabyte 7920 re- 
movable disc. For more information, see individual product descrip- 
tions for 7906 and 7920. 
Tape cartridges and cassettes 

The 9865A Tape Cassette lets you easily store, update and retrieve 
data and programs. A fast, bidirectional search feature lets you find 
any file on the tape without rewinding. The 9865A has a minimum 
capacity of 48K bytes. 

Interfaced with the 9825A, the 9877A External Tape Memory pro- 
vides an inexpensive method of storing up to 1M bytes of information. 
In addition, it offers fast duplication of up to four tapes in less than 60 
min. The 9877 uses the same type of tape cartridges as that designat- 
ed for the 9825A desktop computer. The 9875A HP-IB Tape Car- 
tridge is the most recent tape peripheral. See individual product 
description for more complete information. 
I/O expanders 

The 9868A 1/0 Expander allows you to plug up to 13 peripherals or 
test instruments into your 9810A, 9821A and 9830A/B. The 9878A 
provides six additional 1 / 0  slots for the 9825A, 9835A/B and 
9845A/S. 
Ordering information Price 
9865A Tape Cassette $1885 
9866B Thermal Printer $3350 
9868A 1/0 Expander $ 1060 
9869A Hopper Card Reader $4075 
9870A Card Reader $580 
9877A External Tape Memory $2340 

9880B Mass Memory Subsystem $10,950 
9883A Tape Reader Subsystem $2510 
9884A Tape Punch Subsystem $3080 

The high-speed 986914 Hopper Card Reader handles IO-column 

The hand-fed 9870A Card Reader can read 35 columns of mark- 
98668 

9878A 1/0 Expander $1200 



~ICOMPUTATION Desktop Computer Peripherals 

Interfacing Summary 

Perlpherals Desktop Computers 

981 5NS 9825A 9830NB 9835NB 9845NS 

9865A Tape Cassette . 
98668 Thermal Printer . . . . . 
9868A I/O Expander . 
9869A Hopper Card Reader . . . 

* 

9870A Card Reader 

Desktop Computer Interfacing Summary the communication link between the peripherals and computers of 
your choice. 

A selection of additional HP peripherals and computers listed in the 
catalog assure you maximum flexibility when configuring a system to 
your exact requirements as well as providing an upward growth path 
to the future. 

Interface ports located in the back of each of the Series 9800 Com- 
puters provide plug-to-plug compatibility with a variety of HP pe- 
ripherals listed in the following table. HP’s ready-made interface 
cards and preprogrammed Read Only Memories (ROMs) complete 

9872A Four-Color Plotter 

9874A Digitizer 

9875A Cartridge Tape Unit 

HP SERIES 9800 DESKTOP INTERFACING SUMMARY 

. . . 
~ 

9877A External Tape Memory 

9878A I/O Expander 

I 9871A Character Impact Printer I .  

~~~~~ 

~~~~~~ 

98808 Mass Memory Subsystem 

9883A High Speed Tape Reader Subsystem . 
2631 Dot Matrix Impact Character Printer 

7225 Mini Plotter 

7245 Printer/Plotter 

7906 Hard Disc Drive 

7920 Hard Disc Drive 

I 9884A Tape Punch Subsystem I .  

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

I 9885M/S Flexible Disk Drive I 

. . . . . . 
I . I I . . . . . . . 



COMPUTATION 
Character Impact Printer; Flexible Disk Drive 

9871~;  9 8 8 5 ~ 1 s  

9871A 
The H P  9871A is a full-character serial impact printer for use with 

9800 Series desktop computing systems. The platen accommodates 
paper up to 381 mm (15 in.) wide. The 9871 prints a standard 132 
columns at  10 characters/in.; however, character and line spacing can 
be defined to increase or decrease the number of characters per line. 
Any of six different interchangeable print disks (96 characters each) 
provides full-character quality impact printing. 

Plotting and form filling 
Bidirectional motions of the platen and print mechanism provide 

plotting capabilities for charts and graphs. Programmable tabulation, 
both horizontal and vertical, simplifies plotting and form-filling on 
this printer. The optional 98020A Soft Sound Enclosure allows locat- 
ing the 9871 in quiet office environments. Additionally, an optional 
form-feed mechanism, H P  98021A, feeds continuous Z-fold paper in 
one direction and aids in producing clear multiple copies. The 
98021A option includes a basket for stacking the paper printout. 

The 9871 is fully self-contained and can be easily interfaced with 
any 9800 Series desktop computer for use in scientific, industrial and 
commercial applications. 

Features 
Full-character quality serial impact printing 
Bidirectional carrier and platen 
96-character interchangeable print disk 
335.3 mm (13.2 in.) writing line 
User-defined character and line spacing 
Programmable page formatting 
Plotting 

Specifications 
Speed: average text line a t  10 characters/in.; 30 characters/sec 
Paper: single sheet; continuous feed (form-feed mechanism recom- 
mended for continuous feed); single-part or multi-part, 2 to 6 parts- 
0.46 mm (0.018 in.) total maximum thickness. Maximum width 381 
mm (15”). 
Options and accessories 

Standard print disk 
ASCII print disk 
European print disk 
Katakana print disk 
Cyrillic print disk 
APL print disk 

Ordering information Price 
9871A Character Impact Printer $3600 
98020A Soft Sound Enclosure $125 
98021A Form-feed Mechanism with Paper Stack $275 
Basket 

9885WS 
Low cost, high speed, large capacity, reliability and ease of oper- 

ation in data management make the HP 9885 Flexible Disk Drive a 
valuable addition to the desktop computer system. Mass storage on 
the 9885 provides random access to approximately 500,000 bytes of 
data per removable disk. 

The flexible disk drive comes in two versions, the 9885M (master) 
with a built-in controller, and the 98858 (slave). Up to three slaves 
can connect to one master. This expandability provides a means of 
ensuring easy “backup” of critical information or providing random 
access to nearly 2 million bytes of data. 

Average transfer rate between computer and disk drive is 23k 
bytes/s. Double-density read/write on the flexible disk further en- 
hances access rate and increases total storage capacity. Average ac- 
cess time to any location on the disk is 267 ms. 
Special features and benefits include: 

Random access 

Smart directory 
-Store or retrieve any file@) on the disk in less than ‘/a sec. 

-Files referenced by “name;” user designates the file “name” 
(i.e., get “Jones”). 

-Quick access to catalog (index) of stored files (available any- 
time). The disk directory tells the drive when and where a file 
exists-the drive does not waste time searching for files not on 
that disk. 

-Catalog update occurs “automatically” as system operations 
are executed. 

Dynamic size allocations 
-Provides the most efficient packing of data on the disk. 
-A deleted file will be automatically replaced by another file 

-User may “repack” files so that all unused or available space is 
equal to or smaller in size than the old. 

collected together on the disk. 
Write-verify feature 

-Ensures that the information recorded on the flexible disk is 
identical to the source information in the computer memory. 

Sample Commands 
get “Test 1” Loads program from the disk to the computer. 
save “T Test” Stores program or specified parts of it in a specified 

file. 
chain Loads a program from the disk to the computer, re- 

taining variable values. 
COPY Duplicates contents of one file int.0 another file or 

drive. 
Ordering information Price 
9885M Flexible Disk Drive Master and 

Opt 025: for operation with 9825A $3900 
9885M Flexible Disk Drive Master and 

Opt 031: for operation with 9831A $4100 
9885M Flexible Disk Drive Master and 

Opt 045: for operation with 9845A (mass memory $3750 
ROM not included) 

$2500 98858 Flexible Disk Drive Slave 



COMPUTATION 
Automatic Test Systems 
integration Services and 9400 Switches 

Consolidation, installation, 
and configuration/testing for automatic test systems 

HP-ATS Integration Services 
Previously, when building an automatic test system, users had only 

two choices: purchase an already-assembled “turn-key” system or 
purchase computer and instruments separately and assemble them on 
your own. As a result of our experience with more than 1000 H P  
automatic test system installations worldwide, H P  now offers three 
categories of system-building assistance, called HP-ATS Integration 
Services. 

An automatic test system can be purchased a t  various levels of com- 
pletion, depending on how much help the user desires. At the lowest 
level, Consolidation, Hewlett-Packard consolidates all products or- 
dered and ships them on a specific date in a single delivery, simplify- 
ing scheduling and materials management for the user. 

At the next level., Racking and Cabling Service, HP consolidates 
the equipment, designs cabinet layout and power distribution, then 
installs the equipment in cabinets. The user assumes responsibility for 
software configuration and testing. 

With the highest level of service, Configuration/System Test, the 
user receives a fully-installed, fully-integrated system, ready to solve 
problems. H P  consolidates the equipment, installs it in cabinets, con- 
figures the operating software, and checks out the system on-site. 

Integration service prices vary depending on the complexity and 
size of the system. A typical system that contains $100,000 of instru- 
mentation would require $20,000 to $30,000 of integration services to 
be fully configured and tested (all three services). 
Ordering Information 
93282A ATS Consolidation Service 
93283A ATS Racking and Cabling Service 
93284A ATS Configuration/System Test Service 

Switches for Automatic Test 
HP-IB switch products used in H P  automatic test systems are avail- 

able individually for those who manufacture their systems in-house or 
those who have complex switching requirements in their automated 
test setups. These switches provide a commercially-available solution 
to connecting the system to the unit-under-test (UUT). Three types 
of switching units are available, all controlled by a single 9411A 
Switch Controller that provides micro-processor control of up to 8 
switch mainframes. 

941 1A Switch Controller $2,350 
The 941 1A is controlled by the automatic test system 
computer via the HP-IB, and provides control logic 
for up to eight switching units and +12.5 VDC (4A 
maximum) relay power for up to four switching units. 
Performs comprehensive self-test and fault isolation 
of all signal relays in the 9412A and 9414A switching 
units. 

Provides high-density, multi-function switching of 
signals up to IO MHz. A built-in 1768-pin (34 x 52) 
matrix interface panel improves signal performance 
and eliminates “spider web” cabling. The 9412A ac- 
commodates five types of switchcards in any combi- 
nation up to a total of 25 cards. 

Provides modular, flexible high-frequency switching 
of pulse and video signals up to 500 MHz. The 941 3A 
accommodates up to 12 coaxial switch modules. 

Provides maximum flexibility in switching signals up 
to 10 MHz. Designed for high-density, high-perfor- 
mance switching, the 9414A allows any UUT pin to 
be switched to any instrument in the system. The 16- 
input matrix can be configured in 30-pin increments 
(UUT pins) up to 120 pins. A distribution bus allows 
several instruments to share four of the 16 matrix in- 
puts, thus minimizing switching requirements. 

$10,000 to $35,000 9412A Modular Switch 

$2000 to $7000 9413A VHF Switch 

$5000 to $30,000 9414A Matrix Switch 

HP 941 1A 
Switch 

Controller 

HP 9413A 
VHF 

Switch 

HP 9412A 
Modular 
Switch 
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2240A Measurement 
and Control Processor 

224012241A Measurement and Control Processor 
The microprocessor-based H P  2240A Measurement and Control 

Processor provides 128 channels of both analog and digital input/out- 
put signals, with interrupt handling for complete measurement and 
control capability in one unit. The H P  2241A Extender adds up to 
128 channels to extend the capability to a total of 256 1/0 points. The 
2240A executes computer-independent, real-time tasks delegated 
from the controller. A powerful command set, tailored for measure- 
ment and control applications, is built into the 2240A to simplify and 
reduce programming. Programming can be done in BASIC, FOR- 
TRAN, H P  Assembly or HPL languages via the HP-IB. 

The 2240A can be used with a H P  9825,9830A. or 9845A Desktop 
Computer or with the H P  1000 Computer System. Multiple 2240A 
test stands can be added via the HP-IB as part of a distributed mea- 
surement and control network. You can remote the 2240A up to 1000 
meters over a single twisted pair of wires, or delegate tasks over phone 
lines with the H P  59403A HP-IB/Common Carrier Interface and 
industry standard modems. 

The 2240A option 001, Extended Throughput ROM, increases the 
speed of continuous data acquisition severalfold by providing addi- 
tional commands, larger buffer size, and binary data transmission in- 
stead of ASCII data transmission. 

A variety af measurement and control function cards is available 
for the 2240A/2241A: 

22900A Analoe. Inout Card $ 1,600 
32 single-endei or'16 differential channels, ? 10 V, 
12 bits including sign, 20 kHz sample/scan rate. 
Auto correction for gain and offset temperature drift. 
22901A Analog Output Card $900 
4 channels, 0 to 10 V or -10 V to +IO V output, I O  
bits with dual level storage. Auto readback from first 
level, 4-lead remote sense (Kelvin) connections. 

4 channels, 4 to 20 mA current output, 0 to 10 V, or 
-10 V to +lo V output, 12 bits resolution with dual 
level storage. Four-lead remote sense (Kelvin) con- 
nections. 
22902A Digital Input Card $310 
32 channels, TTL or CMOS levels. 
22903A Common Interrupt Card $450 
16 channels, TTL or CMOS levels, individual chan- 
nel enable and transition direction, interrupt test. 
22904A Digital Output Card $480 
32 channels, TTL or CMOS, open-collector output, 
dual level storage, auto readback, level or pulse out- 
puts. 
22905A Counter/Stepper Motor Card $800 
4 channels for event counting, frequency or period 
measurement, or stepper drive output. Internal self- 
test clock, TTL compatible. 

22901B Analog Output Card $1,200 

COMPUTATION 
Measurement and Control Computer Interface 

Models 2240A and 91000 Series 

22920A Signal Conditioning Tray 
The H P  22920A Signal Conditioning Tray provides maximum iso- 

lation for the 2240A Measurement and Control Processor from high 
voltage inputs and electrical noise. Each 22920A holds one signal 
conditioning card, with provision for field wiring (14-22 AWG) con- 
nection to 56 screw terminal connectors. Signal conditioning cards 
available for the 22920A are: 
0 22912A Relay Output Card $290 

16 channels, 2 amperes, 125 VAC/DC, 60 VA rat- 
ing, Form-C (SPDT) hermetically sealed relays. 

16 channels, 5 to 120 VDC and 16 to 230 VAC with 
selectable response times and overload fuses. 

16 channels for analog/digital, input/output signal 
conditioning. Pad layouts for user-installed signal 
conditioning components such as amplifiers, relays, 
filters, fuses, resistors and voltage regulators. 

16 differential channels, amplifier-per-channel, 
jumper selectable gains f 20 mV, k 50 mV, ? 100 
mV, k 500 mV, + 10 V. Pads for filters, current loop 
and open thermocouple detection resistors. 

0 22913A Isolated Digital Input Card $430 

0 22914A General Purpose Breadboard Card $130 

0 22915A Low Level Analog Input Card $1,250 

23136 Analog I10 Subsystem 
The H P  2313B Analog 1/0 Subsystem consists of control, sam- 

pling, and analog-to-digital conversion modules in a mainframe de- 
signed for rack-mounted operations with H P  2100s or H P  1000 series 
Computer Systems. The subsystem 1/0 capacity is expandable to 528 
differential analog inputs or 44 analog outputs, or combinations of 
inputs and outputs. 
0 12751A High Level Multiplexer $800 

$1.000 

$1,150 

f 10 V, 45 kHz, 32 S.E., 16 differential inputs 

16 ch. differential, f IO mV to 200 mV, 200 V CMV 

16 ch. differential. + I O  mV to k800 mV, IO V 
CMV 

0 12760A Low Level Relay Multiplexer 

0 12761A Low Level Solid State Multiplexer 

Plug-In Subassemblies 
Individual measurement and control interfaces are contained on 

$1,600 
plug-in assembly cards for H P  2100 and H P  1000 computers: 
0 91000A Analog-to-Digital Interface Subsystem 

A complete k 10.24 V fs analog input subsystem, in- 
cluding interface and control logic, sample and hold 
amplifier, ADC, and input multiplexer. 

Provides 16 floating contact closures for controlling 1 
to 16 devices and optional readback circuitry for data 
verification. 

16-bit input/l6-bit output plus control and status 
data. Choice of differential or TTL logic. Up to 1 
million 16-bit words. 

Provides two analog outputs ranging between 0 and + 10 volts, 8-bit resolution. 

40-Bit (10 BCD digit) capacity for driving program 
input lines, choice of ASCII or binary output modes. 

32-Bit (8 BCD digit) capacity, accommodates logic 
levels between -100 V and +lo0 V. 

0 12551B 16-Bit Relay Output Register $550 

0 12930A Dual-Channel Universal Interface $850 

0 12555B Digital-to Analog Converter $600 

0 12556B 40-Bit Register $650 

0 12604B Data Source Interface $600 

Ordering information Price 
2240A Measurement and Control Processor $2,750 
2240A-001 Extended Throughput ROM $250 
2241A Extender $1,500 
22920A Signal Conditioning Tray $165 
2313B Analog I/O Subsytem $6,200 



COMPUTATION 
Interactive display terminal family 
Models 2647A, 2 6 4 8 ~  

2647A 2647A 

Introduction 
Hewlett-Packard has a growing family of general-purpose display 

terminals which include: the new 2647A Intelligent Graphics Termi- 
nal, 2648A Graphics Terminal, 2649A Microprogrammable Termi- 
nal, 13290B Development Terminal, 2640B Display Terminal, the 
high performance 2645A Display Station, the 2640C and 2645K/ 
N/R/S International Terminals, the 2641A APL Display Terminal 
and a number of accessories for filling the needs of a variety of appli- 
cations, Hewlett-Packard display terminals are in wide use today in 
manufacturing, service organizations, government and edu- 
cation performing in such applications as: 

data entry 
inquiry/response printing 
editing text 
file updating . batch operation 
transaction processing time-sharing 
programming graphics 
off-line operation 

2647A Intelligent Graphics Terminal 
The second in the expanding line of graphics terminals from 

Hewlett-Packard is the 2647A Intelligent Graphics Terminal. The 
2647A offers a new horizon of flexibility and power for activities re- 
quiring a computer and for those that do not. 

Microprocessor intelligence allows user programmability in 
BASIC. Data from a computer can be reformatted by the 2647A with 
a Basic program in the terminal. The 2647A is the solution to applica- 
tions that require both on-line capability and local intelligence. 
In addition to offering user programmability, the 2647A provides 

full interactive alphanumeric capability. This makes the 2647A a 

data storage 

order entry 

most effective solution in other areas such as program preparation, 
text entry or editing and data entry. 

The 2647A shares all the features of the 2648A Graphics Terminal 
and provides the following additional capabilities: 
User Programmability: The 2647A can be programmed in Basic 
with graphics extensions to control plotting functions. Used as a pre- 
processor, the 2647A can prepare and format data for transmission to 
a computer. All terminal facilities are available to the local Basic 
program. 
Simple User Interface: Terminal operations are controlled by Eng- 
lish-like commands. After the user specifies a type of command to be 
performed, the terminal automatically presents the user with the logi- 
cal alternatives to complete the intended operation. This eliminates 
the need to memorize complicated keystroke sequences, thus reduc- 
ing operator errors. 
High-Level Graphics Commands: English-like commands control 
the graphics features of the 2647A, such as set up functions, axis gen- 
eration, plotting and interactive functions. These commands can be in 
a local Basic program or transmitted from a host computer. 
Multiple Automatic Plotting: Sophisticated graphs and charts can 
be generated while requiring little or no programming experience. A 
menu is provided to lead the user through a question and answer ses- 
sion about the data. By completing the form and a few keystrokes, the 
user can display his data by using bar charts, pie charts, semi-log and 
log-log charts or regular linear charts. Automatic data labels, legends 
and titles are also provided. This feature makes chart generation 
friendly and easy to use with or without a computer. 
Dual-Cartrldge Tape: The 2647A offers as standard equipment dual 
mini-cartridges, each of which can store up to 1 10k bytes of data. Use 
them to store alphanumeric data, graphic pictures or both. 



Model 2648A Graphics Terminal 
The 2648A graphics terminal was the first CRT terminal from 

Hewlett-Packard that was designed specifically for graphics. More 
importantly, it offers high performance graphics capabilities to users 
requiring low cost graphic terminals; capabilities normally found only 
in larger computer systems. Being microprocessor driven, it has local- 
ized intelligence that offers users the opportunity to explore new areas 
and to try out new ideas in graphics not before available in a terminal. 
Raster scan technology: the 2648A can be used in high ambient 
light environments since raster scan provides a bright, easy-to-read 
display. This helps to minimize eye fatigue when extended sessions at 
the terminal become necessary. 

With refreshed raster scan technology, the ability to modify select- 
ed portions of a picture is a natural feature. 

Modification of pictures does not require that the complete display 
be erased and redrawn. This helps to minimize the computer over- 
head requirements and the user wait time. 
independent alphanumeric and graphic memories: the alphanu- 
meric memory can store up to 37 lines of 80 characters (less enhance- 
ments). Independent of the alphanumberic memory is the graphics 
memory, consisting of 16 each 16K RAM integrated packets provid- 
ing a 360 by 720 dot resolution. Now, computer dialogue and the final 
picture reside in separate memories. Since either memory can be in- 
hibited without disturbing the other, readability of the display is en- 
hanced. 
Hardware zoom and pan: the graphic memory of the 2648A can be 
magnified up to sixteen (16) times, facilitating investigations and/or 
modifications of dense areas of the display. Panning is available to 
view any area of the magnified display not in the viewing window. 
The complete display can be panned through without reinitializing 
the display data. This capability is available to the user whether on or 
off-line from the computer. 

Sophisticated users as well as users having little or no programming 
skills can take advantage of the 2648A's capability to plot column- 
wise tabular data automatically. 
Automatic plotting: a simple menu is provided to lead the user 
through a question and answer session about the data. With a few 

simple keystrokes, a fully labeled plot of the specified data can then 
be presented on the display. This feature makes graphics friendly, 
easy to use, and can be done with or without a supporting computer. 
Rubber band line: trial graphics can be performed with or without 
computer support using the Rubber Band Line mode. Quick, user- 
initiated picture generation and/or modification before final commit- 
ment to design is now possible. 
Pattern generation with rectangular area shading: user-specified 
patterns can be generated for use in shading defined rectangular 
areas of the display. This enhances the shading of parts assemblies or 
facilitates differentiation of bar graphs where color would normally 
be used. 
Compatibility mode: when in compatibility mode, the 2648A can be 
used with most terminals that have a 780 by 1024 dot displayable 
area. Data is mapped on a 1 to 1 basis into the 2648A's display space, 
or it may be scaled to fit in the 360 by 720 dot data space. This capa- 
bility will help to minimize user conversion time and loss of the initial 
software investment. 

Additionally, since the 2648A and 2647A are members of the 2640 
Series Family of Terminals, they have many features that make it an 
outstanding alphanumeric terminal. 
Some of these features are: 

Choice of Communications Environments: 
RS232C Asynchronous ASCII; Full or Half Duplex 

Optional 20 mA Current Loop 
Optional Asynchronous or Synchronous 
Multipoint/Polled 
Wide Selection of Modems 

8 User Definable Soft Keys 
Fully Integrated Mass Storage Option 
Two Cartridge Tape Drives 
110 Kilobytes of Storage per Cartridge Tape 

Alpha/Numeric Field Checking 
Automatic Data Logging 
Character Wraparound 
Adjustable Margins 
Full Editing 

Insert or Delete Lines or Characters 
And much more! 



COMPUTATION 
Interactive display terminal family (cont.) 
Models 2649A, 26408 

2649A 
132900 

Model 2649A Microprogrammable TerminalIController 
The Hewlett-Packard Model 2649A Microprogrammable Terminal/ 
Controller represents an innovative approach to satisfying the need 
for an intelligent terminal or controller with a set of capabilities 
which has been tailored to meet the requirements of a particular ap- 
plication. By combining applications specific hardware and firmware 
with the wide selection of standard hardware and firmware which is 
available with the 2649A, the OEM or sophisticated end user can 
develop a reliable, cost-effective solution to business, industrial and 
research problems spanning the applications spectrum. 
Complete system in a single package: the 2649A combines a pro- 
cessor, memory 1/0 and peripherals in a single, attractive package. 
This means that the 2649A is ideal for use in applications where space 
is a limiting factor or where the esthetics of the package are of con- 
cern. 
Modular architecture: modular architecture allows the OEM or end 
user to optimize both hardware and firmware configurations to match 
each specific application. Thus, unnecessary hardware and firmware 
is avoided with a resulting cost savings. Modular architecture also 
means greater flexibility so that as the application grows, the capabil- 
ity of the terminal or controller may be enhanced by adding more 
memory, peripherals or firmware. 
Graphics capability: the optional graphics capability of the 2649A 
adds a new dimension to the solution of application problems. This 
unique capability allows large quantities of data to be displayed in 
graphical form for easy interpretation and manipulation by the user. 
The overhead imposed by the addition of the graphics capability is 
minimized by the use of a hardware vector generator and a separate 
graphics memory. 
Choice of interface and memory options: interfacing is made 
easier because there is a wide selection of general purpose, peripheral 
HP-IB, and data communications interfaces to choose from. A vari- 
ety of memory options, including RAM, ROM and PROM modules, 
is available to meet program and data storage requirements in a high- 
ly efficient manner. Memory options may be configured to support up 
to 120 k bytes of combined RAM, ROM and PROM. 

Simplified hardware/firmware development development of 
hardware and firmware is simplified by the extensive development 
tools which are available. The H P  13290B Development Terminal, 
for example, provides the user with source program generation, resi- 
dent assembly, program execution and debug capabilities. The com- 
prehensive documentation package and training course which are 
offered provide the knowledge necessary to adapt the 2649A to meet 
various application requirements. A firmware support package in- 
cluding a microprocessor assembly language cross-assembler which 
executes on a Hewlett-Packard 1000 Computer System is also avail- 
able. 

Model 26408 display terminal 
Easy to read display: 
the large 5 Inch by 10 inch display of the 26408 presents up to 
1,920 characters in a 24 line by 80 column format. A 9 x 15 dot 
character cell allows large characters to be represented accurately. 
Wide character and line separation, inverse video, and optional plug- 
in character sets with underlining, half-bright, and blinking are en- 
hancements designed to increase clarity and easy sessions at  the ter- 
minal. 
Full editing capability: the 2640B transmits character-by-character 
as an interactive terminal or is capable of operating on variable length 
blocks of information. Local editing allows the user to modify data 
before transmission to the computer. Editing and computer connect 
times can be significantly reduced by such standard features as: 

character or iine inseriion and deletion 
cursor addressability and positioning (up, down, left, right, home) 
programmable protected fields in any combination of display posi- 
tions 
off-screen storage with scrolling (scroll up, scroll down, next page, 
previous page) 
standard horizontal tabs and protected field tabulation 
eight special function keys for user-defined routines, such as forms 
entry or on-line error detection 
positional memory lock 



26408 2645A 

Plug-in character sets: there is the capacity to use up to four 128- 
character sets concurrently (switch selectable on a character-by- 
character basis): the Roman set including displayable control codes 
for program debugging; the line drawing set for forms drawing and 
limited graphics capability; the math set with frequently used math 
symbols and Greek characters; the large character set for enlarged 
character presentation; or user-defined character set. 
Choice of communications capabilities: the standard 2640B op- 
erates a t  up to 2400 baud and offers both full and half duplex asyn- 
chronous communication using an EIA RS232C interface. It is Bell 
103A and 202C/D/S/T modem compatible with a choice of main 
channel and reverse channel protocols. Options include 20 mA DC 
current loop, split input/output speed and custom baud rates. 
Versatile keyboard: the detached, expanded ASCII keyboard is 
easy to use and flexible enough to fill a wide variety of applications. It 
contains a ten key numeric pad, cursor control, tab and page control 
pad, editing and special function keys. 
Multi-page display memory: because of efficient memory alloca- 
tion, the standard 2640B with its 1024 bytes of memory can display 
from 8 to 50 lines dependent on line length. With memory expansion 
to 8 k bytes, over three pages of data can be stored. Information can 
be viewed 24 lines at a time by scrolling forward or backward a line or 
a page a t  a time. 
Hard-copy interface: a wide variety of hard-copy devices can be ac- 
comodated via an optional RS232C serial interface or HP printer 
compatible parallel interface. Commands to print data can be initiat- 
ed either locally from the terminal keyboard or remotely from a com- 
puter. 
Self-test: every element of the 2640B has been engineered for high 
reliability and ease of service. For example, the Self-Test feature 
gives the user an instant diagnostic test that the terminal is operating 
properly. 
Modular archltecture, microprocessor controlled: microproces- 
sor implementation and modular architecture produce a terminal 
with a wide range of capabilities; and, as needs grow, the potential for 

flexibly adding such features as additional display memory, printer 
interfaces and other character sets. 

Model 2645A display station 
All 26406 features: the high performance 2645A Display Station 
offers a superset of the capabilities of the 2640B. I t  has the same 
features and benefits as the 2640B (see 2640B features description) 
and has many significant additional features described below. 
High speed: the 2645A can operate at speeds up to 9600 bits per 
second and, like the 2640B, transmits either character-by-character 
as a fully interactive terminal or can operate on variable length blocks 
of information. 
Choice of communications capabilities: the standard 2645A is a 
teletypewriter compatible (EIA RS232C serial asynchronous, AS- 
CII, half or full duplex). Optional capabilities include 20 mA current 
loop; and either asynchronous or synchronous polling for multipoint 
communications networks. Polling offers the cost saving benefits of 
shared communications resources - modems, data lines and comput- 
er 1 /0  channels; as well as improved transmission error checking and 
communications compatibility with a wide range of computer sys- 
tems. The 2645A operates as a single unit or can be daisy-chained to 
other 2645A’s on a single communication line. Synchronous multi- 
point and asynchronous multipoint can optionally be used for polled 
communications networks. Also, the 2645A can be used with a wide 
selection of modems over dialed or leased lines. 
User-defined soft keys: each of 8 special function keys can be easi- 
ly set to issue a user-defiGed string of up to 80 data characters or 
several control sequences stored in the 2645A. This feature allows 
the keyboard to be more specialized to each application, and can 
considerably simplify use or the keyboard and result in greater effi- 
ciency-each soft key performs the operations of several key se- 
quences. For example, the soft keys can issue frequently used 
programming sequences; search for files; aid forms construction for 
data entry; dynamically configure the terminal; or issue instructions 
to the user, computer or both. 
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Interactive display terminal family 
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Figure 1. Data communications capabilities of the Hewlett- 
Packard family to terminals. 

considerably simplify use or the keyboard and result in greater effi- 
ciency-ach soft key performs the operations of several key se- 
quences. For example, the soft keys can issue frequently used 
programming sequences; search for files; aid forms construction for 
data entry; dynamically configure the terminal; or issue instructions 
to the user, computer or both. 
Fully Integrated mass storage: many operations normally requir- 
ing connection to a computer system can now be done off-line with the 
2645A. Optional, dual cartridge tape units allow batching of signifi- 
cantly reduce user time; conserve both computer and communications 
resources; provide a tape backup; and very importantly, allow the ter- 
minal to keep on working even when a computer is unavailable. Single 
keys for the most frequently performed functions, and color-coded 
prefix keys to exercise the 2645A's full capabilities suit the 2645A to 
a wide variety of users and applications. Gold and green prefix keys 
provide full access to the 2645A's multiple data paths to allow infor- 
mation to be moved between any of the functional units of the display 
station-artridge, display, keyboard, printer, and data communica- 
tions interface. Also, the tapes are fully controlled from either key- 
board or computer. The highly reliable, interchangeable 
Minicartridge tapes each provide the capacity of up to 110,000 char- 
acters of storage formatted in variable length records and files. The 
tape units feature rapid data transfer and bi-directional high-speed 
search to access any file in seconds. The Minicartridge is ideally suit- 
ed for storing data, forms, programs, or text, and is an excellent sub- 
stitute for paper tape. 
Addltlonal capabllltles 

Numeric/Alpha field checking 
Display memory expandable to 12 k bytes 
Automatic data logging-stores data as it leaves the display mem- 
ory automatically on the optional tape cartridges 
Line wraparound-when inserted text requires more than 80 col- 
umns per line. 
Adjustable margins-for variable column width/multiple col- 
umns/split screen 

lnternatlonai terminals 
The 2640C is an international version of the 2640B Display Termi- 

nal. It has basically the same features and benefits as the 2640B (see 
2640B features description). The 2645K/N/R/S are international 
versions of the 2645A. 
Model 2640C-Cyrllllc (Russian): the 2640C is capable of display- 
ing the full 128-Cyrillic-character set. Cyrillic and Roman characters 
can be generated from a single keyboard with all keys labeled and 
located in the accepted positions for Cyrillic keyboards. Pressing a 
single key switches between standard Roman and Cyrillic. Adjacent 

characters on the display can be from the Roman, Cyrillic, or optional 
plug-in character sets. 
Model 2645K - Katakana (Japanese): the 2645K is capable of 
displaying 128 character Roman set and a 64 character Katakana set. 
Katakana and Roman characters can be generated from the keyboard 
which is labeled with both Katakana and Roman characters. 
Model 2645N-Danlsh/Norweglan: the 2645N is a unilingual ter- 
minal in which the Danish/Norwegian character sets are displayed 
and present on the keyboard. 
Model 2645S-Swedlsh/Flnnlsh: the 26458 is a unilingual termi- 
nal in which the Swedish/Finnish character sets are displayed and 
present on the keyboard. 
Model 2645R-Arablc: the 2645R is a dual character terminal in 
which Arabic and upper case Roman characters are displayed and 
present on the keyboard. 

Model 2641A APL Display Station 
The 2641A APL Display Station retains all features and capabili- 

ties of the 2645A. An additional APL character set, including over- 
strike characters, is standard. Keyboard layout conforms to industry 
conventions. Integrated cartridge tape storage optional. 

Family enhancements and accessories 
13231A Dlsplay enhancement with the 13231A individual char- 
acters or fields of characters can be displayed in any of the sixteen 
possible combinations of blinking, underline, half-bright or standard 
inverse video. The 1323 1A also provides the capacity for adding up to 
three 128-character sets. A line drawing set, math symbol set and 
large character set are currently available. 
13245A Character set generation k i t  the.high resolution display 
and 9 x 15 dot character cell are available for special character set 
design with the 13245A. An included manual documents the steps 
necessary to design individual characters, assign the desired ASCII 
code equivalent, and generate the information to purchase Program- 
mable Read Only Memories (PROM) which store the user-defined 
character sets. 
13238A Duplex register: the 13238A provides a parallel output in- 
terface which supports the H P  9866 thermal line printer and 9871 
character-serial impact printer. 
132508 Serial prlnter Interface: the versatile 13250B supports a 
wide variety of RS232C serial interface compatible printers at  speeds 
up to 9600 bits per second. 
13254A Video output interface: the 13254A provides the capabili- 
ty of generating video output which can be used by compatible televi- 
sion monitors and video hardcopy to duplicate whatever is being 
displayed by one of the Hewlett-Packard family of display terminals. 

' 



Family specifications 
General 
Screen size: 127 mm (5") x 254 mm (IO"). 
Screen capacity: 24 lines x 80 columns (1,920 characters). 
Character generation: 7 x 9 enhanced dot matrix; 9 x 15 dot char- 
acter cell; non-interlaced raster scan. 
Character size: 2.46 mm (0.097") x 3.175 mm (0.125"). 
Character set: 64 upper-case Roman; I28 character APL set with 
2641A; 128 character Roman set with 2645A; 128 Danish/Norwe- 
gian set with 2645N; 128 character Swedish/Finnish set with 2645s; 
128 character Roman/Arabic set with 2645R. 
Cursor: blinking-underline. 
Display modes: white on black; black on white (inverse video). 
Refresh rate: 60 Hz (50 Hz optional). 
Tube phosphor: P4. 
implosion protection: bonded implosion panel. 
Keyboard: detachable. Full ASCII/APL keyboard for 2641A. Full 
ASCII code keyboard; 2640B 20 control/editing keys, 2645 8 user- 
defined soft keys and 16 additional control/editing keys; ten-key nu- 
meric pad; cursor pad; multi-speed auto-repeat, n-key roll-over; l .22 
m (4 ft.) cable. 
Cartridge tape: two mechanisms, 10 ips read/write speed, 60 ips 
search rewind speed, 800 bpi recording, max 110 k bytes of storage 
per Minicartridge. Optionally available for 2641A, 2645 series 
2648A. and 2649A. 

Data communications 
Data rate: 110, 150, 300, 1200, 2400 (4800 on 2641A & 2645R, 
9600 also on 2645A, 2648A, and 2649) and external-switch selecta- 
ble (110 selects two stop bits). Operation above 1200 baud may re- 
quire nulls or handshake protocol to insure data integrity. Basic 
language control in the 2647A requires handshaking protocol to a 
host CPU. 
Std. asynchronous communications: EIA RS232C; compatible 
with Bell 103A modems; compatible with Bell 202C/D/S/T mo- 
dems. 
Transmission modes: full or half duplex, asynchronous. 

Optional communications interfaces: 
Current loop, split speed, custom baud rates. 
Asynchronous multipoint (2645A/N/S). 
Synchronous multipoint (2645A/N/S). 

Operating modes: on-line; character, block. 
Parity: switch selectable (even/odd/none). 

Environmental conditions 
Ambient temperature 

Non-operating: -40" to 75°C (-40" to 167°F); -10" to 60°C 
( - IS0  to 140°F) with tape. 
Operating: 0" to 55°C (32" to 131°F); 5" to4O0C (41" to 104°F) 
with tape. 

Non-operating: sea level to 7620 metres (25,000 ft). 
Operating: seal level to 4572 metres (I5,OOO ft). 

Humidity (non-condensing): 5 to 95% (20 to 80% with tape). 
Altitude 

Vibration and shock: (type tested to qualify for normal shipping 
and handling in original shipping container.) 

Vibration: 0.25 mm (0.010") pp, 10 to 55 Hz, 3 axes. 
Shock: 30 g, 11 ms, %. sine. 

Physical specifications 
Display monitor weight: 19.6 kg (43 Ib). 
Keyboard weight: 3.2 kg (7 Ib). 
Display monitor dimensions: 342 mm H x 444 mm W x 457 mm D 
(13.5" x 17.5" x 18"), 648 mm D (25.5") including keyboard. 
Keyboard dimensions: 90 mm H x 444 mm W x 216 mm D (3.5" x 
17.5" x 8.5"). 

Power requirements 
input voltage: 

Power consumption: 85 W to 150 W max. 

115 (+IO%, -23%) at 60 Hz _+0.2%. 
230 (+IO%, -23%) at  60 Hz ?0.2%. 

Orderlng information 
2640B Interactive Display Terminal 
264W Cyrillic Display Terminal 
2641A APL Display Terminal 
2645A Display Station 

26458 Katakana Display Station 
2645N Danish/Norwegian Display Station 
2645R Arabic Display Station 
26456 Swedish/Finnish Display Station 
2647A Intelligent Graphics Terminal 
2648A Graphic Terminal 

2649A Microprogrammable Terminal 
13290B Development Terminal 
Short-term lea88 and quantiiy discounts available. 

with tape 

with tape 

Price 
$2600 
$4250 
$4 100 
$3500 
$5100 
$4000 
$3750 
$4350 
$3750 
$8300 
$5500 
$7100 
$2 150 
$6950 



COMPUTATION 
Optical mark reader for data collection and entry 
Model 7260A 

Immediate off-line data preparation at source 
Reads marks made by ordinary pencil 
Reads standard punched cards 

Off-line operation with terminals 
Easy local/ remote connection to computer via 
RS232C / CCITTV24 interface. 

7260A 
A typical mark sense form 

The 7260A Optical Mark Reader saves data preparation time and 
prevents errors by using one functional card for both source document 
and data entry. The data may be marked with an ordinary soft lead 
pencil, eliminating the need for special marking pencils or keypunch 
operations. Also, errors can easily be erased. Each form may contain 
any combination of pencil marks/prepunched holes/preprinted 
marks. 

The 7260A can be operated remotely from the computer via an 
RS232C/CCITTV24 interface and modems. This enables it to be 
sited exactly where it is needed, e.g. production line, quality control, 
warehouse. All source documents can then be conveniently batched 
for transmission to the computer at  one time. A Select Hopper (op- 
tion 002) is available which allows card selection under program 
control. 

Specifications 
Code capacity: recognizes 128 characters Hollerith code. 
Translation: to bit-serial 7-level ASCII, selectable parity. 
Operational modes: demand and continuous feed. 
Parity: generates and transmits selectable parity. 
Data rates: 110, 150, 300, 600, 1050, 1200, 2400 baud, selectable. 
l a b  cards dimensions: standard tab card size 82.6 x 187.3 mm (3.3 
x 7.4") up to 82.6 x 282.6 mm (3.3 x 11.1") 

Hopper capacity: 450 cards input, 450 cards output. 
Interface: RS-232C and CCITT V24 
Interface Connectors: 2 Cinch/Cannon DBM-25s-rear panel. 
Invalid Code: transmits a selectable character when data outside 128 
character set is marked. 
Mute and Line-Local Operation: allows operation with local termi- 
nal, and allows muting of terminal Printer. 
Mnemonic Control: allows 3 letter mnemonics to control Reader 
when control codes would interfere with system operation. 
Image: transmits Binary card image as two typing characters with 
selectable parity, activated by control codes from computer. 
Size: 305 mm H x 368 mm W x 610 mm D (12 x 14.5 x 24") 
Weight: net, 24.6 kg (54 lb). Shipping, 33.2 kg (73 Ib). 
Environment (exclusive of tab cards): 

Storage temperature: -40°C to +75"C 
Exposure power on: -20°C to +65"C 
Meets specifications: 0°C to +55"C 
Humidy: 5 7 ~ 9 5 %  at 25°C to 40°C. 
Vibration: 1@55 Hz, 0.25mm (0.01 ") peak-to-peak excursions. 

Environment (tab cards): from 20% to 75% RH at 23°C. 
AC Power: (see Option 005 for 220/240 V ac operation) 100 or 120 
V. ac, +57-10%, switch selected 47.5 Hz, 66 Hz; 300 VA. 
Fuses: line 4ASB, transformer 2ASB. 
U.L. approval: U.L. approved and meets IEC specs. 

Options Price 
002: Select Hopper add $230 
003: Encoder add $230 
004: Bell add $60 
005: 220/240V ac +5% -10% (line fuse 2ASB, NC 
Transformer 1 ASB.) 
006: 50 Hz operation N C  
007: Wider input hopper (+0.5 mm/0.2 inch) for use add $52 
with forms of nominal standard burst from continuous 
line printer stationery. 
300: Operating manual for 3000 series I1 system add $10 

7260A Optical Mark Reader $4295 



COMPUTATlON 

User defined prompting l ights/keys for ease of use 
Alphanumeric multifunction reader 
Alphanumeric thermal printer 

Data CaptureIData Retrieval Terminal 
Model 30706 

Multidrop through SERIAL LINK 
Control of distributed HP-IB devices 
Built-in self test 

Specifications 
General 
Display: 15 position with character set: 0 through 9, decimal point, 
space, E, 0 (for each Special Function Key pressed). 
Keyboard: buffered. Keys: 0 through 9, decimal point, minus, Enter 
and Delete. Ten special function keys (SFKs). Gold SRQ key. 

Communications 
Serial Link: shielded, twisted-pair cable 
Signal levels: 5V differential. Optocoupler isolation 
Length: max. 2 km from the computer. 
Transmission speeds: from 15 transfers/second/terminal (56 ter- 
minals) to 280 transfers/second/terminal (1 terminal). 
HP-18: standard HP-IB cables to the terminal's HP-IB connector. 
Loading: 2 HP-IB loads. 

Printer 
Type and speed: thermal, 50 lines per minute. 
Characters & format: 64 ASCII character set with 20 char./line. 
Programming: on/off and End of Paper status. 

-to 13WFl8Ntio". Y Y  

Multidrop through the SERIAL LINK 

Ease of Use 
The H P  3070B Data Capture/Data Retrieval Terminal can be used 

in a wide variety of everyday situations whenever you need to commu- 
nicate with a computing system (stock control, point-of-sale, goods 
shipping). A set of 10 special function keys and 15 prompting lights 
can be defined by you to customize your own terminal. Thus the ter- 
minal guides you through a transaction, making it very easy to use. 

Reader and printer features 
A multifunction reader and alphanumeric printer further enhance 

the 3070B's capabilities. The reader will accept badges and punched 
or mark sense forms for accurate, rapid data collection. The printer 
gives you written proof of transactions completed. 

Multidrop and HP-I6 
Terminals widely spread out through your plant can be connected 

to an H P  1000 System via a Serial Link. You simply plug in the ter- 
minals (up to 56 per System 1000) anywhere along the link up to 2 km 
(1.25 miles) from the computer. Alternatively you can control the 
30708, via its HP-IB interface, from a desktop computer. This inter- 
face also enables the 3070B to connect distributed clusters of HP-IB 
devices to the Serial Link for remote control. 

Multifunction Reader 
Input Media: 
-perforated plastic badges, non embossed (Industry type 111) 
-standard punched cards 
-mark sense forms up to 80 column density and 40 cm (16") long. 
Reading rate: up to 1 badge or form per second. 
Buffer size: one form (up to 160 characters). 
Programming: reader can be configured as follows 
-clock/no clock marks 
*lock on data/clock after data mark position 
-Hollerith/Image reading mode 
4 0  column/80 column fixed density 
-punched holes/holes and marks 
-card insertion error detection enable/disable 
-power on configuration can be preset using switches. 

Software: supported software available for use with H P  1000. 

Environmental 
Temperature: Free space ambient. Non operating -40" to +70"C 
(-40" to +158"F). Operating 0" to +55"C (32" to 131°F). 
Humidity: 5 % t o  95 % (non condensing). 
Heat dissipation: 25 watts maximum. 
Vibration and shock: Type tested for normal shipping/handling. 

Physical 
Weight: net 5.9 kg (13 Ibs.), shipping 8.3 kg (18.26 Ibs.) 
Size: 157 mm H x 277 mm W x 400 mm D (6.2 x 10.9 x 15.7 in.) 

Power requirements 
input voltage: 115V (+lo %, -25 %), 230V (+lo %, -15 %) 
Input frequency: 47.5 to 66 Hz. 
Power consumption: 50 watts maximum. 
Approvals: UL, CSA and VDE approved. 

Options and Accessories Price 
Opt. 002: terminal without reader less $600 
Opt. 003: terminal without reader/printer less $1200 
929008 Subsystem: (includes HP 40280A interface $4400 
kit, 3070B terminal, test cable, manuals) 
929008 opt. 002: incl. 3070B without reader less $600 
929008 opt. 003: incl. 30708 without reader/printer less $1200 
40280A Computer Interface kit: (includes serial link $1200 
controller board, interface-to-serial link cable, termina- 
tion set, manual). 

30706 Data Capture/Data Retrieval Terminal $3200 
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Peripherals: printer/printer terminal 
Models 2631A, 26316 ,2635A 

Long Life Print Head: The durable print head used in the 2631A is 
conservatively rated at 100-million characters and, to keep the cost of 
ownership low, has been designed to be easily cleaned and replaced 
when required by the operator. 

Easy Loading Cartridge Ribbon: The print ribbon is contained in a 
unique plastic cartridge and is easily removed and installed without 
touching the ribbon itself. Drive for the ribbon is provided by print 
head motion. This eliminates the need for a separate ribbon drive mo- 
tor. 

Three Print Densities: Normal, expanded, and cornmessed Drint 

Hewlett-Packard‘s 2630 family of hard-copy printers and termi- 
nals sets new standards in flexibility and user convenience while 
maintaining traditional high reliability and low cost of ownership. 

Members of the family are the HP 2631A Printer, the H P  2635A 
Printing Terminal, and the new H P  2631G Graphics Printer. 

2630 Family features 
Smart bidirectional printing 
Multiple print modes 
128-character set standard 
Optional secondary character sets 
Long-life print head 
Easy-loading ribbon cartridge 
High throughput 
Simple mechanical design 
Self test 
Interfacing flexibility 
Easy installation 

HP 2631A Printer from $3100 
The 263 1A Printer is a smart bidirectional character serial printer. 

Under microprocessor control, this printer constantly evaluates in- 
coming data to determine the most efficient print direction based on 
line length and current position on the print head. Ten or more em- 
bedded space characters cause the print head to skip at  high speed. 
Lines without printable characters result in a high-speed paper slew 
to the next printable line. The result is maximum throughput for any 
given input. 

The 2631A prints serially at  180 characters per second. Using 
smart bidirectional printing, this translates to a line per minute speed 
in normal mode ranging from 70 lines per minute for full 136-charac- 
ter lines to 500 lines per minute for 10-character lines. 

128-Character set  The standard 2631A provides a full 128 charac- 
ter USASCII character set. A 7 x 9 dot character cell allows high 
resolution printing of true lower case characters and, with display 
function enabled, representation of ASCII control codes. An optional 
secondary character set can be selected by control codes when re- 
quired for the output. 

can be selected by control panel switches or by control codes embed- 
ded in the data. Normal provides 10 characters per inch (1 36 charac- 
ters per line); expanded prints at  5 characters per inch (68 characters 
per line) for headings and emphasis; compressed prints at  16.7 char- 
acters per inch (227 characters per line) for maximum output per 
page. 

interfacing Flexibility: A variety of interfaces are available for the 
2631A Printer. The standard interface is a general purpose differen- 
tial parallel interface; options include TTL interface for use with the 
H P  2640 series of CRT terminals, Hewlett-Packard Interface Bus 
(HP-IB), RS232C/CCITT V.24 with or without modem control, and 
20 milliamp current loop. 

HP 2635A Prlnting Terminal from $3450 
The 2635A Printing Terminal has the same features and printing 

capabilities as the 263 1A plus additional advantages to meet the re- 
sponsibilities required for full-scale terminal operations. The func- 
tionally grouped keyboard is easy to use and will fill a wide range of 
applications. 
interfacing Flexibility: The standard interface for the 2635A is an 
EIA standard RS232C asynchronous interface for use with 103-type 
modems. Optional interfaces add 202-type modem control and 20- 
milliamp current loop interface. 

2631G Graphics Printer from $4025 
The 2631G, a new member of the 2630 family, combines the capa- 

bilities of a high-performance serial character printer with the ability 
to print raster data format graphics. 
Graphics Printing: The 2631G offers 72-dot per inch vertical and 
horizontal resolution graphics printing, ideal for medium resolution 
graphics such as business, general scientific, and engineering data. 
The 26310 will print a graphics image as wide as 13.56 inches (976 
dots) and of unlimited length all on standard line printer paper. 

The 2631G is an outstanding companion for the 2648A or the new 
2647A Intelligent Graphics CRT Terminal. With a simple key se- 
quence, the 263 1G provides a hard-copy reproduction dot-for-dot of 
the CRT graphics display. 
Alphanumeric Printing: In the alphanumeric printing mode, the 
2631G offers the printing capabilities of the 2631A with additional 
flexibility in print modes and forms handling. 

The 26316 offers control panel or program selection of four print 
densities. Five and 7.2 characters per inch expanded print densities 
for titles and headings; 10 characters per inch for standard “typewrit- 
er sized” text; and 14.4 characters per inch for line or 120 characters 
per line on 8.5 inch wide paper. 

The forms length can be selected via control codes for any length up 
to 256 lines. The text length can be selected for any value less than the 
forms length. This provides automatic perforation stepover capability 
with both standard and non-standard length forms. 
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Line Printer 

Model 2608A 

Performance is the watchword for the new HP 2608A line printer. 
It is a low cost, very reliable, medium speed printer which has been 
designed for use in most computer applications. With crisp, clear dot 
matrix printing, the HP 2608A will print a t  speeds up to 400 lines per 
minute. 

Special user features include graphics capability, multiple charac- 
ter sets, double size characters, and 16-channel vertical format con- 
trol. 

The H P  2608A is rugged enough for EDP applications yet quiet 
enough to be compatible with office environments. 
High Reliability: The H P  2608A printing mechanism has few moving 
parts, operates virtually without friction, and requires minimum 
maintenance. The basis of the printing mechanism is a hammer and 
coil set for each of the 132 print positions. With this hammer and coil 
arrangement, dots are placed precisely in any of 924 dot positions on a 
print line. 

In addition, the printer is microprocessor controlled for flexibility 
and increased functional capabilities as well as added reliability. Mi- 
croprocessor control also provides an internal self test mode. 
High Throughput: The H P  2608A will print upper case ASCII char- 
acters a t  a speed of 400 lines per minute. This print speed in conjunc- 
tion with a vertical slew rate of 14 milliseconds increases the 
throughput. In graphics mode, a full page of data is plotted in less 
than 18 seconds. 
High Quality Print: The dot matrix character cell provides crisp, 
clear character formation and is especially well suited for the printing 
of multipart forms. Each dot is formed with equal force; thus, impact 
variations, which cause embossing, smearing, and light or partially 
formed letters, do not occur. 

Up to six-part forms may be used with the H P  2608A. To maintain 
print quality when changing pack thickness, the platen-to-hammer 

gap can be easily adjusted by the operator. Paper i3 loaded through 
the bottom, and eight-pin paper tractors are standard. 
Printing Versatility: The H P  2608A can be programmatically con- 
trolled to print double size characters (the 5 x 7  matrix is increased to 
10x14). When double size characters are printed, line spacing be- 
comes either three or four lines per inch instead of six or eight lines 
per inch, and characters occupy two print columns instead of one. Up 
to 13 different character sets can reside within the printer and any 
two can be used interchangeably in the same line. 

When the printer’s ability to precisely position dots on the page is 
combined with user written applications software, the H P  2608A pro- 
vides the potential for a virtually unlimited array of graphics output. 

Forms control is provided through a 16-channel electronic vertical 
format control unit which may be operated with either the standard 
channel assignments or with programmatically assigned channel defi- 
nitions. An optional 12-inch form VFC is available. 
User Convenience Features: The H P  2608A is a quiet printer. 
Special acoustical materials have been used in the construction of the 
printer, and the enclosed stand, which provides an out-of-the-way pa- 
per location, also contributes to quiet operation. 

An extended life, easy-to-install cartridge ribbon will print an aver- 
age of 30-million characters. When a ribbon change is required, it is a 
quick, clean task. 

A self-test routine tests the H P  2608A to verify its operational sta- 
tus. This self-test function may either be initiated with the control 
panel switch or performed under program control. If a self-test failure 
occurs, the printer has been designed to provide a binary display 
which will identify the specific portion of the self-test routine which 
has failed. 

Model 2608A $9,250 
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Multi-access controller disc drive family 
Models 7906,7920,7925 

0 

0 

0 

Configuration Flexibility from 20 to 960 M bytes 
High Performance 
Reliability and Serviceability 

@ 7906MR I SR 

The Hewlett-Packard controller-compatible family of disc drives, 
commonly referred to as the Multi-Access Controller (MAC) Disc 
Drive Family, represents a truly unique philosophy for mass storage 
devices. The MAC design emphasizes total system flexibility through 
the "multi-spindle" concept: Any number from one to eight MAC 
drives may be accessed through a single controller, resulting in unpar- 
alleled freedom of system design. This flexibility allows the user to 
tailor the most economic storage system to his current needs and bud- 
get, while providing the option for future expansion as mass storage 
requirements increase. 

The MAC disc drives utilize fast-access, track follower servo-feed- 
back head positioning to provide exceptional performance over a wide 
temperature range. Each drive has self-contained fault indicators to 
aid in isolating and identifying malfunctions that may occur within 
the system. This feature, together with HP's proven reliability, results 
in a minimum of expensive down-time. Each master drive (7906M, 
7920M, and 7925M) includes enclosure, Controller, Disc Pack or 
Cartridge, and Cabling. 

MAC Drive Family Features 
Configuration flexibility from 20 Mbytes up to 960 Mbytes of HP- 
formatted useable storage. 
High performance disc drives, with 25 ms average seek time ( 5  ms, 
track-to-track) . 
Multi-spindle concept for distributing storage among several drives 
to increase system reliability through backup and redundancy. 
Sophisticated microprocessor-based disc controller, which will sup 
port up to eight family drives in any combination. 

0 Self-contained fault indicators for improved serviceability. 
0 Systems-engineered for optimum performance with computing sys- 

Designed, manufactured, and individually inspected for superb per- 

World-wide service and support. 

tems. 

formance and reliability over a wide environmental range. 

0 Systems Engineered 
0 World-Wide Service and Si 

7906M I S @ 
7906 Disc Drive 
19.6 Mbytes formatted capacity: The 7906 disc drive uses a car- 
tridge storage with two 9.8 Mbyte discs, one fixed and one removable. 
This feature makes creation of backup files a simple matter for the 
single-drive user. 
Temperature Compensation Circuitry: Included in the 7906 elec- 
tronics is a temperature compensation system, allowing less than 60- 
second start-up time from the time drive power is switched on. 

7920 Disc Drive 
50 Mbytes Formatted Capacity: Each 7920 drive provides 50 
Mbytes of mass storage on interchangeable disc packs. The maxi- 
mum of eight 7920 drives per controller would yield 400 Mbytes of 
HP-formatted storage capacity. 
Rock-Solid Reliability: Over six thousand 7920 disc drives have 
been manufactured since its introduction in early 1977. A proven per- 
former, it is a recognized leader with demonstrated reliability consid- 
erably better than the industry norm. 

7925 Disc Drive 
120 Mbytes Storage Capaclty: Each 7925 drive provides 120 
Mbvtes of formatted storage cawcity. which means a total of 960 
Mbites (0.960 gigabytes) would b e  available using eight 7925 drives 
on a single controller. 
Manufacturing Excellence: The topof-the-line 7925 is backed by 
manufacturing expertise gained from producing over 20,000 disc 
drives for minicomputer and desktop calculating systems. Like each 
MAC family disc drive, the 7925 is subjected to exhaustive testing 
before it leaves the factory floor. Critical components and printed cir- 
cuit assemblies are baked in ovens for at  least 48 hours-the equiv- 
alent of 500 operational hours-to identify and correct early failures. 
Fully assembled disc drives are then operated continuously for at  
least two days under the control of special diagnostic software. 
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7920 

Specifications 
Seek Time (All Models) 
Track-to-Track: 5 ms 
Average Random: 25 ms 
Full Stroke (typical): 45 ms 

Rotation 
Speed: 790617920 - 3,600 rpm 

Average Rotational Delay: 790617920 - 8.33 ms 

Capacity (Maximum Per Drive)-Formatted 
7906: 19,660,800 bytes 
7920  50,073,600 bytes 
7925: 120,176,640 bytes 

Data Transfer Rate 
All Models: 937.5 Kilobyteslsecond 

7925 - 2,700 rpm 

7925 - 11.1 ms 

Power Requirements 
AC Voltages: lOOV, 120V, 220V, 240V, all +5%, -10% 
Frequency: Single Phase, 47.5 to 66 Hz 
Power: 7906M - 720W17.6A max at  120V, 60 Hz 

79063 - 510W15.4A max at 120V, 60 Hz 
7906MR - 690W17.3A max at 120V, 60 Hz 
7906SR - 480W15.2A max at 120V, 60 Hz 
7920M - 782W17.9A max at  120V, 60 Hz 
79208 - 530W15.8A max at  120V, 60 Hz 
7925M - 600W14.6A max at 120V, 60 Hz 
79253 - 400W14.4A max at  120V, 60 Hz 

7925 

Environmental 
Temperature: 10" to 40°C (50" to 104°F) operating 
Relative Humidity: 8% to 80% 
Altitude: Sea level to 4 572 m (15,000 ft) operating, -304.8 m 
(-1,000 ft) to 15 240 m (50,000 ft) non-operating 
Tilt: 792017925 - Up to k 10 degrees about either horizontal axis 

7906 - Up to f 30 degrees about either horizontal axis 

Ordering Information 
7906M Master Drive and Cabinet 
7906s Add-on Drive and Cabinet 
7906MR Master Drive, Rack Mountable 
7906sR Add-on Drive, Rack Mountable 
7920M Master Drive 
79203 Add-on Drive 
7925M Master Drive 
79253 Add-on Drive 

Price 
$14,000 
$lO,r)OO 
$13,000 
$ 9,000 
$17,000 
$1 3,000 
$2 1.000 
$17,000 
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Certified disc media products 
Models 12940A, 13356A, 13394A 

100% Tested 
Greater Dependability 
Full Warranty 

12940A 

A certified Hewlett-Packard cartridge or pack is provided with 
each family disc drive. Each H P  disc media product is uniquely se- 
lected and individually tested to meet our rigid requirements for total 
disc drive performance. 

Features 
100 percent testing and certification of each disc pack and car- 
tridge. 
Dynamic mechanical testing dramatically increases reliability 
through detection of surface imperfections or imbalances. 
Exhaustive worst-case data transfer testing to ensure optimum er- 
ror rate and interchangeability. 
Maximum security through greater media dependability. 
Full warranty protection for H P  disc drives when using H P  media 
products. 

Iterative Data Transfer T 
If a disc meets the mechanical re 

transfer capability under "worst ca 
jected to the worst written data pattc 
tion it could ever expect to see unc 
Data is then read back with the he; 
heads. All data is then shifted one bi 
is done iteratively, after which defec 
logued. 

Specifications 
Environmental 
Temperature 
Operating: 4.5' to 55°C (40" to 13 
Non-Operating: -40" to 75°C (-4 
Relative Hurnldlty 
Operating: 8% to 80% 
Non-Operating: 8% to 80% 

~~~~~~~~c Cartridge for 790 
Diameter: 38.1 cm (15.0 in.) 
Height: 3.6 cm (1.4 in.) 
,3356A Pack for 7925 (In 
13394A - Disc Pack for 7920 (in 
Diameter: 37.9 cm (14.9 in.) 
Height: 11.2 cm (4.4 in.) 
Ordering Information 
12940A Disc Cartridge for 7906 
13356A Disc Pack for 7925 
13394A Disc Pack for 7920 

Disc Inspection and Testing 
Although the technology for producing magnetically coated discs is 

well established, a significant quantity prove to be unacceptable to 
meet HP's stringent reliability requirements. Critical dimensions, 
cleanliness, and oxide coating irregularities are closely monitored re- 
sulting in out-of-tolerance components being rejected. 

Dynamic Mechanical Testing 
Each disc is tested dynamically to insure head flyability over its 

entire surface. This means each disc surface must be both flat and 
smooth within very small tolerances, since the head typically "flies" a t  
less than 50 microinches above the surface. 

esting 
quirements, it is tested for data 
se" conditions. Each disc is sub- 
:ms and track following informa- 
ier normal operating conditions. 
id offset to simulate mis-aligned 
t and again read with offset. This 
:tive tracks are flagged and cata- 

0°F) 
0" to 167°F) 

6 

cluder protectlve cover ret) 
cludes protective cover ret) 

Price 
$180 
$850 
$600 
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Multiprogrammer: versatile I/O expander & converter 

Model 69406 

Build Your Own Automatic System 

+ Select Your Controller 11111, 
and Interface Kit 

HP Calculator 

59500A HP-16 Multiprogrammer 
Interface Kit For 

Calculators and Computers 

I 

'. 

HP Computer 

90032A Opt 040 
16-Bit Interface Kit 
For HP Calculators 

Analog lnpu Analog Outputs 

Voltage 69406 MultiDroarammer DC Power Supply Control . -  
Current 0 Voltage 

0 Resistance 0 Current 
0 Frequency 0 Resistance 
0 Time Frequency Reference 

Digital Inputs Digital Outputs 

5. 12. 24, 8 48V Logic 
Contact Closures 

0 Totalizing 
0 Interrupt /Event Sense 
0 User-Defi 

0 5.12V. 8 Open Collector 
0 Relay Contacts 
0 Stepping Motor Control 
0 One-Shot Timer 
0 User-Defined 

(Breadbo (Breadboard) 

Description 
The multiprogrammer is the vital link between a Hewlett-Packard 

desktop computer or minicomputer and your test or control process. 
As shown above, multiprogrammer products include interface kits, 
6940B and 6941B mainframes, and a family of plug-in cards that 
provide the 1/0 capabilities shown above and on the next page. 

Each 6940B Multiprogrammer mainframe holds up to fifteen plug- 
in cards. For additional 1/0 capability, a chain of up to fifteen 
6941B Multiprogrammer Extenders may be cabled to the 6940B 
Multiprogrammer expanding the maximum capacity of the system to 
240 plug-in cards. 

Thousands of Multiprogrammers are in use now as part of user- 
defined-and-assembled systems for production testing and control, 

data acquisition, process monitoring, life testing, quality control, and 
component evaluation. Production engineers find that the Multipro- 
grammer is a versatile and convenient instrument for industrial mea- 
surement and control applications. 

Additional information for all multipro- 
grammer products is available in a free, 48- 
page brochure. Included are detailed specifi- 
cations as well as applications, programming, 
and interfacing information. Ask your H P  
Sales Engineer for publication number 5952- 
3982, or use the card at rear of catalog. 
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Multiprogrammer: versatile I/O expander & converter 
Model 69408 (cont.) 

IAC's for strip chart, x-y, and analog tape 
tnalog programmable instruments and pro- 
It or 4-20 mA inputs. 

n a b  from 1 psec to 40 days, and crystal- 
quencies of 1,lO. 100, 1 K, 10 K, and 100 
s for control, measurement, and data aqui- 

of 100 V of common mode noise. Connect- 
m i t s  current measurements far 4-20 mA 
ttrol. Combine voltage monitor and current 
ements 

lates counts over a precise time interval 
.d is connected to the enable line of the 
count by the time interval to measure the 

I01 Hz 

Stimulus 
Measurement 

Quad DAC, 69322A; 
Voltage OAC 
693216; Current DAC, 
69370A Regulator 
69351B 

Timer, 69600B 
Frequency Ref. 
696016 

High Speed A/D, 
69422k Low level  
AID, 69423A; Current 
DAC. 69370A; 
Regulator 693516 

Pulse Counter, 
69435A, Timer, 
696006. 

Multiprogrammer I/O card function 

M 
E 
A 
S 
U 
R 
E 
M 
I! 

Control 
Data acqu 

Voltage, Current 
and Resistance 
Measurements 

Measure voltages in the presence 
ing a resistor across the input pc 
current loops used in process cor 
OAC cards for resistance measui 

-L - G V x  T $ 1 ~  ~ R x  

Frequency 
Measurements 

The pulse counter card accumu 
when a programmable timer cai 
counter. The program divides the 
frequencies from 200 kHz to 0 0 

Counter may be preset to any vi 
program can examine the counte 

Pulse Counting 
Preset 
Up/Down (read-on-the-fly). 

I An 

due within count range of 0 to 4095. The 
ir without disturbing the counting process 

S 
T 
I 
M 
U 
1 
U 
S 

Pulse Counter, 
69435A. 

Programmable 
Dc Voltage 
and 
Current 

i can be measured in the range of 10 p e c  
frequency over the unknown interval. The 
I count by the known frequency to deter- 

w 

Pulse Counter, 
69435A; Frequency 
Reference, 696016. 

Digital-to Analog 
Conversion 

Stepping 

Control 

Digital Output 
and Switching 

D ro, Motor 

~~ 

Time and 
Frequency 
Reference 

One output word to card produc 
either of two outputs (CW or 0 
pulses are also used for pulse tr i  

Twelve bits of data in TL, open 
vide digital control of instrumenl 

The output voltage (up to 1OOV) 
different HP power supplies can b 
test systems or control of electr 

es from 1 to 2047 squarewave pulses at 
CW) to control motor translators. Output 
iin update of supervisory control stations. 

collector, or SPST relay-contact form pro- 
!s. indicators, and solid-state AC relays. 

isition 

Stepping Motor 
Control, 69335A. 

TTL. 69331A: Open 
Collector, 69332A 
Relay Out, 69330A; 
Relay Out/Readback, 
69434A. 

C N ~ I  Used 

omechanical process equipment. 69501A-69513A 

multi-wire scanner matrices are formed by 
' Output or a Relay Output/Readback card. 
ct as input multiplexes for Voltage Monitor, 
Cards. 

m to respond quickly to alarm conditions, 
'quests for immediate service. This service 
terrupt generated by either an event sense 

its of data from digital measuring instru- 
elays, and other digital devices in the form 
IS. Digital data sources with more than 12 
iput cards. 

Twelve bit voltage and current E 
recordings as well as control of a 
cess control devices with 0-5 VOI 

Relay Output, 
69330k Relay 
Output/Readback, 
69433A. 

Event Sense, 69434A 
Process Interrupt, 
69436A. 

Digital Input, 69431A; 
Isolated Digital 
Input, 69430A. 

One-shot timing pulses. programn 
controlled pulse trains in fixed fre 
kHz serve as time base reference: 
sition. 

IN Event 

OUT 

U 
Sensing I 

S 
I 

~ 

It is often necessary for a systei 
operator intervention or other re 
request is made via a program in 
or a process interrupt card. 
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1 New Multiprogrammer plugin cards are being developed. Ask your HP Field Sales Engineer for the latest technical data deseribin 
1 

g all Multiprogrammw products. 



Desktop Computer-Based 
Multiprogrammers 

Unless your automatic system requires the high-speed execution of 
a computer, there’s a good chance you can take advantage of the 
economy, flexibility, and ease-of-programming offered by a desktop 
computer-based Multiprogrammer. The heart of the Multiprogram- 
mer approach to real-time system design is the H P  Desktop Comput- 
ing Controller. 
9825A HPL language computing controller: a powerful program- 
mable calculator that features a high-level language particularly suit- 
ed to test and control applications. Designed principally for 
engineering, research, and statistics use, it has many features pre- 
viously found only in minicomputers. 

A basic system includes an H P  desktop computing controller, a 
6940B Multiprogrammer, from one to fifteen plug-in 1/0 cards, and 
the interfacing accessories of your choice. Model 6941B Extender 
mainframes and additional 1 /0  cards can be used to further expand 
the system. 

HP-IB Interfacing Accessories 
For HP-IB systems, a 59500A Multiprogrammer Interface unit is 

required, together with the HP-IB interface card associated with your 
computing controller (98034A card for 9825A controllers). 

HP-IB Multiprogrammer Cabling 
Computing controller-to-59500A Interface Unit: One HP-IB ca- 
ble No. 10631 supplied with the controller interface card. Additional 
10631 cables can be ordered separately in I ,  2, or 4 metre length. 
59500A-to-69406: Standard 18-inch (0.46 m) chaining cable No. 
14541A, supplied with 59500A. 
6940B-to-6941B: Standard 18-inch (0.46 m) chaining cable No. 
14541A, purchased separately. Lengths up to 100 f t  (30 m) are avail- 
able on special order. 
Plug-in card-to-users device: 14555A connector provided with 
most Multiprogramer plug-in cards for user to fabricate own cable. 

16-Bit Duplex Interface 
The multiprogammer can also be interfaced directly to a 9825A 

computing controller using the 98032A Option 040 controller inter- 
face card. The 98032A Option 040 includes the basic interface card, a 
W t ,  and a cable that comes ready to connect to the 6940B main- 
frame. 

Documentation Package 
A complete documentation package is supplied with each purchase, 

including a User’s Guide for the selected desktop computer, a Multi- 
programmer User’s Guide, and Operating and Service Manuals for 
the various Multiprogrammer mainframes, plug-in cards, and acces- 
sories. 

Minicomputer-Based 
Multiprogrammers 

Hewlett-Packard computers are interfaced to most Multiprogram- 
mers with H P  Interface Kit 14550A. The kit contains the H P  com- 
puter-to-6940B cable, verification and driver software, and plug-in 
cards and cable. 

14550A Interface Kit for HP Minicomputers 
This kit provides all the equipment necessary to install, verify, and 

operate a Multiprogrammer with H P  1000 series computers. This kit 
includes: 
1. A specially modified 12566B card. 16-bit duplex register card that 

plugs into the H P  computer. Hardware manuals, a test connector 

and a software verification routine for the microcircuit card are 
provided in the kit. 
14540A Multiprogrammer-to-12556B 12-ft (3 M) cable. 
A 69431A Digital Input Card with Option 095, 69331A Digital 
Output Card, 14550-60001 Slot Verification Cable, and 14910A 
Complete Diagnostic tape. This equipment is used to completely 
test the digital paths between the computer and the Microcircuit 
card, 14540A cable, Multiprogrammer Mainframe, 14541A 
Chaining Cables, 6491 B Multiprogrammer Extenders and each 
Multiprogrammer plug-in 1/0 slot. The diagnostic also tests the 
front panel lamps and proximity switches by interfacing with the 
operator. 
Binary object tapes and software operating manuals for BCS, 
(DOS/DOS-M),/and RTE Multiprogramer Drivers. Also includ- 
ed is a tape and manual for the BCS Multiprogrammer Library 
that allows the Multiprogrammer BCS Driver to be used with 
FORTRAN or ALGOL. 
Instructions that allow you to completely test the Interface Kit and 
Mainframes. On-site installation by H P  is not included with the 
kit. The kit is designed to help you become familiar with the Multi- 
uroarammer as you install it and verify its operation. 

14546A Main input cable: This 12-ft (3 m) cable connects the Mul- 
tiprogrammer to the specially Modified Ground True l2566B Micro- 
circuit Card. This cable is included in the 14550A Interface Kit. 

Common Accessories 
The following multiprogrammer accessories are common to all 

types of interfaces: 
14541A chaining cable: This cable connects 6940B to 6941B 
Mainframes and 6941B to other 6941Bs. Cable is 18” long (.46 m). 
145336 pocket programmer: The pocket programmer is used to 
check digital input/output connector J1 of the 6940B. Changes in the 
switch positions on the pocket programmer are visible on the front 
panel of the 6940B, and the outputs of the 6940B proximity switches 
are available a t  test points on the pocket programmer. 
14534A pocket programmer cable: The pocket programmer plugs 
directly into the 6940B. The 3-foot extender cable allows you to oper- 
ate the pocket programmer in front of the 6940B. 
14551A multiprogrammer service kit: This kit allows rapid troub- 
leshooting of a Multiprogrammer system to the plug-in board level to 
minimize system downtime. The basic kit includes: spare components 
for 6940B/6941B mainframes and plug-in 1/0 cards, spare plug-in 
boards for mainframes, software and hardware necessary to run diag- 
nostic tests on a desktop computer or minicomputer-based Multipro- 
grammer, an extender card, and complete service documentation. If 
desired, the kit can be expanded in accordance with specific needs of 
the user. 

Condensed Specifications 
6940B/6941B Common Specifications 
Inputloutput card positolns: Maximum of 15 plug-in input or out- 
put cards per mainframe. Hinged front panel provides access. 
Mainframe data connectors: Two 50-contact, ribbon connectors. 
Data transfer rate: up to 20,000 words/second. 
Maximum data resolution: 12 bits per plug-in card. 
Accessories furnished: Data Input Plug, PC Board Extender Card. 
Cooling: Natural convection. 
Temperature: 0°C to 55°C operating, -40°C to +75”C storage. 
Size: 172.2 H x 425.4 W x 539.8 mm D (6.78” x 16.75” x 21.25”). 
Power: 100/120/220/240 V ac selectable, 48-440 Hz, 230 watts. 



COMPUTATION 
Multiprogrammer: versatile I/O expander & converter 
Model 69408 (cont). 

69408 Specifications 
Front panel controls: Power ON/OFF switch and in- 
dicator lamp, REMOTE/LOCAL switch for selecting 
computer or manual control, 19 proximity switches for 
manual data entry and control. 
Weight: net, 15.9 kg (35 Ib). Shipping, 19.5 kg (43 lb). 

694 1 8 Specifications 
Front panel controls: Power ON/OFF switch and in- 
dicator lamp. 
Weight: net, 15.2 kg (33.5 lb). Shipping, 18.3 kg (40.3 
Ib). 

Output Cards 
69500A-69506A Resistance Output Cards: Pro- 
vides a single 12-bit resistance programming channel. 
The programming coefficients of these models are com- 
patible with HP programmable power supplies 
equipped with Option 040. Model 69500A is supplied 
without resistors allowing the user to install his own. 
69510A-69513A Resistance Output Cards: Pro- 
vides two 6-bit resistance programming channels; these 
models program the current limit of H P  power supplies 
equipped with Option 040. 
693218 Voltage D/A Converter Card: Provides a 
high speed, bipolar output voltage. Output range is 
from -10.240 to +10.235 V, at  0-5 mA. Conversion 
speed is 30 psec maximum to within 5 mV of final val- 
ue. (69351B voltage regulator also required.) 
69322A Quad D/A Voltage Converter Card Pro- 
vides four high speed, bipolar output voltages. Output 
ranges from -10.24 to +10.22 volts, at  0-5 mA. U p  
dates of any output can typically occur every 100 psee. 
Output resolution is 20 mV. (69351B voltage regulator 
also required). 
69330A Relay Output Card: Provides 12 separate 
form A (SPST, normally open) mercury-wetted contact 
outputs that reflect the status of 12 programmed data 
bits. Includes gate/flag circuits for exchange of control 
signals with user’s device. 
69433A Relay Output/Readback Card: Provides 12 
separate form A (SPST, normally open) mercury-wet- 
ted contact outputs. Also supplies 12 input data lines 
that can be read by the controller and which indicate 
the relay coil voltage status. 
6933 1A Digital Output Card Provides programmed 
microcircuit logic level outputs on 12 separate output 
lines. Card includes gate/flag circuits for exchange of 
control signals with user’s device. 
69332A Open Collector Output Card: Provides 12 
open-collector driver outputs. IC buffers on the card act 
as switches for voltages up to 30 volts dc and currents 
up to 40 mA. 
69335A Stepping Motor Control Card: Used to 
drive stepper motor and pulse-update type controls. 
Can be programmed to generate from 1 to 2047 pulse 
outputs to either of two terminals. 
696008 Programmable Timer Card: Can be pro- 
grammed to generate crystal controlled, oneshot tim- 
ing pulses. Time increment is variable from Ips to 40 
days. 
69380A Breadboard Output Card: This card allows 
user to design and build a custom analog of digital out- 
put card. Card includes basic address, storage and con- 
trol signal buffer circuits. 
69601 B Frequency Reference Card: Provides six 
fixed square wave outputs derived from a MHz crystal 
at  frequencies from 1 Hz to 100 kHz. 

Programmable Plug-In Cards 

$1500 

$1200 

3250-$300 

$300 

$300 

$600 

$250 

$250 

$210 

$130 

$200 

$300 

$125 

$250 

Input Cards 
69422A High Speed A/D Converter Card: Using a 
fully isolated, guarded input circuit, this card monitors 
bipolar dc voltages on any of the following switch selec- 
table ranges: f 100mV, k lV, k lOV, f 1OOV. The 12 
bit, two’s complement digital word returned to the con- 
troller indicates the magnitude and sign of the mea- 
sured voltage. Up to 33,000 conversions per second can 
be performed as commanded by the program or an ex- 
ternal trigger input. 
69423A Low Level A/D Converter Card: This card 
measures up to 6 inputs from thermocouples, pressure 
transmitters or other low-level transducers. The dual- 
slope integrating A/D and 6-channel reed relay scanner 
take up to 10 readings per second on either of two pro- 
grammable ranges, * 20mv with 10 uv resolution or 0- 
20mv with 5 uv resolution. A thermistor built into the 
isothermal block on the 69423A allows the controller to 
compensate thermocouple readings. 
69431A Dlgltal Input Card: This card monitors 12 
bits of TTL, DTL, or contact closure data from user’s 
device. Card includes gate/flag circuits for exchange of 
control signals with user’s device. Return bits to con- 
troller reflect the status of 12 input bits. 
69430A Isolated Digital Input Card: This card moni- 
tors 12 bits of input data from user’s device.All input 
lines are isolated from one another and from the Multi- 
programmer power supply. Eight options of the card 
are available to accommodate either ground-true or 
positive-true logic sense inputs and various input levels. 
69434A Event Sense Card: This card compares the 
magnitude of an external 12-bit input word with a 
stored reference word and generates a service request 
for any of four conditions, depending on the placement 
of a jumper on the card. The four possible conditions 
are: In = Ref, In # Ref, In > Ref, In < Ref. The 
reference word is loaded from the controller. Both the 
input and reference words can be read back to the con- 
troller. 
69435A Pulse Counter Card This card counts 
pulses, up or down, in the range of 0 to 4095. A carry or 
borrow pulse is generated as the count goes above 4095 
or below 0. These pulses allow multiple counter cards to 
be cascaded for greater counting capability or they can 
serve as alarm signals. The card can also be used as a 
pre-set counter. 
69436A Process Interrupt Card: This card provides 
TTL and open collector compatible edge detectors; one 
positive and one negative for each of 12 storage latches. 
Logic transitions lasting 100 ns or longer are detected, 
stored, and used to generate a service request to the 
controller. 
69480A Breadboard Input Card: Allows user to de- 
sign and build a custom analog or digital input card. 
Card includes basic address and control circuits. 

59500A Interface Unit Specifications $700 
Converts the serial ASCII alphanumerics of the HP-IB to the 16- 

bit parallel format required by the 6940B/6941 B Multiprogrammer. 
The 59500A design is optimized for ease of programming the 
6940B/6941 B. 
Front panel controls: Power ON/OFF switch and indicator. LEDs 
indicate mode and gate/flag status between HP-IB and the Multipro- 
grammer for system check-out and maintenance. 
Cooling: Natural convection. 
Temperature: 0°C to 55°C operating; -40°C to +75”C storage. 
Size: 82.6 H x 425.4 W x 463.6 mm D (3.25” x 16.75” x 18.25”). 
Weight: 5.4 kg (12 Ib). 
Power: 100/120/220/240 V ac (selectable) 48-440 Hz, 15 W. 

$125 

$600 

$800 

$210 

$250 

$400 

$250 

$400 



Faxitron‘” cabinet systems 
Radiography, the art and science of making 
pictures with X-rays, has an important place 
in modern technology. It is one of the major 
nondestructive test methods available to in- 
dustry, provides an indispensable tool in sci- 
entific investigations and is a valuable aid to 
law enforcement agencies. Hewlett-Packard 
makes a major contribution to these activi- 
ties with X-ray equipment that offers a “bet- 
ter way” through advanced technology and 
design. This equipment makes radiographs 
easier and safer to take, provides portability 
for field use or offers stop-motion capability 
for the study of dynamic events. 

industrial inspection 
Industrial quality control and inspection pro- 
cedures, especially in the field of electronics, 
benefit from nondestructive testing by radi- 
ography. The advantages of a testing method 
which does not harm the test objects are obvi- 
ous. Radiography, therefore, offers benefits 
in design engineering, incoming inspection, 
production quality control, product reliabil- 
ity and failure analysis. X-rays are used to 
detect misregistration or plate-thru problems 
in multi-layer P.C. boards; porosity, poor 
substrate bonding and wiring or lead location 
in transistors and integrated circuits; voids 
and other encapsulation problems in potted 
components; and solder balls or other defects 
in sealed relays. 

Die casting is another industry that bene- 
fits from the nondestructive aspects and abil- 
ity to. “see inside” provided by radiography. 
Porosity, gas voids, tramp metal inclusion 
and other common defects can be easily de- 
tected and the cause determined. Expensive 
machining time can be avoided for castings 
found to be defective through X-ray inspec- 
tion. The integrity of welds, alignment of 

X-RAY SYSTEMS 
Scientific and Industrial X-ray Systems 

connectors, inspection for proper assembly 
and mechanical defects are further examples 
of tests which radiography performs for in- 
dustry. The benefits of X-ray testing are re- 
duced production costs, better qualilty 
assurance and product safety. The results are 
increased profits. 

Scientific applications 
Oceanography, geology, marine biology, pa- 
leontology, pathology, botany, forestry and 
agricultural research are a few examples of 

scientific disciplines that use X-rays. Appli- 
cations range from the study of the interior 
anatomy of fossils to determining the viabil- 
ity of seeds. 

Law enforcement applications 
Radiography aids many law enforcement 
groups. Crime labs use X-rays to visualize 
certain types of latent fingerprints, for pow- 
der and lead splatter patterns in ballistics 
and for questioned-document examination. 
Medical examiners use X-rays for cause-of- 
death investigations and identification of re- 
mains. X-rays aid in examining parcels or 
mail to identify dangerous devices and to ver- 
ify bomb circuitry. 

These are among the many applications 
served by HP Faxitronm Cabinet X-ray Sys- 
tems. They offer a unique combination of 
high quality radiographic capability, sim- 
plicity of operation and convenience of use 
which is expanding the capabilities of scienti- 
fic and industrial concerns throughout the 
world. 

Portable X-ray systems 
Portable systems of lightweight and small 
size are made possible by the field emission 
type tube. Hewlett-Packard markets several 
portable systems including the Model 43501, 
a self-contained battery-operated portable 
system specifically designed for the unique 
field use requirements of explosive ordnance 
demolition squads. integral power capability 
and small, remotely operated X-ray tubes 
make possible X-ray examination of suspect- 
ed bombs. 

X-ray inspection of otherwise inaccessible 
components in complex structures is also fa- 
cilitated by the 43501. 

Model 435018 Portable X-ray 

Pulsed radiation sources 
Hewlett-Packard has pioneered in the design 
and manufacture of cold-cathode, flash X- 
ray tubes and systems. Cold-cathode tubes, 
based on the field emission principle, are 
combined with a pulse generator and appro- 
priate control units. The systems produce 
nanosecond bursts of X-rays, electrons or su- 
per radiant light (SRL). Output voltage and 
energy are provided by Marx-surge type en- 
ergy storage modules charged in parallel and 
discharged in series through a pressurized 
spark gap switch mechanism. 

A number of channels can often be operat- 
ed from common controls enabling a series of 
stop motion radiographs at.desired intervals. 

Other capabilities include slow and fast 
cine-systems providing a series of motion pic- 
ture-like radiographs at rates from 1 to 1000 
frames/sec. These systems are custom de- 
signed from standard units. 

HP pulse radiation systems yield a repro- 
ducible 5-10,000 ampere electron beam in air 
at energies of 400-2300 keV and pulse widths 
of 3-40 nanoseconds. Current densities of 
12,500 amperes per cmz and dose rates up to 
IOl5  Rads/second can be obtained. 

Their reproducibility, high dose-rate out- 
put, ease of operation and instrumentation 
and small space requirement make them 
ideal for radiation chemistry or pulsed radio- 
lysis studies as well as radiation effects stud- 
ies, radiation biology and laser pumping. 

For specific information and consultation 
regarding HP X-ray systems, contact Hew- 
lett-Packard, 1700 S. Baker Street, 
McMinnville, Oregon 971 28, telephone: 
(503) 472-5101, 



PHYSICAL & OPTICAL 
General information 

MEASUREMENTS 

Laser Measurement 
The Hewlett-Packard 5526A Laser Cali- 

bration System utilizes a precisely-known 
wavelength of light to provide a portable, 
easily used dimensional measurement tool 
for such parameters as length, angle, 
straightness, squareness and flatness. 

The 5526A Laser Calibration System is 
used in a wide variety of applications where 
very accurate physical measurements are re- 
quired, such as characterizing the positioning 
accuracy and geometry of machine tools and 
measuring machines. 

A wide variety of output devices are avail- 
able to record the measurement data includ- 
ing digital printers and X-Y recorders. The 
Option X55 Laser/Calculator System allows 
the measurement data to be transferred di- 
rectly from the Laser Calibration System to 
the 9815A Programmable Calculator and 
immediately processed by prewitten metrol- 
ogy programs. The reduced data is then pre- 
sented in either printed format or plotted to 
provide report quality graphs of the measure- 
ments. 

Quartz Crystal Technology 
Hewlett-Packard laboratories have devel- 

oped quartz crystals which respond to tem- 
perature or pressure with amazing linearity, 

__ 

stability, accuracy, and sensitivity. Quartz 
crystals resonate in electronic oscillator cir- 
cuitry at a very precise frequency. Hewlett- 
Packard has discovered a way to produce 
quartz crystals whose resonate frequencies 
vary extremely linearly with temperature or 
pressure. For example, the resonate frequen- 
cy of a 2804A temperature sensing crystal 
varies 1000 Hz (nominal) per "C. These res- 
onate frequencies are conditioned by elec- 
tronic circuitry to produce exceptionally high 
resolution temperature or pressure measure- 
ments. 

Digital Thermometer 
HP's 2804A Quartz Thermometer pro- 

vides extremely precise, reliable measure- 
ments with standard resolution of 0.0001"C 
over the range -80 to +250"C. The excellent 
sensing characteristics of the quartz ther- 
mometer are enhanced by the advantages of 
direct digital readout (no bridge balancing, 
or reference to resistance- or voltage-tem- 
perature tables or curves), immunity to noise 
and cable resistance effects, and no requir- 
ment for external equipment such as refer- 
ence junction. Temperature can be measured 
up to 4500 feet from the 2804A with optional 
amplifiers. 

- 

Nearly all intermediate range digital ther- 
. mometers use resistance, thermistor, or ther- 

mocouple sensors. Because of its good 
sensing characteristics, Hewlett-Packard 
uses a platinum resistance sensor in its gener- 
al purpose 2802A thermometer. Platinum re- 
sistance sensors have very good accuracy, 
stability, linearity and reproducibility. The 
2802A features two ranges: -200°C to 
+600°C with 0.1"C resolution and -100°C 
to +200"C with 0.01"C resolution. The dis- 
play unit may be used with other H P  snap-in 
modules to make a voltmeter, a multimeter 
as well as other instruments. 

Quartz Pressure Gauge 
The Hewlett Packard 28 1 1 B Quartz Pres- 

sure Gauge can detect pressure changes as 
small as 0.01 psi in 10,000 psia. Precision 
pressure measuring capability and rugged 
construction make the H P  281 1B Quartz 
Pressure Gauge (Probe and Signal Proces- 
sor) ideal for applications requiring surface 
readout such as oil well logging, oceanogra- 
phic research, and studies of subterranean 
hydrodynamics. The 28 1 1 B recording op- 
tions can be connected directly to the pres- 
sure gauge output for direct readout, strip 
chart recording or digital printout of pres- 
sure data. 



OPTICAL MEASUREMENTS 
Laser system for dimensional measurements Laser transducer for "build-in" 
Model 5526A applications Model 5501A 

10700 or 
10780A 1070 1 

Configuration 
The 5526A Laser Measurement System is a major advance in eco- 

nomical dimensional metrology. A choice of options allows the mea- 
surement of length, angle, flatness, straightness, squareness, and 
parallelism. In addition, output options are available to reduce the 
data to printed or plotted format. 
General Capabilities 

The system is a highly accurate displacement measuring tool with a 
resolution of one millionth of an inch (0.01 pm) for linear measure- 
ments and 0.1 arc-second for angular measurements. Fully automatic 
tuning, instant warm-up and remote interferometric measurement 
techniques assure drift-free accuracy from the moment of switch-on. 

Brief specification 
5526A Laser/display 
Laser: Helium-Neon type. Fully automatic tuning. Instant warmup. 
Accuracy (for all linear displacement measurement): f 0.5 parts per 
million f 1 count (Metric + O S  parts per million f 2  counts.) 
Resolution: normal and smooth modes. 

Normal 0.000,Ol in. Metric: 0.1 pm. Angular: 1 arc-sec x 1 0  
0.000,001 in. Metric 0.Olpm. Angular: 0.1 arc-sec. 

Maximum allowable signal loss: 95% (-13 dB). 
Maximum measuring veloclty: 720 in/min (1 82 m/min.) 
Atmospheric and material compensation: manual input from ta- 
bles. 5510A Automatic compensator optional. 
Opt 10 linear interferometer 
Accuracy: as for 5526A Laser Display. 
Maximum measuring range: up to 200 feet (60 m) depending on 
conditions. 
Opt 2 0  linear + angular/flatness interferometer 
Linear specifications are as for Opt 10. 
Accuracy: f 0.1 arc-second ( f 1 count in last digit) up to f 100 arc- 
seconds. f 1 arc-seconds ( f 1 count in last digit) up to f 1000 arc- 
seconds. _+ 4 arc-seconds per degree (& 1 count in last digit) up to 
f 10 degrees using correction table. 
Opt 30 short range straightness interferometer 
Accuracy 

Inch: f 5 microinches/foot k 1 count in last digit. 
Metric: f 0.4 micrometer/meter f 2 counts in last digit. 

Calibratlon: & 3% of reading. 
Resolution: as for 5526A Laser Display. 
Lateral range: f O . l  inch (+2.5 mm). 
Axial range: 10 feet (3 m). 
5 5 1 0 A  automatic compensator 
5526A/5510A System accuracy (worse case): 
1. For air temperature within range 6 8 4 5 ° F  (20-30°C) 1.3 ppm f 1 

count (metric 1.3 ppm f 2  counts.) 
2. For air temperature within range 55-105°F (13-40°C) 1.5 ppm k 

count (metric 1.3 ppm f 2 counts.) 
5526A Options Price 
010 Linear Interferometer $4520 
020 Linear + Angular/Flatness Interferometer $7140 
030: Straightness Interferometer $4375 
908: Rack Flange Kit $10 
X55: Laser Measurement/Calculator System $35,905 
Ordering Information 
5510A Automatic Compensator $5150 
5526A Laser / Display $11,795 

, Systems description 
The 5501A Laser Transducer is the basis of a linear displacement 

measurement system which brings the many advantages of interfero- 

metry to builders and users of accurate positioning equipment at a 
cost comparable with conventional devices. Using a single laser 
source, up to 6 axes of motion may be monitored simultaneously. This 
feature plus numerous other design innovations, significantly lowers 
the cost of laser interferometer feedback. A range of output devices 
offers the choice of feedback control or digital display. Although the 
Laser Transducer is designed for original equipment manufacturers 
(OEM), simple installation techniques make it attractive for retrofit 
by end-users as well. 

Resolution: 0.16 pm (6 microinches) or 0.08 pm (3 microinches) us- 
ing Plane Mirror Interferometer. Resolution Extension can increase 
measurement resolution up to a factor of 10. 
Accuracy: f0.5 parts per million. 
Range: Up to 60 meters (200 feet) depending upon conditions (sum 
of axes for multi-axis configurations). 
Number of axes: Up to six, depending on system configuration and 
environmental conditions. Maximum allowable measurement veloc- 
ity: 18.3 meters/min (720 inches/min.) 
Optional accessories 

A wide variety of Interferometers, Retroreflectors, Beam Splitters, 
and Beam Benders allow application of the 5501A Laser Transducer 
to the most complex measurement problems. 
Linear interferometer: Most economical and widely used for linear 
displacement measurements. 
Plane mirror interferometer: Used for precision measurement and 
control of X-Y stage motion. 
Single beam Interferometer: Extremely small linear measurement 
interferometer for applications where size and weight are critical. 
Beam splitters and benders: Optional components to divide and 
direct the laser beam to the individual measurement axes. 
Electronic outputs 

A range of output formats are available for the 5501A Laser Trans- 
ducer which provide compatability with a wide variety of measure- 
ment applications. 
Computer interface electronics: Interface the 5501A Laser 
Transducer to virtually any digital processor or controller. This uni- 
versal binary interface is ideal for position control systems with the 
most demanding response requirements. 
Calculator Interface electronics: Based on Hewlett-Packard Pro- 
grammable Calculators and the Hewlett-Packard Interface Bus pro- 
vide completely integrated measurement packages. Designed for 
acquiring, reducing and displaying measurement data, this interface 
allows simple application of the 5501A Laser Transducer to a wide 
variety of measurement oriented machines. 
Engllsh/metrlc pulse output electronics: Provide a universal in- 
terface to almost all numerical controls for machine tools. Designed 
primarily to facilitate installation of the 5501A Laser Transducer on 
machine tools by Original Equipment Manufacturers, this interface 
provides inch or metric value pulses over a wide range of resolutions. 
Ordering information Price 
5501A Laser Transducer $5585 
10780A Receiver $450 
10700A 33% Beam Splitter $350 
10702A Linear Interferometer $1 350 
10703A Retroreflector $550 
10707A Beam Bender $250 
5501A Options 
251: Hewlett-Packard Interface Bus Electronics $5760 
450 English/Metric Pulse Output $7 130 

Specifications 

Other optical and electronic interface options 
available; please request 5501A data packet. 



PHYSICAL & OPTICAL MEASUREMENTS 
Quartz pressure gauge 
Model 281  1B 

0.01 psi resolution (69 Pa) 
0.025% Full Scale Accuracy 
Direct Surface Readout 

Simple Operation . 
Long Term Stability 
200- 1 1000 PSlA Range 

281 18 Quartz Pressure Gauge 

HP 281 1 Analog 8 Digital Recording Option 028/027 Mounted in 
Field Case 

0.01 psi Resolution at 11,000 psi (69 PA Q 69 MPa) 
The H P  28 1 1 B Quartz Pressure Gauge measures wellbore pressure 

with a resolution of 0.01 psi over a dynamic range in excess of 1 1,000 
psi. This capability makes it possible to measure pressure changes 
that cannot be detected with conventional gauges using bourdon tube 
transducers. 

This ability to detect and record small pressure changes allows so- 
phisticated test techniques to be used economically. For example, 
since the super-sensitive H P  Quartz Pressure Gauge can detect small 
pressure transients at  observation wells, pulse tests can be conducted 
with extremely short pulse cycle times at  the stimulus well. Because 
the shut-in time is reduced, the permeability and formation thickness 
between wells can be determined at  a substantially lower cost. 

With the 281 1B recording options, pressure transients can be ob- 
served and recorded on the surface while the test is in progress. When 
the surface readout indicates the test is completed, the gauge can be 
retrieved immediately. Pressure data can be read directly without in- 
termediate scaling or other calculations. 

The 28 11 B Quartz Pressure Gauge was specifically designed for 
pressure measurement in oil and gas wells and it is used by many oil 
companies and well service companies. However, its high resolution 
pressure measuring capability and rugged construction also make it 
ideally suited for oceanographic research and subterranean hydro- 
dynamic studies. 

Description 
The 28 1 1 B consists of a 28 13B Quartz Pressure Probe and a 28 16A 

Pressure Signal Processor. A frequency signal proportional to pres- 
sure is transmitted from the bottom-hole pressure probe to the signal 
processor on the surface. It travels through a single-conductor, ar- 
mored electric line. The processor conditions the pressure-related sig- 
nal to drive a separate electronic frequency counter for direct 
readout. If a preset counter is used (included in 28 11B recording op- 
tions), wellbore pressure will be displayed in psi. No scaling or inter- 
mediate calculations are necessary. 

For field use, the 28 11 B Analog & Digital Recording Option is 
available. It provides a convenient method of obtaining direct visual 

display and a permanent record of pressure data. Pressure transients 
are recorded on a strip chart recorder and a digital printer. All instru- 
ments are shock mounted in a rugged field case to withstand rough 
handling. 

System specifications 
Sensitivity: 105 Hz/psi nominal (105 Hz/6.9 kPa) output of signal 
processor. 
Probe operating pressure range: 0-12,000 psi (0-82.7 MPa). 
Probe operating temperature range: 32" to 302°F (0 to 150OC). 
Signal processor operating temperature range: 32" to 131 OF 

Calibrated pressure range: 200-1 1,000 psia (1.4-75.8 MPa). 
Resolution: 0.01 psi (69 Pa) when sampling for a 1-second period. 
Repeatability: 20.4 psi (22.76 kPa) over entire range. 
Accuracy (at thermal equlllbrlum) if operating temperature is 
known 

within 1.89 (1%): 20.5 psi or *0.025% of reading (23.45 W a  
or 2 0.025% of reading). 
within 18OF (10°C): +- 1 psi or 20.1% of reading (26.89 kPa or 
+O.l% of reading). 
within 36°F (20°C): 5 psi or +-0.25% of reading (k 34.5 kPa or 
*0.25% of reading). 

Dimensions and weights 
28138 Probe: 1q6" (36.5 mm) OD by 3 9 v  (lo00 mm) long. 
Weight: 11 Ib (5.0 kg). 
2816A Signal Processor: 154 mm H x 197 mm W x 279 mm D 
(6%," x 734" x 11") 

28  1 1 B options Price 
026: Analog & Digital Recording, 60 Hz, and add $11,750 
English units 
027: Analog & Digital Recording, 50 Hz, and add $11,750 
Metric units 

2811B Quartz Pressure Gauge $17,325 

(0" to 5SOC). 

Include8 HP 28138 Puartz Preasura Probe and cawing caw, calibration tablee., manual and HP 
2616A Presswe S i a l  Procwsor. oulpui d HP 2816A Pressure Signal Processor connects directlv 
to recwdinp options. 



RHYSOCAL AND OPTICAL MEASUREMENTS 
Quartz Thermometer I 

I Model 2804A 

0.04"C Absolute Accuracy 
0.0001 "C or 0.001 "F Resolution 
-80" to +250"C Range 
Display of Absolute or Differential Temperature 
Flexible HP-IB Systems Interface 
Variable Resolution Analog Output 
Easy Ice Point or Triple Point Adjustment 

The 2804A Quartz Thermometer allows you to easily measure tem- 
perature with exceptionally high accuracy and resolution. Absolute 
accuracy is 40 millidegrees Celsius over the range of -50°C to 
150°C, NBS traceable to IPTS-68. The useable resolution of 
0.0001 "C allows you to measure temperature changes that could not 
be detected by other digital thermometers. 

The 2804A can be used with one or two temperature sensing 
probes. The temperature of either probe, or their difference, can be 
measured and displayed under pushbutton control. Display resolution 
is selectable from 0.01 to 0.0001 "C (0.1 to 0.001 O F )  by pushbuttons. 
An internal switch allows you to easily select measurement in the Cel- 
sius or Fahrenheit temperature scale. 

Temperature is measured and displayed automatically with the mi- 
croprocessor and electronics provided in the 2804A package. There is 
no need to balance a bridge, perform calculations using resistance- or 
voltage-temperature tables or curves, or to use calibration correction 
tables. The only adjustment necessary to remove effects of thermal 
history on the sensor is a simple ice point or triple point calibration 
adjustment using the front panel thumbwheel switches. 

How It Works 
The 2804A temperature sensor is a quartz crystal whose precise 

angle of cut gives a stable and repeatable relationship between reso- 
nant frequency and temperature. Each quartz sensor is individually 
calibrated at the factory over the full temperataure range. The cali- 
bration data for each sensor is processed and stored in a calibration 
module which is supplied with the probe. 

In operation, a microprocessor in the thermometer performs the 
complex control and calculation operations to accurately measure 
temperature from the quartz sensor frequency and probe calibration 
information in the calibration module. The microprocessor also per- 
forms self-checks to detect fault conditions. If a problem occurs that 
would give an improper measurement, an error message is displayed 
to indicate the source of the problem. 

System Oriented Design 
The HP-IB option offers you a simple, yet flexible, way to connect 

the Quartz Thermometer to either an H P  computing controller or 
printer. Temperature data can easily be sent to a calculator or com- 
puter for processing and recording. All front panel controls can be 
operated automatically by commands sent on the bus. 

The optional analog output converts any three consecutive digits to 
a voltage between 0 and +IO volts to drive a chart recorder. Front 

as normal or offset (center-zero) operation. Any three digits can be 
i panel controls allow easy adjustment of pen zero and fullscale as well 

selected for conversion allowing you to change the full scale value on 
the recorder. 

2804A Specifications 
Performance 
Range: -80 to 250°C. 
Absolute Accuracy: 2804A with 18110A, 18111A, 18112A or 
18 1 17A Quartz Probe - 
k0.040"C from -50 to 150°C 
k0.075"C from -80 to 250°C 
NBS traceable to IPTS-68 
Resolution: Three levels can be selected - 

Level of lbmind tine between 
SdtCfion readhgs in seconds  

11 w12 11 - 12 

Medium 0.001 0.01 
High 0.0001 0.001 10 20 

General 
Display: 7 digit LED with polarity, decimal, and degree Cor  F annu- 
ciator. 
Probes: a variety of probes are available for use with the 2804A. 
Refer to the data sheet for specifications and sheath configurations. 

Power Required 
100, 120,220, or 240 VAC, +5%-lo%, 48 to 66 Hz, (30 VA. 

Options 
006: Analog Output $450 
010 HP-IB Interface $350 
Accessories and probes 
18107A External Oscillator $150 
18108A Line Amplifier $150 
18109A Diagnostic Kit $350 
18110A Laboratory Probe and cal module, 25 mm (1") $950 
18111A Laboratory Probe and cal module, 230 mm (9.1") $950 
18112A Laboratory Probe and cal module, 460 mm (18.1") $1000 
18115A Heavy Duty Probe and cal module, 30 mm (1.2") $1050 
18116A Heavy Duty Probe and cal module, 100 mm (3.9") $1050 
18117A Heavy Duty Probe and cal module, 180 mm (7.1") $1050 

2804A Quartz Thermometer $2600 



‘m SOLID STATE COMPONENTS 
Optoelectronics 
Optocouplers, dlsplays 

To insure product quality, HP manufactures its own 
semiconductor materials such as  Gallium Arsenide. 

6-PIN Optocoupler. 

20.32mm (0.8”) LED display. Alphanumeric LED displays. 

Sunlight viewable red and yellow LED displays. 

Low cost components, available from Hewlett-Packard, offer ex- 
ceptional performance in consumer, industrial, military, and other 
OEM equipment. With sophisticated semiconductor processing 
equipment, and the industry’s most extensive hybrid thin-film micro- 
circuit manufacturing facilities, Hewlett-Packard applies newly de- 
veloped technologies to component manufacturing, offering high 
performance solid state numeric and alphanumeric readouts plus 
LED lamps, optocouplers, emitters, and PIN photodiodes. In addi- 
tion, Hewlett-Packard is expanding its technology to include fiber op- 
tic capabilities. Fiber optics is just beginning to emerge as a practical 
medium for data communications. 

All Hewlett-Packard components are available in quantity and a t  
economically attractive prices. 

Optoelectronics 
Hewlett-Packard’s Optoelectronic Division offers a complete line 

of GaAsP and GaP discrete light emitting diodes (LEDs), numeric, 
hexadecimal, and alphanumeric displays. These components provide 
solid state reliability to any visible readout. As status indicators, ar- 
rays, multi-digit or multi-character displays, these compact LED’s 
are electrically compatible with monolithic integrated circuits, with a 
useful life greater than 100,000 hours. 

Optocouplers 
Hewlett-Packard’s family of optocouplers provides economical, 

high performance solutions to problems caused by ground loops and 
induced common mode noise in both analog and digital applications 
in commercial, industrial, and military products. Hewlett-Packard’s 
original approach toward integrated output detectors provides perfor- 
mance not found in conventional phototransistor output optocouplers. 
With 3000 VDC isolation, the types of optocouplers available include 
high speed devices capable of 10 M bits and high gain devices which 
are specified at 400% CTR a t  input currents as low as 0.5 mA. In 
addition, highly linear optocouplers are useful in analog applications, 
and a new integrated input optically coupled line receiver can be con- 
nected directly to twisted pair wires without additional circuitry. 
Most of these devices are available in dual versions, as well as hermet- 
ic DIP packages. For military users, Hewlett-Packard’s established 
hi-re1 capability facilitates economical, hi-re1 purchases. 

Displays 
Low cost numeric displays, packaged single or clustered, are avail- 

able in character heights from 0.1 1” to 0.8”. Low power small charac- 
ter displays have been designed for portable instrumentation and 
calculator applications. Other seven-segment display units are avail- 
able in red, yellow, and green colors for use in instrumentation, point- 
of-sales terminals, and TV indicator applications. High power, sun- 
light viewable, large character displays are readily adapted to outdoor 
terminals, gas pumps and agricultural instrumentation. For these dis- 
plays, Hewlett-Packard has successfully integrated a gray package 
design with untinted segments. This results in excellent bright ambi- 
ent contrast enhancement. 

Integrated numeric and hexadecimal displays (with on-board IC’s), 
available in plastic and hermetic packages, solve the designer’s de- 
coding/driving problem. These displays have been designed for low 
cost and ease of application in a wide range of environments. 

Alphanumeric displays are available in two attractive configura- 
tions. Small alphanumeric displays feature four 5 X 7 dot matrix 
characters and on-board shift registers for data storage. They are 
contained in 16-pin DIPS which are end-stackable for unlimited possi- 
bilities in alphanumeric display formating. 

Hewlett-Packard’s 16-segment solid state LED alphanumeric dis- 
plays are available in four- and eight- character end-stackable mod- 
ules. They are designed for use in computer peripheral products, 
automotive instrument panels, calculators, and electronic instru- 
ments and systems requiring low power consumption in an easy-to- 
read display, Magnification of the LED by an integral lens results in a 
character size of 3.8mm (0.150 in.). Drawing as little as 1 .O to 1.5 mA 
average current per segment, this enhances character intensity while 
keeping power use a t  a minimum. 
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solid state lamps, solid state displays, optocouplers, emitters, and PIN 
photodiodes. A special introductory section on fiber optics is also in- 
cluded, previewing the soon-available capabilities. Included in the 
240 pages are product photographs, specifications, operating charac- 
teristics and performance graphs. 
Optoelectronics Applications Manual: This newly published man- 
ual is intended to serve as an engineering guide about the application 
of and designing with LED products. Each of the generalized LED 
product types are covered, with additional chapters on contrast en- 
hancement techniques, photometry and radiometry, LED reliability, 
mechanical consideration of LED devices, photodiodes and LED the- 
ory. This book is available from a Hewlett-Packard Distributor or 
from the McGraw-Hill Book Company. 

All literature, including prices, are as near as your phone. Call any 
Hewlett-Packard Sales Office or contact any of our franchised dis- 
tributors for product availability and information. 

m m  SOLID STATE COMPONENTS 
Optoelectronics 

Solid state lamps, emitters, PIN photodiodes, fiber optics 

Rectangular solid 
s ta te  lamps. 

High-intensity subminiature emitters. 

Fiber ootic transmitter and receiver. 

HPBK- 1000. 



SOLID STATE COMPONENTS 
i Microwave and RF Products 
I 

0 Transistors and diodes 

HP low noise, general purpose and linear power microwave tran 
sistors are supplied in a wide variety of stripline and microstril 
packages. 

1 -  
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PIN. IMPATT and SteD Recovery Diodes. 

Schottky diode singles and matched quads are available in 3 
types of microstrip packages; hermetic, high frequency plastic, 
and low cost plastic. 

Hewlett-Packard components, utilized in consumer, industrial, 
military and other OEM equipment, assure optimum performance. 
Advanced machinery and processing techniques are employed to pro- 
duce highly sophisticated Silicon and Gallium Arsenide devices. The 
product lines consist of Si bipolar and GaAs field effect transistors; 
Schottky, PIN, IMPATT and Step Recovery Diodes; and Integrated 
Products. 

Transistors 
HP silicon bipolar and GaAs field effect transistors fill most re- 

quirements for multistage amplifiers from the VHF region through 
12 GHz. Devices are available for the low noise input stage, the high 
gain intermediate stage and the power output stages. 
Silicon Bipolar Transistors: Device-to-device uniformity and supe- 
rior microwave performance are combined in the new HXTR series of 
devices which have been individually designed for low noise (HXTR- 
6000 series), high gain (HXTR-2000 series), or low distortion linear 
power (HXTR-5000 series). With guaranteed RF performance speci- 
fications from 1.5 GHz to 4 GHz, these devices are well suited for 
high reliability space, military, and industrial applications at  frequen- 
cies up to 5 GHz. Examples of products in this series of devices in- 
clude the low noise HXTR-6104, which typically offers 1.4 dB N F  
with 14 dB associated gain at  1.5 GHz, and the HXTR-5102 linear 
power transistor, featuring 27.5 dBm PidB typical h e a r  power with 
7 dB associated gain at 4 GHz. 
GaAs Field Effect Transistors (GaAs FETS): H P  offers rugged 
devices using this exciting new technology both in package and in chip 
form. Extensive application support in the form of bulletins and appli- 
cation notes help users design with these new devices. The present 
family includes the packaged HFET-1102 with 1.7 dB maximum N F  
and 11 dB minimum associated gain at 4 GHz, and the HFET-1000 
chip which at  12 GHz can produce either 20 mW of linear output 
power or 4.2 dB noise figure with 6 dB gain, depending upon bias 
conditions. Packaged products including the 2N6680 and the HFET- 
1102 are available in high reliability versions. 

Hewlett-Packard silicon bipolar and GaAs field effect transistors 
are supplied in chip form, or in various stripline packages. Complete 
data sheet characterization and excellent processing uniformity make 
it possible to design your circuit by calculation instead of by trial-and- 
error. 

Diodes 
Schottky Barrier Diodes: Schottky diodes combine extremely high 
rectification efficiency with pico-second switching speeds, low series 
resistance, and low noise characteristics. This combination makes the 
Schottky an excellent mixer/detector diode. 

At HF, VHF, and UHF frequencies, H P  delivers glass-packaged 
devices in million piece quantities at economical prices. These same 
diodes have many digital circuit applications such as clipping and 
clamping where switching speed is important. 

At microwave frequencies, their low noise and repeatable R F  im- 
pedance lead to outstanding performance either as mixers or detec- 
tors. A new series of zero bias Schottky detector diodes offers 
improved detection efficiency without the DC bias requirements of 
conventional detector diodes. Package configurations for mixer/de- 
tector diodes include beam leaded devices as well as conventional ce- 
ramic, stripline and axial-leaded packages. 
PIN Dlodes: PIN diodes function as variable resistors at  microwave 
frequencies. By controlling the DC bias, the R F  resistance of a PIN 
diode can be varied from I R  to about 10kR. This unique property of 
the PIN diode makes it extremely useful as a switch, attenuator, mod- 
ulator, phase shifter, limiter or AGC element at  all frequencies from 
1 MHz to 18 GHz and above. Package configurations include beam- 
leaded devices as well as conventional microstrip, ceramic and axial- 
leaded packages. 



Diodes And Integrated Products 

IMPATT Diodes: IMPATT diodes are a fundamental source of R F  
power at frequencies above 4 GHz. CW devices can supply 3.5W at 6 
GHz with 10% efficiency, while pulse-optimized devices operating a t  
10 GHz offer 14W at 80011s pulse width and 25% duty cycle. 
S t e p  Recovery Diodes: S R D s  are intended for use as comb gener- 
ators and harmonic frequency multipliers. When used as a comb gen- 
erator, the abrupt termination of the diode's reverse recovery current 
generates voltage pulses up to tens of volts with pulse widths as nar- 
row as loops giving useful power a t  frequencies in excess of 20 GHz. 
By optimizing the circuit around any specific harmonic, high efficien- 
cy multiplication can be accomplished. 
Integrated Products 

Hewlett-Packard manufactures a broad line of components for the 
control, conversion, and generation of R F  and microwave signals. 
This line of integrated products (combinations of chip and beam lead 
diodes with hybrid thin film circuit technology) includes SPST 
switches, absorptive modulators, attenuators, limiters, comb gener- 
ators, double balanced mixers, and mixer/detectors. 

The HXMR-5001 is a double balanced mixer which provides excel- 
lent broadband performance and reliability. This rugged mixer has 
low conversion loss and high isolation across the full 2-12.4 GHz 
RF/LO band, while retaining a wideband IF  of 0.01-1.0 GHz. For 
the HF-UHF range, both double balanced and low cost single bal- 
anced mixers are available. 

Recently the Microwave Semiconductor Division has developed a 
line of X-band, narrow band GaAs FET amplifiers. These low noise, 
front end amplifiers have exhibited state-of-the-art performance. 
These units, which offer greater reliability and lower costs compared 
to devices such as paramps, utilize HP's half micron and one micron 
GaAs FETS. 
High Reliability Testing 

Many Hewlett-Packard components are space qualified. The reli- 
ability of these devices is established by one of the finest high reliabil- 
ity testing facilities in the microwave component industry. Hewlett- 
Packard's High Reliability Test Group maintains military approved 
JAN and JANTX parts in stock and can recommend H P  standard 
screening programs, patterned after MIL-S-19500, for any H P  com- 
ponent. Those who wish to design their own screening specifications 
can consult with and obtain quotations from Hewlett-Packards' staff 
of Hi Re1 Test Engineers. 

Write for More Information 
Hewlett-Packard R F  and microwave component capabilities are 

described in individual data sheets and application bulletins. 
Diode and  Transistor Designer's Catalog: This catalog contains 
detailed, up-to-date specifications on our complete product line. It is 
divided into the following major sections: Schottky Barrier Diodes, 
PIN Diodes for Signal Control, Microwave Source Diodes, Devices 
for Hybrid Integrated Circuits, Military Approved Devices, Micro- 
wave Transistors and Integrated Products. 

Glass package, PIN and Schottky diodes are used for high volume 
price sensitive applications in the HF-UHF range and for general 
purpose switching. 

Hewlett-Packard's mixer product line includes low cost single bal- 
anced mixers for use to l GHz and double balanced mixers for 
both RF and microwave frequency ranges. 

Solid s ta te  switches cover the frequency range from 0.1 to 18 
GHz. An add-on switch driver features TTL compatible input. Oth- 
e r  components include Limiters, Comb Generators and Absorptive 
Modulators. 



Gas Chromatographs 
HP 5800A Series 
Reporting Gas Chromatographs 

The H P  5800A Series provides the com- 
plete GC analytical system. It has an integral 
digital processor that operates the gas chro- 
matograph and its accessories throughout 
the analytical run, following precisely the 
instructions that you give it before the run, 
on an easy-to-use keyboard or magnetic card 
reader. 

The intelligent control center of an H P  
5800A, the built-in digital processor, con- 
trols all aspects of the GC analysis: all tem- 
peratures, carrier flow rate measurement, 
detector operation, integration of peak areas, 
identification of components, calculation of 
concentrations, plotting of chromatogram 
and analysis report. After you set the analy- 
sis parameters on the keyboard and inject a 
standard sample, a single keyboard entry 
causes an H P  5800A to initiate a simple dia- 
log which calibrates for the method; there- 
after, it will analyze your samples, make the 
calculations by whatever method you speci- 
fy-normalization, internal standard or ex- 
ternal standard-and report the results 
. . .all automatically. 

Other HP 5800A Series features include: 
Choice of universal injection port with 
glass or metal liners and on-column injec- 
tion capability. 
Multi-purpose glass capillary inlet system. 

Complete detector selection including ni- 
trogen/phosphorus selective FID. 
Time programming allowing changes 
throughout an analysis at  precise, preset 
retention times. 
Run programming to preset analysis pa- 
rameters for a series of samples before in- 
jecting the first one. 
Operation with a variety of glass, metal, 
packed or capillary columns. 
All these features are present in a high per- 

formance oven that can be controlled and 
programmed from -60" to 400°C to meet 
separation requirements for almost any type 
of sample! 

Digital, Compact, Modular 
Capable of Full Automation 

The HP 5700A Series breaks the tradi- 
tional barrier between versatile but expensive 
"research" instruments and dedicated, more 
cost-conscious "routine" instruments. This 
series embraces the H P  5710A and HP 
5730A Dual Column/Multiple Detector 
GC's which serve every research or routine 
laboratory need. 

To meet special requirements, 5700 op- 
tions include: specific detectors, including 
Nitrogen/Phosphorous FID, EC and Flame 
Photometric; multi-detector capability; dual 
input/dual output electrometer; electronic 
baseline compensation; inlet system for glass 
capillaries. 

HP 5700A Series GC's. . . 

Liquid Chromatographs 
New HP 1084R 
Processor-controlled LC 

Using a concept pioneered by Hewlett- 
Packard, the H P  1084B, High Performance 
Liquid Chromatograph is controlled by a 
built-in central processor. It gives the user 
full control Over separation parameters, 
minimizes quantitative errors and is simpler 
to use than conventional instruments both in 
routine chemical analysis and in developing 
new analytical methods. 

Solvent preparation capability, a semi- 
automatic variable volume injection system, 
feedback flow control, a readily accessible 
temperature-controlled column compart- 
ment, gradient elution capability and a 
choice of high-performance detectors are 
features of this system. 

Two-way communication with the H P  
1084B is made through a keyboard in terms 
that are simple and familiar to the chromato- 
grapher. Once instructed, the instrument in- 
jects the desired sample size (from 10 to 200 
microliters) at  full column pressure without 
interrupting solvent flow, controls solvent 
composition, generates flow gradients, then 
collects and computes chromatographic data 
and reports them on heat-sensitive, smudge- 
less paper-all automatically. 

An important new feature of the H P  
1084B is its ability to change separation pa- 
rameters, detector wavelength sequences, 



calibration factors and calculation proce- GC/Mass SDectrometer 
dures between analytical runs, automatical- 
ly. This feature, together with pre-pro- 
grammed variable wavelength detection and 
automatic batch sampling, provides new 
modes of operation which enable HPLC 
method development, routine analysis and 
trace analysis to be performed with far great- 
er precision and efficiency. 

Isocratic, Economical HPLC 
The HP 1082B, an economical isocratic 

version of the H P  1084B, can be upgraded to 
full gradient capability when the need arises. 

Pre-Programmed Variable Wave- 
length Detection 

The new H P  79875A Variable Wavelength 
UV/Visible Detector is time-programmable. 
Commands entered into the H P  1084B Liq- 
uid Chromatograph change the wavelength 
setting at specified times so that each sample 
component can be detected at its maximum 
adsorbance. The detector changes to any- 
wavelength within its 190 to 600 nm range in 
less than 4 seconds and includes an automat- - . .  

modi. On pressing a key, the solvent flow is 
stopped and the detector rapidly scans the 
range from 190 to 540 nm. By doing this for 
each component of interest, the most effec- 
tive wavelength setting can be determined, or 
its identity confirmed. The expanded pro- 
gramming capability of the H P  1084B not 
only enables the wavelength setting to be 
changed during an analysis but also enables 
complete wavelength sequences to be 
changed between analytical runs, automati- 
cally. 
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Fixed Wavelength UV Detection 
The high performance Hewlett-Packard 

fixed wavelength UV Detector (254 nm) 
makes subnanogram detection levels possible 
for a wide range of substances. This detector 
features excellent linearity, repeatability and 
low drift characteristics and is easy to oper- 
ate. It is a standard component of the H P  
1084B. but is also available as a standalone 
unit (HP 1036A) which is fully compatible 
with H P  3380 Integrators. 

Automatic Sampling System 
The H P  79842A Automatic Sampling Sys- 

tem enables batches of up to 60 samples and 
calibration standards to be analyzed auto- 
matically in sequence, and then repeated if 
desired, by the H P  1084B Liquid Chromato- 
graph. Only the injected sample amount is 
consumed by the system, making it possible 
to use micro-vials for applications where only 
small sample quantities are available. A de- 
tachable unit containing 60 glass vials is 
mounted on top of the Liquid Chromato- 
graph. The variable-volume injector, which 
is a standard part of the chromatograph, then 
samples each vial in a pre-programmed se- 
quence. The injection volume can be preset 
manually to any point between 10 and 200 
microliters. 
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The compact H P  5992B offers excellent 

performance a t  an economical price. Its fea- 
tures include a microprocessor-controlled gas 
chromatograph as an integral part of the sys- 
tem, an efficient hyperbolic rod quadrupole 
mass analyzer, and automatic tuning of the 
mass spectrometer compor-+= h-c nn-0 

of the usual knobs or swit 
controlled by H P  9825A L 
which uses a combinati 
instructions and stored pro] 
operation of the entire sysl 

The H P  5992B’s quadrupole mass filter 
uses hyperbolic rods, the theoretically ideal 
shape for this type of filter. Improved peak 
shapes and higher sensitivity, compared to 
round-rod filters, are direct consequences of 
this geometry. For 1 nanogram of methyl 
stearate scanned a t  190 atomic mass units 
(amu) per second, the system produces a sig- 
nal-to-noise ratio of 10:l. Total mass range is 
10 to 800 amu. 

Standard data acquisition and display soft- 
ware provides normal spectrum generation, 
total ion chromatograms, tape cartridge stor- 
age and later display of individual spectra, li- 
brary search, and selected ion monitoring. 

Accessories include an X-Y plotter, flexi- 
ble disc storage device, phone modem inter- 
face, and capillary GC injection system. 

Laboratory Automation 
Systems 

H P  3350 Series Laboratory Automation 
Systems can increase your sample through- 
put, provide easy-to-use, yet sophisticated 
data reduction, perform record keeping tasks 
and automate your analytical procedures. 
The 3350 Series provides ascending levels of 
laboratory automation. As a result, it gives 
you the freedom to configure an affordable 
system to meet your present needs and pro- 
vides the flexibility to grow easily and eco- 
nomically to meet future requirements. 

Upward compatibility of hardware and 
software lets you expand at your discretion in 
steps to fit your laboratory’s needs. 

System growth occurs in two areas. Soft- 
ware capability can grow from the “turnkey” 
chromatographic package to include liquid 
sampler control, simulated distillation and 
lab BASIC. 

Lab BASIC offers you the flexibility to tai- 
lor data handling and report generation to 
meet your specific requirements without sac- 
rificing any of the security and friendliness of 
the “turnkey” operation. Hardware can grow 
to include additional instruments, system ter- 
minals and expanded data storage on tape 
cartridges or disc. 

The 3351, smallest member of the family, 
is a low-cost solution to your data acquisition 
and data analysis requirements which can be 
expanded to 30 instruments. The 3352 and 
3353 members of the family offer larger pro- 
cessors, CRT terminals with data storage ca- 
pability and line printers. 

The top-of-the-line 3354 Lab Automation 
System with a 20M byte disc offers reinte- 
gration of raw data, control of sampling de- 
vices, simulated distillation and Lab BASIC 
11. In addition to capability of 45 instrument 
interfaces, the system can have 15 terminals 
and 4 industry standard 9-tract mag tapes. 
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Reporting Integrators 
AP 7380 Series Reporting Integrators pro- 

xcellent data handling function for 
gas or liquid chromatographs. All 
egrators in this series provide the 
rinter/plotter that draws an anno- 
‘omatogram and prints a complete 

analysis report, all on a single piece of paper. 
The Model 33808 includes these features 

in a simple to use, inexpensive design. The 
Model 3380A adds all the standard chroma- 
tographic methods. In addition to methods, 
the Model 3385A adds integrator timed 
events, a magnetic card reader and external 
timed events. It also supports automatic liq- 
uid sampler and data communications op- 
tions. 



MEDICAL INSTRUMENTATION 

Patient Monitoring 
and Resuscitation 

Stand-alone monitors 
Modular instruments 
ECG Telemetry 
Complete monitoring systems 
Arrhythmia detection, storage 

Patient Data Management 
Mobile Resuscitation System 
with batt./AC operating Defi- 
brillator 
Request Catalog #5952-5254. 

and recall 

Respiratory 
Instrumentation 

Pulmonary Calculator System 
Ear Oximeter 
Single-Breath Diffusion System 
Respiratory Recording Systems 

Modular Pulmonary Function 

CO, Analyzer 
Exercise Testing System 

( 6 )  

Testing Instruments 

Request Catalog #5952-5257 

Perinatal 
Instrumentation 

Fetal/Maternal and Neonatal 
monitoring includes bedside fe- 
tal monitors, a Calculator-based 
System, and Central Stations 
Telemetry for birthing centers 
Neonatal monitoring uses heart 
rate, respiration, temperature, 
ambient oxygen measuring in- 
struments, and a Cardiorespiro- 
graph. Request Catalog #5952- 
5258. 



Cardiography 
Instrumentation 
0 Single- and 3-channel Electro- 

cardiographs 
0 ECG Data Management Sys- 

tems for computer-aided inter- 
pretation of ECGs. 

0 ECG Stress Testing Systems. 
0 ECG/Heart Sound/Pulse Re- 

cording Systems. 
0 ECG Computer Terminals for 

phone transmission or tape re- 
cording ECG data. Request 
Catalog #5952-5255. 

Consumables 
Wide choice for use with H-P and 
other medical electronic instru- 
ments includes: 
0 Disposable ECG monitoring 

electrodes (adult and infant) 
0 Disposable transducer domes 
0 Disposable scalp electrodes 
0 Chemical thermal medical chart 

0 Permapaper@ chart papers 
0 Disposable pressure kits 
0 Redux@ electrolytes 

papers 

Request Catalog #5952-5260 

Cardiovascular 
Instrumentation 
0 Multi-channel heated stylus or 

optical recording systems for 
clinical or research use 

0 Complete choice of transducers, 
scopes, magnetic tape recorders, 
meter and numerical displays 

0 More than 12 plug-in signal 
conditioners 

0 Computerized catheterization 
data analysis system automates 
on-line data collection and anal- 
ysis 
Request Catalog #5952-5256. 

Radiology 
HP offers a group of high 
performance medical X-ray ma- 
chines with automatic exposure 
control. They include a Mobile X- 
ray System (shown at  left) de- 
signed especially for handling dif- 
ficult radiographic requirements 
in the Intensive Care area; a Dedi- 
cated High kV Chest X-ray Sys- 
tem for rapid, consistent and low 
dose chest procedures; and Faxi- 
tron Cabinet X-ray Systems for 
specimen radiography and for lab- 
oratory training of radiological 
technicians. 



i CIVIL EhlGIMIEERlhlrG/SURVE~lhlG EQUIPMENT 
General Information 

Hewlett-Packard, long recognized as the 
leading supplier of electronic measuring and 
computing instruments for the engineer, has 
developed a similar position in electronic dis- 
tance/angle measurement and computation 
instrumentation for the surveyor. These in- 
struments are briefly described on this page. 

HP 3805A DISTANCE METER 
The HP 3805A Distance Meter is a low 

cost, short range, automatic readout, in- 
frared light source instrument. The range of 
the H P  3805A is 1.6 km (1 mile) with the 
measured distance displayed in metres or 
feet at the flip of a switch. The H P  3805A 
features a built-in computer that controls the 
instrument’s internal functions and commu- 
nicates the quality of the measurement to the 
operator through the communicative display. 
A minimum of 3,000 readings are taken for 
each measurement and displayed in as little 
as 6 seconds. The instrument also has an in- 
ternal self-check capable of verifying elec- 
tronic performance in the field or office; and 
automatic atmospheric correction. The op- 
tional battery snaps into the bottom of the in- 
strument providing cable free operation for a 
lightweight, portable field system. 

HP 3808A MEDIUM RANGE 
DISTANCE METER 

The H P  3808A Distance Meter is a medi- 
um range, “one push-button”, slope distance 
instrument with a range of 10 km (6.25 
miles) to two triple prism retro-reflector as- 
semblies. This increased range capability 
permits measurement with fewer prisms (re- 
ducing logistic problems and accessory costs) 

and also permits surveying in marginal atmo- 
spheric conditions. Measured distance may 
be displayed in either metres or feet (switch- 
selectable). The tracking mode permits con- 
tinuous updating of distances or can be used 
to monitor return signal strength, permitting 
fast target acquisition. Measurement confi- 
dence can be increased by use of the “sigma” 
mode which displays a statistical value relat- 
ed to prevailing measurement conditions. 
The H P  3808A also features an internal self- 
check capable of verifying performance in 
the field or office; digital output, which al- 
lows data to be recorded automatically; and 
automatic atmospheric correction. An op- 
tional horizontal angle base graduated in de- 
grees or grads is also available. 

HP 3810A TOTAL STATION 
The H P  3810A Total Station is a short 

range, automatic, direct reading, electro-op- 
tical distance and angle measuring instru- 
ment utilizing an infrared light source. The 
range of the H P  38 10A is 1.6 km (1 mile) 
with the measured distance displayed in 
metres or feet and angles displayed in de- 
grees or grads. The key to the Total Station’s 
power is a built-in micro-computer and a ver- 
tical angle sensing device. The instrument 
has the ability to measure the slope distance, 
zenith angle, correct for curvature and 
refraction and automatically compute and 
display the horizontal distance. Four param- 
eters are selectable for display: zenith angle, 
slope distance, horizontal distance and verti- 
cal distance. The communicative display in- 
dicates the quality of the measurement, on 
target indication, and notifies the operator of 
a low battery. Horizontal angle measure- 

ments are made with the 20 second least 
count horizontal angle base with estimation 
to 5 seconds or lOCC on the micrometer scale. 
The HP 3810A also features a built-in atmo- 
spheric correction to 1 part per million, a 
snap-in battery, and a “tracking” mode for 
rapid point setting to one-tenth of a foot with 
updated measurements every three seconds. 
Precise measurements to one-thousandth of a 
foot can be made in approximately six sec- 
onds. 

Hewlett-Packard’s versatile Distance Me- 
ters and Total Stations are suited for such 
applications as layout, location, boundary, 
hydrographic, topographic, control, and 
mine surveys. A short demonstration is all 
that is necessary for operator training on 
these instruments. 

SURVEYING CALCULATORS 
The Civil Engineering Division also mar- 

kets Hewlett-Packard’s line of desk-top pro- 
grammable calculators and peripherals. 
Application and programming specialists 
have developed libraries of surveying pro- 
grams for these systems. 

For detailed specifications and prices on 
these instruments and optional accessories, 
contact the Civil Engineering Division, P.O. 
Box 301, Loveland, Colorado, 80537. 

Note: Photographs and descriptive texts describe complete Dis- 
tance Meter and Total Station systems. Accessories such as 
Prisms. Tripods. and Adaptors are optional equipment. Please 
contact your local Hewlett-Packard Sales OHice for a complete 
list 01 standard equipment supplied with Distance Meter8 and To. 
tal Stations. 



m TRAlNlNG/VIIDEO TAPES 
Technical training LA 

With Hewlett-Packard’s extensive product 
line and worldwide customer mix there are 
two main avenues for technical customer 
training. These are live training sessions and 
video tapes. Live training sessions fall into 
three subcategories: applications, service and 
tutorial. Application seminars aimed a t  in- 
creasing your utilization of general purpose 
test instrumentation are often available a t  no 
charge. On the other hand, seminars on the 
operation of dedicated systems are more spe- 
cific in nature and are generally charged for. 
Service seminars are available on a supply- 
and-demand basis and, as such, there is usu- 
ally a charge. For detailed information on all 
HP seminars, contact your Hewlett-Packard 
field engineer or call the Hewlett-Packard 
office nearest you-see the inside back cover. 

HP video tapes 
A better way to learn 

Part of the “extra value” which comes with 
each Hewlett-Packard product is our con- 
tinuing commitment to provide Hewlett- 
Packard customers with useful training in- 
formation in the areas of applications and 
service. In the past, this information has of- 
ten been in the form of classroom seminars, 
either a t  your nearby Hewlett-Packard sales 
office or a t  one of our training facilities in 
California. 

Now our capability is expanding by offer- 
ing you both service and applications train- 
ing via video tape. Video tape training is 

exceptionally convenient and readily avail- 
able, ready for your own use a t  any time or 
any place, including within your own facili- 
ties. 
Effective: Hewlett-Packard has found that 
video tape is a highly effective training medi- 
um. Video tapes can convey more informa- 
tion in less time, and with higher retention, 
than even the best live instruction. Hewlett- 
Packard programs are professionally pro- 
duced and are based on measurable instruc- 
tional objectives. They consider what the 
student already knows, emphasize what he 
needs to know, and omit what he does not 
need to know. Many video tapes utilize split- 
screen techniques, allowing students to 
watch a procedure on one part of the screen 
while observing its effect on another part. 
Most Hewlett-Packard video tapes are 100% 
visualized, as opposed to conventional, par- 
tially visualized video tape ”lectures.” 
Flexible: With video tapes, you can tailor 
your training program to suit the many needs 
of your organization. You may select train- 
ing programs for individuals with different 
backgrounds and specific needs, present ef- 
fective programs to audiences of just one or 
hundreds, and offer a library of technical 
programs your staff members can easily con- 
sult on their own . . . for new information or 
for refresher purposes. 
Faster: It has been our experience that Hew- 
lett-Packard video programs compress learn- 
ing time by a factor of up to 6-to-t. A video 
tape library also reduces the time needed to 

organize and schedule your training. You 
can schedule highly professional presenta- 
tions anytime and anywhere, without arrang- 
ing for outside instructors or juggling the 
detailed logistics that are often required for 
live training sessions. More effective training 
in one-sixth the time! 
Convenient: Video tape programs come on 
small, easy-to-file magnetic tape reels or cas- 
settes. Inexpensive playback equipment is 
easily operated by unskilled personnel. Pro- 
grams may be viewed on small portable mon- 
itors or on full-screen TV sets. Video tapes 
can be quickly searched for specific informa- 
tion using “fast forward” or “fast rewind,” 
and many recorders can stop on a single 
frame for more detailed study. 
lime-tested: All the video tapes offered in 
the Hewlett-Packard Videotape Catalog 
were developed to serve Hewlett-Packard‘s 
needs for a practical, low cost source of up- 
to-date training in a wide variety of subjects. 
Now, after having been tested in Hewlett- 
Packard training activities throughout the 
world, many of these video programs are 
available to help meet your training objec- 
tives. 

Digital troubleshooting 90420D 
Developed to train HP‘s own technicians, 

this course is especially useful in showing 
how to approach real problems in real equip- 
ment. 
0 Practical demonstrations 
0 Proven teaching techniques 



TRAINING/VIDEO TAPE 
Technical training 

0 Flexibility of use for classroom or individ- 

0 Latest in digital troubleshooting tools 
Most recent logic symbology 
Useful troubleshooting tips 
Digital troubleshooting was made for tech- 

nicians. It is an appropriate transition from 
transistors to digital electronics. It also can 
be used as a refresher course. Equivalent in 
coverage to a college term of 13 weeks, the 
course is presented in color on 14 videocas- 
settes having a total running time of 5 hours 
and 31 minutes. The lab demonstrations 
shown in video are from the workbook in- 
cluded with the series. Also included is a 180 
page text and a study guide. 

There is ample use of reinforcement in the 
presentation and in the self-scoring quizzes 
at the end of most of the modules. 

Digital troubleshooting videotapes 
Introduction to digital electronics/ 
90421 D Lesson 1 12 Mins. 
Digital products and techniques are becom- 
ing more popular and widely used. This les- 
son looks at some of the areas where digital 
techniques are used-areas such as comput- 
ers, communications, telemetry, test equip- 
ment, industrial control, and consumer 
electronics. It also points out how the inte- 
grated circuit (IC) has caused a virtual ex- 
plosion in the use of digital techniques. 
Widely used terms and concepts such as bi- 
nary, digital, analog, gates, and memory are 
explained. The lesson concludes with a com- 
parison of digital and analog techniques, a 
summary, and a short, self-scoring quiz. 

Binary nature of digital circuits 
90422D Lesson 2 18 Mins. 
Digital circuits operate using the binary or 
two-digit number system. Binary digits (bits) 
are introduced in this lesson covering the op- 
eration of the pure binary and Binary Coded 
Decimal (BCD) systems. Mechanical or 
transistor switches can be used to control the 
two logic levels used to represent binary data. 
Either positive or negative logic systems can 
be used to represent binary numbers, and 
they can be transmitted in either serial or 
parallel fashion. This lesson concludes with a 
summary and a short, self-scoring quiz. 

Basics of transistors and IC’s 
90423D Lesson 3 18 Mins. 
Integrated Circuits have revolutionized digi- 
tal electronics. An IC contains many transis- 
torized circuits switch between two voltage 
levels that represent binary 1’s and 0’s. Be- 
cause of their importance, this lesson reviews 
the basics of transistors and diodes. PN junc- 
tion diodes are covered first, then PNP and 
NPN junction transistors are reviewed. The 
lesson then discusses how transistors can be 
operated as either saturated or non-saturated 
switches. Metal Oxide Semiconductor 
(MOS) transistor switches are also covered. 
Packaging and classification of Integrated 
Circuits are the final topic in this lesson fol- 
lowed by a summary and a short, self-scoring 
quiz. 
Logic gates and symbols 
9042D Lesson 4 25 Mins. 
Logic gates and flip-flops are the two main 

ual study 

digital building blocks. This program covers 
six basic logic gates and their symbols. The 
logic circuits covered are the AND, NAND, 
OR, NOR, Exclusive OR, and Inverter. 
After the operation of each logic element is 
explained using logic symbols, the operation 
of a circuit is demonstrated. Next, trouble- 
shooting of gate circuits is covered, then the 
use of logic troubleshooting tools is demon- 
strated. The lesson ends with a summary and 
a short, self scoring quiz. 

Note: The loeic symbols included in this series are based on 
ANSI Y32.14/IEEE 91.193. This industry standard document su- 
percedes MIL-STD-808 B/C and is approved for use by the US.  
Department 01 Defense. 

Introduction to digital IC families 
904251) Lesson5 29 Mins. 
This is the first of two lessons dealing with 
digital IC families. In this section DCTL, 
RTL, and DTL are covered. 

This videotape begins with a review of logic 
gates consisting of the circuit diagram, truth 
table, logic diagram, and Boolean expression. 
Several schematics from an actual instru- 
ment are explained. Equivalent gates, shown 
on these schematics, are discussed according 
to function. This is followed by a discussion 
of the history of gate design as it applies to 
the digital troubleshooter, so that bad troub- 
leshooting practices can be avoided. The les- 
son concludes with a short, self-scoring test. 

Modern digital IC families 
90426D Lesson 6 27 Mins. 
This is the second of two lessons dealing with 
digital IC families. In this section TTL, 
HTL, ECL and CMOS are covered. 

This videotape begins with a review of the 
principles introduced in Lesson 5, then ex- 
plains how the five subfamilies of TTL work 
(Standard TTL, Low Power TTL, High 
Speed TTL, Schottky TTL, and Lower Pow- 
er Schottky TTL. Also explained are open- 
collector TTL and three-state logic. Similar 

discussion occurs about HTL, ECL, and 
CMOS families. The lesson concludes with 
troubleshootine. as aDD1ied only to families. 

I .. 
Simple troubleshooting techniques 
90427D Lesson 7 18 Mins. 
Experienced service technicians use a num- 
ber of simple troubleshooting tools and tech- 
niques to help reduce repair time and 
eliminate the need for electrical measure- 
ment, when servicing integrated circuit as- 
semblies. 

This program focuses attention on logical 
approach to troubleshooting, highlighting 
simple techniques of isolating and replacing 
defective components on integrated circuit 
assemblies. 

Troubleshooting digital IC’s 
90428D Lesson 8 27 Mins. 
Fundamental differences betwen analog and 
digital circuits make traditional trouble- 
shooting tools inefficient. Products designed 
especially for testing digital circuits include: 
The Logic Clip, Logic Probe, Logic Pulser, 
Current Tracer, and Logic Comparator. This 
program takes a close look at these IC 
Troubleshooters. Also covered are the types 
of failures found in digital integrated circuits 
and how to troubleshoot them. 

Flip-flops 
90429D Lesson 9 31 Mins. 
Flip-flops are one of the main building blocks 
of digital circuits. This program covers both 
the NAND and NOR RS, closed RS, D, T, 
and J K  flip-flops. The theory of operation of 
each flip-flop is covered using ANSI Y32. 
I4/1EEE 91-1973 logic symbology. Then, 
the flip-flop is demonstrated and its oper- 
ation summarized. Clocked logic, edge and 
level triggering, direct set and reset inputs, 
and troubleshooting flip-flops are also COV- 
ered. 



theory of operation of each flipflop is cov- 
ered using ANSI Y32.14/IEEE 91-1973 
logic symbology. Then, the flip-flop is dem- 
onstrated and its operation summarized. 
Clocked logic, edge and level triggering, di- 
rect set and reset inputs, and troubleshoot- 
ing flip-flops are also covered. 

Counters and shift registers 
90430D Lesson 10 30 Mins. 
Counters and Shift Registers are the two 
most popular uses of flip-flops. This program 
covers binary and decade counters, both rip- 
ple and synchronous types. Also covered are 
up and down counters, presettable counters, 
frequency dividers, circular shift registers 
and strobed displays. The operation of each 
circuit is first explained using logic symbols, 
then demonstrated. Troubleshooting is the fi- 
nal topic in this program. The lesson ends 
with a short, self-scoring quiz. 

Combinational logic circuits 
90431 D Lesson 11 30 Mins. 
The basic building blocks of combinational 
logic circuits are gates. In this videotape we 
see how gates are combined to form line driv- 
ers, three-state drivers, one-shot multivibra- 
tors, multiplexers, adders, and code 
converters. 

After an overview of the operation of these 
devices, they’re shown in actual use in a pro- 
duction. 

The program concludes with a section on 
troubleshooting, which deals with typical 
problems which may arise in combinational 
logic circuits. 

Display technologies 
90432D Lesson 12 30 Mins. 
A large variety of display technologies is 
used with digital circuits. This program looks 
a t  the types and configurations of displays, 

then discusses typical troubleshooting prob- 
lems specific to them. Some of the types cov- 
ered are neons, gaseous discharge tubes, and 
light emitting diodes (both segmented and 
dot matrix forms). Included is a discussion 
on planar tubes, incandescent displays, and 
liquid crystals. 

In the troubleshooting section typical 
faults the tecnicians might encounter are dis- 
cussed. Each of these faults is demonstrated 
and solutions are suggsted. 

IC manufacturing 
90433D Lesson 13 11 Mins. 
A basic knowledge of IC manufacturing 
should prove helpful to anyone involved in 
servicing digital equipment. 

Manufacturing IC’s involves a photo- 
graphic process, and a series of masks is used 
to control the areas where impurities are al- 
lowed to diffuse; forming semiconductors. 
This program shows the steps in the manu- 
facture of IC’s, starting with an actual wafer 
and following it through to a completed IC 
package. 

Me m o r i e s 
90434D Lesson 14 25 Mins. 
Due to the many unique demands of today’s 
users of computers and calculating devices, 
many different configurations for different 
types of memory. This lesson considers six 
types of memory-punched paper tape, 
punched cards, magnetic (reel-to-reel and 
cartridge), magnetic disks (hard and floppy), 
ferrite core, and semiconductor. 

This lesson defines and describes the use of 
sequential access and Random Access Mem- 
ory (RAM), volatile and nonvolatile mem- 
ory, Read/Write Memory, Read-only 
Memory (ROM) and Programmable Read- 
Only Memory (PROM). Tips on handling 
the various types of memory conclude the 
program. 

Practical Transistors 90 1 OOD 
The widely used Practical Transistor Se- 

ries is a definitive, 15-tape excursion into the 
exceedingly important (and mysterious) 
world of transistors. As outlined below, each 
highly informative program in the wide- 
ranging series is primarily concerned with 
examining the many practical aspects of 
transistors rather than just dwelling on the- 
ory and math. The end result, after viewing 
this popular series, will be a deeper working 
understanding of transistors which will make 
maintenance and troubleshooting problems 
far easier and more efficient. The series is 
therefore highly recommended for electron- 
ics students, service personnel and engineers. 

A supplementary textbook by transistor 
authority George Stanley Jr. (who also hosts 
the series), plus a complete set of homework 
problems and answers, is included with the 
nearly nine hours of video taped material: 

Transistors vs. tubes 
90030D330 Lesson 1 30 Mins. 
The first program in the 15-part series intro- 
duces author George C. Stanley Jr., who de- 
fines the objectives of the course, describes 
the text upon which the course is based and 
explains the use of the homework problems. 
The rest of the program then reviews and 
builds upon the student’s prior knowledge to 
make comparisons between vacuum tubes 
and transistors. 

Temperature effects 30 Mins. 
90030D316 Lesson 2 
Part 2 develops the various common tech- 
niques of biasing transistors, and emphasizes 
the effects of heat on transistor circuits with 
demonstrations. 

Current/voltage drive 41 Mins. 
90030D317 Lesson 3 
Part 3 is concerned with the comparison be- 
tween voltage drive and current drive in tran- 
sistor circuits. During this program, several 
concepts are developed which become impor- 
tant building blocks for the rest of the course. 

,Answers by inspection 
90030D318 Lesson 4 43 Mins. 
Part 4 develops the first of several valuable 
timesaving rule-of-thumb formulas: a simpli- 
fied expression for voltage gain. Demonstra- 
tions serve to illustrate the usefulness and 
effectiveness of this formula. 

Answers by inspection 
90030D319 Lesson 5 40 Mins. 
Part 5 develops additional rule-of-thumb 
formulas for the calculation of voltage gain 
with feedback, input impedance, output im- 
pedance, and distortion in common emitter 
circuits. 

Answers by inspection 
90030D331 Lesson 6 37 Mins. 
Part 6 concentrates on the emitter follower 
circuit and develops expressions for its volt- 
age gain, and input and output impedance. 



their typical applications. The series con- 
cludes with a short presentation on how the 
many special video effects were created for 
the various tapes in the series. 

Ordering information 
To order video programs, books, or the 

Logic Lab, please contact your local Hew- 
lett-Packard field engineer. As a conve- 
nience, regional Hewlett-Packard Sales and 
Service offices are listed inside back cover. 

Answers by inspection 
90030D319 Lesson 5 40 Mins. 
Part 5 develops additional rule-of-thumb for- 
mulas for the calculation of voltage gain with 
feedback, input impedance, output imped- 
ance, and distortion in common emitter cir- 
cuits. 
Answers by inspection 
90030D331 Lesson 6 37 Mins. 
Part 6 concentrates on the emitter follower 
circuit and develops expressions for its volt- 
age gain, and input and output impedance. 

Multistage amplifiers 
90030D322 Lesson 7 44 Mins. 
Part 7 is devoted to applying the knowledge 
gained in Parts 4.5, and 6 to an analysis of a 
three-stage transistor amplifier. Demonstra- 
tions on a actual circuit illustrate the accura- 
cy of the approximations involved. 

Troubleshooting 
90030D323 Lesson 8 43 Mins. 
The information obtained in preceding pro- 
grams is further clarified in Part 8, which 
covers troubleshooting on both single-stage 
and multi-stage transistor circuits. Class 
problems are presented and solved using ac- 
tual circuits. 
Feedback amplifiers 
90030D324 Lesson 9 27 Mins. 
Part 9 first reviews single-stage and multi- 
stage circuits with feedback. Valuable trou- 
bleshooting tips for feedback circuits are 
then illustrated with demonstrations. 

Why a transistor amplifies 
90030D325 Lesson 10 27 Mins. 
Part I O  illustrates how and why transistors 
amplify electrical signals. Discussion of the 

roles of majority and minority carriers leads 
to an intriguing example of the effect of nu- 
clear radiation on transistor performance. 

Troubleshooting 
90030D326 Lesson 11 33 Mins. 
Part 1 1  is devoted to more practical applica- 
tions of what has been learned so far. Dem- 
onstrations of troubleshooting are given on 
an actual multistage transistor amplifier to 
illustrate common failure patterns. 

Fets and unijunctions 
90030D327 Lesson 12 34 Mins. 
Part 12 provides explanations of the oper- 
ation of both junction and MOS field-effect 
transistors. Troubleshooting tips and the ef- 
fects of nuclear radiation on these devices are 
given. The program concludes with the oper- 
ation of the Unijunction transistor. 
Breakdown diodes 
90030D328 Lesson 13 37 Mins. 
Part 13 compares Zener and avalanche di- 
odes in terms of their temperature coefficient 
of voltage. This leads to a discussion of the 
use of various kinds of diodes for tempera- 
ture compensation networks. 

SCR’s and tunnel diodes 
90030D329 Lesson 14 28 Mins. 
Part 14 covers the operation and the uses for 
silicon controlled rectifiers and tunnel di- 
odes. Special video effects help to explain the 
complexities of tunnel diode operation. Com- 
parisons are then drawn to other semicon- 
ductor devices. 
PIN, SRD, and HC diodes 
90030D332 Lesson 15 28 Mins. 
Part 15 explains step recovery diodes, hot 
carrier diodes, and PIN diodes, and outlines 

HP Product Number 
90420D Digital Troubleshooting 
(14 videocassettes, plus a text- 
book, lab workbook, and study 
guide) 
Individual videocassettes 
90421 Introduction to Digital 
Electronics 
90422D Binary Nature of 
Digital Circuits 
90423D Basics of Transistors 
and IC’s 
90424D Logic Gates and 
Symbols 
90425D Introduction to 
Digital IC Families 
90426D Modern Digital IC 
Families 
90427D Simple Trouble- 
shooting Techniques 
90428D Troubleshooting 
Digital IC’s 
90429D Flip-Flops 
904301) Counters and Shift 
Registers 
90431D Combination Logic 
Circuits 
90432D Display Technologies 
90433D IC Manufacturing 
90434D Memories 
Books 
90500E Digital Trouble- 
shooting Textbook 
90500F Digital Experiments 
(Lab Workbooks 
90500G Digital Trouble- 
shooting Study Guide 

Price 

$3,600 

$275 

$300 

$325 

$375 

$375 

$375 

$375 

$375 
$375 

$375 

$375 
$375 
$250 
$375 

$9.95 

$8.95 

$2.50 

Lab experiments are used to reinforce 
learning. They require access to a digital ex- 
perimenter’s kit such as the H P  5035T Logic 
Lab. 
90100D Practical Transistors 
( 1  5 monochrome videocas- 
settes plus a textbook, work- 
book problem sets) $1,687.50 
90100M Transistor Basics text- 
book $5.95 
90100N Practical Transistors Stu- 
dent workbook $5.50 
Local taxes, shipping and handling will be 
added to all orders. 

Midterm examinations, final examination, 
examination solutions and certificates of 
completion are supplied with the purchase of 
90100D and 90420D, but are shipped sepa- 
rately. See your local HP field engineer for 
details. 

Video programs are supplied in NTSC 
Standard only. 

Formats other than %“ videocassette can 
be quoted on request. 
Domestic US. Prices only. 
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52-2 

57 
63E 
63E-1 

64- 1 

64-2 

70 
77-1 

77-3 

77-4 

HP-80 
80-001 

80-002 

80-003 

Fundamentals Of Time And 
Frequency Standards 
Timekeeping And Frequency 
Calibration 
Noise Figure Primer 
Modern EM1 Measurement 
Quasi-Peak Measurements Us- 
ing A Spectrum Analyzer 
Fundamentals Of R F  And Mi- 
crowave Power Measurement 
Extended Applications Of Auto- 
matic Power Meters. 
Precise DC Measurements 
Transistor Parameter Measure- 
ments 
Complex Impedance Measure- 
ments 
Swept-Frequency Group Delay 
Measurements 
Financial Pocket Calculator 
Direct Reduction Loan Amorti- 
zation Calculations 
Annuity Due Calculations For 
Savings Funds 
Annuity Due Calculations For 
Savings Plans When Compound- 
ing Periods Differ From Pay- 
ment Periods 

80-004 

80-005 

80-006 
80-007 

80-008 

80-009 

80-010 
86 

89 

91 

95-1 

114 

115 

Annual Percentage Rate For 
Loans With A Balloon Payment 
Price And Yield Calculations 
For Mortgages Traded At A 
Discount/Premium 
Annuity Due And Present Value 
Calculating Logs, Anti-Logs, 
And Roots Of Numbers 
Yield And Periodic Payment 
Amount Calculations For Leases 
With A Balloon Payment Or Re- 
sidual Value 
Internal Rate Of Return (IRR) 
For Uneven Cash Flows 
Linear Regression Calculations 
Using The Vector Impedance 
Meters 
Magnetic Tape Recording 
Handbook 
How Vector Measurements Ex- 
pand Design Capabilities-1 To 
1,000 MHz 
S-Parameter Techniques For 
Faster, More Accurate Network 
Design 
A2A Video Transmission Sys- 
tem Alignment 
Principles Of Cathode-Ray 

117-1 

117-2 

121-1 

121-2 

123 

124 
126 

128 

133-1 

134 

135-2 

135-12 

Tubes, Phosphors, And High- 
Speed Oscillography 
Microwave Network Analyzer 
Applications 
Stripline Component Measure- 
ments With The 8410A Net- 
work Analyzer 
Network Analysis With The H P  

Swept Impedance With The 
8407A Network Analyzer 0.1- 
110 MHz 
Floating Measurements And 
Guarding 
True RMS Measurements 
Theory And Applications Of 
Wave Analyzers 
Applications Of A DC Constant 
Current Source 
Low Frequency Pulse Amplitude 
Measurements 
Audio Frequency Measurements 
With The 8556A-8552B Spec- 
trum Analyzer 
High-Volume Production Test- 
ing 
Depot Testing Of Avionic Mod- 
ules 

8407A 0.1-1 10 MHz 
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140-3 
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140-6 
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141 

142 
145-5 

145-1 1 

145-13 

145-21 

145-23 

145-24 

150 

1508 

150-1 

Viggen Avionic Support 
Television Set Production Revo- 

~ 

lutionized By Automatic Align- 
ment And Test 

35-25 Automation In Production Test- 
ing 

36 Understanding And Operating 
The 8555A Spectrum Analyzer 
And 8445B Automatic Preselec- 
tor 

40 Fourier Analvxer Training Man- , --- - 0 - . . -. . -. . .. .- 

ual 
Dynamic Testing Of Mechanical 
Systems Using Impulse Testing 
Techniques 
Digital Auto-Power Spectrum 
Measurements 
Measurement Of Machine Tool 
Vibration 
Nuclear Power Plant Diagnos- 
tics Using Fourier Analysis 
Techniques 
AM, FM Measurements With 
The Transfer Oscillator 
EM1 Measurement Procedure 
Computer System Helps Gra- 
duate Business School Teach 
Management Technology 
Time-shared Systems Expand 
Scope Of Education 
Computer Systems Raise Stu- 
dent Achievement Levels 
Minicomputer Systems Modern- 
ize Administration, Expand In- 
struction 
Minicomputer System Provides 
Broad Administrative Support 
Time-sharing System Provides 
Administrative Capabilities, Ex- 
pands Instruction 
Spectrum Analysis. . .Spectrum 
Analyzer Basics 
Spectrum Analysis. . .Using 
The 8557A And 8558B Spec- 
trum Analyzers 
Spectrum Analysis. . .AM And 

R F  
Spectrum - Analysis. . .Tracking 
Generators 

Measuremen, 

Photography 
cording Tech 

150-7 Spectrum 
Enhancemeni 

150-8 SDectrum Ai 

150-4 Spectrum 

150-5 Spectrum 

~~ 

150-9 

150-10 

150-1 1 

150-12 

152 
154 
155- 1 

155-2 

156-1 
156-2 
156-3 

156-4 
156-5 

157 

158 
161-1 

161-5 

161-7 

Analysis. . .Noise 

Analysis. . . CRT 
And X-Y Re- 

niques 
Analysis. . .Signal 

t 
~ ialysis. . .Accuracy 

Improvement 
Spectrum Analysis. . .Noise 
Figure Measurement 
Spectrum Analysis. . .Field 
Strength 
Spectrum Analysis. . . Distortion 
Measurements 
Spectrum Analysis, . .Using 
The HP 11517A External Mixer 
To 40 GHz 
Probing In Perspective 
S-Parameter Design 
Active Device Measurements 
With The H P  8755 Frequency 
Response Test Set 
100 dB Dynamic Range Mea- 
surements Using The HP 8577 
Frequency Response Test Set 
Remote Laser Interferometry 
Calibration Of A Surface Plate 
Principles Of Automatic Com- 
pensation 
Calibration Of A Machine Tool 
Measurement Of Straightness 
Of Travel 
Low Frequency Gain Phase 
Measurements 
Selecting The Right DVM 
Hewlett-Packard Series 9800: 
The Name And Number That 
Saves Time And Money 
Computing Calculators. . .A 
Competitive Edge For Real Es- 
tate Investment Analysis 
Low-Cost Calculator System 

ts 

161-11 
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Physicists 
King and King Architects And 
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agement System 

162-1 Time Interval Averaging 
163-1 Techniques Of Digital Troul 

shooting 
164-2 Calculator Control Of 'I 

8660A/C Synthesized Sig 
Generator 

164-3 New Techniques For Analyz -. - . - 
164-4 

166 

166-2 

1674 

167-5 

167-6 

167-7 

167-8 

167-9 

167-10 

167-1 1 

167-12 

167-12A 

167-13 

>le- 
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ing 
Phase LOCK LOOPS 
Digital Phase Modulation 
(PSK) And Wideband FM 
Large Screen Display Applica- 
tions And Interfacing 
1304A Large Screen Display 
Applications And Interfacing 
Engineering In The Data Do- 
main Calls For A New King Of 
Digital Instrument 
Troubleshooting In The Data 
Domain Is Simplified By Logic 
Analyzers 
Mapping, A Dynamic Display 
Of Digital System Operation 
Supplementary Data From Map 
Displays Without Changing 
Probes 
Stable Displays Of Disc System 
Waveforms Synchronized To 
Record Address 
Functional Analysis Of The Mo- 
torola M6800 Microprocessor 
System 
Using The 1620A For Serial 
Pattern Recognition 
Functional Analysis Of INTEL 
8008 Microprocessor System 
Functional Analysis Of Fair- 
child F8 Microprocessor Sys- 
tems 
Functional Analysis Of MOS- 
TEK F8 Microprocessor Sys- 
tems 
The Role Of Logic State Ana- 
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170-1 

170-2 

171-1 

171-2 
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173-1 

174-0 

174-1 

174-2 

174-3 
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lyzers In Microprocessor Based 
Designs 
Functional Analysis Of 8080 
Microprocessor Systems 
Functional Analysis Of INTEL 
4004 Microprocessor Systems 
Functional Analysis Of INTEL 
4040 Microprocessor Systems 
Functional Analysis Of National 
IMP Microprocessor Systems 
Functional Analysis Of National 
Semiconductor SC/MP Micro- 
processor System 
Systematic “Turn-On” Of Mi- 
croprocessor Systems Using 
Logic State Analyzers 
H P  8640A/B Signal Generator 
Output Level Accuracy 
The 8640A/B Third Order In- 
termodulation Product Charac- 
teristics 
Crystal Testing With The 
8640A/B And 8405 
Extending The 8640B Frequen- 
cy Down To DC 
Recent Advances In Pulsed R F  
And Microwave Frequency 
Measurements 
Dynamic Measurement Of Mi- 
crowave Voltage Controlled Os- 
cillators With The 5345A 
Electronic Counter 
Index To The AN-174 Applica- 
tion Note Series 
Measuring The Transfer Char- 
acteristic Of A Voltage Con- 
trolled Oscillator 
Measuring Differential Nonlin- 
earity Of A Voltage Controlled 
Oscillator 
Measuring Integral Nonlinear- 
ity Of A Voltage Controlled Os- 
cillator 
Measuring Dual VCO Tracking 
Error 
Determining Probability Densi- 
ties (Histograms) With The 
5345A Electronic Counter 

174-6 

174-7 

174-8 

174-9 

174-10 

174-1 1 

174-12 

174-13 

175-1 

176-1 

176-3 

176-4 

176-5 

176-6 
176-7 
176-8 

176-10 

176-11 

176-12 

176-13 

Measuring The Stability Of A 
Frequency Source 
Measuring Fractional Frequen- 
cy Standard Deviation (SIG- 
MA) Versus Averaging Time 
(TAU) 
Measuring FM Peak-to-Peak 
Deviation 
Making Automatic Phase Mea- 
surements With The 5345A 
Electronic Counter 
Measuring Electrical Length 
Delay of Cables 
Measuring Warm-up Charac- 
teristics And Aging Rates Of 
Oscillators 
Measuring Frequency Sweep 
Linearity Of Sweep Generators 
Measuring The Tuning Step 
Transient Response Of VCOs 
To I8 GHz 
Differential Phase And Gain At 
Work 
Line Shape And High Mass Sen- 
sitivity Of The Dodecapole 
500-FEMTOGRAM Detection 
Of DDT By GC/MS 
Analysis Of Commercial Alpha- 
Olefin: Open Tubular Column 
GC/MS 
A Comparison Of Magnetic Sec- 
tor And Dodecapole Spectra 
Column Technology In GC/MS 
Doubly-Charged Ions 
Expolsives: Analysis UsingDual 
Chemical/Electron Ionization 
GC/MS 
Methane: Its Usefulness As Both 
Carrier And Reactant Gas In 
Chemical Ionization GC/MS 
Femtomole Analysis Of A Bio- 
genic Amine By GC/MS 
Picogram Detection Of Tetrach- 
lorodibenzcdioxin 
Reactant Gas Selection In 
Chemical Ionization Mass Spec- 
trometry Part I (See 176-18 For 
Part 11) 

176-14 

176-15 

176-16 

176-17 

176-18 

176-19 
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176-22 

176-23 

176-24 

176-25 

181-1 

181-2 

183 

185 

185-2 

185-3 

Picogram Detection Of An Anti- 
convulsant By Chemical Ioniza- 
tion GC/MS 
Analysis Of Pollutants In Urban 
Air By GC/MS 
Analysis Of Derivatized Amino 
Acids By Chemical Ionization 
GC/MS 
Effect Of A Membrane Separa- 
tor On GC/MS Peak Shape And 
Retention Characteristics 
Reactant Gas Selection In 
Chemical Ionization Mass Spec- 
trometry: Part 11. (See 176-13 
For Part I) 
Use Of A Mixed Reagent Gas 
For Chemical Ionization 
GC/MS 
Automatic Data Reduction And 
Analysis Using Batch Processor 
GC/MS 
Analysis Of Chloropesticides 
And PCBs In Cheese By Glass 
Capillary GC/MS Using The 
Selected Ion Monitoring Tech- 
nique 
Capillary Column GC/MS 
Analysis Of Essential Oils 
GC/MS Analysis Of Volatile 
Organic In Water 
Ensuring Reproducible Mass 
Spectral Patterns With Auto- 
matically Tuned GC/MS Sys- 
tems 
Measuring Linearity Of VCOs 
From lOHz To 23 GHz 
Data Acquisition With The 
5300B Measuring System 
High Frequency Swept Mea- 
surements 
Waveform Parameter Measure- 
ments Using The Micorproces- 
sor Controlled Oscilloscope 
(1722) 

Transmission Line Matching 
And Length Measurements Us- 
ing Dual-Delayed Sweep 
Percent Amplitude Modulation 
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Measurements In The Time Do- 
main 
Elimination of Computation of 
Analog Measurements By Using 
The Direct Reading Oscilloscope 
1722 
Dual-Delayed Sweep For Pre- 
cise Time Interval Measure- 
ments 
Configuration Of A 2-18 GHz 
Synthesized Frequency Source 
Using The 8620C Sweep Oscil- 
lator 
Three HP-IB Configurations For 
Making Microwave Scalar Mea- 
surements 
Configuration Of A Two-Tone 
Sweeping Generator 
Calculator Control Of The 
8620C Sweep Oscillator Using 
The HP-IB 
Thermocouple Measurements 
With The 3050B 
40 GHz Frequency Measure- 
ment With Standard Instru- 
ments 
Time Interval Measurement US- 
ing An Electronic Counter 
Automatic Zero Calibration Of 
The 5359A Time Synthesizer At 
A Designated Remote Location 
Determining Digital Circuit 
Timing Tolerance To Optimize 
Adjustment Or Design 
Precision Time Interval Mea- 
surements In Radar Applica- 
tions 
Using The 5370A Universal 
Time Interval Counter To Char- 
acterize Pulse Width, Repetition 
Rate And Jitter 
Using A Narrow Band Analyzer 
For Characterizing Audio Pro- 
ducts 
Pulse Generator Techniques In 
CMOS Applications 
Automatic Measurements Using 
HP 436A Power Meter 
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Laser Interferometers For Posi- 
tion Feedback 
Laser And Optics 
Event-Related Triggering. . . A  
Clear Solution For Digital Sig- 
nals 
Small Screen Displays-Medi- 
cal Diagnostic System Applica- 
tions And Interfacing 
New Fundamentals of The Elec- 
tronic Counters 
Fundamentals Of Microwave 
Frequency Counters 
Fundamentals Of Quartz Oscil- 
lators 
Routine QA Measurements Of 
Precision Resistors 
Measuring Differential Non- 
Linearity Of A Voltage Con- 
trolled Oscillator 
A Multiple Station Electronic 
Test System 
Performance Evaluation Of HP- 
IB Using RTE Operating Sys- 
tems 
The HP-1B Link: Control Of 
Distributed HP-IB Devices 
Computer Interconnections: A 
Choice Of Ways To Link H P  
1000 System To H P  9825AS 
Desktop 
HIgh-Performance Software 
For The H P  3455AJ3495A Sub- 
system 
Optical Mark Readers Substan- 
tially Increase Productivity 
Optical Mark Readers Provide 
Low Cost Data Entry Into An 
H P  3000 Computer System 
Distributed H P  Optical Mark 
Readers Provide Easy Remote 
Data Collection 
Automatic Accelerometer Cali- 
bration 
Energy Conservation In A Res- 
taurant 
Low Frequency Amplitude Con- 
siderations Of The 3042A Sys- 
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Measuring Wide-Band Noise 
With The HP-3045A Automatic 
Spectrum Analyzer 
Understanding And Using Phase 
Noise In The Frequency Domain 
Building An Inventory Control 
Data Base 
Building An Order Processing 
Data Base 
Recording With Input Noise 
Present 
X-Y Recorder Dynamic Re- 
sponse 
X-Y Recorder Input Connection 
Configuration And Input Noise 
High Sensitivity X-Y Recorder 
Has Few Restrictions 
A More Rugged, Cleaner Writ- 
ing Oscillographic Ink Recorder 
A Guide To The Use Of The H P  
3570A1357 1 A Analyzers 
Applications And Performance 
Of The 8671A/8672A Micro- 
wave Synthesizers 
Obtaining Millihertz Resolution 
From The 8671A And 8672A 
A 1 MHz-18 GHz Signal Gener- 
ator With 1,2, Or 3 I.Iz Resolu- 
tion 
H P  8595A R.F. Network Ana- 
lyzer Basic Measurements 
Operating the H P  8565A Spec- 
trum Analyzer 
Semi-Automatic Measurements 
Using The 8410B Microwave 
Network Analyzer And The 
9825A Desktop Computer 
A Designer's Guide To Signa- 
ture Analysis 
Oscilloscope Measurements In 
Digital Systems 
Signal Conditioning: HP 
229 14A Breadboard Card 
Measuring Phase Spectral Den- 
sity Of Synthesized Signal 
Sources Exhibiting f o  and f '  
Noise Characteristics With The 
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5390A Frequency Stability Ana- 
lyzer 
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With the 8950A 
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Multi-Channel Applications 
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Applications And Operation Of 
The Nitrogen-Phosphorus De- 
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Splitless Injection On Capillary 
Columns 
Automated Determination Of 
Benzene Adsorbed On Charcoal 
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HP-Plot/21 Software Conver- 
sion Guide 
HPLC Of Pharmaceutical Pro- 
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HPLC Method Development On 
The HP 1084A 
Theophylline Assay By High 
Performance Liquid Chromato- 
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tems Using the 1610A 
Functional Analysis Of TMS 
9900 Microprocessor Systems 
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Microprocessor Systems Using 
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Functional Analysis Of Motor- 
ola M6800 Microprocessors Sys- 
tems Using the 1610A 
An Introduction To Balanced 
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3582A Spectrum Analyzer 
Measuring The Coherence 
Function With The HP 3582A 
Spectrum Analyzer 
Using The HP 3585A Spectrum 
Analyzer With The HP 9825A 
Computing Controller 
Understanding Hewlett-Pack- 
ard‘s Model 16 15A Logic Ana- 
lyzer 
An Example Of Automatic 
Measurement Of Conducted 
EM1 With The H P  8568A Spec- 
trum Analyzer 
Making Complex Measure- 
ments With The H P  Model 
1602A Logic State Analyzer 
Monitoring the IEEE-488 Bus 
With The 1602A Logic State 
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8800 Medical Systems-Pres- 
sure Measurement 
8800 Medical Systems-ECG 
Measurement 
8800 Medical Systems-Heart 
Sound Measurement 
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Phono System 
Patient Safety 
ECG Application Note for 
Nurses 
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5082-7300 Series Solid-state 
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Display Installation Techniques 
High Speed Optically Coupled 
Isolators 
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When you purchase a Hewlett-Packard 
product, you also receive the assurance that 
it will continue to perform to its published 
specifications today, tomorrow, next week- 
and for a reasonable number of months and 
years in the future. 

We firmly believe that our obligation to 
you as a customer goes much beyond just the 
delivery of your new H P  product. This phi- 
losophy is implemented by Hewlett-Packard 
in two basic ways: (1) by designing and 
building excellent products with good ser- 
viceability, and (2) by backing up those pro- 
ducts with a customer service program wich 
can respond to your needs with speed and 
completeness. 

The H P  customer service program is one of 
the most important facets of our worldwide 
operations, providing a local service capabili- 
ty in many of our field offices (listed inside 
the back cover of this catalog.) Indeed, this 
customer service program is one of the major 
factors in Hewlett-Packard’s reputation for 
integrity and responsibility towards its cus- 
tomers. 

Warranty 
As an expression of confidence in our pro- 

ducts to continue meeting the high standards 
of reliability and performance that custom- 
ers have come to expect, Hewlett-Packard’s 
products carry the following warranty: 

Warranty statement 
Hewlett-Packard (HP) products are war- 

ranted against defects in materials and work- 
manship. The warranty period for each 
product will be provided on request at the 
time of sale and is specified in documentation 
supplied with the product. During the war- 
ranty period, H P  will, at its option, either re- 
pair or replace products which prove to be 
defective. 

Within HP service travel areas, warranty 
service for products installed by H P  and cer- 
tain other products designated by H P  will be 
performed a t  Buyer’s facility at no charge. 
Outside H P  service travel areas, warranty 
service will be performed a t  Buyer’s facility 
only upon HP’s prior agreement and Buyer 
shall pay HP‘s round trip travel expenses. In 
all other cases, products must be returned to 
a service facility designated by HP. 

Buyer shall prepay shipping charges for 
products returned to H P  for warranty service 
and H P  shall pay for return of the products 
to Buyer. However, Buyer shall pay all ship- 
ping charges, duties and taxes for products 
returned to H P  from another country. 

Limitation of warranty 

defects resulting from: 

by Buyer; 

ing; 

’ 

The foregoing warranty shall not apply to 

1. Improper or inadequate maintenance 

2. Buyer-supplied software or interfac- 

3. Unauthorized modification or misuse; 
4. Operation outside of the environmen- 

tal specifications for the product; or 
5.  Improper site preparation or mainte- 

nance. 
No other warranty is expressed or implied. 

HP specifically disclaims the implied war- 
ranties of merchantability and fitness for a 
particular purpose. 

AFTER-SALE SERVICE 
Warranty, certification, repair service, parts 

With Heiiett-Packard you ge>-excellent products backed by 
a responsive customer service program. 

Exclusive remedies 
The remedies provided herein are Buyer’s 

sole and exclusive remedies. H P  shall not be 
liable for any direct, indirect, special inci- 
dental, or consequential damages, whether 
based on contract, tort or any other legal 
theory. 

Certification 
Some customers are especially interested 

in the test and quality assurance programs 
that H P  applies to its products. These Hew- 
lett-Packard programs are documented in a 
Certificate of Conformance which is avail- 
able upon request at the time of purchase. 
This certificate states: 

Products, materials, parts, and services 
furnished on this order have been provided 
in accordance with all applicable Hewlett- 
Packard specifications. Actual inspection 
and test data pertaining to this order is on 
file and available for examination. 

Hewlett-Packard’s calibration measure- 
ments are traceable to the National Bureau 
of Standards to the extent allowed by the 
Bureau’s calibration facilities. 

The Hewlett-Packard Quality Program 
satisfies the requirements of MIL-Q-9558A, 
MIL-I-45208A. and MIL-C-45662A. 

Repair service 
Help in maintaining your Hewlett-Pack- 

ard equipment in first-rate operating condi- 
tion is as close as a telephone call to the 
nearest Hewlett-Packard field office. 
Whether you want to repair an instrument 
yourself, or send it to a Hewlett-Packard fa- 
cility for repair, recalibration, or overhaul, 
your local Hewlett-Packard field office can 
offer a complete range of technical assis- 
tance. 

Local repair facilities are backed up by Re- 
gional Repair Centers that are located in ma- 
jor industrial areas. The Regional Repair 
centers have more sophisticated test equip- 
ment, factory-trained specialists, and a full 
line of replacement parts. 

If your equipment installation is fixed, and 
if justified by the type of service required, 
Hewlett-Packard will perform service at 
your facility. 

You have access to all of Hewlett-Packards 
extensive service network through your local 
Hewlett-Packard field office. 

Replacement parts 
Replacement parts play a key role in Hew- 

lett-Packard’s customer service program. 
Prompt product maintenance, whether it’s 

performed in your shop or ours, depends on 
the ready availability of replacement parts. 
Your replacement parts orders are transmit- 
ted via high speed communications systems 
to Parts Centers strategically located. Most 
orders are shipped the same day received at 
the Parts CeAdrs. 

When ordering a replacement part, please 
specifv the Hewlett-Packard part number 
listed-in the table and give the complete 
name. If circumstances require your ordering 
a part without specifying the part number, 
please include in your order the instrument 
model number, its serial number, a complete 
description of the part, its function, and its 
location in the equipment. 

Customer service agreements 
Your instrument maintenance require- 

ments in many cases may be handled most 
economically by entering into a Hewlett- 
Packard Customer Service Agreement. 
When you have a customer service agree- 
ment, H P  assumes our maintenance respon- 
sibilities for a basic annual fee. This relieves 
you of having to hire your own trained main- 
tenance specialists, of having to maintain re- 
placement parts inventories, and of having to 
set up the administrative procedures needed 
for proper maintenance scheduling. Please 
contact your nearest H P  office for details. 

Service publications 
The Operating and Service Manual supplied 
with each Hewlett-Packard test and measur- 
ing product contains maintenance, calibra- 
tion, diagnostic and repair procedures, with 
troubleshooting charts and circuit diagrams. 
All replaceable parts are listed. Extra man- 
uals are available a t  reasonable cost from 
your nearby Hewlett-Packard field office. 
Most operating and service manuals with 
changes and service notes are now available 
on COSATI standard, positive microfiche. 

New or special calibration procedures, in- 
strument modifications, and special repair 
procedures are described in detail in Hew- 
lett-Packard Service Notes. This series of 
publications serves as a convenient means of 
updating operating and service manuals. 

Bench Briefs, a periodic newsletter, has 
servicing tips, new modifications and other 
suggestions to help repair and maintenance 
personnel get maximum performance from 
Hewlett-Packard instruments. It describes 
new service notes and other company publi- 
cations as they become available. To become 
a regular subscriber, ask your local H P  field 
office to place your name on the mailing list. 



ORDERING INFORMATION 
I Shipping, prices, and terms of sale 

Communicating with HP 
Hewlett-Packard is committed to provid- 

ing convenient local support and the best pos- 
sible attention to customer needs on a 
worldwide basis. There are more than 172 
sales and service offices located in 65 coun- 
tries; A listing of offices appears on the inside 
back cover of this catalog. 

Your entry point to the resources of Hew- 
lett-Packard is through the local H P  office 
nearest you. Our field engineers and order 
support specialists there are well-equipped to 
provide you with pre-sale assistance in prod- 
uct selection, as well as related business in- 
formation such as current product avail- 
ability and price delivered to your location. 

Many H P  field offices are tied into a so- 
phisticated intra-company communications 
system. This not only means prompt trans- 
mission of orders to any of the 30 H P  product 
responsible divisions-it also speeds the flow 
of regular messages among all H P  field of- 
fices and factories. The objective, of course, 
is to provide the fastest possible response to 
your product interests. 

Placing our order 
Hewlett-Packard people at the field office 

nearest you will be pleased to provide assis- 
tance in selecting the H P  equipment most ap- 
propriate to your needs, and to help you 
prepare your order. 

The information in this catalog will, in 
many cases, be sufficient for you to decide to 
buy a particular H P  product. In those in- 
stances, a telephone call to the nearest H P  
office will provide you with (1) information 
on product availability, and (2) the product’s 
price, delivered to your location (since any 
budgetary prices provided with this catalog 
are FOB appropriate H P  factory or ware- 
house facility. 

H P  wants to be sure the product delivered 
to you is exactly the one you want. Therefore, 
when placing your order, please specify the 
product’s catalog (model, accessory, or part) 
number, as well as the product’s .name. Be as 
complete as possible in specifying exactly 
what you’d like, including standard options. 
In the event you want special features or 

capabilities such as different color or a non- 
standard power line voltage, ask your H P  
field engineer about availability and cost of 
these “specials” first-and then, to prevent 
misunderstandings, include special instruc- 
tions and specification details with your 
order. 

Shipping methods 
Inside the USA: Shipments to destinations 
in the USA are made directly from factories 
or local warehouses. Unless specifically re- 
quested otherwise, express or truck transpor- 
tation is used, whichever is less expensive and 
most seviceable to you. Small items are sent 
parcel post. If fast delivery is needed, we 
gladly ship by air freight, air express, or air 
parcel post, when specified on your order, at 
prevailing rates. In many parts of the USA, a 
consolidated air freight service provides the 
speed of air transport at surface rates. Ask 
your H P  field engineer for details. 
Outside the USA: Shipments to destinations 
outside the USA are made from the appro- 
priate Hewlett-Packard facility by either 
surface or air, as requested. Sea shipments 
usually require commercial export packaging 
a t  a nominal extra charge. 

Budgetary prices 
Price information which may be supplied 

with this catalog provides you with helpful 
budgetary guidance. 

Prices appearing in this catalog, unless oth- 
erwise specified, are F.O.B. USA factory or 
shipping point and apply only to domestic 
U S A .  customers. 

Please call your nearby Hewlett-Packard 
field office to determine a product’s delivered 
price outside of the U.S.A 

Prices furnished with this catalog are net 
prices prevailing at the time of printing. 
Hewlett-Packard reserves the right to change 
prices, and those prices prevailing a t  the time 
an order is received will apply. 

Quotations and pro forma invoices 
Destination prices and other details you 

may need to know before ordering can be 
quickly obtained via telephone. Just call your 
nearest H P  office. 

If you are an international customer re- 
quiring formal paperwork such as pro forma 
invoices or FAX, CIF, or C&F quotations, 
please contact the Hewlett-Packard office or 
representative serving your area. Exporta- 
tion or importation assistance is also avail- 
able. 

Terms of sale 
Inside the USA: Terms are net 30 days from 
invoice date. Unless credit with Hewlett- 
Packard has already been established, ship- 
ments will be made COD or on receipt of 
cash in advance. 

Leasing and extended financial terms are 
available. However, the associated costs are 
not included in any product prices furnished 
with this catalog. Your nearby H P  office will 
be pleased to discuss your requirements, and 
work with you in setting up an appropriate 
program. 
Outside the USA: Terms for orders from 
customers outside the United States of 
America which are placed with the Hewlett- 
Packard Company, are irrevocable letters of 
credit or cash in advance-unless other 
terms have been previously arranged. Terms 
for orders placed with authorized Hewlett- 
Packard international subsidiaries or repre- 
sentatives/distributers are mutually deter- 
mined. 

U.S. government sales 
Most products in this catalog are covered 

on GSA federal supply schedule multi-award 
contracts. 

Product changes 
Although product information and illus- 

trations in this catalog were current a t  the 
time it was approved for printing, Hewlett- 
Packard, in a continuing effort to offer excel- 
lent products at a fair value, reserves the 
right to change specifications, designs, and 
models without notice. 

NOTE: Minimum order in USA $20, except where cash is received with order on over-the-counter or direct mail sales. 


