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PRODUCT EXCELLENCE,
LASTING VALUE

Your assurance of lasting value accom-
panics every Hewletl-Packard praduct,
We intend to continue our long-standing
practice of offering you excellent prod-
ucts, supported by a wide variely ol use-
ful services both belore and after the sale.
HP design technology

Our responsibility 1o you begins with
product designs which apply advanced
technologics, often pionecred at HP
through our extensive ongoing research,
Many of today's commoniy-accepted
measurement standards and practices
began with the design of innovative HP
products.

Advanced (echnology is not (he only
design consideration, however. An HP
productl’s “manufacturability™ and (espe-
cially important after you purchase thu(
producl) its “‘serviceability” also con-
tribute to its lasting value.

HP manufacturing

HP product designers understand the
practical aspects of product manufacture.
This emphasis on modern manufacturing
technology. coupled with superior work-
manship and high productivity. ultimate-
ly delivers high-value HP producis 1o you
at compelitive prices. In addition, HP
manufacturing facilities contribute to the
ultimate serviceability of the products you
purchase by furnishing clear and well-
writlen operaling and service instractions.

Today, Hewleit-Packard has more (han
30 product-responsible divisions located
in California, Colorado. ldaho. New
Jersey, Oregon, Pennsylvan and Massa-
chusetts in the U.S.—uas well as in Scot-
land. the German Federal Republic,
France. Japan, Singapore, Malaysia and
Brazil.

Printed m LI S A

HP product serviceability

Serviceability can mean many things. In
the broadest sense, it means getting il
utilization and value from your purchase,
angd this is ene of HP's principle objec-
tives I serving you

In other ways, it can mean having a
produci that is easy (o understand and op-
crate—us well as one that works under a
variety of adverse conditions and can be
depended upon o perform as expected for
years (o come. As a practical matter, it
also means having a product backed by a
reputable firm so that subsequent mainte-
nance, repairs and parts are readily
available. Hewleu-Packard's world-wide
service organization helps vou receive lull
and continuing value [rom your HP
purchase.

HP SALES AND SERVICE:
NEARBY ... AND WORLDWIDE

Product excellence and value are only
part of the 1otal HP story. Equally impor-
tant 18 the ready availability of local sales
and service support.

To be responsive to your needs and
those of other customers, Hewlett-Pack-
ard has over 3.000 sales and service
engincers and other technical personnel
located in more than 172 offices in 65
countries. This means that a significantly
high percentage (more than 10%) of our
world-wide total number of employees are
specifically and direcily availuble 1o vou
and other HP customers for pre-and-post
xale 1echnical support.

To locate the HP Sales and Service Of-
fice nearest you, please see the listing in-
side the back cover of this catalog.
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Identifies products having the Hewlett-Packard Interface Bus (HP-1B) capability.
HP-1B is our implementation of the IEEE Standard 488 and the identical ANSI Standard

MCIL.1, “Digital interface for programmable instrumentation.”
For the complete story, sce pages 20-29.
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Identifies newly introduced products or capabilities. New products are also indicated
by bold-face listings in the Model Number Index.
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CATALOG CONTENT

This catalog is designed primarily to serve the
needs of engineers, scientists and technicians who
are concerned or work with electrical /electronic
phenomena. It deals with the broad area of mea-
surement (plus generation and recording), as well
as related computation.

HP has many additional capabilities not de-
tailed in this catalog. which are instead summa-
rized on the last few pages. In the event your
work is related to any of these other HP capabili-
ties, we will be pleased to send you specific prod-
uct information on request.
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APC-3.5 Precision Microwave Connectors . . . . . 380
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Cabinets . ..... . ... ... . ... .. ... 484-490
Cabinets, System 11 . ., .. .. ... ... .. 474-479
Cable Assemblies . . .. .. ...._ ... ....... 480
Calculators & Peripherals ... ... ... ...... 520
8-bit Parallel Interface ................ 531
16-bit Duplex Interface . . ... ... ........ 531
BCD InputInterface .. ............... 331
Binary Syachronous ROM . ... .. .., . ..., 53]
Card Reader . ... .. ............. 530, 545
CRT Subsystem . . . ................. 531
Data Communtcations Interface and ROM .531
Character Impact Printes . . . ... ........, 527
Desktop Programmable . ... ... ..... 527-529
Digitizer . ... ... ... .. ... .. ....... 530
Flexible Disk Drive . . . .. ... ... ...... 528
General Interface . .. .. ... ... .. ._.... 331
HP.IB [nterface . ................ 28, 531
Hand-Held Business . . ... ............. 524
Hand-Held Fipancial ... .............. 526
Hand-Held Programmabte , . ... ... ... 522, 525
Hand-Held Scientific .. ............ 523, 524
High-Speed Tape Reader Subsystem ... ... .. 530
Hopper Card Reader . . ... ... ......... 530
[/O Expander . ..............c....... 530
Intcractive ROM . . ... ... .......,..,.. 531
Line Printer Subsystem .. .. ... ..._..... 531
Mass Memory Subsystem . ... .. ........ 529
Paper Tape Readesr .. .. ... .........., 530
Seral Interface . ... ................. 531
RS-232-C Serial Interface .. ... ... ...... sh
Tape Cassette . . .. . . . .. i 530
Tape Punch Subsystem . . ... ........... 530
Thermal Printer . ., .. .. ... .......... 531
X-YPlotter . ...... ... ... ... ... ... 53
Calculator Based Network Analyzer .. .. .. 413, 422
Calculator Based Spectrum Analyzer ., ., . ... 447
Calculator Controlled Instrument
Systems . . .. e 486, 532
Calibrators
AC e 321, 322
For432Series .. ................ ... 377
Ford35A . .. ... ... ... .. . 373
Peak Power ... ... .. ... ............ 377
Cameras
Adaptess . . ... ... .. 162
Oscilloscope . . .. ... ... ... ... ... ... 161
Oscilloscope Camera Adapter Table , .. .. ... 163
Capacitance Bridges; Meters . .. ... ... . ... 83-87
Capacitive Voltage Divider .. .. .. ... . ... .. 482
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Components, Microwave. OEM . . . .. 388, 394, 401
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[nterface Bus Card . ... ................ 28
Interfice Cover Tor 1645A . .. . ... .., ... .. 490
Interfuce Kit, Digitally Controlled Power

Supply . ... 202
Interface Kit. Multiprogrammer . . . . ... .. ., 532
tntegrating DVM .. . . ... ... 48, 50, 52, 54, 62, 66
Intermodulation Analyzer . ... ... ........ 447
L
Laboratory Kit, Microwave .. ... ......_... 380
Laboratory, Strip Chart Recorders . . . . 204, 216-222
Laboratory, X-Y Recorders .. ... ... 204, 206-213
Laser Measurement , . ..., .. ... ........ 559
Laser Transducer . . .. ... .............. 558
LCR Meter .. ..... ... ... ... ..... 74, 79
Level Generalor . . ... ... .. ... ... ..... 508
Light Emitting Diodes . .. .. ... ......... 564
Limiler .. .. ... 467
Line Printers, 200 LPM . . . . .. ... .. 540
Liquid Chromatographs .. ... ... .. ...... 566
Loads/Termination, Coaxial and Waveguide . . . 398
Logarithmic Preamplifier . ... ... . ... .. 227, 228

Logarithmic Volimeter . . ... ... ....... 40, 43
Logie
Anabyser oL e 101
Clip .. 104
Current Tracer .. ... ... 105
Comparalor . ... e e e 105
Lub . . 108
Probes .. ... . .. . .. 102
Pulser ... ... . . e 104
Statc Analyzers .. ... ... . 96-99
Tracer, Current . . .. . Lo 10§
Troubleshooting Kits . .. ... ..., ....... 108
Low Distortion Generatos . . . . . .. .. ... 316, 318
Low Frequency Spuctrum
Analyzer ... ... ... .. .... 447, 450, 458, 470
Low Gain Preamplifier . .. ... ... ... ..223, 227
Low Resistance Meter . . . ... .......... 62,75
M
Machinery Analyzer . ... ... ... ......... 470
Magnetic Tape Recorders, Analog . ... .. .. .. 230
Magnetic Tape Subsysiem. Digital ... .. ... .. 540
Magnetic Tape Units, Digital . .. . ... ... ... 540
Muark Reader, Optical .. . .. ... ... .. .. 530. 545
Marker Generator ... ... ... ... 354
Mass Spectrometers . .. ... ... .. ..., .. .566
Mechitnical Impedance Analyzer ... ... ... .. 470
Mecdical Applications ... . ... ... ... ..... 570
Medium Gain Preamplifier . . ... .. ... .. 223,227
Memory Systems . . . ... Lo 522
Meters
AC ... ... ... 3742, 48, 50. 52, 54, 58, 62. 66
AC'DC ....... 37, 38, 48, 50, 52, 54, 58, 62, 66
Capacilance .. .. ... . . i 83-85
Differential .. ... ... . ... ... .. .. ..., 324
Digital Multimeter . . ... .48, 50, 52, 54, 58. 62, 66
GainPhase . ............ ... .. .. .. 416
High Capacitance . .. ... ............. 86
Impedance . ... .............. ... 77,78, 90
LCR ... . 74,79
Logarithmic Vollmeters . . . .. ... ... .. 40, 43
Milliammeter, AC ... ... ... . .o L. 483
Milliammeter, OC . . ... ... ... ... 36, 50, 54
Milliohmmeter . ... ... .., ... ...... 54, 7%
Multilunction . . .. 37, 38, 48, 50, 52, 54, 38, 62, 66
Noise Figure . . ... ... ... ... .. ...... 378
Ohmmeter .. . ... 37. 38, 48, 50, 52, 54, 58, 62, 66
Power (RF/Microwave) ... .........2372 376
Selective VM . . . ... ... ... 506, 508
Standing-Wave-Ratio (SWR) , ., ......... 403
True RMS ... ... .. 41, 58, 62
Microcircuit Intesface . .. ... ... .. ..., ... 538
Microprogrammable Processors . . . ... ... ... 522
Microwave
Catalog . ..., . . 380
Counters .. . .. ... ... .. 241, 244_ 245, 262, 263
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WALPHABETICAL INDEX

Link Analyzers ... ... ............ 510, 513
Power Measuring Equipment . . .. . .. .. 372, 376
Radio Testing . .. ... .. ... .. .. ....... 509
Signal Generators . . ... ........ 332, 345.347
Synthesizer . .. ... ... ... ... . ... 332,334
Test Equipment ... ... ..... 380-407, 509-511
Millimeter-wave Coaxial Equipment ... ... ... 382
Milhimeter-wave Waveguide Equipment . . . . . . . 384
Milliochmmeter . . ... .. ... .. ...... 54,62, 75
Mini Data Centers .. ............... 510-513
MIS Chip Capacitors . ... .............. 564
Mixers, Coaxia) and Waveguide .. ..., ... 400, 467
Mixer/Detector . . .. ... . ... ... ... ... 564
Modal Analysis . ... ... ... ... ... ... .. 470
Modular Power Supplies . ... ......... 199-201
Modulators, PIN Diode .. ... ........... 349
Motor Controller, Programmable ... ... .. .. 532
MPE/3000 Software . . ................. 547
Multi-meter . ... .. 37, 18, 48, 50, 52, 54, 58, 62, 66
Multipte Span Plug-In Module ... ... ... ... 217
Multiplexer. General Purpose . ... .. .., . ... 532
Multiprogrammer . . ... ... ... ... ... ... 532
N
Network Analysis, General Information . . . 408-412
Network Analyzers .. .............. 408-433
AUlomatic .. . ... 422
Solutions to Problems . ... .......... 413-415
Networks, Computer . . .. ... ... ........ 547
Noise
Analyzer, Acoustic . . ... .............. 470
Figure Meter .. .................... 378
Generator ., .. ... 378,473
Source (IF) (UHF) (VHF) and Waveguide ... .378
Null Detector Plug-In Module . .. ... ... ... 207
Null Meter ... .. ... .. ... .. .. ... .. ... 35
Numeric LED Displays . ................ 565
o
OEM
Computers . ... .. ... ... . .. 536
Displays .. ... ... .. ... 166
Microwave Altenuators . .. .. ........... 3388
Microwave Detectors . ... ... ... ... .. .. 394
Microwave Switches . . . .. ... ... .. ... 401
Modular Power Supplies . . ... ....... 199-201
Strip Chart Recorders . .. ... ... .. 204, 216-222
Switches, Coaxial, Microwave . . .. .. .. .... 401
X-Y Recorders .. ............. 204, 206-213
Ohmmeters . .. ... 37, 38, 48, 50, 52, 54, 58, 62, 66
Optical Mark Reader ..., ............ 530, 545
Optically Coupled Isolators .. ... ......... 365
Oploelectronics . . ... ................. 565
Oscillators
Audio ... 306-309
Function Generator ... 310
General Information . . .. .. ... ... ... 305

Low Frequency . .. ... .............. i

Quartz . ... . . . e 274
Quartz Component . ... .............. 275
RF 348
Sweep .. ... ... ... 316, 318, 351-369
Telephone Test . .. ... .... ... .. ..... 499
Test ........... b e e .. 309
Wide Range . ... ................ 316, 318
Oscillographic Recorders . . ... ... .. 204, 223-229
Oscilloscopes . . . .. oo v i e i e 112-165
ACCESSOTEES . . . . . ... 156-165
Cameras . . .. ... .. 161
Contrast Filters . . ... .. .............. 160
100 MHz Third-Channel Trigger View ..., .. 122
100 MHz Variable Persistence/Storage,
Third-Channel Trigger View . ... ....... 122
200 MHz Delayed Sweep . . ... ... ......, 120
200 MHz Dual Delayed Sweep . .. .. ... ... 120
275 MHz Delayed Sweep ... ... ... ... ... 116
278 MHz Dual-Delayed Sweep with
Microprocessor . .. ..., .. .. ... 116
General Information . . .. ... ... ... 112-115
High Wriling Speed Mainframe ... ... ... .. 136
Large Screen Mainframe . ... ........... 135
Light Shieldds ... ........... ... .... 160
Low Frequency . . ... .. ... .. . .. 150
Plug-In, 180 series . . . ... ... .. ... ... 137
Portable ... ... ... ... ... .. ... 128
Rack Mount Slides and Adapters . ... .....160
Ruggedized Portable, SO MHz . .. .. ... ... 129
Sampling . . ... ... .. ... ... .. ... 144-147
Spectrum Analyzer Plug-In . . ... .. 149, 452, 454
Testmobiles .. ... .. .. .. ... L. 164
Variable Persistence/Storage .. 122,128, 133, 150
Viewing Hoods . ... ................. 160
Output Voltage Divider . . . . ............. 350
Outpul Amplifiers (8080 System) . .......... 280
Output Plug-ins (1900 System) . ... ........ 296
p
Pad, Coaxial Atteruator . . ... ........... 385
Pattern Analyzer . ... ... ... ... ... . ... 100
Pattern Generator/Error Detector . . . . .. .. .. S18
PCM Testing ... ... .. ... ... ... .. 515
Peak Power Meter, Analog . .............. n
Phase Lock Synchronizer .. .............. 369
Phase Meters . . ... ... 413, 416, 418, 424, 426, 427
Phase Modulation, Signal Generator . . . ... ... 331
Phase Sensitive Demodulator Preamplifiers . . 227, 228
Phase Shifters, Waveguide . ... ........... 400
PINDiodes ... .. .... ...y 564
PIN Modulators, Microwave . ............ 349
PIN Photodiodes . .. .................. 565
Plotter, X-Y . . . . . 53}
Plug-in Counters . ... .............. 238-245
Plug-ln Extender . .. ... .. ... ... ....... 532
Plug-In Oscilloscopes . . .. ... .... .. .. 130-148
Plug-In Pulse Generator System . ., ... ... .. 296



Point Plotter Plug-ln Modules . . ... ........ 207
Portabie
Calculators .. .. ... ... ... L. 520-529
Counters . .. ................... 252, 261
Data Acquisition Systems . .. .. ... ...... 70
Instrumentation Tape Recorders . ... ... 204, 230
Oscilloscopes . . .. ... . 128
Storage Oscilloscopes . . ... ... ... 122, 128, 150
Strip Chart Recorders . . . . ... .. .. 204, 216-222
Test Sel . .. ... e 502
Voltmeter . ... . ... 48, 50, 52
X-RaySystems ... ... ..... ... .. .... 570
Power Meless, RF & Microwave ..., .., ... 372, 376
Power Sensors . . . ... ... .. ... 374, 377
Power Meter Calibrators e e .. 373,377
Power Splitter . . .. ... .. .. ... ... 406, 420, 426
Power Supplies . .................. £182-204
Amplifier/Power Supplies ... ........... 197
AtomicClock ... .. ... ... .. .. .... 268-273
Condensed Listing . .. ..............,. 180
Constant Current Sources . ... .......... 196
Digitally Controlled . .. ... ............ 202
Dual Tracking ... ....... e e 192
Frequency Standards .. ......... 268-275, 322
General Purpase: 25 — 200 W Output . . . . 184, I9I
General Purpose: 100 — 2000 W Qutput . . . .. 186
General Purpose: 300 — 11,000 W
Output . .. ... 188, 190
General Purpose: 0 — 320V .. ... ... .. ... 192
High Voluage . .............. ... ... 193
LowCost Lab . .. ... ........... 182-185
Modular, DC to DC Converters .. .. ..... .20l
Modular, Single Output, Series Regulated . . . . 199
Modular, Dual Qutput Series Regulated . . . . . 199
Madular, 200 — 600 W, Switching . .,...... 199
Modular, 110 W, Switching ... .......... 199
Modular, Triple-Output Switching . . .. ... .. 199
Oscilloscope Probe . .. .. ... ... ... ..... 158
Precision Voltage Sources ... ... ........ 194
Programmable . .. .. .. ... ........ 202, 532
Specifications Definitions . . . . ... .. ..... 181
Standby Counter . . .. ... ... ......... 241
Power Supply/Amplifier . ... ......... 30, 197
Preamplifiers ... ... ... ........... 31, 265
Precision Coaxial Connectors .. ... .. ... ... 380
Precision DC Amplifier ... .............. 323
Precision Frequency Source . . 266-275, 316, 318, 322
Precision Oscillator . . ... ..., . 266-275, 316, 318
Precision Voltage Sources . ... ........ 194, 322
Preselector . . .. ... ... . ... ... . ... .. .. 464
Preset Capacitance Meter . .. .. .. ... ...... 83
Pressure Gauge . .. ... ... ... ........... 557
Printers, Instrumentation . .. ........., 232-234
Printer, Line . .. ... .. ... ... .. . ... .... 530
Probes
Accessories ... ..o 47, 159, 482

Active ... 157, 425

Current . ................ 36, 105. 158,483

Digital Multimeter . . ... ... ........... 48

Frequency Doubler . .. . ... ... ........ 348

High Frequency . ............. 47, 348, 482

Impedance . .......... ... .. .. ... ... 425

Logic ... ... . . .. . 102

Miniature . .. ... ... ..o L L 156

Slotted Line . .. ....... ... ... . ..... 397

Trigger (TTL, MOS,ECL) .. ... ......... 102

Time Interval . .. ..., .. ... .. ... ... 264

Voltage Divider . . .. ... ....... 47, 156, 482
Process Control Interface . .. ............. 532
Processors . . . .. .. a i e 522
Programmable

Counters .. ... .238,243, 246, 251, 264, 532
Programmable Data Logger ... ........ ... 70
Programming, 1900 System . ............. 2086
Pgseudorandom Noise Generator . ., ... ..... 473
Pulse Amplifiers ... .. ... ... L 30
Pulse and Word Generators . .. ........... 278
Pulse Generators . . ... ............. 278, 532
Pulse Patiern Generator Plug-ins (1900

Systern) .. .. ... 296
Pulse/Word Generator System,

300 MHz/1 GHz . ........ ... . ... ... 280
Pulse Modulators, Microwave . ... ......... 349
Pulsers, Logic .. ... ........ ... .. ..... 104
a
Q-Meter . ..., 88
Quartz Component Oscillator . . ... ........ 278
Quartz Frequency Standard . . . ... ... ... .. 274
R
Random Noise Generator . ... ...........473
Range Calibrator (for 435A) . ... ... ....... 373
RatioMeter .. ........ ... ... .... .. .... 66
Readers,Card . ................... 530, 545
Receiver Test System .. .. .............. 486
Reciprocal Counters . ......... 238, 243, 258, 532
Recorders

Oscillographic .. ... .......... 204, 223-229

Poriable Instrumentation Tape . ....... 204, 230

StripChart ... .............. 204, 216-222

XY 204, 206-213
Refection/Transmission Test

Sets ...... . ... .. .. 404, 420, 425, 431-433
Reflectometer Bridge .. ............ ... .406
Relay OQutput Cards . ... ... ............ 532
Relay Register . ... .................. $32
Repetition Rate Generators (8080 System) . .. .. 280
Resistance Meter ., . ... 48, 50, 52, 54, 62, 66, 75, 76
RMS Voltmeter .. ... ............ 41, 58, 62
Rotary Air Line, Coaxial ... ............. 402
Rotary Joint, Coaxial .. ... ... ..,....... 402
Rotary Vane Attenuators, Waveguide . .. ... .. 389

Rotating Machinery Analysis . .. .......... 470
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WALPHABEHCAL INDEX

RTE-B Reat Time System . ... ........... 552
RTE-C Real Time System . .. .. .......... 552
RTE-1l Real Time System . .. ... ......... 552
RTE-IIl Real Time System . .. ............ 552
Rubidium Erequency Standard . ... ..., . ... 271
RX Meter ... ... . 90
S

S-Parameter Test Sets ... ......... 420, 431, 432
Sampling Oscilloscopes . . . ... ........ 144-147
Sampling & TDR Accessories . . .. ......... 139
Scamner . ... L 69, 532
Scanner Plug-In Modute . ... ... ...... 207, 532
Schottky Diodes . . . ... ............... 564

Scientific & Industrial X-Ray Systems . ., ... .. 570

Selective Level Measuring Set . . ... ........ S04
Sclective Level Voltmeters . . . ... ... 494, 506, 508
Selective Voltmeter . ... ..., ..... 494, 506, 508
Self-Test Digital Multimeter . .. .. .. .. ... 62, 66
Sensors, Microwave Power . . . ... .. ......,. 374
Serial-to-Parallel Converter .. ... ... . ... .. 100
Shorts, Coaxial and Waveguide . ... ........ 398
Signal Analyzers , . ... ............. 434-473
Digital .. ... ... ... ... . ... . ... 470
General Information ... . ... ... ..., 434-440
Random Vibration Controller . .. ... ... ... 471
Shock Vibration Controller . ... ......... 471
Sine Vibration Controller ... ... ........ 471

Spectrum Analyzers . ... ........ 149, 447-470

Signal Coupler Preamplifier ... ........ 227, 228
Signal Generators
ACCESSOTIES . . . vt vt i e e e 350
Down Converter, 0.5 to 500 kHz . ... ... ... 339
General Information . .., . ... ......... 326
HF, VHF, UHF ... ................. 338
Microwave . ... ... .. ... 328
Synthesized ... .............. ... 328, 332
Signal Sources .. ..., . ... ... 306-309. 316, 318
Signature Analysis . .. ... ... ... ... 450, 470

......... 306-309, 316, 318
.......... 306-309. 316, 318

Sinewave Generators
Sinewave Oscillator

Single Span Plug-In Module .. ............ 217
Sliding Load (Coaxial and Waveguide) . ... ... 398
Software, Computer . .. .. ... ... ..., ... 522
Sotid State Displays .. .. ... ... ......... 565
Solid State Lamps . . ... ... ............ 565

Spectrometers . .. ... ... 566

Spectrum Analyzers, General Information . . 434-440
Spectrum Analyzers ... 149, 447 450, 452-467, 470
Spectrum Analyzer Preselector .., ... ... ... 464
Spectrum Display .. .. ... .. .. ..., . ..., 472
Square Wave Generators . . . .. ... ........ 293
Stability Analyzer, Frequency ... .......... 468
Standards; Frequency and Time . ... ... 266-274
Standing Wave Ratio (SWR) Meter . ... ... .. 403
Step Attenuators, Coaxial .. .. ... .. ... ... 386

Step Recovery Diodes . . . .., ............ 564

Stepping Motor Control
Storage Control Unit
Strip Chart Recorder

Structural Dynamics . ... ... .. ... ..« ..... 470
Sweep Oscillators, General Information . . . . 35]-353
Sweep Oscillators . . .. .. ... ... 316, 318, 351-369
Sweeping Slotled Lime . ... ... ..., ... ... 396
Switches ... ... ... ... ... .. .. ... 532, 564
Switches, Coaxial . .. .. ... .. ... ........ 401
Switches, Coaxial, Microwave OEM [, . . ... .. 401
Swivel Adaprer .. ... ................. 402
Synchranizer Counter . . ... ... .......... 340
Synchraonizer, Phase Lock . . .. .. ...... ... 369
Synchronous Communications Interface . .522, 547
Synchronous Data Set Interface . .. ... ...... 538
Synthesizer, Automatic .. ... ... 316, 318. 328, 332
Synthesizer, Frequency .. ... 316. 318. 328. 332, 334
Synthesized Signal Generators . . . ... .. .. 328, 332
Synthesizers — General Information ... ... 314, 326
Synthesizers, Spectrum . .. ... oL 470
System Digital Voltmeter . ... ..... ... 60, 62, 66
T
Tape Cassette, Punch, Reader Sub-systems . . . .. 530
Tape Degausser . . .. .. ..o o 230
Tapc Recorders, Analog Magnetic . . ... ... .. 230
Telecommunications Test Equipment
Amphfier —IF . ... ... ... ... .. ...... 512
Amplitude/Delay Distortion Analyzer . ... .. 492
Attenuator — 750 General Purpose . . ... ... 511
Carrier Testing . .. .. ... . ... .. .. .. 503
Microwave Link Analyzer at BB, [F
(FTOMHz) . ... ... ... S10
Microwave Link Analyzer; 140 MHz IF . . ... 513
Microwave Radio Testing . .. ........... 509
PCM Testing . . .. ... .. ... 515
Telephone Line Analyzer .. ... .. ........ 492
Transmission Impairment Measuring Set . . . . . 500
Voice Data Testing . ................. 488
Telephone Test Oscillators . . .. .. ... ... ... 499
Teleprinter Interfaces ... . .............. 347
Temperature Plug-In Module . .. ... ... ... 217
Terminal, CRT . .. ... ..... ... ... ..., 54
Terminated OQutput Cable . .. .. .......... 350
Terminations, Coaxial and Waveguide .. 148, 398
Test Leads .. ... ... ... .. ... ...... 47, 480
Testmobiles, Oscilloscope . . ... .. .. ... ... (64
Test Oscillators . . .. ... ... ............ 309
Test Set, Voice Band . . ... ... ..... ... ... 54)
Test Sets, Transmission . . . .. .. ... .. ..... 54}
Thermal Printer . . . ... ..., .. ...... 232, 531
Thermistor Mounts, Coaxial and Waveguide . . . .377
Thermocouple Power Sensors . . . . ... ... ... 374
Thermometer . ... .. ... ... ........ 560-562
Time Base External Module .. .. ... ....... 208
Time Base Plug-In Module . ... ... ........ 207
Time Domain Reflectometers . . ..., .. ... .. 146



Time Interval

Counters . . ... .. 238, 243-246, 251-258, 264, 532
Time Mark Generator . . . ... ..., ........ 160
Time Standard . .. ... .. ... .., 266-274
TIMS ... 500, 501
Touch-Hold Probe . . . .. ... ... ... ... 47
Tracer, Current . .. . . . .. . e, 105
Tracking Generators . . . . 454, 458, 460-465, 506, 508
Training/Video Tapes . ... ........... 574-576
Transceiver Test System . ... ... ... .. ... . 486
Transfer Function Analyzer . ... ........., 470
Transistors, Siliconbipolar . . ... ., ., ...... 564
Transmission Impairment Measuring Set . . . . .. 500

Transmission Line Test Equipment, Coaxjal ... .382
Transmission & Noise Meter Psophmeter . . .496. 498

Transmission Parameter Analyzer ..., ... ... 54)
Transmission Test Set ... ............... 502
Transistor Bias Supply . ... ..... ... ... .. 432
Transistor Tesl Fixtures ., . ..:.......... 43]
Transistors . . . . . .. ... 564
Transponder ... ... ... .. .. ... . ..., 541
Triangle Wave Generator . ., .. ........... 310
Trigger Countdown . .. . ... ... .. ....... 148
True RMS Volimeter . ............. 41, 58, 62
Tuners, Microwave ... ... ... .......... 400
Tuning Varactors . . . .. ... ...y 564
TWT Amplifiers .. ... .. ... ... ... .... 32
Type NShort . ... ... ... .. .. ... ..... 398
U

Universal Bridge . ... ... .............. 77
Universal Carriage (Slotted Section) .. ....... 396
Universa) Counters  , .. .. .. 238, 243, 246, 255, 258
Unijversal Imterface . . .................. 538
v

Variable Phase Function Generator . . . ... ... 10
Vector Impedance Meter . .. . . ... ... ... 90
Vector Voltmeter . . ... ... .. ... ... ...... 426
VHF Oscillator . . .. ... .. ............, 348
Vibration Analyzer . ............... 430, 470
Vibration Controller . ... ... ... ..., ...... 471

Video Tapes . .. ... ... ... . . . ... ... 573
Voice Band Analyzer ... ..... ... .. ... .. 541
Voice Data Testing . ... ............... 488
Volimeters .. ... ... 3742, 48, 50, 52, 54, 58, 62, 66
Voltmeter. Vector . .. . . . oo i e 426
w
Wave Analyzer . ... ... ... ... ..o 446
Wave Analyzer . ... ... ... ...... 446, 506, 508
Wave and Distortion Analyzers . . .441, 442, 446, 508
Waveform Analyzer, Fouriesr .. .. ... ... 470, 541
Waveguide
AUEnLalars . . . . . e e e e 389
Coaxial Adaptors . ... ............... 402
Crystal Detectors . . . . ... ... . 395
Directional Couplers . . ... ... ... ... ... 392
Frequency Meters .. .. ... ... ... ...... 303
Harmonic Mixer ... ....... ... ....... 400
Holder . ... . ... .. . . ... . . . . ... 402
Instrumentation and Acceessories . . . ... . ... 3184
Instrumentation vs Frequency Bands . ... ... 384
Low-Pass Filters . ... ................ 399
Millimeter Counter . . ... ... .......... 251
Mowable Shorts .. .. ... ... .. 398
Phase Shifters . . .. ... ... ... ... .. ..., 400
Precision Attenuators . ... .......... 89, 189
Shorting Switch . . . ... ... L 398
Slide Serew Tuners . . ... .. ...« ....... 400
SlidingLoads .. .................... 398
Sliding Short . . ... ... . ... .. ... .. ... 398
Slotted Section . . ... .. .. ... .. .. . ... 397
Stand . ... e 402
Terminations . .. .. ... ... ... ... ... 398
Thermistor Mounts . . . . ... ........... 377
Variable Attenvators ... ........... 89, 389
Waveguide-Wavegnide Adapters ., .., .. ... .402
Word Generalors . ., .. .. Lo - 278
X
X-Ray Systems, Scientific & Industnal . ... ... 570
X-YDisplays . ............... ... 166-177
X-Y Plotters . . .. ...« ... 204, 214, 53t

X-Y Recorders . ... ..........., 204, 206-213
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MODEL NUMBER INDEX

New product listings are printed in bold face (ype

HP-21 Scientific Pocket Calculator . . ... .. ... ... 522
2l MX Computers . .. .. .. L 336
21 MX E-Serles Computers 2109A, 2113A

Processors . . ... .. .. . . i e 536
21 MX K-Series 2108K Board . ... ............ 537
HP-22 Business Management Pocket

Caleulator .. .. ..., . 523
HP-25 Scientific Programmable Pockel

Calculator . ... .. ... . .., 522
HP-25C Scientific Pocket Caltenlator .. .. . ... .... 522
HP-27 Scientific/Plus Pocket Calculator . ... ..... 523
HP-35,45see HP-21,25
MX/55 DiSCamputer . .. .. .. ..o $37
HP-67 Fully Programmable Pocket Calculator . . . ... 525
MX/65DtSComputer . ... .. ... ... oL 537
DTS-70 Digital Tesi Sytems .. ... ... ......... 553
HP-70sce HP-22
HP-80 Business Pocket Caleulator .. .. ... ...... 523
HP-91 Scientific Printing Caleuwlator . ... ... ... .. 526
HP-97 Fully Programmable Printing

Caleulator . .. .. vttt i e e 525
100
105A & B Quarnz Frequency Standards 274
123A Oscilloscope Camers |, ., . . ..o, oo o, ... 161
124A Oscilloscope Camera . .. .. ..o vt 162
140T Spectrum Analyzer Mainframe ... ......... 457
41T system Spectrom Analyzess .. ... .. ... .. .. 456
141T Specirum Analyzer Mainframe ... .. . ... ... 457
180 series Plug-in Oscilloscopes ... .. .......... 130
I180C. D & TR High Writing Speed

Oscilloscope Mainframes , ., .., ... ... 136, 453, 455
I8IA, AR, T & TR Variable Persistence/

Storage Mainframes .. .. ... .. ...... 133, 453, 455
182C & T Large Screen Oscilloscope

Mainframe .. ... ... .. ... ....... 135, 453, 455
184A High Speed Oscilloscope Mainframe . 134
197A Oscitloscope Camera . ... .. ... vvot ... 161
200
200CD Wide Range Oscillator ., . ..., 306
201C Audio Oscillator . . . ... ... oL 306
203A Variable Phase Function Generator . . .. .. 30, 400
204C Oscillator . . . . .. oo e 307
204D Oscillator . .. ... .. .. 307
200A Osciltator . ... ........... . ... .. .. .. 307
211B Squarc Wave Generator . . .. ... .. .. ..... 293
214A Pulse Generator . ... ... ... ... 295
226A Time Mark Generator , . ... ... .. ... .... 160
236A Telephone Test Oscillator .. .. .. ... ... ... 499
250BRX Meter ... ... ... ..., .. 90
281 series Coaxial-Waveguide Adapters . .. .. ... .. 402
292 series Waveguide-Waveguide Adapters . ... .. .. 402
300
312B & 313A Frequency Selective Voltmeter

and Tracking Oscillator . .. .. .. ... .. ..... 444
312D Selective Levehmeter & Generator . . .. ... ... 506
331A Distortion Apalyzer ... ... ... ......... 442
332A Distortion Analyzer . .. .. ... ... ....... 442
333A Distortion Analyzer . .. .. ... ..., ...... 442
134A Dislorlion Apalyzer .., ..., .. ......... 442
340B Noise Figure Meter . .. . .. ... ... ....... 378
342A Noise Figure Meter . .. ... ... ... ... .. 378
343A VHF Noise Source . .. . .. ... ... ..., 378

3J45B 1F Naise Source
347A serics Nosse Sources
J49A Noise Source
350D Attenuator Set
355 series Coaxial Step Attenuators
360 serics Coaxial Low-pass Filters
362A series Waveguide Low-pass Fillers
375 series Waveguide Variable Atlenuators
382 series Waveguide Precision Variable
Attenualors
393A Coaxial Variable Autenuator
394 A Coaxial Variable Attenuator

400
ARS-400 Automatic Recciver System
400E & EL AC Volimeters
400F & FL AC Voltmeter
400G L. AC Volimeter
403B AC Volimeter
410C Voltmeter
415E SWR Melcr
419A DC Null Volimeler
422A series Waveguide Crystal Detectors
423A Coaxial Crystal Detector
423B Coaxial Crystal Delectors
424 A series Waveguide Crystal Detectors
427A Voltmeter
428B Clip-on DC Milliammeter
432 series Power Mclers
435A Power Meter ., ., .
436A Power Meter
440A Dctector Mount
442B Slotted Line RF Probe
444 A Stotted Line Detector
446B Slotted Line Deltcctor
447B Slotted Line Detector
448A & B Slotted Line Sweep Adapters .. ... ... ..
456A Current Probe for volimeters
461A Amplifier
462A Amplifier
465A Amplificr
467A Power Amphilier
478A Coaxial Thermistor Mount
485B Waveguide Detector
486A serics Waveguide Thermistor Mounts
48%A TWT Amplifier
491C TWT Amplifier
493A TWT Amplifier
49SA TWT Amplifier

500
532 series Waveguide Frequency Meters
536A Coaxial Frequency Meter
$37A Coaxial Frequency Meter
545A Logic Probe
546A Logic Pulser
S47A Current Tracer
548A Logic Clip
600

606B Signat Generator
608E Signal Generator
612A Signal Generator
618C Signal Generator
620B Signal Generatar

...........

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



626A Signal Generalor .. ... .. i 347
628A Signal Generalor ... .. ..o 347
651B Test Oscillator . . . ... ... ... ... ... .... 309
652A Test Oscillator v . o oo L oo 309
654A Test Oscillator . . .. ... ... .. L. 309
680 Sirip Chart Recorder . . . . .. . ... ... ... ... 219
700

7408 DC/Dilferential Standard Voltmeter .. ... ... 324
745A AC Calibrator . .. .. ... ..o oL 322
746A Hi Voliage Amplifier .. ... ............. 322
752 series Waveguide Directional Couplers . . ... . .. 392
774D Coaxial Dual Directional Coupler ... .. .. .. 390
775D Coaxial Dual Directional Coupler .. ... ... 390
776D Coaxial Dual Directiona} Coupler . ... ... .. 390
777D Coaxial Dual Directionat Coupler ... ... ... 390
778D Coaxial Dual Directionatl Coupler . ... ... .. 390
779D Coaxial Directional Coupler . . ... ... ... .. 91
786D Coaxial Directional Delector . .. . ... . ... .. 39
787D Coaxiual Direclional Detector . . ... ... ... .. 391
788C Coaxial Directional Delector . . . . . .. ... ... 391
789C Coaxiul Dircctional Detector . . .. . ... .. ... 391
796D Couaxial Directional Coupler . .. .. ... ... .. 391
797D Coaxial Directional Couples . . .. ... ... ... mi
798C Coeaxial Directional Coupler ... .. .. ... ... 3914
800

805C Coaxial Slotted Line . . ................ 396
809C Uiniversal Carriage . . ... ... ........... 396
810B scrics Waveguide Slotted Sections .. .. . .. ... 397
814B Slotted Scction Carriage . . ... ... ... ..... 397
815B serics Waveguide Slotted Sections . . . .. .. ... 397
816A Slolted Coaxial Section ., .. ... ......... 396
817A & B Coaxial Swept Slotied Line Systems . . . . . 396
870A series Wavcguide Slide Screw Tuners . . . . .. .. 400
885A series Waveguide Phase Shilters . . .. . ..., .. 400
8954 DC Power Supply ... .. ... ... ........ 186
900

905A Coaxiul Shding Load . ... .............. 398
907A Conxial Stiding Load . .. ............... 398
908A Coaxial 30-Ohm Termination ... .. .. .. 148. 398
909A Coaxiat Termination ... ............ 148, 398
909A Option 012 50-Ohm Termination . .......... 148
910 serics Waveguide Terminations . .. . ... ... .. 398
911A Coaxial Sliding Load . .. ... ............ 398
914 serics Waveguide Sliding Loads ... ... ... ... 398
920 serics Waveguide Moving Shorts .. .. .. .. ... 398
923A Waveguide Stiding Short . . . .. ... L. L. 398
930A Wuvepuide Shorting Switeh .. . ... ... ... .. 398
932A Wavepuide Harmonic Mixer ... ... .. ... .. 400
934A Coaxial Harmonic Mixer . . ... ... ....... 400
938A Frequency Doubler Set .., ... ... ... ... 347
940A Frequency Doubler Set .. ... ... ... ..... 347
970A Probe Digital Multimeter . ... ... ......... a8
1000

HP 1000 Systems/Models 30,31, 80,81 .......... 546
1001A Testmobile .. ... ..... ... .. ......... 164
100IB Testmobile .. .. ... ... ... ........... 164
1002A Testmobile . . .. ... ... ... . ....... 164
1002B Testmobile . .. ... .. ... ... .. ....... 164
1003A Testmobile . ........ ... .. ... ...... 164
JOO4A Testmobile ... .. ... .. L 164

1051A & 1052A Combining Cases . .. ... .. . 484
1080 High Perlormance Liguid Chromatograph

SYSEMS . . . ot e e e e e 566
1104A /1106B Op1 001 18 GHz Trigger

Countdown .. ... . ... ... ... ... ... 147
1104A /1108A 10 GHz Trigger Countdown . . .. ... . 147
I105A /11068 20 ps Pulse Generator . .. ......... 148
[10SA/1108A 60 ps Pulse Generator .. ... ....... 148
1109B High Pass Filter (lype N) . . . ...... . .... 148
(110A Current Probe . .. ...... ... ......... 158
ITIHA AC Current Amplifier . ... ............ 158
I114A Testmobile, Oscilloscope . . . .. .. ... . .... 164
1117B Testrnobile, Oscilloseope . . . .. ... ... 164
1120A 500 MHz Active Probe . . . ... ... .. ..... 157
JI2A ACProbe .. .. .. e 425
}122A Probe Power Supply ... ... ... L. 159
[124A 100 MHz Aclive Probe . . ... ... ........ 157
[125A 250 MHz Impedance Convertler Probe .. .. .. 138
[200A & B Dual Channel Oscilloscopes,

100 1V/dIV oo e oo e 154
1201 A & B Dual Channel Storage

Oscilloscopes, 100 aVydiv .. .. ... .o ... L. 154
1205B Dual Channel Oscilloscopes.

SmV/div L 154
1220A Dual Chananel Oscilloscope, IS MHz (. ... ., 152
122)A Singlc Chaanc! Oscilloscope, 15 MHz . .. . .. 152
1222A Dual Channetl, Delay Ling

Oscilloscope, 1ISMHz . . .0 o000 o L. 152
1223A Dual Channel, Varlable

Persistence/Storage Oscilloscope, 1ISMHz ... .. .. 150
1230A Logic Trigger .. . v v v i it i e i i e 102
1304A 32 cra. (130n.) Display .. . ... ool 176
I310A 48.3cm (19in) Display .. ... .......... 173
I311A 35.6 cm (14in) Display . ... .. ...... ... 173
1317A 43.2cm (17 in.) Display . . ... ... .. ..... 173
132JA 333 em (21 in) Display . . .. ..o 173
1332A High Resolution Display . .. ........... 168
1333\ High Resolution Medical Display . ......... 168
1335A High Resolution Storage Display .. ... .. .. 168
1430C Sampling Head, 18 GHz for I811A . .. ... .. 144
[600A 16 Bit Logic State Analyzer . .. ... ... ... .. 96
1600S Logic State Analyzer Systent .. . .. .. ... ... 96
1607A 16 Bil Logic Stale Analyzer .. ... ... ..., .. 96
1620A Pattern Analyzer . ... .. ... .. ... ... 100
1645A Data Error Analyzer . ... ............. 490
1645S Data Transmission Test Set .. ... ... .. .. 490
1700 series Oscilloscopes . . . .. .. ... ... .., .. 116
170]A Portable Storage Oscilloscope, Delaved

Sweep . ... e 128
1707B Porlable Delayed Sweep Oscilloscope,

ISMHz 128
1707B Option 300, SOMHz . ... ... ... ... ..... 129
1710B Dual Channel Oscilloscope, 200 MHz . . .. ... 120
1712A Dual-Delayed Sweep Oscilloscope.

200 MHz . .. 120
1720A Oscilloscope, 27SMHz .. ... .. ... .. .... 116
1722A 275 MHz Oscilloscape, Direcl Readout

ofvoltsandtime ... ... ... ............. 116
I740A 100 MHz Oscitloscope, Trigger View |, . . . . . 122
1741A 100MHz Oscilloscope, Variable

Persistence/Storage,

Third-Channel Trigger View . ... ............ 122
1801A Dual Channel Vertical Amplifier,

SOMHz .. 138

MODEL NUMBER INDEX
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1803A Differennial DC Offset Amplifier ., ., ... ... 138
1804 Four Channet Vertical Amplifier,

SOMHz ... 140
1805A Dual Channel Vertical Amplifier,

100 MHz . ... .. 137
1806A 100 ¢V Dual Channel Differeatial

Amplifier .. ... . 138
I1807A Dual Channel Vertical Amplifier,

3SMHz . 138
1808A Dual Channel Vertical Amplilier,

ISMHz .. 137
1809A Four Channcl Vertical Amplifier.

100 MHz . .. o 140
1810A | GHz Dual Channel Sampter ., .. .. ... ... 144
I811A 18 GHz Sampler .. ... ............... 144
I815A & B TDR/Samplers .. ... ............ 146
1816A Sampling Head, 4 GH:z . .. . . ... ...... 146
I817A Sampling Head 124 GHz . ... ... .. ... . . 146
1818A Time Domain Refleclomeler, 170 pstr . ., . .. 146
1820C Time Base . ... ............ ..0..u... 142
(821A Time Base/Delay Generalor . ... ... ..... 142
1825A Time Base and Delay Generator ... 0. ... .. 143
1900A Pulse Generaror Mainframe ., ... ... ., 296
190SA Rate Generator Plug-in . . ........... .. 299
1906A Rate Generator Plug-in . ... ... ... .... 299
1908A Delay Generutor Plug-in . . ... . ... ... ... 299
1909A Delay/Gate Generator Plug-in . . . ... . . ... 299
191SA Variable Transition Time Quiput

Plug-in . . .. ... . .. .. . . . 297
1916A Variable Transition Time Output

Plug-in . .. . .. . 207
1917A Variable Transition Time Qutput

Plug-in . . . . ... 297
1920A Pulse Output Plug-in . . ... ... ... ..... 297
1925A Word Generaler Plug-in .. ... ... .. ... 298
1930A PRBS Binary Sequence Generalor

Plug-in . .. ... 298
2000
2000 Mulii-Terminal/RJE Computer System .. . . . . 547
2102A Memory System for 2IMX Computers . . . . . . . 537
2108K Board for 20 MX K-Series . ............. 537
2109A, 2113A Processors for 21 MX E-Series

Computer . . . . i e e e e s 536
2123A, 2124B, 2125A DISComputer .. . oo oo v v 537
2300B RTE-B Reul Time BASIC Software . ....... 552
2300C RTE-C Mcmory Based Real Time

Operating System Soflware ... ............. 552
2607A Linc Printer . . ..o v v o, 547
2460A (sec 2640B)

26408 Interactive Display Terminal . ... ... ...... 541
2640C Cyrillic Display Terminal . . . .. ... ... .... 543
2640N Danish/Norwegian Display Terminal . . ... ... 543
2640S Swedish/Finnish Display Termma) ., ..., ..,. 543
2641A APL Display Terminal ... .. .... ... .... 543
2645A Display Station - . ... ... ... .. ... 0., 542
2801 A Quariz Thermomeler . . ... ... ... ..., .. 560
2802A Digilal Thermometer ... .. ... ....... 57. 562
2811B Quartz Pressure Gauge . . .. ... ... ... ... 557
2830 Quariz Temperature Probes . . . .. .. . ... ... 560
3000

3000C X Mini Dalacenters see HP 3000 Series

ITSysterms . ... ... .. . . 548
HP 3000 Series 11 Systems . . . ........... ... 548

JO40A Newwork Analyzer . ... . ..... ........ 413
3042A Nelwork Analyzer . .. ... ... . L. 414
3044A Auvtomalic Spectrum Analyzer ... .. .. .. .. 447
3045A Automatic Spectrum Analyzer ... ... .. .. 448
JOS1A Programmable Daca Logger . .. ..o ... L, 70
3052A Automatic Data Acquisidon System . . . .. .. .. 1
3200B VHF Oscillator .. .. ... .. ... . ... ... .. 348
3310A Function Generator . ... ... ... ... .. 313, 403
3310B Fanction Generator . . .. .. ... ... ... 313, 403
3311A Function Generator . . .. .. .. ... .. .. 31, 401
3312A Function Generator . .. ... . ... ... .. 312, 402
3320A Frequency Synthesizer .. .. ... .. ..., ... 316
3320B Frequency Synthesizer . ... .o 317
J320C Level Generator . .. .. Lo 506
3320B Automatic Synthesizer , .. .. .. L L. 318
3350A Laboratory Aulomation Systems . .. .. .. ... 566
3352A Laboratory Dala System (seec 3350A) . ... ... 566
3380A Reporting Integralor . . ... . ... . ... ..., 570
3400A RMS Volimeler .. ... ... ... ......... 41
3403C True RMS Voltmeter .. . ... ... ... .., ... 58
3406A Broadband Sampling Volimeter . . . . ... . ... 42
3435A Digltal Voltmeter .. ... ... oo 52
3437A System Digital Voltmeter .. v v v e v v v i v an s 60
3450B Multi-Function Meter . . . .. ... ... ... ... 62
3455A Digital Voltmeter .. ... . ... Lo oL 62
3465A Digital Multimeter . ., .., .. oL, 54
3465B Digital Voltmeter .. .. ................ 54
3470A Digital Multimeter .. .. ... ... . ..., .. .56
3476A /B Digital Voltmeter ... ........... ... 50
3490A Muldmerer .. oL L 66
3495A Scanner L L. 69
3550B Communications Test Set .. .. .. ... ... .. 502
3551A Transmission Test Set .. ... ... ... 496
3552A Transmission Test Set .. .. .. . Lo 497
3555B Transmission & Noise Measuring Set . .. . . .. 493
3556A Psophometer ... ..o oL 498
3575A Gain/Phase Meter . .. .. oL oL 416
3580A Spectrum Analyzer . ... ... ... ..., 450
3581A Wave Analyzer . . . ... Lo 446
3S8IC Selective Voltmeter ... ... ... o L., 494
3590A Wave Analyzer . .. ... .. L. S0
3591A Seleclive Voltmeler ... .. ... .......... 508
3594A Sweeping Local Oscitlator Plug-in . . .. . .. .. 508
3702B I1-/BB Receiver (70 MHz 1F) . . ... ....... 510
3710A 1F; BB Transmtter (7O MHz IF) .. .. ..... 510
3720A Spectrum Display . .. ... 472
3720A Correlator . .. . o e 472
A722A Nosse Genesalor . .. ..o oot v i e 473
3730A Down Converter: RFolF . . 000 oL 510
3T43A IF Amplifier . .. .. oo i i e 512
3744A BB Sweeper ACCCSSOTY . . . oo v v v v v v n v e s S12
3745A Selective Level Measuring Set {CCITT) . .. ... 504
3745B Sclective Level Measuring Ser (BELL) . . .. .. 504
3750A Allenuator: 789 . oL Lo 510
3760A Data Generalor . ... . oo e 304, 516
3761A Error Detector . . . - o o oo e 516
3770A Amplitude/Delay Distortion Analyzer . ... .. 492
3770B Telephone Line Analyzer ... ............ 492
3780A Pauern Generator/Error Detector ... ... ... 518
3790A IF/BB Transmilter (140 MHz tFy ... .. .... 513
J792A IF/BB Receiver (140 MHzIFY .. ... ... ... 513
3964A Instrumentation Tape Recorder . . ... ... ... 230
3968A Instrumentation Tape Recorder . . .. ... . ... 230



4000
4204A Oscillator .. . .. 308
4260A Universal Bridge . . ... ... ... .. ... ..... 17
4261A Digital LCR Meter ... ... .. ........... 79
4265B Universal Bridge . . .. .. ... . ... ........ 78
4270A Automalic Capacilance Bridge . .. ... .. ... . 26
4271A Digital LCR Meter . .. ... ... ... ... 81
4272A | MHz Preset Capacitance Meter ., ..., .. 1
4282A Digital High Capacitance Meter . . . .. .. .. .. &4
4228A Milliohmmeter . . ... ... L 75
4320A High Resistance Meter . . .. ... . ... ... ... 16
4332A LCR Meter .. .. .. o 4
4333A Distortion Analyzer . ... ... ... ........ |
4342A Q Meler .. .. e e 88
4350A & B High Capacitance Meters ... .. ... .. .. 87
44X6A AUenualor . ... ..o e e g9
4437A Atlenualor .. . . .o e 8%
4440B Dccade Capucitor . ... ... .. vty 8%
4800A Vector Impedance Meter .. ... .. L. L. 90
4815A Veclor Impedance Meter . . .. .. ..., ... L. 90
4940A Transmission Impairmeni Measuring

o PR Lyt 500
49424 Transmission Impairment Mcasuring Set . . . .. 500
5000
S000A Logic Analyzer . ... ..o ve v e 101
S011T Logic Troubleshooting Kit .. ... ........ 108
50157 Logic Troubleshooting Kit . . .. .... ... .. 108
5021A Logic Troubleshooting Kit . . .. .. ........ 108
5022A Logic Troubleshooting KIt . ... ........ ., 108
5023A Logic Troubleshooting Kit . . .. .. ., . ... .. 108
5035A Basic Logic Lab . .. .. ... ... L. 110
SO03ST Logickab .. .. .. ... ... . L. 11]
5045A Digital IC Tester .. ....... ... .. ... ... 91
5050B Digital Recorder . . ... .. ... .......... 234
S0S5A Digital Recorder . . .. . oo 0L L 233
S060-series Rack Frames and Adapters ... .. ... ... 485
K02-5060A Standby Powes Supply . .. .. ... ..... 277
S061A Cesium Beam Frequency Standard . . . . .. .. 268
S061A with Oplion 004 Tube . . .. ... ... ...... 269
E21-5061A Flying Clock (Cesium) .. .. ... ...... 269
5062C Cesium Beam Frequency Reference . ., . . 268, 270
S065A Rubidium Frequency Standard . .. .. . .. 268, 271
E21-5065A Poriable Rubidium Time Standard . .. .. 271
S08SA Stundby Power Supply . .. ... ... ... .. .. 277
S087A Distribution Amplifier .. ... .. ... ... .. 276
5150A Thermal Printer .. .. ... .. ... ....... 232
52451 Electronic Counter .. . . .. ... .. .. ..... 242
5248L Electronic Counter .. .. .. . ... ... 242
5253B Frequency Converter Plug-in . ... .. . ... .. 244
5254C Frequency Converler Plug-in ., .. .., ..., . 2
5255A Frequency Copverler Plug-in . . .. ... .. ... 244
5236A Frequency Converter Plug-in . .. .. .. ... .. 244
5257A Transfer Oscillator Plug-in . ... ... ... ... 244
5261 A Video Amplifier Plug-in .. ... ... ...... 245
5262A Time Interval Plug-in ., . .. .. .......... 244
5265A Dignal Voltmeter Plug-in . . . .. ... ... ... 245
5267A Time Interval Plug-in . .. ... ... ...... 245
5300A Counter Mainframe . ... ... ..., ....... 282
S300B Counter Mainframe .. ..........,..... 282
5301A 10 MHz Counter Module . .. .. .. ... .... 288
33D2A 50 MHz Universal Counter Modute . ... .. .. 235
5303B 500 MHz Counter Module .. .. ... ., ... 256
5304A Timer/Counter Module .. ............. 256

5305A 1100 MHz Counter Module (see 5305B)

$305B 1300 M Hz Counter Module . . ... .... .. .. 257
5306A Digital Multimeter/Counter . . .. .. ... ... 257
5307A Frequency Counter Module . . . ... .. ... .. 238
5308A Timer Counter Module . .. ... ... ...... 238
S310A Battery Pack Module . . ... ... ..., ... ... 260
$311B Digital-ta-Analog Converter . . .. ....... 259
5312A ASCIl Converter .. .. .. ... . o 259
S326A Universal Counter . .. .. .. ... .. ...... 251
5326B Universal Counter/Digial Yoltmeter .. ..., . 251
5327A Universal Counter . . .. ... ... ... .... 251
£327B Universal Counter/Digital Voltmeter . . . ... . 25]
5328A Universal Counter .. .. .. .. ....... ... 246
5340A Microwave Frequency Counter . . .. .. ..... 262
5341 A Microwave Freguency Counter . .. ... .., .. 263
S34SA Electronic Counter . . . . .. ... .. ... .. 238
5353A Channel C: Plug-in for 5345A . ... ....... 241
5354A 4 GHz Frequency Convertes .. ... ...... 241
5360A Computing Counter .. .. ... .. .. ... 243
S363A Time Interval Probes . .. .. .. .. .. ... ... 264
S375A Computing Counter Keyboard . .. .. ... ... 243
3379A Time Interval Plug-in . . . .. . ... .. ...... 243
5381A Frequency Counter .. .. .. ... oo 261
5382A Frequency Counter ... .. . o oo v e vt v v 261
5383A Frequency Counter .. .. ... .......... 261
539%0A Frequency Stability Apalyzer .. ... 468
5425A Digital Vibration Test Control System . .. .. .. 471
5451B Fourier Analyzer . ... ... ... L. 470
S4S1B Option 350 Vibradion Control Systiem .. ... .. 471
SSOVA Laser Transducer .. .. ... . ... ........ 558
$326A Luser Imerferometer . oo .. ..o 559
S700A Laboratory Gas Chromatographs . .. .. .. .. 366
5831IA-9C Dual Flame Detector . . . .. ... .. ... 566
5840A Reporting Gas Chromatographs . . ... ... ... 566
5950B I'SCA Spectromeler . . ... . ... ... .v. ... 566
S980A G C/Mass Speclromelers .. ... ... ... . ... 566
5981 E} Mass Spectrometer (see 5980A) .. .. ... ... 566
8000
6(M1IZA DC Power Supply . . ., ..., . o 191
S10IA DC Power Supply . . .. .. ... ... .. ... .. 194
6102A DC Power Supply . . . . .. . 194
6104A DC Power Supply .. oo oo oo 194
610SA DC Power Supply .. .. . i vt ie 194
6106A DC Power Supply . . ... ... ... o 194
G110A-6116A DC Power Supplies . ... ... ...... 194
6128C-6131B Dipitally Controlled Voltage

Sources ... L 202
6140A Digital Current Source . .. .. ..., . ... 202
A77C DC Power Supply . .. ..o 196
618{C DC Power Supply . .. ... 196
SIRGC DC Power Supply .. . ... .. ... . ... ... 196
6200B-6209B Powcr Supplies .. ... ... ... ... 183
6211A-6218A DC Power Supplics . ... ... .. ... . 182
6220B DC Power Supply . ... ... ... . L L., 184
6224B DC Power Supply . ... ... .. ... ..., 184
6226B DC Power Supply .. .. .. ... . ... . .. ... 184

227B DC Power Supply .. .. 0oL 192
6228B DC Pawer Supply .. .. ... Lo 192
6236A DC Power Supply . . ... ... L 182
62374 DC Power Supply . . .. ... o L 182
0253A DC Power Supply . ... ... 184
62554 DC Power Sopply . . .. ..o Lo 184
6256B DC Power Supply . .. ... .. ... ... ... 186
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6259B DC Power Supply . .. .. ... ... ... ... .. 186
6260B DC Power Supply . .................. 186
62618 DC Power Supply . . . . . .. ... L 186
6263B DC Power Supply .. ... ..... ... ..... 186
6264B DC Powes Supply .. oo o 186
6265B DC Power Supply .. . ... . ... 186
6266B DC Power Supply .. .. ... ... ... ... 186
6267B DC Power Supply .. .. ... L 186
6268B DC Power Supply .. .... . ... ......... 186
62698 DC Power Supply . ... ... ... . ... .. ... 186
6271B DC Power Supply ... .. ... ... ... .. .. 186
6274B DC Power Supply .. ... ..... ... .. .. .. 186
6281A DC PowerSupply ... ... ... oL 184
6282A DC Power Supply .. .. ... .. L L. 184
6284A DC Power Supply . ... ... ..........., 184
6285A DC Power Supply . ... .. ... .......... 184
6286A DC Power Supply . .. .. ... ... ... ... 184
6289A DC Power Supply . .. ... . .. ... ........ 184
6290A DC Power Supply . .. ... . ... ... ... 134
6291A DC Power Supply . .. ... .. ........... 184
6294A DC Power Supply . .. . .. o, 184
6296A DC Power Supply ... . ... . . 184
6299A DC Power Supply .. ... .............. 184
6384A DC Power Supply .. .. o .. 183
64278 DC Power Supply . .. .. . ... 188
6428B DC Power Supply . .. ... ... ... ... . ... 188
6433B DC Power Supply .. ... .. .. ... L. 188
6434B DC Power Supply .. ... ... . ... .. 188
6438B DC Power Supply .. ... .. ... ... ... 188
6439B DC Power Supply . . .. ... .. ... ... .. 188
6443B DC Power Supply . . ... .. .. L . 188
6443B DC Power Supply . .. . .. oo o 138
64524 DC Power Supply . . ... ... ... ... L., 190
6453A DC Power Supply . .. ... ... .. ... 188
64568 DC Power Supply . .. ... ... . ...... 138
6459A DC PowerSupply ... ... . . 188
646aC DC Power Supply . .. .. .. ... ... ... ... 188
6466C DC Power Supply . . . .. . ... o 188
6460C DC Power Supply . .. .. ... .. . . 188
6472C DC Power Supply ... ... ... . ... ..., 188
6475C DC Power Supply ... . ... ... L. 188
6477C DC Power Supply .. . . . .. . . 188
6479C DC Power Supply .. ... ..o o 188
6483C DC Power Supply .. ................. 188
6515A DC Power Supply .. .. . oo ... oL 193
6516A DC Power Supply . ..., ... ... . ... .. 193
6521A DC Power Supply . . .. ... ... ... .. 193
6522A DC Power Supply . .................. 193
6525A DC Power Supply . .. ... ... ... ... 193
6823A DC Power Supply/Amplifier . ........... 197
6824A DC Power Supply/Amplifier .. ....... ... 197
6825A DC Power Supply/Amplifier . ... ... ..... 197
6826A DC Power Supply/Amphifier .. ... ....... 197
6827A DC Power Supply/Amplifier . ... .. ...... 167
6920B AC/DC Meter Calibration . ... ......... 321
6940B Multi-Programmer . .. . ... ... ... ... 532
6941B Mulli-Programmer Extender .. . ... ... ... 532
7000

7004B X-Y Recorder . ... . e 206
7010A X-Y Recorder . . . ... ... ... ... . ... .. 209
7015A X-Y Recorder . .. ... ... ... ... ... 209
7034A X-Y Recorder . .. .. ... 206
7035B X-Y Recorder ... ... ... L. .. 208

7040A X-Y Recorder . .. ... ... ... .. .. .... 210
7041A X-Y Recorder ... ... ... 0. 210
T044A X-Y Recorder . .. ..o, 212
7045A X-Y Recorder .. ... ... 212
7046A X-Y Recorder .. .. ... ... . ... ... ... 21
7047A X-Y Recorder . ... ................. 213
7100B Strip Chart Recorder, 2Pen . ... ... . ...., 216
7101B Stryp Chart Recorder, 1 Pen . . .. ..., . ... 216
7123A Strip Chart Recorder . . .. .. ........... 218
7127A Strip Chart Recorder, 1 Pen .. .. ... ... .. 216
7128A Strip Charl Recorder. 2 Pen .. .. ... ... .. 216
7130A Strip Chart Recorder. 2Pen . . .. ... ... .. 220
7131A Sirip Chart Recorder, I Pen .. .. ... ... .. 220
7132A Sirip Chart Recorder, 2 Pen ... ... ...... 221
7133A Strip Char( Recorder. | Pen . ... .. .. ..., 22)
7143A Swrip Chart Recorder . . . .. ... ... ... ... 218
7155B Portable Strip Chart Recorder .. .. ... .. .. 222
72024 Graphic Plotter . . . .. ... .. .. .., ..., 214
7203A Graphic Plotter .. .. . ... ... L. 214
T210A Digital Plotter . .. ... ..o oo L 213
7260A Oplical Mark Reader . .. ... ........... 545
7261 A Optical Mark Reader . .. ... ... ... ..... 545
7402A 2-Channel Oscillographic Recorder .. . .. ... 223
7404A 4-Channel Oscillographic Recorder .. . .. ... 224
7414A 4-Channel Oscillographic Recorder . . ... . .. 226
7418A 6 to 8 Channel Oscillographic Recorder | . . . . 226
7562A Log Volimeter/Converter .. .. ... .. ... ... 43
7563A Log Vohimeler/Amplifier .. ............. 43
7670A Aulomaltic Sampler .. . ... ... ... .. ... 566
7702B 2-Channel Oscillographic Recorder .. . . . . .. 226
7900A Disc Drive . . . ., . ... ... .. 539
7905A Disc Drive .. ... e 539
7970 series Digital Magnetic Tape Subsystem . .. . .. 540
7970 B/E Magnetic Tape Units . .. ... ... ... ... 540
8000

8002A Pulse Generator . ... .. .. ... ... 293
8004A Pulse Generalor . .. .. ... v ve v i o 293
8005B Pulse Generator . .. . oL L L oo 292
8006A Pulse Generator . .. ... .. ...l 30t
8007B Pulse Generator . .. . o0 e o e 291
8008A. sce 8082A

8010A Pulse Generator . .. .. ... L. 294
8011A Pulse Generalor . .. ... ... vv 286
8012B Pulse Generator . .. ... oL oo L 287
80138 Pulsc Generator . .. .. Lo oo L 287
8015A Pulse Generalor . . . ... .. ... . 288
80)6A Pulse Generalor ... .. ... .. .. ... 302
B8080A Mainframe . . . .. (.. e 281
8081A Repetition Rate Generator, 300 MHz . . . .. .. 285
8082A Pulse Generalor . .. ... .. ... ... ... ... 290
8083A Output Amplifier, 300MHz . ............ 282
8084A Word Generator, 300 MHz . ............ 283
8091A Repetition Rate Generator, 1 GHz .. ... .. .. 285
8092A Delay Generator/Freq. Divlder . .. ... ... .. 284
8093A Output Amglifier, 1GHz ... ............ 282
B403A Modulator . ... . ... . oo oL 349
8404A Leveling Amplifier . ... ... ... ..., 369
8405A Vector Volimeter . . .. ... ... .. oL 426
8406A Comb Generator . . .. ... .. e v 467
8407A Nciwork Analyzer . . .. . .. ... ... ... 424
8410B Nelwork Analyzer Mainframe .. ......... 430
8410S scries Network Analyzers .. ... ... ... ... 427
841 lA Harmoni¢ Frequency Converter . .. ... . ... 430



84)2A Phase-Magnilude Display ... .. .. .... 424,430
8413A Phasc Gain Indicalor . ... . .. ... ... .... 430
84)4A Polur Display .. .. .. ... ... . .., 424, 430
8418A Auxiliary Power Supply ... ............ 430
8430A serics Bandpuss Filters .. ... ... .. ... 399
8443A Tracking Generator . .. ... ... ......... 460
8444A Tracking Generator . ... ..... ... ... 462, 465
8444A Option 058 Tracking Generator . .. .. ... .. 454
8445B Aulomatic Presclector . ... .. ... - ... .. A4
8447 scries Amplifiers . .. - .. 31, 467
8470A Coaxial Cryslal Delector . . .., ... ... ... 394
8470B Coaxial Cryslal Deleclor .. . ... ... ...... 394
8471 A Coaxial Crystal Detector . . ... ... ... .. 354
8472A Coaxial Crysial Deteclor . . .. ... ..... .. 394
84728 Coaxial Crystal Detcclor .. . ... .. ... .. .. 394
8477A Power Meter Calibrator .. . .. ... L. 377
84788 Coaxial Thermislor Mount . ... ......... 377
8481 A Power SEnSOr . . .. . oo 374
848I1H Power Seasor . ... L e e e 374
8482A Power Sensor . . .. ... e e 374
8482H Power Sensor . .. ... L e 375
8483A Powur Sensar . . ... Lo Lo L 3175
8484A Power Semsor . ... ... 318
8491 serics Coaxial Fixed Altenuators . .. ........ 385
8492A Coauxial Fixed Attenpatar . .. ... ... ... . 385
8493 scries Coaxial Fixed Attenuators . . . .. ... ... 385
8494 series Coaxial Step Allenuatoss . .. . ... ... .. 386
8495 series Coaxial Slep Atlenuators . .. ..., ..... 386
8496 series Coaxial Step Allenuators . . .. .. ... ... 386
8502A & B Reflection Transmission Bridges . . ... .. 420
8503A & B S-Parameter Test Sels ... ... oo 420
8505A Nelwork Analyzer ... .. .. ... .. .. ..., 418
8507A Automaltic Nelwork Analyzer ... .. ... ... 422
8542B 18 GHz Auvtomatic Network Analyzer .. ... 355
8552A Spectrum Analyzer—IF Section .. .. ... ... 457
8552B Spectrum Analyzer—I]F Scction ... . ... ... 457
8553B Spectrum Apalyzer, Tuning Section .. ... ... 460
8554B Spectrum Analyzer, Turing Scction .. . .. ., . 462
B555A Spectrum Analyzer, Tuning Section ... ... .. 464
8556A Spectrum Analyzer, Tuning Section .. . ... .. 458
B557A Spectrum Analyzer . ... ... ... 149, 452
8538B Spectrum Analyzer . ... .. .. ... . ... 149, 454
85808 Aulomatic Spectrom Analyzer .. ... ...... 555
8600A Digital Marker .. .. ... ... ... ... 354, 423
B60t A Generator/Sweeper . .. ... ... ... ... 354, 428
8614A Signal Generator . . .. ... o 345
8616A Signal Generator .. .. ... ... ... ... 345
8620 syslem Sweep Oscillators . . .. .. .......... KR
8620C Sweeper Mainframe . . ... ... .. ... ... . 356
8621 B Multiband Sweeper Drawer . .. . ... ... ... 364
8640A AM/FM Signal Generalor ... ... ....... 33§
8640B AM/FM Signal Generator . . . .. ... ... .. 335
8640A & B Option 002. AM/FM Signal

Generators . . . .. .. 335
8640B Option 004, Avionics Signal Generalor , ., . . . 338
8640M Signu) Generator . .. ... .. ... 339
8654A Signal Generator . .. .. ... 340
86548 Signal Generator . .. . .. .. .. ... 340
8655A Synchromizer/Counter .., . o ... 340
B660A Synthesized Signal Generator ... ... ... ... 328
8660C Synthesized Signal Generator . .. .. ....... 328
8671A Microwave Frequency Synthesizer . ........ 334
8672A Synthesized Signal Generator ... .. ... . ... 332

8690B Sweep Oscillator . .. .. ... .. ... ..
8691B-8695B RF Units (PIN leveled BWO)

for 8690B . . . . . ...
8691 A-R697A RF Units (Grid Leveled BWO)

for 8690B
86988, 8699B Solid State RF Units for 86%0B . . . ...
8705A Signal Multiplexer for 8690B . . ... ... .. ..
8706 Control Unit for 8690B
8707A RF Unit Holder for 8690B
8709A Phase-lock Synchronizer .. .. .. ... . ... ..
8717B Trunsistor Bias Supply . . . .. .. ... ...
8721 A Cuaxial Directional Bridge
8731-8735 scries PIN Modulators . . .. ... ... .. ..
8740A Transmission Tes( Unit
874 1A Reflection Test Unit
8742A Reflection Test Unin
8743A Reflection/Transmission Test Unit . .. ... ..
8745A S-Parameter Test Set . .., oo oL
8746B S-Parameler Test Set . .. .. .. ... ... ....
K & R 8747A Waveguide

RelNection/Transmission Test Units .. .. .. .. ...
X & P 8747A Wavcguide

Reflection/Transmission Test Units
8755 Frequency Response Test Sets
&76)A & B Coaxial Swilches
8801A Low Gain Preamplifier .. ..............
8802A Mcdium Gdin Preamplificr ... .. ... ... ..
8801A High Gain Preamptifics
8805A Carrier Preamplifier
8805B Carrier Preamplifier . .. ... ... .......
8R06B Phase Sensitive Demodulatos .. .. ..., ...,
B8807A AC/DC Converler
8808\ Loganthmic Prcamplifier
8809A Signual Couples . . .. .. ...
8820A DC Bank Amplifier . .. .. C e e
8821A DC Bank Amplifier ... .........., .....
8900B Pcak Powes Calibrator . ., .. ... ........
8950A Automaric Transceiver Fest System .. .. .. ...

9000

-------------

9500 series Automatic Test Systems
950D Aulomstic Test System
9571A Digital Test Station . . . .. .. v v
9600 Mecasuremenl! and Conltrol Systems

9602A Automalic Measurement & Control

Syslem ., . ...
2603A Automatic Measurcmer! & Control

Syslem . .. ..
9603R Remote Measurement & Control

SYSIEMS . . . e e e
9604A Automatic Measurement & Conirol

System .. e
9611A Industrial Measurcment & Control

System . . ...
961 )R Rcmole Measurement & Control

Syslems . ... L
9640 Automatic Measurement & Control

System . .. L. e e e,

9700A Distributed Systems Cenlral
9815A Programmable Calculator ... .. .. .......
9825A Programmable Calculator
9830A Programmable Calculator .. ... .. ... ....
9830B Programmable Calculator
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9862A X-Y Plotter
9863A Tape Reader
9864 A Digitizer
9865A Tape Casselle

9866A Thermal Printer
98668 Thermal Printer
9868A 1/0 Expander

9869A Hopper Card Reader
9870A Card Rcader
9871A Character Impact Printer
9878A [/0O Expander
9880B Mass Memory
988 1A Line Printer Subsysiecm
0882A CRT Subsystem
9883A High Speed Tape Reader Subsystem
9884 A Tape Punch Subsysiem
9885M /S Flexible Disk Drive

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

10000

10001 A 10:1 Divider Probe
10001B 10:1 Divider Probe
10002A SD:1 Divader Probe
10002B 50:1 Divider Probe
10003A 10:1 Divider Probe
10004D 10:1 Divider Probe
10005D 10:1 Divider Probe

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

10006D 10:1 Divider Probe .. .. ... ....... ...
10007B 1:1 Probe . . ... ... ... .. ... ... . 47.
IDDOBB L) Probe .. .. ... .. .. 47,

10011B BNC Adapier Tip
10013A 10:1 Divider Probe
10014A 10:1 Divider Prabe
10015A 10:1 Divider Probe
100168 10:1 Divider Probe
10017A Miniature Divider Probe
10020A Resistance Divider
10021A Miniature 1:1 Probe
10022A Minlature 1:1 Probe
10024A 1CTest Clip & o v vt v vt et e it en s
10034A Probe Ground Lead Kit
10035A Probe Tip Kit
10036A Probe Tip Kil
10037A Probe Tip Kic .. ... ... .. ... ... ...
10100B 100 ohm Feedthrough Termijnation
10100C 50 ohm Fecdthrough Termination
10102A RF] Screen. 1703A, 1707B
10104A Viewing Hood. 1703A-1722A
10]06A Camera Bezel Adapter
101 10A BNC Male 16 Doal Banana Post ., . . ... ...
101 11A Shielded Banana Plug 10 BNC Female
10113A Triple Banana Plug to Dual BNC
Female
10} 1SA Blue Conltrast Filter (1703A-1722A)

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

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

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

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

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

...........

10016A Light Shicld (J220A. 122) A 1222A) . . .. . ..
10117A Panel Cover (1220A, 1221A, 1222A) . . .. ...
10119A Rack Mount Kit (12204, 12214,

1222A) & i i e e e e a i e e
10140A Viewing Hood (1740A. 1741A) .. .. ... ...
10176A Viewing Mood .. ... . ... ... ... .....
10178A Mesh Contrast/RFI Filter .. ... ........
I0190A Light Shield (182) .. ... .............
10233A Cablc, 1645A 10 5055A or S150A . . . .. . ...
10235A Interfuce Cover for I645A . .. .. .. ... ...

10250A TTL Trigger Probe

10251A MOS Trigger Probe . .. - - . ..« .- 102
10252A ECL Trigger Probe . ... ............. 102
10253A Card Reader for 1600A Loglc State

Analvzer . . . .. ... e 9
10254A Serial-to-Pacallel Converter . . . ... ... . ... 100
10352B Graflok Back ... .......... ....... 162
10353A Pack FilmBack ... .. .. ... .. ....... 162
10355A Camera Bezel Adapter . . .. . ... ... .. .. 162
10356A Camera Beze! Adapter . ., .. . ..... .... 162
10358B Camera Casrying Case . ... ... ... . ... 163
10360A Camecra Bezel Adapter . .. .. ... .. ... .. 162
10361A Camera Bezel Adapler ., . ... . ... ... 162
10362A Camera Bezel Adapler ... ... ... ... .. 162
10363A Camcra Bexe) Adapter . .. . . . ... ... .. 162
10366B Cumera Bezel Adapler .. . ... ... L. 162
10367A Camera Bezel Adapter . . . .. .. ... ... .. 162
10369A Cumera Bezel Adapter ... ............ 162
J0370A Camera Bezel Adapter .. . .. ... ... ... 162
10371A Camcra Bezel Adapter . .. .. .. ... ..... 162
10372A Camera Bezel Adapter .. ... . . ... ..... 162
10374A Camera Carrying Case .. .. ... .. ... ... 163
10375A Camera Bezel Adapter . .. . .. ... .. ... 162
10376A Camesa Bezel Adapter .. .. ... ..... . 162
10387A Interface, Type 303 Modems (1645A) . . . . .. 490
10388A Interface, CCITT V35 (1645AY .. ... .. ... 490
10389A Interface, Breakout Box (RS-232C)

(I645A) . o o o e 490
104078 Plug-in Extender (180 system) ... .. .. .. .. 160
10475A 3in, Drawer for 11178 . . . ... ... . . .... 165
10476A $ in. Drawer for 11178 . . . .. ... ..... .. 165
104918 Rack Mount Adapler, 1700 series,

I600A . ... e 160
10501A Cabhle .. ... ... . 40, 480
I0502A Cable .. ... ... ... .. ..t 40, 480
10503A Cable .. ... ... .. ... .. 40, 480
1051 1A Spectrum Generator .. .. ... .. ... ... .. 350
10514A Double Balanced Mixer ... . ... ... .... 350
TOSI0A ACCESSOFY . o v v o it et e 40, 480
10525-60012 Tip Kits . . . . ... 0o ol 103
105257, 10525H & 10523E Logic Probes ... ... .. 103
10526T Logic Pulser . . .. .. ... ... ... _...... 104
10528A Logic Clip . .. ... . e 106
10529A Logic Comparator . ... .. .. ... . ..... 107
10533A Printer Interface ... . . . ... vl 252
10334A Double Balanced Mixer . ... ... ... ... .. 350
10536A Plug-in Adapter for $360A ... ... .. ..... 243
10534VA Reference Boards ... . ... ... L 103
KO1-10541A Preprogrammed Relercnce

Boards .. .. .. ... . ... 103
10544A Component Oscillator . ... .. .. ... . ... 275
10548A Scrvice Kit for 5300 series .. .. .. ... . ... 252
10590A Plug-in Adapter for 5345A . ... ... ...... 24]
1063JIA.B& CHP-IB Cables . .......... ... .. 25
10638A Degaousser (Cesium Sid.Yy .. .. ... ... 269
10653A, B & C High Performance Cesium

Ream Tube Retrofit Kits . . . .. . ... ... . ... 269
10810A & B LED Clock Kits . . . . .. ... .. ..... 269
10BSSA Preamp .. oo v v i et i o a s 265
11000
[TO00A Cable . . .. . it i 480
I100IA Cable ... ... ... ... oo, 480
11002A Test Lead ... .. ..o oo 480
FHIODXA Test Leud .. ... .. .o oo 480



11021A Probe Accessories . . .. .. ... oo v .. 482
HO3SA Cable ... .. ... . i e 480
11036A AC Probe for4I10C . ... . ............ 482
11040A Probe Accessory ... ... ... ... 482
11042A Probe ACCESSOTY . . . v v v v cm e e e e 482
11044A Probe Accessory . .. . .. oo 482
11045A DC Voltage Divider for 410C .. ... ... ... 482
11046A Carrying Case .. ... ... ... ... ..... 485
11047A Probe Accessory . .. ... ... 0oL 482
11067A Test Lead Kit . . .« .. v vt v v v v e v v vns s 47
11068A Soft Currying Case . . . . . - ... ... ... ... 51
11070 A/B/C Cable Assembly . .. ............. 480
11075A & 11076A Instrument Cases - .. . v . ... .. 485
11086A Cable . .. ... . ... . .. ... ... ... ... 480
11096B High Frequency Probe .. .. ... ... .. .. .. 37
11143A BNCwo Ciip Leads . ... ............. 480
11202A 8-bit Parallel [/O Intesface Card . ... .. ... 331
11203A BCD Input Interface Card .. ... ... .. ... 531
11205A Serial Interface Card . . . . .. ... ... .. .. 531
11285A Dala Communication Inlerface and ROM .. . 531
112978 Binary Synchronous ROM . . ... .. .. .... an
11298B Inicractive ROM . .. . . ... ........... 531
11456A Tesl Curd Jor 3470 series . . ... ... ....... 56
11457A Ruck Kit for 3470 series . . . . . . oo v v v v 56
11458A Sirap for 3470 series . . .. .. ............35%
11473A-11476A Current Probe Balancing

TransfOrmMErS . o v v v v v v e e e 433
J1S00A Cable . . ... . ... . . e 430
HISOIA Cable ... ... ... . . .. ... . ... . ... 480
115307A Oulpul Termination .. .. ... ... .. ..... 350
11508A Terminated Oulput Cable ... ... .. ... .. 350
11509A Fuscholder .. .. ... .. ... ... ... ... 350
HISIHA Type N Short . ... .. oo oo ... 398
HISI2A Type N Short . ... .. ... .. ... ....... 398
I1SI5A Waveguide Adapter .. ... . ... .. ... .. 402
11516A Waveguide Adapter . . . .. . . ... .. ..... 402
FISIZA MIXEr . . . e e e e e e e 467
11518A-11520A Waveguide Taper Sections . . . ... .. 467
11524A APCTio N Adapter .. ............ 402, 481
11525A APC7 1o N Adapter .. ... ....... .. 402, 481
I1331A Test Plug-in for 8690B . . . ... ... ...... 369
11533A APC7 1o SMA Adapter ... ......... 402, 481
11534A APC7 1o SMA Adupter ... . ........ 402, 481
11536A Probe Tec for 8405A . ..., .. ... ... .. 426
115404 Waveguide Stand . . . . .. ... ... ... 402
11542A-11548A Waveguide Clamps . .. ... ... ... 402
11549A Power Spliticr for 8405A .., .. ... .. .... 426
11565A APC-7Short ... ... ... ... ... ... ..... 398
11566A Air Line Extension . . . . . ... ... ...... 402
11567A Air Line Extension .. ... ... ... ..... 2
11570A Accessory Kitlor 8435A . . .. ... .. ..... 426
I1581A AllenualorSel ... ... ... ........... RY.
T11582A AuenuatorSet ... .. .. ... . ...... ... 3835
1N1333A Antenuator Sel . . . . . vt i 385
11587A Accessory Kit for 8410 serics . .. ........ 433
I1588A Swivel Adapter ... ... .. ..., ....... 402
11589A & 11590A Bias Networks . . ... ........ 433
11599A Quick-Connect Adapter for 8745A .. . . . ... 433
11600B Transistor Fixture . .. ... ............ 431
11602B Transistor Fixture ... ............... 431
11604A Universal Extension lor 8745A . .. .. .., .. 41)
11605A Filexible Arm for 8743A . . ... . ........43l
L1606A Rotary AirLine ... ................ 402

11607A Small Signal Adapier for 8745A . . ... .. .. 433

11608A Transistor Fixture .. ... .. ... ... . .... 432
11609A Cable Kitfor 84108 . ... ............. 433
I1650A Accessory Kit for 84308 . ... ... ... .... 433
11652A Relection/Transmission Kit for

8407A L L e 425
) 1654A Pasgive Probe Kit for 8407A . . . ... ... ... 423
11655A Impedance Probe for §407A . . .. ... .. ... 425
1 1658A Matching Resistor (or 8407A . .. ... ... .. 425
11661B Extension Module for 8660A & C . . ... ... 330
11664A Detector for 8755 . ... .. ... . . . .. 407
11665B Modulator for 8788 . . . . ... ... .. ... .. 407
11666A Refeclomeler Bridge for 8755 .. ... . ... .. 406
11667A DC-18 GHz Power Splitter . .. ... ... ... 406
11668A 50 MHz High Pass Filter for 8755 . .. .. ... 406
11678A Low Pass Filter Kiv ... .. ............ 406
11683A Range Calibrator . . .. .. ... ... ... ... 373
[1687A Adapter, S0 752 . ... ... ... ... ... 330
11690A Frequency Doubler ... ........... ... 350
11691D Coaxial Dircctional Coupler .. . .. ... .. .. 391
11692D Coaxial Dual Directional Couples . .. . .. .. 390
I1693A Limiler .. .. ... ... ... i 467
11694A Maiching Transformer, $0-75 . ... .. .. .. 467
11697A, B & C Band-pass Fihers . ... ... ... .. .. 350
11708A 50 MHz Rclerence Attenuator . .. . ... . 0w 374
11710A Down Converter . . . ..o v v v v v v v v ncn. - 339
11850A & B Power Splitters . . . ... ........ ... 420
11851A RF Cuble Kit for 8505A ... .. ... .. ... 421
11852A 50Q/750 Minimum Loss Pad . . .. .. ... .. 421
11853A S0 Type N Accessory Kit .. ..o vi v u 421
11854A 509 BNC Accessory Kit . . . .. ... .. .. .. 421
11855A 750 Type N Accessory Kit ... ... ....... 421
11857A Test Pori Extension Cables for 85034 . ... .. 421
11B58A Rigid Interconnect Adaper . .. ... ....... 421
12000
12531C Teleprinter Interface .. .. . ... . .. ... 538
12521D Terminal Interface . .. ... .. ... ... ... 538
J2551B 16-Bit Relay Register . .. . ... ... .. ... 538
12554A 16-Bit Duplex Register ... ......... ... 538
125558 Digual (0 Analog Converler .. .. ........ 538
12565A Microcireuit Interface . ... ... . . ... .. 538
12587B Asynchronous Commumcations

Interface . . .. . . .. o 538
12589A Automalic Dater Interface . .. .......... 538
12597A 8-Bit Duplex Register . .. ............. 538
12604B Data Source Interface . . .............. 538
12618A Synchronous Communications

Interface . . . . . . .. e e 538
12859A Dircct Memory Access .. . .. .. ... ... 538
12880A Display Terminal Interface . . .. .. .., ... 538
12889A Hardwired Serial Interface ... .. .. ... ... 538
12920B Asynchronous Multiplexer ... .. .. ... ... 538
12930A Universal Interface .. .. .. ... ... .. 538
12866A Buffered Asynchronous

Communication Imerface . .. ... ... _....... 538
12067A Synchronous Communjcations

Interface . ... .. ..o e 538
12968A Asynchronous Communications

Interface . .. ... ... ... ... ... 538
12970A Magnelic Tape Subsystem . . . .. ... ... .. 540
12971 A Maugnelic Tape Subsystem . ... ... ... 539, 540
12972A Mugnelic Tape Subsystem . . .. ... ... ... 540
12977A Fast FORTRAN Processor . .. ......... 537
12978A Wrilable Control Store . .. .. ... .. .. ... 537
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13000 175004 Multiple Span . .. ... ... oo 217
13037A Storage Control Unit .. . ... ... . ..... 539 17501 A Multiple Span . .. .. .. ... ... 217
13064A Tape Degausser .. ... .o ot onae s 230 17502A Temperature Module . .. .. .. .. ... ..., 217
13I1B7A 16K Memory Module . ... ... ... ... ... 536 17S503A Single Span . . . .. .. ... . 217
13215 A Power Supply .. ... . ... ... ... 539 17804A Single Span . . ., ... ... L o 217
132314 Displuy Enbancements ... ............, 544 17505A High Sensitivity . .. ... ... o L 217
13238A Terminal Duplex Register . .. ........... 544 I7506A Single Span . .. . . ... ... 217
13245A Churacter S¢l Generation Kit . . . ... .. ... 544 18000
1325308 Serial Printer Interface .. ............. 544 18019A Carrying Case 340
13254A Video Output Interface ... ......... ... 544 18641 A PRT Temperature Probes . .. ... ........ 57
13390A DISCU/IS ..o 339 18642A PRT Temperature Probes . .. ... ........ 57
13515A Frequency Doubler Probe .. ... ... .. .. 348 18643A PRT Temperalure Probes . . ............57
14000 _ 18644A PRT Temperalure Probes ... ... ... . .... 57
14513A Rack Kit 3%"H . .. ...... ... ... .... 198
14SISA Ruck Kit S%'H . ... .. .......... ... lgg 20000 e
14521A Rack Kil, Bench Series . . oo 108 20854A Timeshare BASIC “F” Solwtware .. .. ..... 537
14523A Rack Kit YA"H . . . . . 198 208535A BASIC Conqul Sys(em Software ... ...... 537
14525A Rack Kit S%"H . . . 108 20856A Timeshare Basic “E” Software . .. ....... 537
14533B Pockcl Programmer . . ... ... .. ... ... 203 243078 DO.S'”] Soft_warc P 337
14534A Pocket Progrummer .., .. ............ 203 24337A Basic Analysis and Mapping Program
14535A DCPS Interface Kit .. .. ............. 203 Software , . ...l 337
14536A DCPS Chaining Cable .. ... .......... 203 243428 Terminal Control System Sofiware . . .. . ... 537
14539A DCPS to 21MX Cable . . .. . .. .. .. .. .. 203 243768 lmagc/?.IOO Software .. .............. 537
14544A DCPS 1o PDP-§/1 Cable ... ........... 203 24380A HP Remore Job Entry Software
14545A Casters .« v v v vt v 198 Puckuge for BCS ... ... . . 537
"""""""" 24383A Course Writing Facility . . .. .. ... ...... 537
16000 24383B Course Writing Curriculum
16005A Prohes ..........uioveniiniiienn s CONVERSION . . .« v oot oot 537
16006A Probe .. ... ...... ... ..o 78
T6007A Test LeAds o o v v oo e vn e et e e e 75 30000 ,
16008A Resistivity Cell . .. ..ot 76 301308 2780/3780 Emulation Subsystem for
16014A Scries Loss Test Adapter .. .. .. .. ... ... 88 J000CX o 347
16019A Test FIXtUMC « « - v v oovoe e e e 14 33300 series Step Allennators .. ... .. ... ... ... 338
16022A Test FINIUIE - & o o v v oo e e e e iy %) 33311B/C Coaxial Switches . .. .. ... ......... 40)
16D29A Test Fixture . v o v oo e e e 78 33320 sertes Coaxial Slep Atignuators ., . . ... . . ... 388
L6033A Test Lend .« v v o v o s e e e e e e, P2 33321 series Coaxial Slep Attenualors . . .. .. ... .. 388
L6035A Test Lends .« v v v v o e en e e e e e &7 33322 series Coaxial Step Attenuators . ... ... .. .. 388
L6036A Test LeAdS .« o o v oo oe e e e i i 87 33330B/C Coaxtial Crystal Detectors . . . . ... ... .. 394
16037A Test Fixture . .. o v v v v it ie i i cn i 85 J4H10A Carrylng Case v v 47
16038A Tast FIXOUTE .+ - v o o e oot e e e e e, &7 3411 (A High Voltage Probe . ... ..... .. ... ...« 47
16E38A Test Leads . v v v v ve e o e e e e 74 34112A Touch-Hold Probe . . . . ... ... ... ... ... 47
164134 HP-1B Interface Kit o - v o v vs e e or v e 85 34702A M_ullimclcr ....................... 56
16462A Auxillary Capacitor . ... .............. 88 34740A Display .. ... .o 36
164704 Reference Inductors .. ..o .vvvvnonunen . 88 JAT50A Display .. ... 56
16491A Camera Bezel Adapter . .. .. ... ........ 162 40000
17000 43501B X-Ray System . . .. .. ... ... 570
17005A Chart Advance for 7004B Recorder . . . . . . . 207 43804 X-Ray System . ... ... 368
170128 Point PloUer . . o o o o oo 207 43805 X-Ray System ., . . ... ... Lo 568
17012C Point PIOUEr . . oo o oo 207 43807 X-Ray System . ... 388
17108A Time Base .. .. ... ..... ... ....... 208 50000
17170A DC Coupler . .. .. ..o oo 207 59301 A ASCH—Parallel Converter ., ... ..... ... 26
17171A DC Amplifier . . ..... . ...... .. ..... 207 59303A Digital-to-Analog Converler .. . ... ... .... 26
I7172A Time Base . .. ... ... ... . ... 207 59304A Numeric Display .. . ... .. ... ... ... 26
I7173A Null Detector . ... ... ... ... ... .. ... 207 59306A HP-IB Relay Acluatlor .. ... ..., .... 26
I7174B DC OfTsel . . . .o ot e e e e 207 39307A HP-1B VHF Switch .. .. ... ... ......... 26
17175A Filter . .. . .o e 207 59308A HP-1B Timing Generator . .. .. ..o v 26
I7976A Scanner .. ... .. L e 207 59309A HP-1B Digital Clack . . ... ... ... ...... 26
17177A AC/DC Converter DC Preamplifier .. .. ... 207 593108 HP-1B Computer Interface . . ... ......... 28
17178A DC Allenuator . . .. ... ... ... 207 59313A Anzlog-to-Digital Converter ... .......... 26
17400A High Gain Preampliber .. .. ... .. ... ... 223 S9401A Bus Systema Analyzer ... ... ... ... .... 25
17400 A Medium Gain Preamplifier ..., .. ... ... 223 59403A HP-IB Common Casries Interface .. ... . ... 26
17402A Low Gain Preamplifier . ... ... ........ 223 59405A HP-IB Calculator Interface . ... ......... 28
17403A AC Carrier Preamplifier . .. .. ... ... ... 223 59500A Multiprogrammer HP-1B Interface ... ... .. 532

17404A DC Bridge Amphifier ... ............. 223 59501 A HP-1B Power Supply Programmer .. ..... .. 26



60000

61000 Modular Power Supplies (OEM) . ... .... ... 201
61005C DC-to-DC Converter {single output) .. ... .. 201
61315D DC-to-DC Converter {triple output) ... ..... 201
62000 & 63000 Modular Power Supplies (OEM) .. ... 200
62005A-62048G Modular Power Supplies . ... ... .. 199
62212A-62215G Dual Oulput Modular

Supplles o . . v i eid o e s 199
62605M-62628) 200-600W Switching Power

Bupples  .cmsmomia 50 s o o - - e e e o . S 199
63005C 110 W Swilching Power Supply ... ... ... 199
63312F Triple-output Switching Power Supply . ..... 199
63215D Triple-output Switching Power Supply . . . .. 199
69321B Muhiprogrammer D/A Voltage

COMVETET . .. oot e e vn s ca s a s Ve 534
69325A-69328A Amplifier Control Cacds . . . . ... .. 534
69330A Relay Output Card . .. . ... .. ... ..... 534
69331A Digitad Quiput Card . .. . ... ... ...... 534
69332A Open Collector Output Card .. . .. ... ... 534
69335A Stepping Motor Contro} Card . . . .. ... ... $34
693518 Voltage Regulator Card . .. ... ... ...... 533
69370A D/A Current Converter Casd . .. . . ... ... 534
69380A Breadboard OQutpwt Card . .. ... ... ..... 534
69421 A Vollage Monitos Card . . .. ... .. ...... 534
69430A Isolated Digital Input Card . . .. ... ... .. 534
69431 A Digital Input Card . . .. ... ........... 534
69433A Relay Output With Readback Card . ... ... 534
69434A Evenlt Sense Card . .. ..., ...,....... 534
69435A Pulse Counter Card . . . ... ... .. ... ... 534
69436A Process Interrupt Card . . . . .. oL 534
69480A Breadboard InputCard . .. ... ... ... ... 534
69500A Unloaded Resistance Outpui Card ., . . .. .. 534
69501A-69513A Power Supply Control Cards .. . ... 534
69600B Programmable Timer Card . ............ 534
69601B Trequency Reference Card .. ........... 534
80000
85030A Applications Pac for 85030-9830A/B . .. .. .. 423
§5031A APC-7 Calibration and Verification

Kit Tor 830TA . . . . . 423
85022A Type-N Calibsation Ki for 85074 ... ... .. 423
85033A SMA Calibration Kit for 8507A . ... ... .. 423
85426A Bias Insertion Network . . ... ., oo ... 425
85428B Minimum Loss Pad ... .............. 425
86200 series Sweepes Plug-ins for 8620C ... . ... .. 362
86222A & B Sweep Oscillator Plug-ins for

T, e o A AT S Lt e S S 360
86290A Broadband Sweeper Plug-in for 8620C .. ... 358
86300 series Swecper Modules for 8620C . .. ... ... 364
86601 A RF Sectiun for 8660A.C ... ... ... ..... 330
86602B RF Section for 8660A.C .. ............ 330
86603A RF Scction for 8660A.C .. ............ 330
86631B Auxiliary Section for 8660A.C .. ... ...... 330
86632B AM/FM Section lor 8660A,.C . . ... ...... 330
86633B AM/FM Section for 8660A.C . ... ....... 330
86634A Phuse Modulation Section for

BOOOALE . 57. 5w b s e et G« v e e e e e 330
86615A &M, FM Scclion for 8660AC ... .. ... .. 330
80000
91007A Distributed System Kit for §505B

Systems ... 551

91008A Distributed Systems Kil for 85428
SYSIEMS . . . e e e 551

910758 TESTAID-11I Test Generstion

Software . . . .. e e e e e 553
91214A Remote Dala Base Access Package . ... ... 547
91703A-91705A Dislribuled Systems Kits for

9600 SysIBMS . . . . .o 551
91707A-91708A Distributed Sysiems Kits lor

00 S oA 2 e, S TR A e s 551
91780A Remote Data Transmission

SEBEYSIEM o .wv i mes s i nms g e . 358
92001 A RTE-II Disc Based Real Time

Operating System Software .. . ... .......... 552
92002A Batch Spool Monilor Software .. . .. .. ... 552
92060A RTE-I11 Real Time Operating System

NP, i i o d e d fon A s o AE s il <o e e 552
92063A IMAGE/1000 Data Base Managememt ., ,... 582
9700} A Rechurgeabie Ballery Pack for 970A . .. .. .. 48
97002A AC/DC Current Shunt/Bench Cradle

rel L e B . SRl Mt T e S 48
97003A RF Adapter for 870A . . .. .. ... . ....... 48
97004A Accessory Kit for970A .. ... . ....... ... 48
97010A Battery Charger for 970A . . . ... ... .. ... 48
98032A 16-bit Duplex Interface .. ............. 531
98033A BCD Input Interface . ... ...c...c...... 531
98034A HP-IB Interface . ... v v v mven v 531
98133A BCD Interface ... ........c.c.a.h . 531
98134A General Interface .. ................. LX]|
98135A HP-IB Interface .. ... .....c.ocuiveuenn 531
98136A RS-232-C Serial Interface ... .......... 531
08441-6012 Cable Assembly . ................ 480
0950-0090 GR-874 10 502 Termination . ......... 481
1250-0076 90 BNC Male-Female ............. 481
1250-0077 Type N Female to BNC Male ... .. .... 481
1250-0080 BNC Female to Female .. .. ... ...... 481
1250-0082 Type N Male to BNC Male ... ... .. .. 481
1250-0§76 Type N Male to Type N Female 90° . . . .. 481
1250-0216 BNC MaletoMale ... ... ... ... .. 481
1250-0239 GR-874 90® Elbaw . . . .. .... . ... ... 431
1250-0240 GR-874 1o Type N Female ... .. ...... 481
1250-0559 Type N Tee, | Male, 2 Female ... ... . .. 48
1250-0777 Type N Female to Type N Female ... . .. 481
1250-0778 Type N MaletoMale . ............. 481
1250-0780 Type N Malc 10 BNC Female ... .. .. .. 481
1250-0781 BNC Tee | Male, 2 Female .. ... .. .. .. 431
1250-0846 Type N Tee, 3 Female .. ............ 431
1250-0847 GR-874 to Type N Male .. ...,....... 481
1250-0849 GR-874 to BNC Male .. ......... ... 48}
1250-0850 GR-874 to BNC Female . .. ....... ... 4k}
1250-1158 SMA Female to Femuale ... ........ .. 481
1250-1159 SMA MaletoMale ............ ... 48]}
1250-1206 GR-874 to Type C Male ... ......... 48}
1250-1207 GR-874 to Type HN Female .......... 48}
1250-1208 GR-874 to Type C Female . .... ... ... 48}
1250-1209 GR-874 to TNC Femule . .. .. .. ... ... 481
1250-1210 GR-874 to TNC Male .. ............ 481
1250-121% GR-874 to Type HN Male . .. .. ... ... 481
1250-1263 BNC Male to Single Bapana Post . . .. ... 481
1250-1264 BNC Male to Dual Bangna Post . .. . ... 481
1250-1454 BNC Adapter Tip for HP

Miniature Probes . . .. ... Lo L 159
1251-2277 Dual Banana plug to BNC Female . ... .. 48)
1251-2816 Dual Banana plug (for cable) . .. ... .. .. 481

P
Wi
=
Z
s
m
@
=
=
Z
. |
i
o
o
=



i

HEWLETT-PACKARD INTERFACE BUS

Versatile interconnect system for instruments and controllers ‘m

* HP's implementation of IEEE Standard 488

and identical ANSI Standard MGC 1.1

o Useful over wide range of problems, from
simple to very complex—add capabilities as

your system requirements grow

e Very broad selection of HP-IB instruments

and accessory devices—available now

* Wide choice of computing controllers for

the reduction, analysis, storage and
management of measurement data

\ wofl

Make accurate, problem-oriented measuraments, controlled by catculalor or computer.

There are many measurcment applicalions
where interactive instrumenls coupled with n
coniroller can provide supertor, error-lree re-
sults as compared with convenlional miunual
mcthods. Such insirumentstion sysiems have
usually been beyond the practical reach of all
but large-scale or high-volume users because
of previous inlerfucing complexities and the
associnted high costs.

Now, Lhree things combine Lo reduce sig-
nificantly the engineering costs of pulling a
system logether. These are: (1) the Hewleti-
Packard Interface Bus, also known simply as
“HP-I1B"; (2) the recent development and
growing number of “'sinart” instrurmnents hav-
ing internal processor capability: and (3} the
agvent of a broad choice of compuling con-
trollers. ranging from individual “fricndly”
keyboard units through those capable of mul-
listation measurements and sophisticated
data management.

Before further discussing the merils of in-
strumentalion systems, it 1s impariant Lo nole
thut substantial numbers of measuscinents
will continue to be made manvally. HP in~
tends to conlinue 10 provide individual state-
of-the-art instruments for making specilic
manuail bench measurements, We do, how-
cver, see a clear trend loward these same in-
struments being ulilized 1n instrumentation
systems$ and inlerconnected via the HP Inter-
face Bus.

Benefits of a syatems approach
The decision 1o use a “'system” instead of

convenlional manual methods must be based

on an cngincering cvaluation of benefits vs,
costs. Among the many benefits associated
wilh a systems approuch:

® More consistenl results in repeited mea-
suremen(s — a system is not subject Lo op-
cratar latigue.

® Greater throughpul becavse systems are
generally faster.

® Maorc thorough testing because syslemn
speed allows more paramelers (o be mes-
sured in a shorler lime.

® Results expressed in einginecring or scien-
lific units since many systems controllers
are capable of on-line data manipulzlion.

® Greater accuracy because system erroes
can be measured automalically, siored.
and accounied for in the results.

o “Adaplive” data acquisition wherein 4 sys-
lem can be prapgrammed 1o branch to other
measurements to help pinpoint the prob-
lem when it senses an abnormal condition.

Retationghip of HP-18 (0 present and
proposed interface standards
ewlelt-Packard {s committed 1o the over-
all advancement of measurement technolo-
gYy. and has for quile some lime been work-
ing on the problems of simplifying and stan-
dardizing instroment interconnection.

Concurrent with the considerable pract-
cal experience HP has gained (with both HP-
IB und intesTace 1echniques in general) over
recent years has been the growing inlefna-
tion:l interest in cstablishing a xuitable stan-
dard for programmable measuring appara-
lus — a standard that will allow instrument
systems to be configured fram the products
made by dilferent manufuclurers. Europedn
organizations, particularly in Germany. have
been instrumental in initiating an inlerna-
tional standardization efforl.

In mid-1972, HP began (o participate in
various nation:al #nd international standard-
ization bodies. Yhe U.S. Advisory Commit-
tee, composcd ol diverse interests represent-
cd by both users @ind manufucturers, first es-
tublished initial gouls — and then adopted
the 1nterface concept utilized by the HP In-
terface Bus as an appropriate starling point.
A draflt document was subsequently written
and evaluated by members of the Commil-
tee, und then submitted as the U.S. proposal
o an YEC (Internationa) Electrotechnical
Commission) Working Group in the autumn
of 1972. Since then, (he interface delinition
has undergone it number of minor changes to
accommodate various needs at the interna-
tional level.

In September 1974, the parent technical
committee, IEC TC66. approved the mmn n-
terfuce draft document for u formal ballot
among the member nations of the [EC. Bal-
loting took place in 1976, and il is anticipat-
ed that un 1EC document will be available for
publication in 1977, The present definition of
the HP-18 ix compatible with the main [EC
draft document.

Meanwhile, the IEEE Standards Board has
approved |EEE Standard 488-197S “'Digital
Interface (or Programmable Instrumenta-
tion™. as published in April 1975.' The IEEE
standard is based on waork initiated by the
IEC. and follows the general coneepls of the
documenl now under consideration by IEC
member nutions, The HP Imerface Bus is
Hewleit-Pouckard's implementation of TEEE
Srandard 4%%. (NOTE: In January 1976. the
American  National Standards  Institute
adapted 1he above and published 11 as ANSI
Standard MC 1.1}.

Why the HP Interface Bus name?

Over the past severad years, HP has devel-
oped and sold instruments that are interface-
able via the basic digital techniques now
odopted as the IEEE Standard (and con-
(ained in tbe final 1EC draft document).

As Lhe list of HP producls availablc with
the “new digital inlerface™ has grown, our
customers have in the past sought a conve-
nient way 10 identily 1hose products having

o purchase a copy of the 80-page IEEE Standard 488-1975, rontact
The |mstitute of ELlectiral and Elecironics Engineers, 345 Eash 42ih
Streel. New York, NY 10447



the interlaee capubility. In response. we in
1974 adopied the name “Hewlet-Packard In-
terface Bus™ (commonly shoriened to “HP
Interfuce Bus™ or simply “HP-IB™). We will
continue to use the wdentifying name and this

symbol:

Both will be used with appropriante HP prod-
ucts so that their interface cupubilines may be
readily identified,

As additiona) instrumentation interface
standards become approved, HP will clearly
indicate the relationship of the Hewlett-Pack-
urd Interfuce Bus to those standards — just as
we have done with 1EEE Standard 488-1975
(and identical ANSI Standard MC 1.1},

It should be pointed out that as a praciical
matler, device-dependent aperational charac-
leristics have been excluded Trom the 1EEE
and proposed 1EC Standards definitions. In
this way, users retain maximum flexibility in
selecting instruments from different manu-
facturers and in utilizing each instrument’s
particular capabilitics to best advantage,

The implications of 1his are put in perspec-
tive by the "Forwurd” message printed in
[EEE Standard 488-1975: . . . & sysiem con-
figurator nist have sufficien awareness of the
options inchaded in cach of the devices in a sys-
tem in order Lo ensure that the correct commti-
nication techniques are used.”

Refutive 10 the great progress made in stan-
dardizing three of the four interface system
elements (mechanical, electrical, fimetional).
understanding the remaining device-depen-
dent operational parumeters relerred 10 i the
1EEE document is @ relatively small buy es-
sential ingredient necessary 10 ensure com-
plete nperationsl systems.

It would b presumptuons for Hewlell-
Packard to speak for other manufaciurers:
however, it is our vbjective to reduce as much
as practlcal any device-related ambiguilies as-
socinted with HP products operating per the
IEEE Standard (snd proposed 1EC Stan-
dard). We expect 1o do this through product
design considerations: (hrough aew message
concepls, as well as further code and format
guidelines: and through varcious prinled ma-
terials and Iraining actlivitics.

How the HP Interface Bus operetes

Al active interface ecircuitry 1s contuined
within the vartous HP-1B devices, and the in-
terconnecting cable (containing 16 signal
lines) is entirely passive, The cable’s role is -
mited 1o that of interconnecting all devices
together in parallel, whereby any one device
may transfer daila 1o one or more other parii-
cipating devijees.

Every participating deviee (Instrument,
controller, accessory module) must be able Lo
perform at least one of the roles of T4LK-
ER. LISTENER or CONTROLLER. A
TALKER can transmil data (o other devices
via the bus, and a LISTENER can receive
data from other devices via the bus, Some de-
vices cun perform hoth roles {c.g. & program-
mable iastrument can LISTEN to reccive ils
control insiructions and TALK o send its
measurement).

A CONTROLLER manages the operation
of the bus system primarily by designating
which devices are o send and receive data,
and it may also command specific aclions
wirthin other devices,

A minimum HP-IB system configuration
consists of one TALKER and one LISTEN-
ER, but without a CONTROLLER. In this
configuralion, data transler is limited to dir-
cct {ransfer between one device manually set
o "tk oaly” and one or more devices man-
ually set 1o “listen only™ (e.g. @ measuring in-
strument talking to a printer, for semi-auto-
matic data logging).

The full flexibility and power of the HP-1B
become more apparent, however, when one
device which can serve as CONTROL-
LER/TAILKER/LISTENER (c.g. culculator
or computer) is interconnectied with other de-
vices which may be cither TALKERS or LIS-
TENERS. or both (e.g. frequency synthesiz-
ers, counlers, power meters, relay actuators,
displays, printers, etc.), depending on the ap-
plicution. An HP-IB computing controller
participates in the measurement by schedul-
ing measurement (asks, setting up individual
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 aboul HP-1B computing controllers.)

HP-IB connections and structure

The 16 signal lines within the passive inter-
connecting HP-IB cuble are grouped into
three sels, according to their function.

Eight DATA lines carry coded messages in
bit-parallel, byle-serial form (o and [rom de-
vices, with each byte being transferred from
one TALKER to onc or more LISTENERS.
Dats flow is bidirectional in that the same
lines ure used both (o input program data and
to outpul megsurement data from an indivi-
dual device. Data is exchanged ussynchro-
nously, enabling compatibility among 8 wide
variety of devices. All interface messages (1o
set up. maintain, and terminate un orderly
flow of device-dependent messages) are 7-bil
coded. Device-dependent messages may be
from | to 8 bits: however, the codes contuin-
ing printable characters of the ASCH (Amer-
ican Standard Code far Information Inter-
change) code set ure mast commonly used,
and messages containing numbers are typi-
cally presented in scientific nolation (FOR-
TRAN-type) format.

Three DATA BYTE TRANSFER CON-
TROL (handshake) lines are used to eflect
the trensfer of each byte of eoded daty on 1he
cight DATA lines.

The five remaining GENERAL INTER-
FACE MANAGEMENT lines ensure an oc-
derly NMow of information within the HP-IB
system. One of these is called the “ATTEN-
TION" line.

The controller dictales the rofe of each of
the other devices by setting the ATTEN-
TION line low {irue) and sending 1ok or lis-
ten addresses on the DA TA lines. (Addresses
dre manuully sel inlo cach device at the lime
of systemn configuration, either by swilches
built into the device as shown sbove, or by
jumpers on a PC board.) When the A77TEN-
TION ling is low, all devices must listen to the

i ta -9
OEVICE A . -
ABLE TO |
TALK, LISTEN, ———r1
AND CONTROL
fa.n, clcudxton
<_: DATA
& ines
I —
DEVICE B (
amet1o X 1]
TALK AND |— |
LISTEN
[ —Fee
[ ) DATA BYTE
| TRANSFER
C-u\ CONTRGL
¥ 3 liiveg
DEVICEC <
T
onLY ABLE f. |
TOLISTEN -
g, vl
kel GENERAL
INTEREACE
G-u—-m\ MANAGEMENT
5 N
DEVICE O <:
ONLV ABLE J—
YO TALK
{en, oauntat i DATA
L { iveuTiourPus
DATA VALID
NOT READY FOR DATA
NOT DATA ACCEPTED
INTERFACE CLEAR
ATENTION
SERVICE REQUEST

M REMUTE ENABLE
END-ORSDENTIFY

Interface connections and bus structure

Rear panel switcties ars get g0 Instrument
will either be addrassable by controllerina
multi-device system, or will simply “talk
only” to another gevice such as a prinier.

DATA lines. When the ATTENTION line is
high (filsc), only those devices that have been
addressed will actively send or receive data,
while all others ignore the DA 74 lines.

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

It is not possible in this limited space o go
in1o 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 u prue-
lical and cost-effective matter, each HP-IB
device will usually be designed Lo respond
only 10 those lines that are pertinenl to its
typical function on 1he bus. (Details appear in
cach device's operaling manoal.)
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HEWLETT-PACKARD INTERFACE BUS

Versatile interconnect system for instruments and controllers m

Rear view of an assambled 5-device HP-IB bench gystem. Nole both single and stacked connectlions.

HP-1B specification summary
Interconnected devices: Lip 10 |5 maxi-
mum on ane contiguous bus.
{nterconnectlon path: Star or lincar bus nct-
work: lotal transmission path length 2 me-
tres times number of devices or 20 metres.
whichever is less (sce HP 59403 A for extend-
ing operating distance).

Message transfer scheme: Bytc-serial, bit-
parallel asynchronous data transfer using in-
terlocked 3-wire handshake technique.

Data rate: One megabyte per second maxi-
mum over limited distances; 250300 kilo-
bytes per second typical over [ull transmis-
sion path (depends on device).

Address capability: Primary addresses, 37
TALK und 37 LISTEN: secondary (2-byle)
addresses, 961 TALK and 961 LISTEN. Max-
imum of | FALKER and up 1o 14 LISTEN-
ERS at o timc.

Control shitt: In sysiems with more than one
controller. only one can be active at a lime, A
currently active controllgr can pass control 1o
another, but only designited system control-
ley ¢can assume contrul over others.
interface circuils: Driver and receiver cir-
cuits ure TTL-compalible.

Special notice to early purchasers of
HP-IB products

Hewlett-Packard fully supports IEEE
Standard 488, including the provision that
1SO metric threads be used on the bus con-
neclor lock screw and corresponding stud
mount. This means thal present HP-IB prod-
ucts are coming to you already equipped with
the proper metric thread connector hard-
ware.

I you arc among the many present users of
HP-1B products purchased over the past few
yenrs, please note that the connector locking

threads on early products are non-metric —
and they are therefore not compatible with
metric threaded conncclors now being pro-
duced per the IEEE Standard.

Two different metal finishes are being used
by HP 10 help you tell the difference between
metric and non-melric connectors. Whereas
the older non-metrie puris have a shiny nick-
et finish. all merric-threaded lock screws and
stud mounts have a black finish and the let-
tee “M™ stamped on them,

A special HP-1B Metric Conversion Kit
has been set up by Hewleti-Packard to assist
customers in converting the cannectors on
their alder HP-IB products (instruments, ca-
bles, controller interfaces) to be compatible
with the new standard metric-threaded con-
nector. This conversion kil is available at
modest cost. and i% identified as Part Number
5060-0138. Please contact your HP field en-
gineer or serviee representative for details.

Insfruments and computing controllers
for “do-it-yourself™ HP-1B system
solutions

Hewlett-Packard has an extremely broad
range of HP-IB instruments and computing
controller capabilities, as indicated on the (ol-
lowing page — capabilitics you can use in as-
sembling a wide variety ol system selotions.
via HP-1B. We are commitied to the HP-1B
concept. and you may be assured that we will
continuc to add to this list of interfaceable
products,

Each bench instrument is, by iwsell, an ex-
ceptional performer in terms of providing sig-
nals, making measurements, or recording re-
sults. Each has the additional capability
which allows its use in HP-1B instrumenta-
tion systems — either in “*do-itl-yourseil”" sys-
lems 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-1B interface
is optional in many instrumenls, it is increas-
ingly becoming “standard™ in some of the
newer products.

Most principle funcltions on the instru-
menis are HP-1B programmable. For speci-
fic details, please consult the appropriate cat-
alog page, or the technical data sheet which is
available for each producl.

Just as with the instruments, HP's com-
puting controllers which are available for usc
with HP-1B are all proven performers. Re-
gardless of your need (or reducing. analyz-
ing. storing or munaging measurement duts,
HP has a computing controller that should be
right for your application.

Warranty considerations

Every HP-IB device (instrument or com-
puling controller) carries the standard Hew-
lett-Packard warranty appropriate (o thatin-
dividual product — regardless of whether it is
purchased scparately as a stund-alone itemn
for use in customer-nssembled HP-18 sys-
tems. or (urnished as purt of 4 standard HP-
1B syslem assombled by Hewlett-Packyrd.

HP additionally takes responsibility Jor
standard HP-1B systems (designed and as-
sembled by Hewlett-Packard — sce page 24)
performing as specified. However, software
ar inlerfacing which has not been provided by
Hewlett-Packard as part of the standard sys-
1eru delivered by WP are nol covered by this
warninty.

In all cases, overall operational responsi-
hility for those HP-1B systems assembled by-a
customer from individuual HP-1B dcvices shall
rest with the customer,



Indlvidual Hewtett-Packard products avallable with HP-iB (IEEE 488) capabillity

Products

For HP-IB data management, see also HP 1000 and
HP 86404, p. 546

related {o: Model Product name/characteristics See Page
Stimulus 3320B Option 007 | Frequency Syntheslzer: 0.01 Hz 16 13 MKz 316
3330B Automatic Synihesizer/'Sweeper: 0.1 Hz to 13 MHz 318
6002A Option 001 DC Power Supply: 200 W exlended range 191
8016A Option 001 | Word Generator: 9 x 32 bit 302
8620C Option 011 Sweep Oscillator: 10 MHz to 18 GHz 355
8680A Option 005 | Synthesized Signal Generator: 10 kHz to 2.6 GH2 328
B660C Option 005 Synthesized Signal Generator: 10 kHz {0 2.6 GHz 328
8871A Microwave Frequency Synthesizer: 2 to 6.2 GHz 334
a872A Synthesized Signal Generaior: 2 to 18 GHz 332
59308A Timing Generator 26
S9501A Power Supply Programmer; Isolated D-10-A converler 26
Measurement 436A Option 022 Power Meter: —70 dBm to +35 dBm, up to 18 GHz 372
3437A Systam Digita! Voltmeter: high speed, 3'; digits 50
3455A Digital Voltmeter: 5Y2 or 6%z digils, auto calibration 62
3490A Option 030 | Digital Vollmeter: 5 digits. self test 668
3485A Scanner: up 10 40 channels, low thermal & relay 69
J745A Selective Level Measuring Set: CCITT FDM systems 504
3745B Selective Level Measguring Set: Bell FOM systams 504
4261A Option 101 | Digital LCR Meter: auto range and auto balanca 79
4270A Option 101 Automatic Capacitance Bridge 86
4271A  Opfion 101 1 MHz Digital LCR Meter a1
4272A  Option 101 1 MHz Preset C Meter 83
4282A Option 101 Digital High Capacitance Meler 84
4942A Opton 010 | Transmission Impairment Measurement Sysiem (TIMS) 500
S312A HP-18 Interface (Talker) for 53008 System 2598
5328A Oplion 011 Universal Counter: to 512 MH2, 10 ns time interval 248
534D0A Option 011 Automatic Microwave Counter: 10 Hz io 18 GHz 262
5341A Opfion 011 Automatic Microwave Counter: high speed, 10 4.5 GHz 263
5345A Option 011 General Purpose Plug-In Counter 238
5363A Time Interval Probes 264
5501A Oplion 251 Laser Transducer: {or accurate posilioning 558
8503A Opllon 001 S-Parameter Tast Set: 50 or 75 Ohm, for 8505A 420
8505A  Opiion 001 RF Network Anatyzar: 500 kHz to 1.3 GHz 418
59003A Digitai-to-Analog Converter 26
S83U6A Relay Actuator: for programmable switches, attenuators 28
59307A VHF Switch: two 50 Ohm, bidirectlenal, d¢ to 500 MHz 26
5930BA Digital Clock: month, day. hour, minute, second 26
693 13A Analog-to-Digital Converter 28
59500A Multiprogrammer {nterface Kit: or 8340B/694 1B 532
Display 5150A Option 001 | Alphanumeric Tharmal Priner: 20 columns 232
59304A Numeric Display: 12 LED characters, dectmal point 26
See also calcuiators, computers and paripherals
Storage 3964A Optlan 007 Instrumentation Taps Recorder: 4 channe! 230
3968A Option 007 Instrumentation Tape Recarder: 8 channel 230
See also calculators, computers and peripherals
Translation 69301A ASCll-10-Pargllel Converter: string up lo 18 characters 26
59403A HP-.iB/Common Carrier Intertace: RS232C or CCITT V24 26
Control and 563108 (nterface for 2tMX & 2100 Computars (see also p. 538) 28
Computaiion 53405A Option 020 Intertace for 9820A Calculator 28
58405A Option 02t Interface for 9821 A Calculator 28
59405A Ontion 030 Intertace lor 9830A/8 Caleulators {see also p. 529) 28
98034A Interface for 8825A Calculator (see also p. 528) 26
98135A Intertace for 98154 Calculator (see also p. 527) 28
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A preassembted HP-(B system solution — ihe 8850A Automatic Transcelver Test System.

HP-1B appitcations Infoarmatlon

Several application noles have been pub-
lished, descnbing how sclected HP insiru-
ments and compuling conlrollers can be in-
terconnected via HP-IB (or solving a wide va-
riely of medsuzement problems:

AN 164-2 provides hasic information on
using & Mode} 8660 synthesized signal gener-
ator with Model 9820,/21/30 calculators.

All notes in the AN 174 series describe how
to use s Model 5345A electronic counter with
Modcl 9820/21/30 calcutators for many difl-
ferent measurements, as indicited by the o-
lowing tiles:

AN 174-1* measuring the transfer charac-
teristic of a vallage controlled oscillator.

AN 174-2: measuring differential nonlin-
carity of a voliage controlled oscillator.

AN 174-3: measuring integral nonlinearity
of a voltage controlled oscillator.

AN 174-4: mcasuring dual vollage con-
trolled osciltutor 1racksng error,

AN 174-5: delermining probability dens-
ties (histograms).

AN 174-6: measuring the stability of a fre-
quency source.

AN 174-7: measuring [ractiona) (requency
slandard devialion {sigma) vs. avcraging time
{1au).

AN 174-8; measuring FM peak-to-peak de-
vigtion,

AN 174-9; making automaltic phase meu-
surements with the 3345A Elecironic Couni-
er

lay) of cables.

AN 174-)]1: mcasvring warm-up charac-
teristics and aging rates of oscillators.

AN 174-12: measuring [requency sweep lin-
carity of sweep generalors.

AN 174-13: measuring the tuning step tran-
sienl response of VCQO's te 18 GHz.

AN [81-]1: deseribes using Model 5340A
frequency counler with Model 9820/21/30
cilculators in 3 system configuirations.

AN 181-2: describes a daly acquisition sys-
tem based on Model 5300B measuring sys-
tlem and Model 9820/21 calculators

AN 187-2: describes conliguration of a
2-18 GHz synthesized frequency source using
Model 8620C sweep oscillator and 9820/
21730 calculators.

AN 187-3: describes three conligured sys-
tems for making microwavc scalar measure-
ments, using the Model 8620C sweep oscilla-
tor.

AN 187-5: describes the Model 8620C's
programmable capabililics with the Modcl
9820,/21/30 calculators.

AN 174-10; measuring electrical length (de- -

AN 196: describes several HP-I1B systems
using Model 436 A power meter.

AN 20]-1' describes a computer-con-
trolled HP-1B system for 1he automalic Qual-
ily Assurance cvalualion of precision assis-
(ors,

AN 20]-2: measuring differential nonlin-
carily of a voltage controlled oscillator, via
compulter-controlled HP-1B sysiem.

In addition to the above printed applica-
tion notes, Hewlett-Packard has video lapes
dealing with the use of compating control-
lers for HP-1B.

Preassembled HP-1B system solutions
.. . Integrated and supported by HP

Many applications can be salisfied with
standard HP-1B measuremenl systems. These
systems are nol only assembled and checked
oul at the factory — they are also fully inte-
grated and documented, and HP assumes full
responsibitity for overall specified sysiem per-
formance. HP's slandard HP-IB system war-
sanly applies, 2nd installation and mainte-
nance agreemenls arc available.

Several families of preassembled HP-IB
systems are currently available. with more 10
come. The following systems offer maximum
flexibility in terms of data manipulation and
snalysis, and in available accessories and pe-
ripherals, as used with computing control-
lers.

Data logging and data acquisition

Modet 3051 A Programmiable Data Loggper
(page 70): cconomical data collection and
analysis, interactive test capabilities.

Model 30524 Awiomaric Data Acyguisition
Svsient (page 71 Tast and precise low level
measurcments, powerful computation.
Network analyals

Model 30404 Network Analyzer (page 413);
complete amplitude and phase characleriza-
tion (also group dclay, oplionatly). 50 Hz 1o
13 M}z,

Model 3042A Automatic Network Analyz-
or (page 414): identical 10 3040A abovc. and
includes HP 9825A compuling controller.

Model 85074 Automatic RF Network Ana-
Jyzer (page 418): measures complex imped-
ance, (ransfer functions, group delay: 500
kHz 1o 1.3 GHz.

Spectrum analysis

Model 30494 Spectrum Analyzer (page
447y precse amplitude and (requency mea-
surements, 10 Hz 1o 13 MHz2.

Model 3045A Auiomatic Specirum Analyz-
er (page 447Y: identical to 3044A above, and
includes HP 9825A computing controllcr,
Frequancy stabilily analysis

Modet 53904 Frequency Stobilliy Analyzer
(prge 468): short and long wrm characteriza-
tion of precision [requency soucces, 500 kHz
o 18 GHz.

Tranecelver tesling

Model 89504 Awtomaric Tronsceiver Test
System (page 486): for AM and FM Irans-
coivers, 2 to 1000 MHz, transmitiing up o
100 W.

Digital cireuil board tesating

Model DTS-70 Digital Tess System (page
553): for fast and accurate faull locarion on
Yoaded digital prinled circuil boards.
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58401A

59401A Bus system analyzer

The HP-IB (1EEE 488) concepi has greatly simplified many of those
things which have in the past made insirument interfacing a burden-
some Lask. Even so, software errors can occur if the system designer
does not completely understand the bus system or the capabilities of
the instrumenis and other devices being interfaced. And hardware
problems can occur il the snstrumens/devices are not functioning
properly. or if they are not completely compatible with the bus stan-
dard.

The 59401 A 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 (o see the status of all bus
lines, including the actual characlers on the bus data lines. Becanse the
59401 A cun alse drive all bus lines, 11 can completely exercise another
Talker. Listener or Controller — which is especially useful in verify-
ing compatibility of new or user-designed products with the HP-1B.

There are several choives of analyzer operaling speed. It may be op-
eraled at one charucter at a lime (useful for software debugging), a1 2
characlers per second, or al regular s speed. it may also be operal-
ed at 4 vanable rate as determined by the external clock inpul.

The analyzer's 12 character memory ¢an be used (o store bus char-
acters in the Listen mode, or 1o oulpul churacters to the bus in the
Talk mode. When (he anzafyzer i< in the Compare mode, a stream of
bus (ruffic may be slopped on a pre-selecled character — and al that
lime, a trigger pulse is available, which is very useful when analyzing
transient or tinmg problems related o the bus.

59401A Specifications
Display: monitors all bus lincs. Represents daia lines. any memory lo-
cation, or DIO (ront panel swileh seitings; in octal code and ASCII
churacles.
Listen mode: stores up to 32 characters of bus tralfic in memory for
real lime and repelitive testing. In compare mode, hahs bus Iraffie
when a selecled character is presenl, and user can display any one of
the previous 31 characters stored in memory.
Timing: rccepl <750 ns: ready <750 ns.
Talk mode: bus lines can he driven directly from front panel swilch-
«; memory can be loaded {rom front panel switches for driving bus
with 0 32 character sequence,
Timing: (1) data changed > 3500 ns hefare DAV pulled low: (2) ATN
driven low > 1 us before DAV pulled low: (3) DAV driven high
<700 ns sNler NDAC s [ulse; (4) DAV driven low <700 ns after
NRFD is false, il conditions | and 2 are mel.
Opereting speads: onc charucter al a time, 2 characters per second,
regular bus speed, or vitriable rate determined by external clock input;
in either Listen or Talk mode.
External clock Input: | standard power TTL gate input; <10 MHz
repetition rate.
Compara output: provides | standard power TTL gute oulput (1.LOW
TRUE) sync pulse when bus churacler is same as [ront panel switch-

cs.
HP-IB load: | bus load (capable of driving 14 other bus devices).

b

Bus systern analyzer, cables & accassory modules

10681A/B/C

General

Temperature rangas: vncrating, O 1o 30°C: storage, —40 1o +75°C.
Humidity: 935 relative, 0 to 40°C.

Power requirements: 100, 120, 220 or 240 V +5'T, —10%; 48 Lo 66
Hz: €42 VA,

Dimensions: 205.) mm \W, 1455 mm H, 4953 mm D (8.078" X
5.730" X 19.5007)

Walght: net. 5.64 kg (12.44 1b),

Options and accessories Price
5061-0089, front handle kit SIS
10631B 2 m (6.6 N1} bus cable. lurnished N/C

58401A Bus System Analyzer $2500

HP-IB Interconnection cables

Three different length HP-1B cables are available. Buth ends ol each
cable have a double-sided male/female connector, so that multiple ca-
bles may be conveniently stacked for purallel connection.

Meltric threads are now standard on HP cable connector lock screws
(and matching stud mounts on instrumenis). and indicated by a black
finish and stamped letter “M™. Note that early HP-1B products were
equipped with conneclors having non-metric threads, and are therefore
not compatible with the metric connectors. Conlact your ncarby HP
Sales and Service Office for an HP-1B Metric Conversion Kit, 5060-
01138, avmlable at nominal cost.

Model number and cable length Price
10631A HP-IB Cable, 1 m (3.3 i) 560
10631 B HP-IB Cable, 2 m (6.6 ) S65
10631C HP-1B Cable, 4 m (13.2 1) §70

HP-IB Accessory modules

Modules in the HP 59300. 59400 and 59500-series are ideal building
blacks for use with instraments 1o extend measurement capabilities.
Al of the modules Jisted here can be interconnected via the HP-IB to
HP measuring instruments, signal sources and recording devices ca-
pable of operating directly on the HP-1B (see rapidly expanding list on
previous pages). In addition, these modules frequently serve as useful
ways (o interconnect wilh devices which are not themselves capable of
direct HP-1B operation.

Instrument requirements differ. Some only outpul or accepl dala on
the HP-1B. Others cun be remotely programmed by ASCII characters
scnt along the HP-1B. These modules can work with instruments on
any of these levels with or withoul a controller, Each module having
controls can be operated stand-alone from its front pancl, or it can be
placed in automitic operation under propram control.

Module provision for stand-alone, local operalion also has impor-
1ant sysiem benefits. The operator can set up and check oul the sys-
tem under manual control. avoiding otherwise complex and \ime con-
suming esror tracing. Each module has status indicator lights that
make il easy l6 monitor operation.

These modules ase housed in cabinets which are part of HP's new
“System 117 program (see page 474). This extremely flexible enclosuse
system makes it easy (o lock products together horizontally or verti-
cally, for bench or rack use.
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Accessory modules
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59501A

58304A 59309A

58301A ASCll-paraliel converter

The 59301 A accepts byte-serial ASCII characters on the HP Inter-
fuce Bus and converts (hem Lo parallel output. A string of up (o 16
characters 1erminated by lineleed is converted and placed upon the
oultput lines; the linefeed character signals execation of a prinl com-
mand (strobe). With the $9301A, instruments with the HP-IB inter-
face can be operated with HP 5050B/5055A Printers and their acces-
sories; a switch selects outpul to be formaited as print formal or hexa-
decimal format; requires (wo output cables, HP 562-16C (not fur-
nished).

The 5930l A can additonally be used with HP 6128C thru 6145A
(Opiion 199} digitally-controlled power supplies. (or HP-1B program-
mable voltage and current.

B9303A digital-te-analog converter

Accepts an ASCII string and converts any three consecutive digits
to analog vollage accurate (o 0.1% in 30 us, Fully programmable via
the HP-IB or operates stund-alone from the (ront panel. Offers three
outpul modes for conversion: normal, offsel. or plus-minus (9.99 vols
to —9.99 valis) (o make il convenient for operating strip chart record-
ers.

A primary application for the HP 59303A is 10 present on a logeing
device 1be data points being taken during a measurement, guch as with
the HP 5345A Counter. No controller is required for operstion. Com-
patiblc logging devices include strip chart recorders, X-Y plotters, and
displays.

59304 A numeric dlsplay

Presents a highly visible readoul of up 10 12 characters and decimal
point. Operates as an HP-1B monitor displaying Bus trafTic, or it can
be addressed 1o display such (hings as frequency readout or interme-
diate calculutor results.

58306A relay actuator

This modute has six Form-C relays that provide for contral of ex-
ternal devices ¢either manually from fromt panel pushbuitons or re-
motcly from the HP-1B. Rclay conlacts are specificd 1o handle 0.5
amp. Usc the 39306A with HP 8761A/B SPDT switches for HP-IB
programmable microwave swilching de-18 GHz; use it with HP 84%4
theu 8496G/H aticnualoss for HP-1B programmable a(lenvation de-
18 GHL
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59403A

58307A dual VHF switch

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

58308A timing generator, 58309A digital clock

This HP-1B programmable timing family offers time-of-day and
precision timed intervals over a wide range from gub-seconds to days.
The clock and generator are independent of each other and can oper-
ate under program contrel or stand-alone. The 59309A HP-IB Digital
Clock displays month, day, hour, minute, and second; and upon com-
mand outputs lime via the Interface Bus to lopging devices. Time can
be updated by remate command. The ¢lock accepts a small-internal
bualtery to provide glitch-lrec power and more than a day’s standby; al-
ternalively, the clock operaies up 10 a year on stundby supplied by or-
dinary D-size balteries. The $9308A Timing Generator provides pacs
ing and timing signals output (or remole use via the Interface Bus or
on rear panel BNC's. Timed intervals can be selected by thumbwheels
or can be programmed o have precise lengths from microseconds to
minutes (o more than a day. Accepts trigger inputs from front panel
pushbutton, from rear panel connectors, or remotely vin the Bus.

Rear panel BNC's oulput TTL and FCL levels with switch selec-
tion of square wave or pulse and of positive-going or negatlive-guing
cdge. Output pulses are S00 ns 100 ns wide, rise time 50 ns.

59313A analog-to-digital converter

This medium-speed 4-channel unit can accept a full scale input of
+10 V dc on cach channel, individually selectable in four ranges. It
also has & program-controlled reverse charinet lor driving small signal
lamps, relays, or TTL circuits. An HP-IB controller can commund this
unit 10 perform a single conversion, or initiste a sories of internally-
paced conversions at one of six selectuble rates (up to 200/s if one
channel; up to $0/s on cach of four ¢hannels). Sampling can also be
initiated externally by TTL transition or contact closure 1o ground.

59403A HP-1B/common carrier interface
This module provides a way to extend the separation of companent
parts in an HP-1B system by more tban the 20 meire maximum trans-

HP-1B accessory modules

>
QI 594034 | FULL DUPLEX BIT SERIAL | 594032 |(GTRIEY
<

The distance between HP-IB devices may be extended by up to
1000 metres, uslng two 58403A’s; even further with modems.

mission path lenglh specified in various interfzce Standards, and it is
espeeially uselul for production or remole site applications. Distances
up to 1000 metres are possible by using two 39403A modules {one al
cach location) interconnected by a dedicated and shielded two-
twisted-pair cable. And even longer distances can be achieved by using
a telephone line (with appropriate modems) instead of the dedicated
cable.

Each 59403A module converts HP-1B data and control bines to a se-
nial bit steeam of digital information for transmission over the dedi-
cated or lelephone lines, and vice versa in the reverse direction. In
both cases, operiation is full duplex. so thal (fer example) one HP-IB
device at a remole location can request service from the controller at
Lthe same lime Lthe controller is sending data Lo another HP-IB device
al the remote location.

The recommended dedicated cable is available from HP as Pun
Numiber 8120-1197 (Belden type 8723). The 59403 A is desipned o op-
crate with 110, 300 and 1200 baud asynchronous or synchronous full
duplex modems which are EXA RS232C or CCITT V24 compatible. In
the U.S.. Bell I03A modems with “'soft carrier turn-off" are recom-
mended for use on the direct dial (DDD) network. (Check with your
locul telephone authorities regarding data communication regula-
lions.)

58501A power supply programmer (lsolated DAC)

This single-channel digital-to-analog converter can control a wide
range of power supplies {(output vollage, or current), as well as gther
analog programmable devices. It may also be used os a low level sig-
nal source, depending on the speed of the controller, It has Lwa out-
put ranges (O-1 and 0-10 V dc in unipolar mode; =1 to +1 and ~ 1010
+10 V dc in bipolar mode), us well as photo-isolators which electrie-
ally separate HP-1B conirgl and data lines from power supply circuit-
ry hy up to 600 V dc,

Gereral

Operating environment: operating temperiture, 0 16 S0°C: relalive
humidity, to 93% at 40°C.,

Power: HP 59300-series: 115 or 230 V (£ 10%); S0-400 Hz, IS VA
max. (HP 59313A, 18 VA max.). HP 59403A and HP 39501A: 110,
120. 220, or 240 V (+5%, — 10%); 48-63 Hz; 60 VA max.
Accessories supplled: cach 59403A is provided with one dediculed
linc connector HP Part Number 1251-3764 (Switcheraft 2504M). Note
thal 1063}-serics HP-IB interconnection cables must be purchased
separately.

Dimensions — max. height! X width X depth Net Welght Shipping Weight

Model Description mm (lnches) kg (ib) k¢ (Ib) Price
59301A ASCAH-lo-parallel Coaverler 101.6 X 212.9 X 294.6 (4 X 8.38 X 11.6) 1.70 (3.78) 2.32 (5.16) $575
593034 Digital-10-analog Converter 101.6 X 105.9 X 2946 (4 X 4.17 x 11.6) 2.61 (5.80) 3.17(7.04) $850
59304 Numeric Display 101.6 X 105.9 X 294.6 (4 X 4.7 < 11.6) 1.23(2.73) 1.58 (3.51) $700
59306 Relay Actuator 101.6 X 2129 % 294.6 (4 X 8.38 x 11.6) 2.64 (5.87) 3.23(1.18) §700
58307A VHF Switch 101.6 X 212.8 > 294.6 (4 X 8.38 X 11.8) 264 (5.81) 3.23(7.18) $750
$9308A Timing Generalor 10).6 % 2129 x 294.6 (4 X 8.38 X 11.6) 2.10{4.67) 3.83(8.51) $1025
$93094 HP-1B Digital Clock 101.6 X 105.8 X 294.6¢4 X 4.17 X 1.6} 1.70 (3.78) 284 (631 $1025
593134 Analog-to-digital Converter 101.6 % 212.9 % 345.4 (4 x 8.38 x 13.6) 5.45(12.0) 6.36 (14.9) §1500
594034 HP-IB/Common Catrles Interface 101.6 % 2129 X 430.0 (4 X 8.38 X 16.9) 4.50 (10.0) 630 (13.5) $1300
$9501A Power Supply Programmet 101.6 X 212.9 % 2946 (4 X 8.38 x 11.6) 261 (5.80) 317 (7.08) $500

1 Hewght above inciedes feet, with Test removed height i 881 mm {247 inchis)




ol

HEWLETT-PACKARD INTERFACE BUS

Versatile interconnect system for instruments and controllers
Compuling controllera/inlerfaces

HP 8815A computing controlier (HP 98135A nlerface)

HP 9830A/B computing contraller (HP 53405A Inlertaca)

A scparate conuoller is not required for simple HP-1B configurations
(c.g. data logging). However, the full flexibility and potental of the
Hewlett-Packard Inierface Bus ace more obvious when used with HP com-
puting controllers.

Role of a computing controller

[n addiuon 10 managing the flow of information over the bus, the com-
puling conuoller in an operaling orcasurement system aclively partici-
pates by scheduling measurement tasks. by setling up individual devices
0 they can perform the tasks. by monitoring the progress of the mcasure-
menl as it proceeds, and by interpreling the results of the measurement.

| HPIE

HP computing controllers serve another important function by providing
access 10 o large number of display, input/avipot and dala storage
peripherals These include plouess, line printers. floppy disks. lape
cassetles. cic. Addilionally, HP computing conlrollers can perform the job
of interfacing with other insurument subsystcms or cOmpuler systems pying
seriul communication Jinks—thcreby gaining access o common data bases,
sharing resulis, ¢lc.

Finally. a computng conwoller can provide the 10als for program de-
veloproent. These will normally include an editor that can be used in
generaling source programs, debug aids that can be used in analyzing and
modifying program flow, and a means of stonng and recalling programs
and/or resulis.

Wide choice of HP computing controllers

Hewlen-Packard has a continuum of HP-IB (LEEE 488) computing
controllers from which (o select If your interfaced-system application is
of the "")Jab bench™ variery (as in engineering design or merology), you may
prefcr (o vsc onc of the desk-1op keyboand units such as the 9815 A, 9825A or
9830A/B. On the other hand, if your appliciion calls for complex or high
volume production testing at multiple locations, simultaneonsly, and in
scveral programming languages, your choice will probably be onc of the
solubions offcred by the HP 1000 (incorporaiing a 2§MX computer)

Regardless of which HP compuimg coniroller you choose initiallty.
the vaiversality of the HP-1B interface mesns you have gread flexibility in
changing or expanding the conure} portion of your interfaced measurement
systcm. 35 your nceds change of grow.

RP-1B imierfaces for cach of our computing controllers are described
below. For more comprehensive delails on Ihe computing conirollers them-
selves, please consull pages 527-529, 536 and 546.

98135A HP-18 Intertace far 9815A

HP’s most economical compuiing conrroller Is the 9815A desk-lop
unl, for handling the less complex lasks associated with s} systems. 17
you are familiar with HP's hand-held personal caleulaars, you'll feel at
home with the 9815A's Reverse Polish Nolaiion (RPN) languape. The
keyboard has a 10-key numeric pad, (S special fupction keys. program
language and conwol kcys, editiag keys, and 2% scientilfic function keys
including trigonomelric funcrions. The 9815A has 2 built-in 16-characier
numc ric display as well as a Ihermal printer having alphanumerie eapability. It
also contains a high-speed bidirectional magnelie wpe dala canridge
system.

For HP-IB applicutions, the 9815A can accepl onc Model 98135A
Interface, which plugs inlo one of the two /O slois on the 981SA. The
interface has x 1.8 metre cable terminuted in an HP-IB conncetor with
metric fasteners, and il allows the 9815A 10 communicate with up Io &
maximum of 14 HP-IB instruments or peripheral devices. If your appli-
calion requires an inlerrupt capability, please see other HP compuling
conuollers, singe inlemrupt is nol available with the 9815A/98135A,

98034A HP-IB Interface for 9825A

The 8825A desk-top computing controller is an cxiremely flexible per-
former. It uses HPL, a high-level, formula-oriented programming language
which offers power and efficicncy for handling equations, data manipula-
tion, and inputoutput operations, HPL provides for subrouline nestng and
flags. and allows 26 simple variables and 26 mullidimensional array
variables. limiled only by the size of 1he 9823A°s memory. Also. HPL
hos a language compatibibty wilh the HP 9820A and HP 9821 A, permuting
programs for these earlier models 10 be convened for use with the 9825A.

Significant capsbilities of the 9825A include two-level priorily tnterrupl
(for controlling scveral insuruments or peripherals reguiring aitention at
unpredictable rates or (imes), hve keyboacd, direct memory access, multi-
dimensional amays. automatic mmcmory record snd load, and an extended
range of waternal computstion The 9825A has 1 typewriter-like keyboard
with upper/lower case, » nurmeric pad, and 12 special function keys {shift-
able 10 24). It has a buili-in 32-characier alphanumenc display and 2 16-



HP 1000 computer sysiem (utilizing a 21MX coniroller and one or more HP 593108 Inlerfaces)

character printer (both upper/lower case), a8 well as a high-performance
dsln canridge system. There are three VO slols and four ROM slots,

The Model 98034A Interface is required for operating the 9825A in
HP-[B applications. A 9825A equipped with a "Generdd VO™ ROM
can handle f(undsmental HP-[B input/output operations; with an “"Ex-
tended VO'" ROM, the 9825A is capable of complete HP-IB conirol.
Each 98034A Interface has a 4 metre cable terminaied in an HP-1B con-
nector with metric fastepers. and can cootrol up lo 14 HP-1B devices, in
conjunciion with the 9825A. Up to three of the interfaces may be plugged
directly into the 9825A VO slots—uand as many as 14 interfaces (up to
14 devices each) can be connected 10 one 9825A, through the use of a
Model 9878A /O Exgpander.

58405SA HP-18 Intertace for 8830A/B

The familiar and casy-to-use BASIC language is used with 9830A/8
desk-top computing conuollers. BASIC 18 a formal, imterachive language
which appeals 10 beginners as well ax expericnced progmmmers. An
additional benefit s that BASIC is a «andard computer Janguage; pro-
grams you develop initudly for 9830A/B HP-1B systems can be later
adapted with minimum effort for use with » 21MX compuling controller—-
if your HP-IB sysuem reguirements expand 1o reguire full compuwer ca-
pabililies availuble via the 21MX.

User-avallable read/write memory within mainframe ranges from a
minimorn of 3520 (8-bi1) bytes in the standard HP 9830A . up to a maxiunum
of 30.144 bytes in the HP 9830B with option 00!. Ao exiernal mass
memory subsystem is available for allowing 9830A/B computing con-
trollers 10 handle up 10 4.8 million bytes of informarion. Standard
9830A/B's have a 32-characicr alphanumeric display. built-in tape casselte,
and keybeodcd which includes special function kcys. There are 4 VO
stots, and many peripherals are optionally available.

A 9B30A or 9830B can conwol up 1o 14 HP-IB devices via 1 Model
59405A Opbion 030 Interfaca, plugged into one YO slot—and an appro-
priate ROM (provided with the interface) also plugged inlo the computing
controller. Ineluded with the interface is 4 4 metre cable terminated with
HP-IB connector wilth metric (astencrs, as well as a User's Guide (59300-
90002).

58405A HP-IB interface for 9820A and 8821A

The HP 59405A interface described above is also available for earlier
compuling conirollers. For the HP 9820A, order Model 58405A
Option 020 interfoce, which includes the appropriate ROM and User
Guide (59300-90001). For Lhe HP 9821A, order Model 59405A
Option 021 (same User Guide).

593108 HP-IB Interface for HP 1000 (& 21MX-serles)

The HP [000 computing conmroller is especially well suited for broad
measuwremen! and data managemenl requirements such as those found in
quality assurance, production lesting, etc. This is8 because the HP 1000

(combining a 21MX computer and Real Timme Exccutive Sofiwure) is capa-
ble of concurrently contoling multiple clusters of HP-IB west and meisuring
cquipmenl which may be organized into separaste physicat or funcional
groupings, cach of which may have up (o 14 HP-IB devices per cluster. The
HP 10600 also: (1) makes il pnssible to develop new progranas whilc existing
programs ace actively controlling and conumunicating with the bus-
inlerfaced devices; (2) ¢an be progrummed in HP Renl Time BASIC,
QUERY, FORTRAN, and HP Assembly language; and (3) can be linked to
distriboted computer pelworks to achieve centralized lest record main-
tenance, yield anslysis, and work order scheduling and tracing.

Bach separate bus cluster (of up 1o 14 HP-1B devices) connecled 10 the HP
1000 requires one Model 583 10B Interface. Two variations of this inter-
face are also available for OEM or "*do-it-yourself’* end user assembly of
HP-IB/21MX systems. The Model 593108 Option 422 provides he
broadesi range of cupabilities- -and includes a driver, utifity softwarc and a
manval supporting opesation in HP's disc-bused RTE-11 und RTE-1J1 Real
Time Executive syslems. For very simple applications. Model 593108
Optlion 423 includes a driver, mility softwase and a manual that suppon
operation in HP's memory-bised Basic Control Systesms (BCS). A diagnos-
lc routine for quickly confirming correcl operation is included in both
versions, and cech inlesface has 4 4 melre cuble tecminaied in an HP-[B
connector with meuric fasteners.

Compatibilitics between various HP computers and operating systems are
indicated below. The 21MX-serics computers include the HP 2105A, HP
2108A, HP 21)2A and HP 1000: nole Ihat the 593108 inicrface may also be
used with earlicy models HP 2100A/S.

HP 1000 HP 2105A HP 2108/12A HP 2100A/S
RTE-N: Yes No Yes Yes
RTEAII: Yes No Yes No
BCS: No Yes Yes Yes

For preconfiguced/assembled 2LMX/HP-IB computing conualler sys-
tems, please ulso sec the HP 9640A.

HP-1B interface model number Price
59310B: interface, RTE-WDI for HP 1000 $1000
S9310B Option 422! RTE for 21MX and 2100A/S $1000
59310B Option 423: BCS for 2IMX and 2100A/S 31000
$59405A Optinn 020: inlcrface for 9820A $1300
59405A Option 02}: inlerface for 9821 A £1300
59405A Option 030: interface for 9830A/B $1300
98034 A: interface for 9825A § 400
98135A: interface for 9815A $ 600



AMPLIFIERS

General purpose amplifiers
Model 461A, 462A, 4B5A, 46TA
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465A

481A, 462A Description

These general purpose amplifiers can be used as preamphificrs 1o
raise (he level of a signal or as a buffer.

Solid-statc HP amplifiers, Models 461 A and 462A, provide stable
20 and 40 dB gain over a wide frequency range with fast rise lime

461A Specifications

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

Galn at 500 kHz: 40 dB *0.5d8 or 20 dB %1.0 dB. sclected by front-
panc! switeh (inverung).

Input impedance: nominal 500,

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

Maximum d¢ Input: +2 V.

MaxImum output: 0.5 V mms into 300 resistive load.

Equivalent wide-band input nolse level: <40 ¢V in 40 dB posilion
when loaded with 50Q.

Distortion: <3% at maximum output and rated load.

Overloed recovery: <1 us for 10 imes overload.

Dimenslonsg: 130 mm wide X 76 mm high X 279 mm deep (3'4" x 3"
X117,
Welght: necit, 1.8 kg (4 Ib). Shipping. 2.7 kg (6 lb).

462A Specifications

Pulge rasponse: lecading edge and \railing cdge: rise time, <4 ns;
ovenshoot, <3%.

Pulse overioad recovery: <) us for 10 times overload.

Pulse duration tor 10% droop: 30 us.

Pulse delay: nominally 12 i6 14 ns.

Equlvalent Input noise level: <40 uV [n 40 dB posiion (500 load).
Input impedance: nominal S04},

Maximum input: | V rmsor 2 V p-p pulsc.

Maxlmum dc tnpul: +2 V,

Gain: 20 or 40 @B selected by ront panel switch (inverting).
Outputl; | V p-pinto 300 resislive load.

Dimenslons 130 mm wide X 76 mm high X 279 mm decp (34"
X% 117,

Welghl: nel 1.8 kg (4 Ih). Shipping, 2.7 kg (6 Ib).

465A Description .
HP's 465A amplificy provides 20 dB or 40 dB gain (X10 or X100)
with flal fcequency response from 53 Hz 1o | M Hz with floating inputs.

485A Specifications

Voltage gain: 20 dB (X10) or 40 dB (X 100), open circuit.

Gatn accuracy: £0.1 dB {(£1%) at | kHz

Frequency response: +0.1 dB, 100 Hz 10 50 kHz, <2 dBdown at 5
Hz and | MHz,

Output: >0 V rms apen circuit; >5 V rms into 50 (0.5 W),
Distortlon: <1%, 10 Hzw |00 kHz: <2%, $ Hz1o 10 Hzand 100k Hz
10 | MHz.

Input impedance: 10 M2 shunted by <20 pF.

Outpul impedance: 500).

Nolse: <25 gV rms referred 10 inpul (with 1 M source ressstance).
Dimenslons: (30 mm wide X 76 mm high X 279 mm decp (5.7 X 37
X 11",

Welght: net. 1.8 kg (4 {b). Shipping. 3.2 kg (7 Ib).

467A Description

HP's 4674 Power Amplifier/Supply is a 10 watt peak power ampli-
fier and =20 V (to +20 V) dv power supply. The wide band width of-
fers low de drift from dc (0 | MHz and 0.3% gain. With conlinuously
variable gain and loating inputs. HP's 467A can also be used as a
power supply.

467A Specifications

Power amplifier

Voltage gain (non-Invarling):; fixed steps: X1, X2, X35, XI0.
Vanable: 0-10, resolution js bettes than 0.1% of futl autput.
Accuracy: +0.3% from dc 1o 10 kH7 £1.0% from 10 kHx to 100
kBz: £10% (rom 100 kHz (o ( MHz with load of >40Q.

Qutput: £20V pat0.5A p.

Distortion: <0.01% a1 | kHz <1% a1 100 kHz: <37t | MHz.
Input Impedance: SO k0 shunted by 100 pF.

DC power supply

Voltage ranga: >£30 V, £10 V. 24V, £2 V. 1 V with adjuswble
vernicr. Resolution: better than 0.1%% of tull output.

Current: 0.5 A p.

Load regulstion: (front pancl) <0 mVY, no load 10 full {oad.

Line regulatlon; <10 mV for a & 10% change in line voltage.
Ganeral

Outpul impedance: ((ront panel): 5 mf in series with 1 yH.
Current limh: <800 mA.

Dimensglons 130 mm wide X 159 mm hiph X 279 mm decp (5" X

67 X 117,

Waelght: net, 4.5 kg (10 Ib). Shipping, 6.8 kg (15 Ib).

Modeal number and name Price
HP 461A Amplilier §47D
HP 462A Amplifier 5479
HP 465A Amplifier 3343

HP 467A Power Amplificr/Supply $875
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AMPLIFIERS

Wide band amplifiers
Modsls 8447A/B/C/D/E/F

uses: to improve Lhe sensitivity of counters, spectrom analyzers, RF
voltmeters, EM1 meters. power melers and other devices without dis-
tortion or degradalion of amplilude accuracy: (o increase 1the maxi-
mum power available from a signal generator or sweeper.
Broadband frequency coverage

The 8447 series offers an arplifier for nearly every application in
the 100 XHz (o 1.3 GHz frequency range. The wide bandwidths are
compatible with other wideband instruments and sccommodstc wide-
band spectra.
Options

A variety of options arc available: a 759 impedance model (Option
002) for applications such as television/FM broadcasting and CATV:
two dual channel versions (Option 001-BNC conncciors ang Option
011-Type N connectors) which operate with dval channcel systems
such as oscilloscopes or network analyzers (or the channcls may be
cascaded for increased gain); Type N connectors rather than the stan-
dard BNC connectors (Option 010).
General
Welght: net, 1.56 kg (3 pounds, 7 ounces). Shipping., 2.30 kg (5
pounds, | ounce).
Dimenslons: 130 mum wide, 85.8 mam bigh, 216 mm deep (5%” X 3%"
X 84").
Power requirements: 110 or 230 V ac + 10%, 48-440 Hz, 15 watls.

P
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8447A Preamp $650
847D Preamp §728
The HP 8447 series of general purpose amplifiers combines high re- 8447C Power Amp §550
liability and convenience. 8447D Preamp §725
RHigh perdormance 8447E Power Amp §7745
The performance of these amplifiers qualifies thom for a pumber of 8447F Preamp-Power Amp $1300
Specifications
M7F
84474 84478 8447C 84470 8347E Preamp-
Preamp Preamp Power Amp Preamp Power Ang Power Amp
Frequency Range 0.1 — 400 MH2 0.4 — 1.3GH: 30 ~ 300 MHz 100 kHz — 1.3 GHz 100 kKt ~ 1.3 GHz 100 kHz — 1.3 GHz
Typical 3 dB 50 kHr — 700 NHz 0.35 = 1,I5GHz 10 — 400 MHz 50 ¥Hz — 1.4 GHx SO kHz — 1.4 GHz 50 kBz — 1.4 GHx
Bandwidth
Gain (Mean) 20 dB +0.5 48 >20dB 304B £14B 260B+)58B 2248 £1.54d8
al 10 MH: 22 dB typicat (20° — J0°C) (20° — 30°C)
Gain f lainess +0.5dB +15d8 +)dB £1548 +1.54R t
Actoss Full &
Frequency Range =
<€
Noise Figure <508 <548 0.4 — 1.0 GH2 <11 ds <8548 <11 dB typical &
<6dB 1.0 — 1.3 GHz 2
Oulpul Power >+6dBm >—3dBm >+17dBm > 17 dBm >+15 dBm 2
for 1 d8 Gan typical =
Compression =
[}
Harmonic ~32 d8 for 0 dBm —3048B for —15 —1354dB for +10 —30 48 for 0 —30 ¢8 for +10 =
Dislerlion output dBm output dBm oulpul dBm output dBm ovipu =
(lypical) S
Typical Dotput —254Bm - 45 d8m —15d8m ~30 dBm —-20dBm 3
for <—60dB .
Harmoni¢ =z
Distortion o
VSWR <17 <20 input <20 <2.0 mpul <2 3
<2.2 outpul <2.2 output 1 — 1300 Mz {
) — 1300 MHz
Impedance 500 500 500 500 500
Reverse Isolalion >300R >40 48 >35dB >40 4B >4048
Maximom DC )10V £I0V 10V £10V +10V
Valtage Inpul
Options 001 001, 010, 011 002 001, 010, 011 010 010
Available
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AMPLIFIERS

Microwave power amplifiers
Models 489A, 491C, 493A & 495A

Microwave TWT amplifiers

Amplification of frequencies from 110 12.4 GHz is accomplished in
four ranges by the Hewlett-Packard medium-power. microwave dm-
plifiers. Each delivers al least | watt (or a I-milliwall input — a gain of
at least 30 dB.

All four TWT amplifiers have provision for amplitude modulation.
and since 1he internal modulation amplifier is de-coupled. remole pro-
grumming and power leveling are possible. Scnattivity is high for large
oulpul power changes from relatively small modulation signals. obvi-
ating the aced for an exicrna) modulalion amplifier.

The de amplificr has a gain of 20 dB and exhibits a passband (rom
dc to 500 k Iz when modulation index is in (he neighbarhood of | dB.
a3 might be encountered in RF leveling. When the modulating levels
are high, in the region of 20 volis, the passband will be a minimum of
100 kHz: i 20-volt change ut the MOD INPUT produces & minimum
of 20 dB ofl/on ralro.

Cathode current in the TWT is monistored by a front pancl meter
and can be conveniently cantrolicd by Lhe GAIN adjustmenl for rated
power owipul, or for reducing (ube current 1o extend tube life when
ull output power i< not required. And helix. collector, and anode cur-
rent can be mcasured ol an casily accessible (est point bourd. Com-
bined with the 8620 or 8690 sweep oscillator they muke an excellent
bigh power swept souree.

Advantages

DC coupled modulation cireuitry altows power leveling and remote
programming.

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

Applications
Antenna efficiency and paltcrn measurements.
Extends altcriuzation measuring systems capability by at least J0dB.
RFI susceptibility tests.
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489A-495A Speclfications

Output power: | wall for an inpul of 1 mW.
Galn: 30 dB ut rated oulpul.
Input/outpal: impedance. S0 conneclors. Lype N female.
Noise figure: <30 dB.
Ampliitude modulalion:
Seansltivity: modulation inpul of > =20 V peak reduces RF outpul
by 220 dB from dc {0 50 kHz.
Frequency response: dc to 500 kHz (3 dB).
Pulsa response: < us risc and fall times.
Dimenslons; 426 mm wide, 140 mm mgh, 467 mm deep {16%” X 3V,

X 18%").
Waelght: net. 14.9 kg (33 Ib). Shipping, 18.0 kg (40 1b).
4394 48]1C 4934 4954
frequency
range (GH2) 1-2 24 4.8 1124
Gain variation wilh
lreq.
2t raled outpul <6 48 <648 <64d8 <6 d8
small signal
across any
10% o! band <548 <548 <548 <5dB
{or 300 MH:z
across foli
band <124B | <1248 | 51248 <1048
Oplions Pri_ce
§08: Rack Flange Kit add $10
Model number and name
489A. | 10 2 GHz TWT amplilier S 29000
S20EH0

491C, 210 4 GHz TWT amplifier

493A, 4 10 8 GHz TWT amplificr

405A, 7 lo 12.4 GHz TWT amplifier
Infosrmation on 12.4 1o 18 GHz TWT on request

LRINT]

$ 1300



Meter movements

Voltage, current and resislance medsure-
menls can be easy, fasi, and aceurpie with
clectronic instruments using meter move-
ments.

The meter movement readout continues to
be popular since it is economical and suit-
ablc for many jobs, It 2lsa lend itsell well to
special. nonlinuar scales such as dB.

DECIBELS

ANALOG VOLTMETERS

dB scale and, therefore. a nonlinear voltage
scale. Several different 1ypes of meler faces
arc illustrated in Figure |.

Analog metess (Figure 2) usually have non-
lincaritics and/or offsets present in the alten-
uators and amplifiers. The meter movement
itself can have nonlinedrities — even with in-
dividually calibrated meter sciles. Nonlhin-
carilies eause pereent of reading errors, and

1mW8C0 N

DECIBELS

-\1

R.M.S.VOLTS

Figure 1. Four diftereni types ot meter scales available. (8) Linear 0—3 V and 0—10 V scales
plus 8 d8 scale. (b) Linear d8 scale plus non-linear (logarithmic) voltage scales. (¢} dB
scale placed on iarger arc for greater resolullon. (d) Linear —20 to 0 dB scale usetul for
acoustical and communications applications.

Voltrasler considerations

Accuracy — Before we can discuss mcter
accuracy, we must have a familiarity with Lthe
various meter scales available. Many instru-
ments have meler scales marked in bolh volts
and decibel (4B) units. 1t should be nated that
dB and voltage are complements of cach
other. That is, if a vollage sczle is made lin-
ear, lhe dB scale on the sume meter face will
be logarithmic or nonlinear. Likcwise, il the
dB seale is made linear, the vollage scale be-
comes nonlincar. The term “lincar-log scale™
is applied 1o sn instrument (hal has a linear

offscls cause percent of full scale errors. Per-
cenl of reading errors are constant no matter
where the meter pointer is. Percent of full-
scale error increases ax the pointer goes for-
ther down scale,

Looking at instrument specification sheets,
accuracy specificalions are usually expressed
in onc of three ways: 1. percent of the full-
scale value, 2, percent of Lhe reading, 3. (per-
cent of reading + percent of full-scale). The
firs( is probably the most commonly used ac-
curacy specification. The second (percent of
reading) is more commonly spplicd to meters

General information

Noo-finearities Non-
Offsats Linearity
Attenuator |—| Amplifier [ Anslog
Meter

Figure 2. Non-linearilles cause % of read-
Ing errors. OHsets cause % of full scale
arrors.

having » togaritbmic scale. The last method
has been used more recently to obtain a
lighter accuracy specification on a lincar-
seale instrument.

Hewlet-Packard uzes the 1wo-part accu-
racy specificalion to t2kc advantage of Lhe
upper-seale accuracy and yet maintain a rea-
sonablc specification for 1he low¢r portion of
the scale.

For a thorough cveluation of accuracy, Lthe
following should be considered: Dovs il apply
al all inpul-voltage levels up to maximum
overrange point? (Linearity specifications
may be added (o qualify this point.) Does it
apply 1o all frequencies throughout its speci-
fied bandwidth? Do<s it apply an all ranges?
Does it apply over a uselul temperature range
for the application? [f not, is lemperature co-
elficient specified?

Selecting an analog voltmeter

Bagic specs for Hewlett-Packard analog
maeters are in Table 1. Guidelines arc restated
below.

I. For measurements involving dc applica-
tions, select the instrument with the broadest
capability mecting your requircments. 2. For
a¢ measuremenis involving sine waves with
only modest amounts of distortion (<10%),
the average-responding volimeter can per-
form over a bandwidth extending vo scveral
megaheriz. 3. For high-frequency measure-
menls (> 10 MHz), the pcak-responding vol-
meler with the diode-probe inpul is the most
cconomical choice. Peik-responding circuils
arc acceplable if inaccuracics caused by dis-
tortion in the inpul waveform can be toler-
ated. 4. For meusurements where it i3 impor-
Lant 10 determine the effective power of wave-
forms that depart [rom 2 lrue sinusoidal
form, the true rms-responding volimeter is
1he sppropriate choice. In general, wue-rms
meters reveal only the ems value of un ac sig-
nal. Because Ihey are ac coupled, most volt-
mclers have a [requency cut-off acound 20
Hz. This restriclion keeps the (rue-rms voll-
meter (rom accounting for any low (requen-
¢cies or de components in a signal.

The 3403C RMS Digital Volimeler mea-
sures de plus ac from 2 Hz to 100 MH2. See
page 39.

For very wide bandwidlhs (up to | GHz)
and high-scnsitivity measuremenis of sinu-
soidzl or nonsinuscidal waveforms, the HP
3406A 15 the proper choice. Although the
3406A is average-responding, it has a sample
hold sutput which makes analysis of wave-
forms possible.

P



'ﬁANALOG VOLTMETERS

General information (cont)

Table 1. HP analog instruments

Frequency Range See
DC VOLTMETERS Voltage Range Accuracy at F$° Input imgedance Madel | Page
OC NULL YOLTMETER +3 4V — L1 4Vend de 100 k — 100 M) de- 419A 34
scale £2% +1 .V pending on sange {in-
0.1 gV resolution {18 finile when nulicy)
ranges)
DC VOLT-AMMETER DC: £1mV, £300V +3% dc 10 M2 alb ranges 43048 | See
(12 ranges) Dala
L1 nA, £300 pA (12 Sheel
ranges)
DC O(FFERENTIAL VOLTMETER 1 mY — 1 kY (7ranges) | de >10 7408 | 324
+(0.005% reading
+0.0004% range)
frequency Range Response See
AC YOLTMETERS Voltage Range Typlcal Accuracy Inpot Impedance Medel | Page
RECHARGEABLE BATTERY AC VOLTMETER 1 mv — 300V (12 5Hr — 2 MHz Average 403B 39
ranges) +2% — £5% 2M0/ <30 — <60 pf
FAST-RESPONSE AC VOLTMETER 100 kz low-pass hilter ac 100 ¥ - 300V - 80 20H1— AMHI — £1% | Average 400F 40
amplilies 0B — +524d8 — +4% 10 Mt/ 10 — 25 pF 400 FL
BIGH ACCURACY dB YOLTMETER 20 4B log scafe (0 dB = ) V) ~100 6B — +b0 d8 20 Re— 4 MKz — 302 | Averape 4006L | 40
(8 ranges) d8 — 0.4 d8 10 MR/ <15 — <30 pF
HIGH ACCURACY AC VOLTMETER has dc outpul (£0.5%) for lmV — 300V~ 70dB | 10Hz— tOMNz £1% Average 400E A0
deiving tecorder - +5248 +5% 10 M/ <12 — <25 pF | 400EL
RMS YOLIMETER provides rms readings of complex signals, Kas dc Imy —300Vv(2 10 Hz — 10MHz 1% 1O MQ/1S — 40 pF 3400A | 4)
oulpot lor drving DYM's of recorders ranges) — +5%
SAMPLING RF VOLTMETER provides rue rms measurements when 1mV — 3V (8 ranges) 10 kHz o >1.2GHz Siatistical Average’ 3406A | 42
used with 34004, Many accessories +3% — 213% Input Z depends on
probe tip used
VECTOR VOLTMETER phase and amplilude measwements 100 u¥ =10V 1 MRz — | GH2 £0.5 Average 84052 | 426
(9 ranges) g8 — 148 0.1 MQ2/25 pf
MILLIQRMMETER: twe probes osed when making 4 lerminal measwre- | 0.001 10 10002 FS (11 1 kHz (lixed) £2% Max autput Vollage: 4328A 75
ments ranges) S 20 mV
HIGH RESISTANCE METER and picoammeter 0.5 MR 1 2 X 10%Q Vollage: £10% Max. outpul Vollage. 43297 | 76
FS (7 ranges) 0.03 pA Corrent; £5% 1 kv
— 20 pA
Vollage Range Current Range Resistance Range See
MULTIFUNGTION METERS (Atcuracy) (Accaracy) (Accuracy) Model | Page
BATTERY-OPERATED MULTIFURCTION METER has 10 MQ de input DC: £100 mV to 100 — 10 M mid- 427A 37
impedance and 10 MQ/20 pf ac rapul impedance 1000V {£2%)9 scale =5%: lrom 0.3
ranges AC: 10 mV — lo 3 on the meler
00V 10 Hz — ) MH2 scale (7 ranges)
(£2%) 10 ranges
VERSATILE VOLTMETER has 10C MQ2 dc input impedance and DC. +159mV e DC:+1.5uAto 102 = 10 MYJ (center | 410C i8
10 M€/1.5 pt ac impedance 1500V (£2%) 11 +150 mA (£3%) 11 scale) 0 1o m.dscale;
ranges AC: 05V — ranges 5% or £2% of
300V 20 K2 — >700 midscale (whichever
MHz (£3% al 400 is grealer) 7 ranges
Hr) 7 ranges
See
CURRENT METERS Currani Range Accuracy frequency Range Model | Page
DC MILLIAMMETER wilh clip-on probe eliminaies direct connection Y mA—10AFS +3% dc — 400 Hx 288 36
(9 ranges)

“Tor easet xewsirgy rfer to page designated.
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4iBA DC NULL YOLTEETER

Description

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

An internal nalling voltage allows input voltages up to 200 mV 1o be
nulled giving an infinite input impedance. Input impedance above 300
mV range is 100 megohms.

Scven pushbuttons allow rapid (unction selection. This de null volt-
metar operates from ac line or from internal rechargeable batteries.
During operation from ac line, batteries are irickle-charged. A fast-
charge pushibutton is provided to increase the charging rate, recharg-
ing batleries in approximately 16 hours. Battery voltage may be
checked with the battery-iesi pushbutton. The zero pushbutton al-
lows compensation l[or any internal offsets before measurement. When
this pushbutton is depressed. the positive leg of the voltmeter is dis-
connected (rom the positive input Lerminal.

When the voltmeter pushbutton is depressed, HP 419A functions as
a zero-center scale 3 2V o 1000 V de volimeter.

When the AM pushbution is depressed, HP 419A functions as o
zero-cenler scale 30 pA to 30 nA ammeter.

Specifications

DC null voltmeter

Ranges: +3 uV to £1000 V d¢ in 1§ zero-center ranges.
Aceurscy: +{2% of runge 0.1 gV).

ANALOG VOLTMETERS

DC null volt-ammeter
Model 419A

Zero control range: >+ 135 uV.

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

Zero \amperature coefficlent: <0.05 oV /°C.

Response time: ) 5 (o within 95% of final reading on 3 4V range; | s
to within 95% of lnal reading on 10 zV 10 1000 V ranges.

Noise: <0.3 uV p-p, input shoried. Noise amplitude approximates
Gaussian distribution. RMS value (standard deviation) 18 <0.075 uV,
p-p noise value is €0.3 4V 95% of the lime.

Input characteristics

At null: infinite resistance on 3 gV through 300 mY ranges in set null
mode. Negative inpul terminal can be floated 1o £500 V dc from
power line ground.

Off null:
Voltage range Inpui retistance
3V —3mV 100 k02
10mY — 30my LR
100 m¥ — 300 mV 10 M2
1V - 1000V 100 MQ

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

AC normal mode rejection: ac voltages 50 Hz and above and 80 dB
grealer than end scale affect reading <2%. Peak ac voltage nol to ex-
ceed maximum overload voltage.

DC ammeter

Ranges: =30 pA to %30 nA in 7 zeso-ocnier ranges.
Accuracy: (3% of renge + | pA).

Zero control range: >+£150 pA.

Zero driit: <5 pA/day after 30 min wurm-up.

Zero lemperature coefficient: <0.5 pA/°C.
Nolse: <3 pA p-p. input shorted.

Input resistance: 100 kil on all runges.

Amplifier

Gain: 110 dB on 3 4V range, decreases 10 dB per range.

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

Output resistance: dopends on setting of output level control. <3561
when outpul conlrol is set 10 maximum.

Noise: 0.0) Hz 1o S Hz same as valtmeler (referred 1o input). >3 Hz:
<10 mV rms (referred 1o output).

General
Overload protection: the following voltages can be applied without
damage 10 instrument.

1V to 1000 V range: 1200 V dc.

10 mV to 300 mV range: 500 V de.

3 uV to 300 mV range: S0 V dc.
Operating temperature: insirument will operate within specifica-
tions from 0°C 10 50°C.
Opersating humidity: <70% R.H.
Siorage tempersivre: ~20°C 10 +50°C.
Power: |15 V or 230 V :10%, 48 Hz 10 440 Hz, 2 VA max. or 4 in-
ternal rechargeable balteries (furnished). 30-hr operation per re-
charge. Operation from ac line permissible during recharge.
Dimensions: 197 mm wide, 156 mm high (without removable feet).
203 mm deep (7%° X 6%" X 8").
Welght: net, 3.7 kg (8.3 Ib). Shipping. 5.4 kg (12 Ib).

418A DC Null Volt-Ammeter $830

P
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1 mA to 10 A clip-on dc milliammeter
Model 4288

e No circuit interruption
= No circuit loading

Description

Direct current from | milliampere 1o 10 amperes full scale can be
measured without interrupting your measured circuit or producing
loading errors. With the HP Model 428B Clip-on Milliammeler, cul-
ling wires for insertion of current meters and calculating current from
voltage and resistance readings arc climinated. All that is required for
fast, accurale readings is 1o clip around the wire and select the proper
currenl range.

The 428B measures current by utilizing a clip-on transducer that
converts the magnetic Neld around the conductor to an ac voltage pro-
portional 10 dc current. This voltage is detected and displayed as di-
rect current on the 428B's meter, Since there is no direct contact with
Ihe circuit being measured, complete de isolation is assured,

The meter responds to de current only and is therefore not suscepti-
ble to common mode currents, However, low [requency currents up to
400 Hz can be measured by connecting an oscilloscope or voltmeter to
the convenien! front panel outpul; or this output can be used (o 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. Sum or difference measurements
of currents in separate wires can also be made. By placing the wires
through the probe with currents flowing in the same direction, their
sum is indicated; currents flowing in oppesite directions will give a dif-
ference indication. In this way, balancing currents is easily accom-
plished by making any difference equal o zero.

To decrease sensitivity on circuils carrying more than 10 amps, it is
only necessary Lo shunt a section of the circuit with two or more wires
of the same resistance. A current divider is thereby constructed and
the probe can be used 1o measure the current in one leg. Total current
in the circuil is measured by multiplying the 428B reading by the num-
ber of legs in the divider.

pEECT CoRmEwT
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Specifications

DC current range: 1 mA (o 10 A full scale, nine ranges.

Accuracy: +3% of full scale £0,13 mA. from 0°C to 55°C (when in-
strument is calibraled (o probe).

Probe Inductance: <0.5 uH.

Probe Inducted voltage: <5 mY p (worsl case at 20 KMz end har-
monics).

Outpul: variable finear output level with switch positien for cali-
brated { V into open circuit (corresponds to full scale deflection). 1.5
V max. inte open circuit in uncalibrated position. 0.73 £.01 V into 1
kQ in calibrated position.

Nolse: | mA range, <I5 mV rms across | ki2; 3 mA range, <§ mV
rms across | kS 10 mA through 10 A ranges, <2mV rms across | kQ.
Frequency range: dc to 400 Hz (3 dB point).

AC rejection: signals above § Hz with p value <full scale affect meter
accuracy <2% (excepl al 40 kHz carrier lrequency and its harmonics).
On the 10 A range, ac p value is limited 1o 4 A.

Power: [150r 230 V £10%, 5010 60 Hz, approx. 7S VA max.

Operating temperature range: —20°C 10 +355°C.

Slorage tfemperature: —40°C 10 +65°C.

Probe Insulation: 300 V maximum.

Probe tip sixe: approximately 1" by #4;" aperture diameter %1;".
Dimenaslons: cabinet: 191 mm wide, 292 mm high. 368 mm deep (712
X 114" X 14'4") rack mount: 483 mm wide, 177 mm high. 330 mm
deep (197 X 67,7 X 137),

Welght: net, 8.6 kg (19 Ib). Shipping. 10.9 kg (24 {b) (cabinet); net,
10.8 kg (24 |b). Shipping, 14.4 kg (32 Ib) (rack moun1).

428B Analog Milliammeter (cahinet) $920



ANALOG VOLTMETERS

Model 427A

Low-cost multi-function meter I

Overioad protectlon: 1200 V de.

AC voltmeter

Ranges: 10 mV to 300 V in 10 ranges in 10 dB steps.
Frequency range: 10 Hz 1o | MHz

Response: responds (o average value, calibraled in rms.

L Accuracy:
| ‘ > Frequency Range
001Vie 30y 100V to 300V
10 Hz 1o 100 kHz 2% of range
2% of range
100 kHz to 1 MH2

Input Impedance: 10 mV 10 | V range, 10 M{ shunted by <40 pF; 3
V 10 300 V range, 10 Mf2 shunted by <20 pF.

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

Ohmmeter

Ranges: 10Q 10 10 MR center scale in 7 decade ranges. Accuracy
(from 0.3 to 3 on scale): £5% of reading.

Source current (chms terminal positive):

‘f miwLETT  PFACCLRD O ARYA VOL g TEn
FUNCTION RANOE

110968

Description

Hewlell-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. 11 is capable of measuring dc
voltages from 100 mV 10 | kV full scale: ac voltage from 10 mV to 300
V full scale at frequencies up to | MHz (> 500 MHz with the 110968
High Frequency Probe); and resistance from 100 10 10 M1 center
scale.

The 42TA wil) operate continuously for more than 300 hours on its
internal 22.5 V dry cell battery. AC line and battery operation is avail-
able with option D01,

Specifications

DC vollmeter

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

input resistance: |0 M.

AC normal mode rejection (ACNMR): ACNMR is Uic ratio of the

normal mode signal 1o the resultant error in readoul. 50 Hz and
above: >80 dB.

Open circuit Shost chreuil
Range Vollage Current
110 01y 10 mA
X100 0.1v | mA
X1k 1y 1 mA
%10k v 100 uA
X100 & 1Y 10 A
X1M ly ()
X10Mm 1y 0.1 pA
General

Input: may be foated up to £500 V dc above chassis ground. Ohms
input open in any function except ochms. Volis input open when in-
strument is off.

Operating temperature: 0°C to 50°C.

Powar: > 300 hr operation per battery.

HP 427A: 22.5 V dry cell batiery, Eveready No. 763 or RCA VS102.
HP 427A Option 001: battery operalion or ac line operation, select
able on rear panel. 115V or 230 V £20%, 48 Hz 10 440 Hz, 2 VA max.
Dimensions: (standard !5 module): 130 mm wide, 159 mm high
(without removable feet), 202 mm deep (5" X 64" X 8").

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

Accessories available

HP 11096A High Frequency AC Probe extends range to > 500 MHz.
With the 11096A, you can measure 0.25 to 30 V yms signals out to 500
MHz with better than % | dB accuracy. Usable relative measure-
ments can be made up to | GHz (1 dB point a1 700 MHz). The 11096A
is a peak-responding detector calibrated 10 produce a dc oulpul pro-
portional to the rms value of a sine wave input. Input impedance is 4
M shunted by 2 pF.

Options and accessories Price
11075A High Impact Case. A rugged case (or carrying.

storing and operating the 427A $115
11096B High Frequency AC probe $87
11001 A 45" test lead, dual banana plug 16 male BNC 317
11002A 60" test lead, dual banana plug to alligator clips §12
11003A 60" lest lead, dual banana plug to pencil probe

and alligator clip $12
10111A BNC female 10 dual banana adapter $17
11067A Test lead kit 55
Model number and name

427A Multi-function Meter (includes batteries) $475

427A Option 001 AC power supply & batlery Add $30
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General purpose multi-function voltmeter
Model 410C

Ay e

Description

HP‘s Model 410C is & versatile general purpose inslrument for use
anywhere electrical measurements are made. This instrument mea-
sures dc voltages from 15 mV to 1500 V, direct current [rom 1.5 xA to
150 mA full scale, and resisiance from 0.202 to S00 MQ2. With a stan-
dard plug-in probe, ac voliages at 20 Hz to 700 MHz from 50 mV to
300 V and comparative indications to 3 GHz are attainable.

Specifications

DC voitmeter

Voitage ranges: 15mV 10 £1500 V full scalein 15, 50 sequence (11
ranges).

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

Input reslatance: 100 M} 1% on 500 mV range and above, 10 M)
3% on 150 mV range and below.

AC voltmeter

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

Frequancy range: 20 Hz 10 700 MHz.

Accuracy: 3% of lull scale at 400 Hz for sinusoidal volisges from
0.5 V 10 300 V rms. The ac probe responds Lo the positive pesk-above-
averuge value of the applicd signal. The meter is calibraled in rms.
Frequency responee: =2% from (00 Hz 1o S0 MHz (400 Hz ref.}; 0
10 —4% from 50 MHz 10 100 MHz +10% from 20 Hz 10 |00 Hz and
£1.5 dB from 100 MHz to 700 MHz.

Inpul impedance: inpul capacitance 1.5 pF, inpul resistance >10
M0 at low frequencies. Al high [requencies, impedanee drops off due
10 diclectric toss.

Safety: the probe body is grounded (o chassis al al) times lor snfely.
All ac measuremenis are referenced to chassis ground.

DC ammeter

Current ranges: 1.5 pA (0 £150 mA full seale in 1.5, 5 sequence
(11 ranges).

Accuracy: *3% of full scale on any range.

Inpul reslstance: decreasing from 9 kQ or 1.S A range 10 spproxi-
raately 0.30 on (he 130 mA range.

Special current ranges: £1.5. £5and 15 nA may be measured on
the 15, 50 and 150 mVY ranges using the dc vollmeter probe, with £5%
aceuracy and 10 MQ input resislance.

Ohmmeter

Reslistance range: ryesistance from 10f1 to 10 MQ center scale (7
ranges).

Accuracy: zero (o midscale: £5% of reading or £2% of midscale,
whichever is greater; £7% from midscale to scale value of 2: 8%
from scale value of 2 10 3; £9% from scale value ol 3 1o 5: 210% (rom
scale vslue of 5 to (0.

Amplifier

Voltage gain: 100 maximum.

AC rejectlon: 3 dB at 0.5 Bz: approximalely 66 dB at 50 Hz and
bigher frequencies for signals <1600 V p or 30 limes full scale,
whichever is smaller.

Isolation: impedance between common and chassis is >10 M1l in
parallel with 0.1 uF. Common may be floated up 10 400 V d¢ above
chassis for de and resistance measurements.

Output: proportional 16 meter indication; 1.3 V dc at full scale, max-
ymum current, | mA.

Output Impedance: <3 al de.

Nolse: <0.5% of full scale on sny range (p-p).

DC dritt: <0.5% of ful} scale/yr at constant temperature. <0.02% of
lull scale/°C.

Overload recavary: recovers (rom 100:1 overload in <3 s,

General

Maximurm Input: (se: overload recovery). DC: 100 V on 15, 50 and
150 mV ranges, 500 V on 0.5 10 15 V ranges, 1600 V on higher ranges.
AC: 100 times full scale or 450 V p whichever is less.

Power: 115V or 230 V £10%, 48 Hz 1o 440 Hz. 13 VA (20 VA with
11036A AC Probe).

Dimenslons: 130.2 mm widc, 165 mm high (without removable feet),
320.7 mm decp (5%4" X 6% X 117) behind panel.

Welght: net, 4 kg (8 Ib). Shipping. 5.44 kg (12 Ib).

Accessorles furnished: detachable power cord, NEMA plug,
11036A AC Probe.

Accessories avaliable: scr Pages 480-4835.

Model number and name Price
410C Optian 002 (less AC probe) less S44
HP 410C with HP 11038A Detachable AC Probe 8820
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5 Hz to 2 MHz AC solid-state voltmeters
Model 403B

Description

The Hewleit-Packard 403B AC Voltimeter is a versatile, general pur-
posc instrument for luboratory and production wosk yet js idea) for
ase in the ficld since it is solid-siate. batterv-operaled, and portable.

[1 measures from 100 microvelts to 300 volts, covering 5§ Hz 1o 2
MHz. [ aperales [rom internal balterics and thus may be completely
isolaled {from the power linc and external grounds, permitling secu-
rai¢ measurements at power line frequency and (s harmonics without
concern (or beat cffects. Jsalation from extemnal ground also permils
use where ground loops arc troublesome. Turnover clfect and wave-
form errors are minimized because the meler responds Lo the average
value of the inpul signal.

The 403B operates from an ac line as well as from the internal bat-
tery pack, and balterics recharge during ac operation. Battery charge
may be casily checked with a fronl-panel switch 1o assure reliable
mueasurements, Normally, about 60 hours of ac operation recharges
the balterios; bul an internal adjustment is provided which nearly
doubles the charging ratc. The Model 403B can be used while its bal-
teries charge. A sturdy taut-band meter climinates friction and pro-
vides greater precision and repeatability.

For improved resolution in dB measurements, the 4038 Option 00}
is available. This vergion spreads ou( the dB scale by making it the 1op
scale of the meter.

Specifications
Hf Moded 4038 | 4038 Opllon 001
Range 0.00) 10 300 V ems full scale. 12 ranges, ina 1, 3. 10 sequence. —60 d8 to +50 d8 in 12 rarges wilh 10 dB sleps.
Meler Responds lo average value of input waveform, calibraled in Ihe s value of 3 sine wave.
Frequency
Range 3 Hz to 2 MH: 5Hzlo2 MHz
Accyracy within £2% of full scale (rom 10 Hr to | MHz within £5% within ££0.20 4B of full scale from 10 Hz to } MHz; within
of full scale from 5 0 10 Hz and 1 lo 2 MHZ, except £10% £0.4 dB of full scale lrom 5 1o 10 Hz and 1 lo 2 MH,,
1 10 2 MRz on the 300V range (0 to 50° C).* excepl £0.8 dB | la 2 MHz on Ihe 3000 V range (0 10 50° C).*
Input 2 MSY: shunted by <60 pF; 0.00} 10 0.03 V ranges; <30 pF, same as 4038
Impedance 0.1 o 300 Y ranges.
Maximuym Fuse prolecled (signal ground can be £500 V dc from chassls). same as 4038
(nput
Power 4 rechargeable balleries, 40 hr. aperation per recharge. same as 4038
up lo 500 recharging cycles; sell-conlained recharging
circunl funclions during opesation from ac line.
Dimensions 130 mm wide, 159 mm high {wilhout removable fget), 203 mm same as 4038
de2p {5%" x 6% x 8”).
Weight nel, 2.9 kg (6% 1b). Shipping, 3.6 kg (8 Ib). same as 4038
Price $480

add 330

"Usz JOUOIA 10:1 Owvider snd 1011 1A Adapter 1o retain £5% (£0.4 dBY acceracy while measuriog up to 425 V rms at ) t 2 MM

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

-
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Specifications
400E/EL® d00F/FL® 4006L
Vollage range’ I mVio 300VF.S 12 ranges 100 ¥ {0 300V F S. 14 ranges —80 4B ta +60dB f S. 8 ranges
Frequency range: 10 Hz to 10 MHz 20 Hz—4 MH2 20 H1—4 MHz
Inpul ympegdance. 10 MQ on al ranges 10 MQ2 on all ranges 10 MQ on all ranges
<25 pF lo <12 9f depending <25 pF 1o <10 pF depending <300 pF to <15 pF depending
on ranges on 1anges on ranges
Accoracy:® £ (3 reading + 5 1anged +(% reading + % range)
3 my=2300V ranges 300 xV 300 V ranges +60 d8 range
10 H1~40 R +£(2.5+2.5) 20 Hy — 40 Hz: £(2+2) 20 H2—40 kHy +04 dB
40 Mz —2 MHz £ (1 +0) 40 Hz—100 Hz. £(1-+1) 40 Mz~ 100 kHz. £0.2 ¢B
2 MHz—4 MMz +(1.5+1.5) 100 Hz—1 MRz £ (% +%)
4 MH2 =10 MMz, 2(2.5425) 1| MH1—2 MHE: 2(1+1) —80 a8 thns +40 ¢8 ranges
2 MHz—4 MHz +(24-2) 20H2—40 Hz 40.4 48
A0 Hz—500 kHz: £0.2 d8
500 kH1—2 MHzr £0.4 B
2MHr—4 MK +02 —-084B
1 mV tange 100 4V range —80 4B range
10R1—-80 Kt £(25+25) 30 Hz—B60 HE £(2+2) 30 Ha—60 Hr £0.4 48
40 Hz=500 X:fz () +0) 60 Hz—100 kHz. =(1+1) 60 Hz—100 kHz: 0.2 dB
500 kHz — & MHx: #(2.5+2.5) 100 B2 —500 kHz: £1(+0-T7) 100 kH2—500 kHz +0 2 —0.8 6B
Recovery <2 s far 80 dB ovestoad
Querload *S00 V rms ac, 300 V de #1200 V rms max. inpul,
1000 ¥ dc max. input
Calibration: Scale —10 1o +2 dB, 10 dB belween ranges, 100 divisions on Linear 4B scale, 100 dwisions
0 (o I scale. The dB scale reads —10 to +2 dB; from —20 to 0 dB. Log voilage
10 dB between ranges. scate 0 d8 =1V,
Wesght: Net. 2.7 kg (B [b). Shipping. 4 1 kg (9 Ib)
Dimensians; 130 mm wide. 159 mm high {withopl removable leel), 279 mm deep (5%" X 64" X }17)
Powar. AC: 115 0r 230V £10%, A8 Lo 440 Hz, 6 VA max.
DC: Exlernal balleries; + and — voltages belween 35 VY aad 35V
Price: 400E, 8450; 400EL, $465 400F, $450; 400FL, $465 —‘ ADOEL, $465
“NOTE: ADDEL same az 400E. and 400FL same as 400F, excepl for caltbration, Linear dB scxle =10dB 10 +2
b, 10 ¢B between ranges Log voltage scales 03 10 1 and 0.8 10 3. 120 dovissnns fram — JG 1o +2 ¢B AQ0FL
accuracy & % ol reading in 68 anly
*Ae ouerload vaMtage inereases with increasing frequency




& 10 MHz bandwidth
® High crest factor for accurate pulse measurements
® Stable. linear dc output
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Description

The Hewlett-Packard Model 3400A is a truc rogt-mean-squiare
(rmx) voltmeter, providing a meter indication propurtionu] 1o the de
heating power of the inpul waveform.

Six-decade frequency coverage makes (he 3400A extremely flexible
for 4]l sudio and most rf measurements and permits the measurement
of broadbund noise and Tast-rise pulses,

Pulses or other non-sinusoids with crest faclors (ratio of peak la
ms) up 1o 101 can be measured lull scale. Crest factor is inversely
proporlional to meter deflection, permilting up to 100:1 crest (actor at
10% of full scale.

Permuncot ptols of measured data and higher resolution measure-
ments can be obtuined by connccting un X-Y ploticr. strip chart re-
corder or digital voltmeier Lo the convenienl reac-panel de ourput. The
dc output provides a linear 0 to 1 volt drive proporiional 10 meter de-
flection.

ANALOG VOLTMETERS

10 Hz to 10 MHz true RMS voltmeter
Model 3400A

* 1 mV full-scale sensitivity
® 10 M2 input impedance
e Taut-band Individually callbrated meter

RMS current

True rins current measurements can be made conveniently by using
Lthe HP Model 456A Current Probe with the Mode} 3400A. See page
476.

Specifications

Voltage range: | mV 10 300 V f{ull scale, 12 runges.

DB range: -72 10 +52 dBm (0 dBm = ) mW into 60002).
Frequency range: 10 Mz 10 10 MHz.

Response: responds 1o rms value (heating valoe) of the input signal
lor 8!l waveforms.,

Meter accuracy: % of full scale (20°C 10 30°C)*

10H2 50H2 LMHz MK 3MH2 10MH:
[ 255 [ 21x | 225 | 230 [ a5z |
Ac-to-dc converter accuracy: % of full scale (20°C 10 30°C)*
10Kz 502 IMHz MK Wz 10MHz
| #5% | z075s | x2% | wm [ xss |

Cresi factor: (ratio of peak 1o rms amplitude of input signal): 100 |
at full scale (except where limived by maximuem input) inversely pro-
portional to meler deflection. (e.g.. 20 1o 1 at half-scale, 100 to 1 al
tenth sealg).

Maxlmum continuous inpul voltage: 300 V ac peak at | kHz on all
ranges; 600 V dc on all ranges.

{nput Impedance: from 0.00! V 10 0.3 V range: 10 M1 shunted by
<350 pF. From 1.0 V 10 300 V rangc: 10 M shunted by <20 pF ac-
coupled Input.

Response lime: for a siep function, <35 s 10 final value.

AC overload: )0 dB above full scale o5 800 V p, whichever is less, on
cach range.

Outpul: negative 1 V deinto open circuit at full-scale deflection. pro-
portional 16 meler deflection from 10-100% of ful) scale. | mA maxi-
mum; sominal sovrce impedance is 1000L, Ouiput noise <1 mV rms.
Power: 115 or 230 V £)0%, 48 10 66 Hz 15 VA max

Dimensions: {30 mm wide, 159 mm high (withoul removable fee),
279 mm deep (5'4" X 6. X 11"). 4 module.

Walghk: nci. 3.1 kg (7% Ib). Shipping. 4.5 kg (10 (b).

Accessorles furnished: 10110A Adapter. BNC to dua! banana juck.

Accessories available: Price
11001A Cable, 45 in. long, matc BNC 10 duul banana

plug s17
10503A Cable. 4 M. lang, male BNC canncetors 515
11002A Test Lead. dual banrna plug to nliigator clips 512
11003A Test Leads. dual banana plug to probe and alli-

gator chip §12
11076A Carrying Cuse $135

Mode! number and name

3400A oplion 601 spreads out the dB scale by making it
the 1op seale of the meter

Rear 1erminals in paratfel with front pancl terminals and
lincar lup scale uppeimost on the mieter faee are avail-
uble on special order.

3400A RMS voltmeter $800

*TC- 20.1% Trom 0°C (o 20°C und 30°C to $5°C.

add 530
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10 kHz to 1.2 GHz RF voltmeter

Model 3406A
| 3
= mmmn A
» . Sromik
LU
B svaniinBpsiiiine
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Description

High frequency vollages can be mcasured casily with HP's 3406A
Sampling Volimeter. Employing sampliag technigues, the HP 3406A
has extremely wide bandwidth (10 kHz o 1.2 GHz) with high input
impedance. Signals a5 smal) as S0 ¢V can be resolved on the sampling
voltmeler's linear scale. Full scale sensitivily from | mV to 3 V is se-
lected in cight 10 dB sieps and may be read direcily from —62 dBm 1o
+21 dBm for power measurements. Accessory probe tips make the HP
3406A suitable for voltage measurements in many applications sueh as
reccivers, amplifiers and coaxial transmission Jines.

Measurcment indications can be retained on Lhe 3406A meter by de-
pressing a pushbution located on the pen-(ype probe. This feature is
useful when mcasurements are made in awkward positions where the
operator cannot observe the meter indicalion and probe placements at
the same (ime,

Specifications
Voltage range: 1 mV to 3 V full scale in 8 ranges: decibels rom —50
10 +20 dBm (0 dBm = | mW into 30Q); average-responding instcu-

ment <calibraled 1o rms value of sine wave.

Frequency range: 10 kHz 10 1.2 GHz; useflul sensilivity from 1 kHz
to beyond 2 GHz.

Full-scsle accuracy (%) with appropriste acceasory (after probe is
properly calibrated)

10 20 2% 100 100 700 1 12
k2 kM Kz KMz MAz MHz  GHz  Ghr
[+

[ «8 [ a5 | 23 [ o5 | #8 | #13 |

Input impedance: inpul capacity and resistance will depend upon ac-
cessory tip used. 100,000(F shunted by <2.) pF al 100 kHz wilh barc
probe; <10 pF with 11072A isolator tip supplied.

Samplie hold cutput
Provides ac signal whose unclamped portion has siatistics Lhat arc

o BAOUR RROADBAND LANFLES VATMETER

ZERO

narrowly distributed about the statistics of e input, inverted in sign
(operating into >200 k2 load with <1000 pF). Outputis 0.316 V au [ s.
on any range.

Noise: <175 uVY rms referred to inpul.

Accuracy (aRer probe I8 properly calibrated): 0.01 V range and
above: same as full scale gceuracy of instrument. 0.001 V 10 0.003 V
range: valuc of inpul signal can be computed by Laking into account
the residual noise of the instrument. Jitter: meter indicates within
+2% p of reading 95% of time (as measured with HP 3400A True
RNMS Voltmeter).

RM3 crest tactor 0.00{ V(0 0.3V, 20dB; | V. 13dB; 3V, 3dB.

Meler

Meter scales: lincar voltage, 010 1 and 0 to 3; decibet, = 12 1o +3. In-
dividually calibrated 1aut-band meter.

Response Hme: indicales wilhin specified accuracy in <3 s, hiter:
1% peak (of reading).

General

DG recorder outpul: adjustable from Q to 1.2 mA inso 1000 ohms at
full scale, proportional 1o meter defiection.

Overload recovery time: metcr indicates within specified nccuracy
in <5530 V p-p max.).

Maximum tnput: £100V dc, 0 V p-p.

RFk: conducied and radiated leakage limits are below Lthose specified
in MIL-6181D and MIL-1-16910C except for pulses emilted from
probe. Speciral intensity of these pulses are nominally 50 nv//Hz;
spectrum exigads beyond 2 GHz.

Temperature rangeé: instroment, 0°C (o +55°C; probe. +10°C 10
+40°C.

Powar: 115 0r 230 V £10%, 48 Hz (0 66 Hz, 25 VA max.
Dimenelons: 197 mm wide, 139 mm high (withowt removable (eel),
279 mm deep (74" X 644~ X 11"): 2 modute.

Welght: nct. 5.4 kg (12 1b). Shipping. 6.8 kg (15 tb).

Accessorles: refer 10 dala sheet.

3406A RF voltmeter $1328



7563A

Description

Hewlett-Packard Model 7862A is a wide range (80 db), single chan-
nel logarithmic volimeter/converter designed to produce dc output
voltages in a logarithmic relationship to de input voltages or the true
RMS value of an ac inpul voltage. It contains a true RMS detector
which is not dependent on pure sinusoidal signals 1o achieve measure-
ment accuracy. A self-contained meter calibrated in volts and dB re-
sults in an accurate voltmeter. A constant amplitude oscilloscope out-
put makes the converter compalible with a variety of osciltoscope
readoul and phase meter applications.

The Mudel 7563A Logasithmic Vohimeter/ Amplifier is a low cost,
single channel, de logarithmic amplifier with a very high dynamic
range (110 dB) designed (o produce a logarithmic-related de ou(put
voltage for a very wide range of dc inpu( voltages. A single input range
of 316 uV to 100 V is coupled with an input polarily switch for ease
and versatility of operation. A high input impedance (100 kf2) and a
low outputl impedance (less than 52) allows the 7563A to be used in
sysiems or on the bench. A front panel meter calibrated in dB and mV
provides instantancous visual indication of operating levels, Applica-
tions include log sculing of recorder axes, pulse height anatyzees, scope
displays. and almosl any circumstances where log compression of de
vollage ranges is required. Dual or single rack mounting capability is
afforded by a field installable rack mounting adapter, uitilizing 8 rmini-
mum of rack space.

7562A Specifications
Pertormance specifications
AC and DC modes
Input:
Dynamic range: 80 dB.
Volitage range: | mV 10 10V or |0 mV (v 100 V seleclable by froni
pane) switch. Accepts either ac or positive signals.
Output:
Voltage: 010 800 mV dc corresponding 1o 10 mV/JB.
Output impedance: 100 ohms.
DC mode
Accuracy: +£0.25 ¢B a1 25°C.
Input Impedance: 100 k{, shunted by less than 100 pF: singlc ended.,
Temperalure coasfficlent: 10.02 d8/°C maximum.
Zore stability: +0.25 dB,
AC mode
Input impedance: | Mf, shunled by less than 100 pF: single ended.
Accurscy and trequenoy reésponse: (at 25°C).

ANALOG VOLTMETERS

Logarithmic voltmeters, ac or dc log scaling ‘

Models 7562A and 7563A

80 kHy 108 kHz

Range (<10 [ {>10
Setling 05Kz 2 ? zlo 510 ZOEﬂx | v n
05H: |x14db +05dd Zldb| 1
-3 dd
5 Hz +1db +0.5db +)1db| +1
—3db
50 Hz *1db +0.5db +1dbj +1
—3db

Temperature coefficienl: +£0.04 dB;/*C maximum.
Slewing spesd:

Range setting Minimum slewing speed

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

Oscliloscope cutput: approx. 0.5 V rms regardless of inpul.

Crest tactor: 5:1 unless limited by max. input voltage.

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

General specifications

Operating lemperature: 10°C to 40°C.

Wearm-up time: 20 minutes nominal.

Connectors: front and rear input and osutput BNC connectors.
Power requirements: 115/230 Vac, 30 1o 400 Hz, 40 VA
Dimensions: 88 mm high. 197 mm wide, 292 mm deep (374" X 7%
X 11s).

Weight: Ner, 3.6 kg (8 1b). Shipping 5.4 kg (12 Ib).

7563A Specifications

Performance specifications

Input

Dynamlc range: 110 dB.

Voltage range: 216 xV 10 100 V. Accepts cither positive or negative
signals, seleciable by front panet switch,

Output

Voltage: 0 to 1.1 V de corresponding to 10 mV/dB. Rear terminals:
adjustable 1 1o [0 mV/dB.

Output impedanca: less than 3Q {ront panel, 3000 reas.

Meter accuracy: reading accurate 1o £14.5 dB, referred 10 outpul.
Input Impedance: 100 kQ2. shunted by less than 100 pF, single ended.
Accuracy: (at 25°C).

316 u¥ 1 m¥ 10V WEY 100V
£0508 | 02548 | £10e8 | 1568 |

Temperalure coefficienl: +£0.02 dB/°C maximum and %3 pV/°C
referred (o input.
Zero stabllity: £0.25 dB at consiant \empergture.

Rise Time:
Mazimum Risa Time

Sigmal Lovel 1 mY.$0 ¥ Range
36 uV —=1nmv 2000 ps
ImV —=10mv A00 us
10 mV — 100 mV 40 us
100my -1V 4 pus
Ly —100V 2 us

General specifications

Operating lemperature: 10°C 1o 40°C.

Warm-up lime: 20 minutes nominal.

Connectors: front and rear input end oulpot BNC connectors.
Power requiremeants: {15,230 V ac, 50 1o 400 Hz. 40 VA.
Dimensione: 88 mm high, 197 mm wide. 292 mm deep (374" X 7%~
XOLUAT).

Welght: ne1, 3.6 kg (8 Ib). Shipping, 5.4 kg (12 Ib)

Model number and name Price
7562A Logarithmic Voltmeter/Converter 1600
7563A Logarithmic Voltmeter/Amplifier 81200
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General information

DIGITAL VOLTMETERS

Digital voltmeters

Digilal volimeters (DVM’s) offer many ad-
vanlages over other lypes of voltmelers.
Among the advaniages of DVM's are greaier
speed, increased accuracy and resolotion, re-
duction of vperator crrors und the abitity 1o
provide 2ulomatic measurements n systems
applications.

Digital volimelters display measurement re-
sulls as discrete numerals rather than =g g
poinicr deflection on a conlinvous seule,
which is commonly used in analog devices,
Human error and wedium are reduced by Ui-
recl numerical readoul, and operator (rain-
ing is minimized by sutomatic polarily and
range-changing fealures of some DVM's.

Digital voltmetess are available to mea-
sure ac and dc voliages, current, resislance
and ratio. Appropniate transducers can be
used o mcasurc other paramelers such as
strain or lemperature. An incressingly popu-
lar use of DVM’s is in automatic measure-
menl sysiems. Such a sysiem can be as sim-
ple as connecling (he DYM digital outpuot (o
a digstal printer or as power(ul as a caleula-
(or or compuler controlled DVYM system that
provides automatic data reduction and unat-
1ended operation

Building blocks

Digital volimelers convert an analog sig-
nal to an equivalent digital value. To do this.
the input signal (ac/de¢ vollage or cursént, or
resistor vafue) must pass theough the basic
building blocks shown in Figure !.

INPUT

INPUT SIGNAL
CONDITIONER

DIGITAL
- OUTPLY

Figure 1 — Basic building blocks of a DVM

Digital voltmeters that lsve current mea-
spring capability use interrial shunt resistors
lo converl unknown currenl 10 an ac or dc
voltage. This voltage is then digitized and

scaled (by shunt valuc) (o provide a reading
of the current.

The signal 1o be measured first passes
through an inpin signal conditioner. This
converts ac signals. de signals, or sesislances
(0 8 proporitional dv voltage that is within the
range of operation of the analog-to-dignal
(A-1o-D) converter.

The A-10-D converter generates numerical
values 1hat currespond 1o the de voliage oul
of the signal conditioner. The logic block
controls the order of internal inlormation
Now and manages the communication of dig-
ital informution with external devices. A vis-
val result of meisarement is provided by (he
display block.

Signal conditioners

Of all the parts of a DVM, the signal con-
ditioning and conversion part has the greal-
est infuence on the instrument’s characteris-
tics.

A dc inpul often must be amplificd of al-
tenuated Lo be within the range of the A-to-D
converter. For example, if full scale inpud of
the A-1o-D unil is 10 V, the d¢ input amnplhi-
ficr/attenualor would amplify the signal on
the 100mVY and | V ranges angd atlenuale the
signal on 100 V and 1000 V ranges.



There are 1wo types of av converlers in
common usc today: average responding and
true rms responding. The average respond-
ing converter is relatively inexpensive and 1s
intended primarily for measurement of sine
waves having little or no distortion. This 1ype
of converter measurss average value of the
reclified sine wave which is then multiplied by
a scale factlor {rms = |.1| ave.) 10 provide the
rms value. Errors may result from this tech-
nique when the input signal is not g distor-
lionless sine wave.

The true rms responding converter Lyp-
ically has wider bandwidth and thus s
the ability (0 measure nonsinusoids and is in-
sensilive (0 distortion, True mms converters
measure equivalent healing power of the
waveform using a thermocouple of thermo-
pile. The resulting de voltage is equivalent 10
heating power, or jrue rms, of the ac signal.
Some Hewlett-Packurd true rms convert-
ers measuce not only ac signal, bul also
dc components which, in turn. improves
low frequency performance, The composite
equals /(de)* + (ac rms)’.

Ohms converters measure value of resis-
tors by supplying @ known constanl de cur-
rent to the unknown resistos and then mea-
suring the resulting voltuge drop across it.
There are three popular lechniques for sup-
plying dc current to the unknown resistor
(wo-wire, Three-wire, and four-wire.

The two-wice technique is most common
and most cconomical for applications where
test leads are short. Since the same input ter-
minals are used to supply dc current and mes-
sure vollage drops, this fechnique is affected
by lead resistance.

LEAD

P
RESISTANCE DY MEFUT
R,

AMPLIFIER

TQ
A-TO—0O
CONVERTER

b
S UNKNOWN

O
LOW

Figure 2 — Simple two-wire ochms
converter

A dc curreot source that is totally isolated
from the measaring esrcoils {Figurc 3) is used
by the four-wire technique Lo avercome sen-
sitivities (0 lead resistance. This scherne of-
fers the ultimale in performance for ohms
measurements, particularly for remote mea-
surements, while the (wo-wire method is
more susled (0 bench use where lcads are
short.

LIR 1L INPLT I:O
oV ~ - C NPT
™~ Z AvyLIFIE N

Ry

DC CONSTANT

>
2 UNKNOWN
CURAENT SOURCE

<

s

AN ~O- o
P.L LOW INPLT

1| ¢ LEAD RESISTANCE

Figure 3 — Simplitied 4-wire ohms
converier

Like the two-wire converter, the three-wire
converter is sensilive 1o lead resistance. espe-
ciatly on the fow side of 1he inpul, batl it may
be possible to null out error caused by lead
resistance with an internal adjustment.

A-1o-D converters

Analog-(o-digital converters change de sig-
nals from signal conditioners and converlers
to discrele numerica) values. The conversion
technique used determines speed, resotution
and noise rejection characteristics of the
DVM. For a detailed discussion refer (o
Hewlett-Packard Applicalion Note 158.

MNoise rejection

Source and type of noisc arc important in
determining the type of noise rejection
needed. There are 1wo types of noise which
may nffect accuracy and seénsitivity of a
DVM: normul mode and common mode.

Normal mode aocise enters the DVM with
the signal and is superimposed on it. Filter-
ing is the simplest way o cul down on noise
but it slows measuremen( speed. Inlegration
“caleulates™ noise out of the measurement by
looking st the input signal over a period of

FLOATING
POWIE Fl SUPVL Y
——

time cqual (o the period of cxpeeied noise.
Filtering is advantageous for rejeciing broad-
band noise. while integration s bettes Jor re-
Jjecting hne related noise. Figure 4 shows Lyp-
ical noise rejection for filtering and integrat-
ing methods.

T T 0T
NON-INTEGRATING

NQRMAL MODE REJECT!ION [dB)

0 100
FRAEQUENCY (Hr)

Figure 4 — Norma! mode nolse rejection
tor two DVM's, one using flltering and ihe
othar using (ntegration

Common modc noisc appears between Lthe
DVM’'s inpul terminals and ground. I is
vsuatly caused by grounding differences be-
(ween the DVM and the device being mes-
sured.

Errors caused by common mode noise may
bec reduced by a passive technique calied
~guarding.” Guarding shunts the noise 1o
ground and away [rom inpul terminals. By
proper connection of the guard (Figure 3), a
remarkable improvemenl ¢an be seen in a
DVM’s ability Lo rejec) common mode noise.

“Effective” common mode rejection is fhe
specilication Lhal usually appcacs in dala
sheets. Effective refers 1o the fingl reading.
Effective CMR is the combined result of
“pure” CMR duc 1o guarding plus normal
mode rejection of the instrument,

TUANDLQ VOLIMLIYA

BEST CONMECTION
CUARD AND LOW AT BAME VOLTAGE

N COMMON MOOE CURRENT GOES
TrROUGH By,

SOUACE GROUNG

Figure 5 — Best conneclion-~guard connecied to low al source




ﬂ DIGITAL VOLTMETERS

Specifications
Resolution and sensitivity

DVM's are classified according 10 the
number of full digits. An overraage digit is an
extra digit added 1o atlow (he user Lo read be-
yond full scale. This overrange digit 1s often
called a “one-hal** or a “parnial” digit since
it cannol display all numbers through 9.
Overranging preally extends a DVM's use-
fulness by maintaining resolution up 1o, and
beyond, full scale. For example, il a signal
changes from 9.999 V to 10.012 V, a lour-
digin DVM without overranging could mea-
sure Lhe first voligge as *9.999 v."" but would
roquite a range change 1o make the second
measurcraent with a resuliing reuding of
“10.01 V." The 0.002 V change would not be
secn, With overranging, the second measure-
ment could be made as “*10.012 V™' with no
loss of resolation.

Overrange can be cxpressed as cither a per-
centage of full scaie or as part of the range it-
sell. A four-digit DVM wilh 100% overrange
would have a2 maximum display of *'19999."
Altcrnalively, (he range can be described as 2
V., 20 V, elc.. with no overrange specifica-
tion. The maximum display remains 19999
A specification of 20% overranging would
have s maximum reading of “1999." This can
also be expressed as 2 1.2 V. (2 V, ete., range
with no overrange.

Resolution is the ratio of the maximum
nuniber of counts that can be displayed 10 the
least number of counis. Full-scale resolution
of a Nve-digit DVYM is 100,000 to I, or
0.001%. Ovcrranging is generally ignored in
resolution.

Seasilivity refers to the smallest incremen-
tal voltage change that the DVM is able (o
dctect. Mathemailically, it is the lowest ull-
scale range muldplied by the resolution of the
DVM. Scnsitivity of a five-digit DVM with

resolation of 0.001% and a 100 mV lowest
full-scale range is 0.001% X 100 mV = | uV.

Accuracy

Accuracy is the exacloess 10 which a voli-
age can be determined, relative to the Legul
Volt maintained by the U.S. National Bu-
reau of Swandards. Accuracy specification
equals errors involved in rraceability to
N.B.S. as wel) as errors made by the instru-
ment,

To be meaning(ul, accuracy must be stated
along with the conditions under which it will
hold. Thesc conditions should include time,
temperalore, ling variations and humidity.
Conditions specified should be realistic rela-
five (o inlended usc. For example, a DVM
specified with a wemperature ranpe ol 25°C
£1°C would require a highly controlled en-
vironment, whereus £5°C would cover (he
majority of environments.

The perod of time over which accuricy
holds is especially imporiant since it indi-
cates the DVM's stability and how often it
wiil have to be calibrated.

Accuracy is usually expressed us a pereent
of the reading plus a percent of 1he range (or
full scale). Figuce 6 shows that accuracy is
always belrer at or above ful) scaic.

g
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Figure 6 — Typical four-digit DVM
accuracy

Reading rate

Most DVM's huve their own inlernal (rig-
ger source which may be adjustable or Nixed.
Quile often, trigger rate is independent of re-
sponse lime of the analog circuits, For exam-
ple. a1 DVM may have a (ixed sample rate of
five rcadings per sceond, which is fine for dc
meazucements. bul the ac converter may lake
lwo seconds Lo respond. This means that the
user must waii for several samples beforce ob-
taining a steady reading. Thus, as Figure 7
shows, the DVM's speed is determined by set-
tling time of its input circuilry. plus timc re-
quircd 1o digitize the signal.
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Figure 7 — OVM speed depends upon
response lime and reading period

When a DVM is used in an aviomatic sys-
wem, its internal trigger is selddom uvsed. Ex-
lernal iTiggers arc issued by the system inco:-
poraling Lhc appropriate defay to allow for
seutling.

Additional Information

For more informalion on DVM operalion
and sclection, refer to Hewlell-Packard Ap-
plication Noic [58.

DVM SELECTION GUIDE

DIGITS de a Ohms Currend Special Fazlures HP Madel No. Page
3 . . ° Opt Probe 9704 a8

3 ) ° True rms ac. dB display 3403C 98

3 a e e » High performance, avlaranging 34357 52

3 ] High speeg and HP-IB 34374 60

3 . . e ° Low cost, auteranging 3476 4/B 50

4 ° ® - ° 34654 54

| ¥ sensitivity

4/5 ° Opl ° opl Snap-on llexibilily 34704 Series 56
5 3 e ° Self tes and HP-IB 34904 €6
5/6 o ° ° High resefulion and HP-(B 34554 62
bor8 (S . ° Counler 5306A 297




{—r.-“'"""; 100078 Stralght-thru prote

et

100078

11067A Test lead kit

34110A Soft vinyl carrying case

100078, 10008B Probe
The 10007B and 10008B are siraight-thru BNC probes with a re-
Iracizble hook tip and 20 em (& in.) ground lead with alligator tip.

Peak Shunl
Voltage Capacitance Length
100078 s00V 40 of LIm(3.51)
100088 600 Y 60 pf 1.8m (6 it)

11067 A Test lead kit

Includes two leads with many interchangeuble tips 10 accommo-
date various applications.
110684

Soft carrying case for 3476A and B DMM. Hus shoulder strip and
zippered opening (or instrument and accessory pouch.
110968 High frequency probe

Converts dc voltmeter with 10 M inpul to high-frequency ac volt-
meter. Works with any dc voltmeter with 10 MQ inpul impedance.

11098B Specifications

Voltage range: 0.25 (6 30 V rms
Trensfer accuracy (when used with 16 MQ +£10% dc voltmeter):

100 kiz 100 Mt 500 MKz
+10°Clo +30°C | +0548 | 1208
Down 3 dB t 10 kHz and 700 MHz.

Response: peak responsing. Calibraled 1o read rms valuc of sine
wave.

Input impedance: 4 Ml shunied by 2 pF.

Max, Input: 30 V ims ac: 200 V dc.

DIGITAL VOLTMETERSW

Voltmeter accessories
Probes, dividers, carrying cases

34111A
Hi-voltage probe

34112A Touch-hold probe

Cable length: 4" long (1219 mm).

Accessorias furnlshed: High-Frequency Adapter: Struight Tip:
Hook Tip: Ground Lead.

Accessories available: HP 10218A BNC Adapter: HP 10219A Type
874 Adapter; HP 10220A Microdot Adapter; HP [ 1063A 50¢! Tee.

34110A

Carrying case for Y2 rack size instruments. Inside dimensions of 25.4
cm X 22.9 cm X 10.2 cm or 107 deep X 9% wide X 4" thick. Zipper flip
top lid and zippered accessory pouch, Has shoulder carrying strap.

34111A DC Hi-vollage probe
1000:1 divider will accept ap 1o 48 kV, Input Z = 10°Q, divider uc-
curacy. Meets specifications when connected o 10 MQ input resis-
1ance instrument.
0-20kV o
30-40 KV ~&3
20-30 kV <2%

Divider has interchangeable hoak
and pointed 1ip.

34112A Touch-hold probe

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

Model number and name Price
10007B Divider Probe s
10008B Divider Probe $27
11067A Test Lead Kit S5
11068A Soft Carrying Case for 3476A and B DMM €20
11096B High Frequencey Probe $37
34110A Carrying Case for ¥4 Rack Size Instruments 15
34111A DC Hi-Voltage Probe S75
34112A Touch-Hold Probe 540
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DIGITAL VOLTMETERS

Digital muitimeter
Model 970A

* Puis a complete DMM in the palm of your hand
e Autoranging, autozero, autopolarity

Description

Hewlett-Packard's 970A Probe Digitui Multimeter is completely
self-contained and autoranges through five ranges ol uc and de volis
and ohms.

The pocket-sized multimeicr is ideal for field. lub, or bench appli-
cation. All clectronics. including display and batterics, arc in onc
seven-ounce package.

HP's Mode! 970A automatically selects the right rznge, making it
casy to use by techniciuns, repairmen. lelephone crafismen and engi-
necrs. This probe was the first hand-held DMM incorporating solid-
slule autoranging technology. All solid-stute swilchung is in ils one
MOS circuent

A five-digit LLED (Light Emitting Diode} cluster is used in this 3/
gigit DMM. There are no scales 1o misinterprer, All valtage readings
are in volts, and resistance readings in kilohms.

Automatic decimul placement and wutomutic polarity indication
save you time. Sel the function selecfor (acV, dcV or kQ2). Connect the
praund clip, touch the probe tip to a test point, press the Push-10-Read
bxr. and 1he readoul displays the correct reading and polarity. When
mcasuring ohms or de volts, it 1akes vypreally fess than twe seconds Lo
range and settle to the final reading.

Since 1he display is close 1o point of measurement, the readout can
be seen at a glance withoul interrupting your (rouble-shooling. Also,
the display can be clectronically inverted (o avoid reading ¢rrors,



Accessory Kit

HP's 970A Probe Digilal Mullimeter can be converied into a (ive
funtiion bench instrument with optional 97002A Current Shunt/
Bench Cradle. A six-posilion manual switch selects five ranges ol uc
and Jc vols ind ohms. Two general purpose binding posts acccpl
wraparound, screw-down, clip-on ot banana plug terminations.,

The HP 97003A R Adapter measures ac vollage over a frequency
range of 100 kHz to 500 MHz from 0.25 V 10 30 V. A broad line of
lips, adaplers and lees are also available.

Specifications, Model 970A

DC voltmeter

Ranges: 0.1 V. 1 V_ 10V, 100 V, 1000 V (500 V max input).
Accuracy (20°C to 30°C): +(0.7% of reading +2 digits).
Input resistance: 10 MQ, L£5%,

lnput protection: <750 V peak.

Temperature cosfficlent: +(0.05% of reading +2 digits)/°C.

AC volfmeter
Ranges: 0.1 V.1 V_ 10V, 100 V. 1000 V (500 V rms sine wave max

inpul).
Accuracy (20°C to 30°C):
Range 45 ¥rlo 1 WHx 1 kHz 10 1.5 kHz
| Vio 1000V (2% of reading +(3'% of reading
3 dig:ts) 5 digits)
D.IY(>3mY) +(2% ol reading +(5% of reading
5 digits) 5 digils)

Inpul resistance: 10 M1, 5%.

Input capaciiance: <30 pF.

Input prolectlon: <750 V pcak.

Temperature coelficient: +(0.05% of rcading +0.5 digits)/°C.

Ohmmeter

Ranges: 1 k{2, 10 kQ. 100 kQ. 1000 kst 10,000 k1.

Accuracy (20°C 10 30°C). +(1.5% of reading +2 digits).

input vollege protection {(reslstor fused — cllp mounted): <115V
rms for up (o § minute. <250 Y rms for up lo 10 scconds.
Temperature coefficient: 2(0.05% of reading +0.2 digits) /°C.

General

Ranging: automatic.

Sample rate: 3/second.

Overrange: 10%.

Calibration cycle: | ycar.

Operating environmental conditiona: Temperature range. 0°C 10
40°C.

Humidity: <95% RH.

Power: rechargeable balleries.

Typical operating time using tully charged battery: 2 hours con-
linuous et 25°C.

Typlcat battery charging time: 14 hours al 25°C. (Indefinitc charg-
ing will nol damage batlery).

Walghl (with battery pack): ncl, 200 ¢ (7 oz2). Shipping. 1.8 kg (4 Ib).
Dimensglona: 165 mm long X 45 mm wide X 30 mm deep (6% X 14"
X114,

b0

Battery Charger

97002A Specifications

DC ammeter
Rangas: 0 1 mA, | mA, 10 mA, 0.1 A, | A FS.
Accuracy (20°C to 30°C): x(2.5% of reading +2 digils).

AC ammeter

Ranges: 0.1 mA, | mA, 10 mA, 0.1 A. I A FS.

Accuracy (20°C to 30°C, >3% of range): 35 Hz to | XHz; £(4% of
reading +5 divits). 1 kHz 10 3.5 kHz £(7% of reading +35 digits).
DC V, 8o V, ohms: same as 970A specilications.

General

Full range Insertion voltage: <0.25 V.

Inpui protection: 2 ump fust acting Tuse.

Walght: nct, 170 g (6 oz). Shipping. 1.8 ke (4 1b}.

Dimensions: 95 mm long, 95 mm wide, S1 mm doep (3%” X V4" X
2%).

87003A Specifications

Response: the 97003A is a peak responding detecror and s cali-
brated lo read rms value of  sine wave.

Voltage range: 0.25 V (o 30 V rms.

Max input: 30 V rms ac: 200 V dc.

AC to dc transier accuracy when operating inta HP 970A:

30 %
] 20 £0548 // /
| *

(£6%)
g w / 7 / Zz
w
E TBY €m s s e e e e =
z ! +1.208
6%
025 ‘ 1 ¢
100 Wi, 1 MHz 10 MH, 100 MHy 500 Mz

“HP"s B7003A i usable from 10 MHz to 500 MHz and 7.5 V rms fo 30V rms, 1 i nol traceable to the Dnited
States Natlanal Buresu of Standards ower thal range

Input impedance: inpul resistance: >25 k.

Shuni eapacitence: <1 pF for plastic tips. <4 pf lor meial high fre-
quency adapler fip.

General

Accossorles supplled: ground lcad, siraight lip, battery chaeger, soft
carrying casc.

Accessories avallabla: 11063A, 50-ohm we: 11536A, 50-0hm tee:
10218A. BNC Adapler: 10219A. Typc 874 Adapter: 10220A, Micro-
dot Adapter. Sce dala sheet for information on ordering chargers.

Model number and name Price
9700) A extra rechargeable battery pack $27
97002A ac/dc current shunt/bench cradle 549
97003A RF adapter $8K
97004A accessory kil $36

970A Digital Multimeter (includes soll carryving case,
battery and charger) 8333



h.p. DIGITAL VOLTMETERS

Low-cost autoranging 3'2 digit DMM
Model 3476A/B

Description

)f you measure current, vollage or resistance. you can use the
3476A /B 10 make these measvrements fastes and with fewer reading
errors. This versatile new instroment incorporates autorange Lo let you
concenlrate on your measuremenl. nol the range or range mulliplier.
With aytoranye, readings alwiys have the same multiplice: voltage a)-
ways in valts, current in amps. and resistance in kiliochms. In addilion
to autorange the 3476A /B hes auto-zero and auto-polarity. Aulo-zero
climinates the necd to zero the instrument prior (6 a (est, and aute-po-
larity lets you measurc both positive and negalive voltages withoul the
inconvenicnce of reversing test Icads.

The 3476A /B saves you time by combining the five most common
measurements in ong instrument. 11 measures AC vollage. DC volt-
age. AC current, DC current and resistance. In addition to these five
basic mussurements, the 3476A /B has sdditional features 1o save you
time and effort. For example, there arc Iwo units 10 choose from. The
lower cost 3476A operales on AC for your bench measurements. The
34768 will operate on either AC or nickel-cadmium batteries, Under
baflery operofion you can break ground loaps resulling in quicter
readings or meke measurements in remote Yocations. The J476B will
give you cight hours of continuous service before a recharge is re-
quired. Keep it plugged in and it will charge overnight and be rcady
far your nex trip.

Convenlence

An instrument designed to make your most common mceasure-
menls should be conveniont 1o use. The J476A /B was desigaed to be
convenicnl. An example is the replacemenl of the inpul proleclion
fuses, Replacement is eiasy—no disassembly of re-calibration s neces-
sary—simply slide back the inpul terminal cover plaie (0 exposc 1he
defective fusc. Convenicnce means atlention (o design delail. A multi-
posilion bail allows convenient pozitioning. Therc is even a verlical de-
tent for viewing from above. Another convenicnt detail is the shape off
the case. Small instruments with pushbu(tons have trouble staying put
when the butions ure pressed. The 3476A /B solves this problem with a
finges grip ridge allowing onc-handed operation.

3476A/B specifications

Ranges: +0.1100V Maximum Dleplay: £0.1098 V

£1.100V +1.098 vV
+£11.00V =1098 V
+110.0V 1098V
1100V +1098 V

Maximum Inpuf: 1000 V (DC 4+ Peak AC)
Accuracy: (20°C 10 30°C)*

Range Accuracy®
0.1100Y +(0 3% of reading +2 digits)
1.100v +(0.3% of reading +1 digit)
11.00v
Loov +(0.4% of reading +1 digit)
1100V

Common mode rejeoction: (| k2 unbalance) > 100 dB @ 50 Hz. 60
Hz.

Input resistance: |0 M) %5%.

Inpul protection: <1100 V peak.

Tempaerature coefficlent: £(0.05% of reading +0.2 digi()/°C.

AC Voltmeter

Renges: 0.1100 V Maximum Olsplay: 0.1098 V

1100V 1.098 vV
11.00 vV 10.98 vV
110.0V 109.8 V
100V 1098 V

Maximum input: 700 V rms
Accuracy: converter is average responding calibrated in rms (20°C 1o
30°C)y

Ranges** 45 Hrlo 2 ki 2kH: 10 S kHy S kHzto 10 kHz

1J00VIe | +(1.5% of reading | (3% of reading +(8% of reading

1100Y + 4 diils) + 6 gigils) + 10 digils)

0.1100V *(2% uf reading +(5% of reading + 8% of reading
+ 6 digils) + 6 digils) + 10 digils

" * Ranges usable from 0.03 of range 1o fuld scale




n

Waelght: 3476A — net, 6.77 kp (1 1b 11 oz); shippirg, (.68 kg (31b 11

Common mode rejection: (I[Ikﬂ unbalanee) >80 dB @ 50 Hz, 60 Hz. 07). 3476B — net, 0.97 kg (2 Ib. 2 oz); shipping. 1.88 ke (4 Ib 2 o2).
Input resistance: [0 Mil 5%, Dimensions: 3476A /B: $.8 cm (2.3") high. 16.8 cm (6.6") widc, 20.6
input eapacitance: <30 pi. cm (5.1%) deep

Input protectlon: <1100 V peak.
Temperature coefficlent: £(0.05% of reading +0.5 digit)/°C.

DC ammeter " -
B2 2384 ISR AL ETMETER
Ranges: +0.]1100 A Max. dieplay: +(L1098 A
21100 A £1.098 A

Accuracy: (20°C to HC) £(0.8% of reading +2 digits)
Impedance: |-1.5 ohm constant

Current prolected: 1.5 A fuse

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

AC ammeter

Ranges: 0.1100 A Maximum display: 0.1098 A
1.100 A 1.098 A
Accuracy: (20°C 1o 30°C)*
Ranges®® 45 Hzio 2 kH: 2kH2to 5 kHz
1.100A +(2% ol reading +(3.5% of reading
+ 4 digits) + G digits)
0.1100 A +(2.5% of reading £(5.5% of reading
+ 6 digils) + 6 digits)

== Ranges usable from 0.03 of range 1o tull mnge

Impedance: |-{.5 chm cons{ant
Current protected: 1.5 A fuse [
Temperature coefficlent: +(0.05% of reading +0.5 digit)/°C.

Ohmmeter

Ranges: |.100kN Maximum display: 1.098 k<
11.00kR 10.98 k1
1{D.0kQ} 109.8 k2
1100 k(2 1098 k{2 11068A
11000 k2 10980 kQ
Accuracy: (20°C 10 30°C)
Ranpes Mccuracy®

110.0 Q2. 1100 k2 +(0.3% of reading + 1 digi)

11000 k2, 1.100 k2 +(0.5% of reading + 1 digit)
1100 k

Open clrcult vollage: <4 V

input voltsge protection: <30 V mns contlinuous, fuse protecied
{from 30 V to 250 V rms,

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

880 day cal, cyche Add (0.2 of reading to a1l bunctions + 1 digh for AC ¥ and ACI for pne year ral cycle

General

Ranging: Automalic, Range Hold.
Common Lo ground: <500 V (Pcak).
S8ample rate: = 3/second.

Overlosad indicatlon: horizontal hars.
Opersting environmental conditions

Temperature range: 0°C 10 40°C. : -
Humidity: <95% RH. T0EA
Powar: 1476A AC linc, 3476B AC line and batteries, <6 VA. Accessories:*** Price
Standard, 104-127 V ac; 54-66 Ha }1096A RF probe 10 kHz 10 700 M Hz (with adapiors) $87
Option 001, 86106 V ac; $4-66 Hz; 11067A Test Lead Kil S5
Option 002, 86-106 V uc; 48-54 Hz 11068A Soft Carrying Case £20
Option 003. 190-230 V ac; 48-54 Hz: Option 910 Extra Manual udd $2
Option 004, 208-250 V ac: 48-34 Hz. Opiion 005 3476A /B, Test Lead Kit, and Soh Cuarrying
Note: No charge lor options 001 through 004. Power eptions miy Case add $25
be changed in field by rearranging jumpers, See manua) for detuils,
Battaries: 4 rechargeable Nickel Cadmium Sub C size. Typical Model number*** e
conlinuous operating time wsing (ully charged batteries: 8 hours at ;::”gg E:?;:

25°C. Typica! battery charging tme: 14 hours a1 25°C with instru-
ment torned off. Trickle chuarge with instrument on. *** Domestic US. paces only. Data subfecd 1o hange.




MDIGITAL VOLTMETERS

3'/2 Digit, high accuracy DMM
Model 3435A

NEW

Description B¢ Current

The 3433A is a2 3% digit mullimeter providing five functions ol Ranges: +200 uA MaxImum display: £199.9 gA
ACV, DCV, ACI, DCI and Q. It is available with rechargeable bat- +2mA +1.999 nA
terics or AC hine power only. The 34112A Touch-Hold probe pro- £20 mA +10.99 mA
vides “gyes-on™ probing of AC und DC voltages by holding the 3435A +200 mA £199.9 mA
display using 4 bulton on the probe. The J43SA case is rugped with a +2000 mA +1999 mA

detent position cartyving handle which is used also as a tilt stand. Maximurm input current: 2 amp (fuse prolested). Voliage: 250 V

Ranging: manual only
. Sensailivity: 100 nA on 200 zA range
Specifications Polarlty: automatically sensed and displayed

Accuracy: | year. 30°C 95% RH
DC voltmeter v | year. (310 2

Range Specificali
Ranges: +200mY Maximum display: £199.9 mV e i
2V 199V 200 pA 10 20 mA | £(0.3% of reading 42 digits)
20V +10.99V - g 3
£200 V L1009V 2000 mA +(0.6% of reading +2 digits)
1200 V 1190V Temperature coefflcienl: (0 1o 15°C und 30 10 55°C) %(0 28% ol

reading +0.1 digity/°C

Maximum Input: 1200 V (DC + Pesk AC) Voltage burden:

Ranging: automatic or manuul

Sensitlvity: 100 uV on 200 mV ranpe Maximam Burden
Polarlty: automatically sensed and displayed Range at Full Scale
Accuracy: | year. 15 (0 30°C @ 95% RH 200 A to 20 mA <220 my

Range Specifications 200 mA <240 v

200 mV +(0.1% of reading +2 digits) 2000 mA <200 v

v A% of i ;
Lipen ] S35 o resling. i dat Responsge time: 0.7 sccond on any runge to within 1 digit of final

Temperature coefficlent: (0 10 15°C and 30 10 55°C £(0.18% of value.
reading 10 +0.] digit)/*C AC voltmeter

Inpul reslistance: 10 MQ £17%

; A ter: ; i ¢ calibrated.
Input type: floating, 500 V maximuny. ¢com. 16 ground C converter: avg. responding rm# ealibrated

Normal mode rejection: 40 dB u( 50 Hz/60 Hz £0.1%, Rangea: 200 mV Maximum display: 199.9 mV
Response time: <0.7 second to within | digit of final vilue on one 2V 1.999 v
range. Add 1 second for cach range change. 20V 19.99 vV
Effective common mode rejection: (1 k02 anbuluncc) > 120 dB at 200V 1969 V

50/60 Hz £0.1% 1200 vV 199V



Maximum fnput: 1700 V (DC + Pcuk AC), 107 volt-Hz max.

Ranging: automalic or manual

Sensitivity: 100 xV on 200 mV range

Accuracy: (with display of =20 digils) 1 year, 1510 30°C @ 95% RH
Range Specifications

30H: — S0 H +(1.5% of reading +3 digils)

50 Hz — 20 kHz 4(0.3% ol reading +3 dgiis)

20 kHz — 100 kHz +(1.5% of reading + 10 digits)

Temperature coslficlent: (O 1o 15°C und 20 (o 55°C) £(0.04% of
rcading 0.2 digit)/°C

Inpul impedance: resistance: &8 M{). Shunt capacitance: <50 pF
Responsé time: |.6 scconds o within 3 digits uf final value or gne
range. Add 1.2 seconds fof each range change.

Input type: flouting, 500 V maximum tom. fo ground.

AC current

Ranges: 200 pA Maximum display: 199.9 A
2mA 1.999 mA
20mA 10.99 mA
200 mA 1999 mA
2000 mA 1999 mA

Maximum input: current: 2 amp (Tuse protecied). Voliage: 250 Vv
Ranging: manual onty

Sensitivity: 100 nA on 200 gA runge

Accuracy: (wilh display ol 220 digils) — | year. }$ (o 30°C @ 95%
RH.

2000 mA
+(2% of reading £(12% ol 1eading
Curcenl +4 digils) +4 digils)
200 mA
Range +(1.7% of reading +(0.3% of reading
20 +4 digils) +4 digits)
uh 30 Hx 50 Hz 10 kHx
Frequency of Input Signal

Temperature coetficient: (0 10 15°C and 30 to 55°C) £(0.05% of
reading +0.2 digi)/°C
Voilage burden:

Maximum Burden

Range at Full Scale
200 pA o 20 mA <220 mV rms
200 mA range <240 mV rms
2000 mA range <400 mVY rms

Response thme: 1.6 seconds on any range 10 within 3 digits of final
value.
input type: Moating. 500 V muximum com. lo ground

Ohmmeler

Ranges: 200 Maximum display: 19.99(
2008} 199.9Q
2k( 1.999 k2
200 19.99 k61
200k 1989 kQ
2 M0 1.999 M©
20 M 19.99 M2

Input protection: 250 V rms

Ranglng: automatic or manual
Sansitivity: 10 milliobm on 202 range
Accuraey: | year, 15 10 30°C @ 95% RH

Range Specificalions
204 +(0.5% of reading +)0 digils)
200Q — 2 MQ =(0.2% of reading +2 digils)

20M0 +(0.8% of reading +2 digits)

Temperature coefficiant: (0 (o 15°C and 30 10 55°C)

Range Specifications
200 = 2 MQ 2(0.04% of reading +0.2 digt)/°C
20 M0 +(0.18% of reading +0.2 dlgi)/°C

Configuration: 2 wirc
Open circult voltage: <5 V
Current lhrough unknown
Range: 200 20020 2K@ 20k0 200k 2MQ 20 MO
Current: SimA 50mA S00puA S0uA SuA  500nA SOnA
Responsa time: 0.8 second (o within | digit. Add 0.8 seci:nd for cach
range chunge,
General
Calibratlon: data sheet specifications guaranteed for | year
Dispiay: 7 sepmeni red 0.3 inch high LED's. Function and range an-
nuncialion
Reading rate: 2.4 - 4.7/s depending on input level.
A-D conversion: Dual slopc
Integration time: 100 ms.
Ranging: aulomatic or manual on ACV, DCV and ohms. Manual
anly on AC & DC currenl.
Storage temperature: AC linc power only, —40 lo +75°C: with
batteries, =40 1o +65°C

Operaling temperatura: (0 10 55)°C

Humildity: 95% RH, +15 to +40°C

Powar: AC line: 48440 Hz; 86-250 V, (see configuration) Baittery:
rechargeable kead-acid 10 hours minimum continuous operation with
full charge. Recharge time: 16 hours operating, 12 hours nongpera-
ling. Bauteries and charger available separately; consult operating
manual. Total insirument power dissipated: AC only: 3 wals: with
charger; 8 watls.

Dimensions:
34354 3435A Oplion 002
23.8] cm (9% ") wide 2096 cm (8Y%") wide
9.34 ¢m (3%") high 8.57 cm (34") high
27.62.¢cm (10%7) long 26.67 ¢cm (10%7) long

Welghts: 3435A 2.41 kg (5 Ib 5 oz)
3435A Opt. 001 1.84 kg (4 1b | o2)
3435A Opt. 002 1.81 kg (4 Ib)

Conflguration: Price
3435A, streamlined portable case with handle, AC line
power. Batteries and charger included. $400
J435A Opt. 001, streamlined portable cuse, AC line
power only. less §65

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

only. (Rack mount kit not included.) less £38
All orders must include onc of the power aptions:

86-106 V Opt. 100: 190-233 V Opl. 210: 104=127 Y Opu.

115; 208-250 V Opt. 230. N/C
*Accegsories:

1{000A Test leads, dual banana both ends. $17
11002A Test lcads, dual banana 10 dual allipator. §12
11003A Test feads, dual banana 10 prote and alligator. $12
110968 RF Probe, 10 kHz (0 700 MHz. $87
34110A Sofi vinyl carrying/cpecating case. §25
34111 A High-vohage probe 48 &V DC. §75
34112A Touch-Hold Probe. 540
11067A Tesl lcad kL. 53
5061-0054 2 Module rack mount kit. $15
Model number and name

3435A 400
3435A Opt. 001 less $65
3435A Opt. 002 less $33

* Domestic U.S. pnces anly.
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DIGITAL VOLTMETERS

Models 34685A and B

1 uV Sensitivity, 4'2-digit, 5-function multimeter

Description

The 3465A and B are 4V digit multimeters providing five functions
of ACV, DCV, ACI, DCI and £. They feaiure both partability and
bench applications by offering a choice of line :nd buttery power op-
tions. The 3465A is offered in the hal-module ruck and stack case.
The J465B is offered in the rugged streamlined synthetic case with a
carrying handle, Both units accept the 34112A touch-hold probe for
“eyes-on’’ measurements of AC and DC vollage,

Specifications

DC Voltmeter
Voltage ranges: +20.000 mV

+200.00 mV

+2.0000 Vv

£20.000 V

+200.00 V

+1000.0 V
Maximum Input: 1000 VDC and pesk AC.
Seonsitivity: | microvoll nn lowest range.
Polarity: automavically sensed and disployed.
Accursey: (1 vear 4-23°C £5°C)

Range Specificallons

20 mv +0.03% of reading &2 digils
200 mV te 200V +0.02% of reading +1 digil

1000V £0.025% of reading £1 dipl

Temperature coefficlent: (0°C to $0°C): £0.003% of reading/°C.
Inpul resivtance:

Range Specilications
20mVthru 2V 210101}
20V Ihru 2000 V 10 M0 £1%

Normel mode rejection: >60 dB nt S0/60 Hz £0.1%
EMectlve comman mode rejectlon: (1 k2 unhulance) AC: > 120 dB
al 50/60 Hz £0.1%

DC current

Current ranges: +200.00 pA
+2.0000 mA
+20.000 mA
£200.00 mA

220000 mA
Maximum Input: 2A from <250 V source (fuse protected).

34858

Sensitlvity: 10 nA on towest runge.
Polarity: auiomitically sensed und disphayed.
Accuracy: (I yeas + 23¢C £3°0)

Range Specilications
200 LA 2 mA +0.07% of reading 1 digil
20 mA £0.11% ol reading -1 dipt
200 A +0.6% of reading +1 digit
2000 mA
Temperature coelficient: (0°C 10 50°C)
Range Specifications
200 A +0.006% of reading/“C
2 mA, 20 mA +0.004% of reading/“C
200 mA £90.01% of reading/"C
2000 mA

Voltage burden;
Highest range: <700 mVY FS
All olher ranges: <250 mV FS

Ohmmeter
Ohma ranges: 200.009

2.0000 k&

20.000 k1

200.00 k9

2000.0 kQ

20 000 M
Protectlon: 350 V (DC + peak AC): 230 V rms
Sensilivity: 10 milliohm on lowest range.
Accaracy: () year + 23°C & 5°C)

Range Specificalions
2004 40.02% of reading -2 digis
2 kil lhiu 2 MG +0.02% of reading 31 digit
20 MQ +0.1% ol readiog £1 digil
Temperature coefficlent: (3°C 10 50°()
Range Specifications
2009 Ihru 2 MY +0.0015% of reading/°C
20MQ +0.004% of reading/°C

Configuralion: 2 wire



Open circuit voltege: <5 V muax.
Current through unknowin:

Range i
2000 1 mA
24 I mA
200 10 zA
200 44 10 A
2000 &2 [ 4A
20mQ Gl uA

AC voltmeter

Voitage range: 200.00 mV
2.0000 V
20.000 V
200.00 V
500 V

Meximum Input: full scale 1o 10 kHz decreasing linearly 1o 50% of (ull
scale at 20 kHz: except on 500 V range, sec overload proteclion,
Overload protectlon: 600 V DC max.

S00 V AC rms

800 V peak
Sensitlvity: 10 4V on lowes! range.
Accuracy: converler is average responding calibrated o rms (1 year
+ 23°C £ 5°C)

20kHz
=0.5% Reading
=16 digits
mkﬁ-l:__ .
T =
Voltage
it 2kHz 5 -
+0.5% Reading, =0 15% Reading,
Frequency =5 digits =5 digis
YkHz
30Mz
A486A: 100mV 100V 500V
34668: 200mV 200V 500V
Voitage rangs

Temperature coefficlent: (0°C 10 50°C): £0.005% of reading + Q.2
digit.
Input Impedance: resistance: | M{Ql, <100pF shunt
AC current
Current range: 200.00 xA
2.0000 mA
20.000 mA
200.00 mA
2000.0 mA

Maximum Input: full scale 10 10 kHz decreasing lincarly 1o 50% of
full scale a1 20 kHz.

Maximum Input: 2 A (rom <250 V source {fuse protected),
Sonsitivity: 10 nA on lowes( range.

Accuracy: (I year + 23°C £5°C)

20kHz
= 0.6% Raaading.
=15 digits
YOkHZ
Current
Input  2xHz| = z?*; T."F"”'”G‘-
fraquency =5 digits =065% Reading,
=5 digits
IxH
M 0 4% Reading, =0.8% Reading
<0k =5 digits =5 digits
3468A: 100mA 10mA 100mA 1000maA,
3468B: 200pA Z20mA 200maA 2000mA

Currsat range

Temperature coefficlent: (0°C 1o 50°C): £0.01% of reading/°C
Voltage burden:

1A range: <700 mV FS

All olher ranges: <250 mV FS

General

Integration time: 100 ms,

ReadIng rate: 2': readings per second.

Display: light-emitting diodes.

Overload Indleation: display hlanks.

Humidity range: 95% @40°C.

Operating temparature: 0°C 10 +55°C. (Nickel Cadmivm Batlerics

0°C 1o +40°C).

Storage temperalure: —40°C lo +75°C). (Nicke) Cadmium Bat-

teries, —40°C Lo +40°C).

Dimeneions:
3485B: 101.6 mm H X 212.7 mm W X 279.4a mm D (4” X 8%" X
117y
34658: 97 mm H X 228 mm W X 276 mm D (3.82" X 892" X
10.86")

Welghts: nct. 2 kg (4.5 Ibs). Shipping, 4.5 kg (10 Ibs).

Power (see Options):
3465A: balteries or AC line: built in bautery charger
AC line: 86 10 127 V or 17610 254 V, 48 10 440 Hz.
Batteriea: 2 rechargeable Nickel Cadmium battery packs (HP
82001 A's), provide 6 hours continuous use when fully charged. 13
hours to recharge batieries fully (instrument off).
3485B: baltcries or AC line; buili-in hattery charger, batteries when
Tully charged provide 6 hours continuous operation. § hours to re-
charge bateries {ully {instroment off). Must order one power line
option.

Options, accessories & parts Price
J465A:

Opt 001: AC operation only (no batiery packs supplied;

battery charger built-in) less $20
Op? 002: 4 type D alkaline dry celis, in licu of B2001A's,

provide 60 hours conlinuous use at 23°C: has recepiacie

for HP 82002A baticry eliminalor, 82002A not included less $105
§2001 A batlery pack (uses 2 packs) §$10es
82002A Battery climinaior (hand-held calculator

charger) 520
1420-0224 Type D Alkalire cell {equal to U-2): 4 re-

quired Slea

34658 oplions (must specify one)

Opt 100: 86 10 106 VAC line; 48 10 440H N/C
Opt 118z 104 10 127 VAC line: 48 to 440H N/C
Opt 210: 190 10 230 VAC line: 48 to 440H N/C

Opt 230: 208 10 250 VAC line: 48 (o 4401 N/C

Model number and name Price
HP 3465A DMM with two 82001A's & charger $330
HP 3465B DMM with batteries and charger® $500

® Must order one powet line oplion



f’P DIGITAL VOLTMETERS

DVM Interchangeable displays
Model 3470 system

Description

Hewlett-Packard’s 3470 is # low cost linc of DVM's using a Mexible
snap-logether package. Two display sections provide a choice of four
or five digits. both with 100% overranging and LED display. These
displays lock onto an ac/de/Q mulimeter. In addition, a temperature
module 1s available for use with the four-digil display section.

34740A Display

This 4%:-digit display locks onto the M2A volimeter module (o
form a complete DVM using a clear, LED display with four fulf digits
plus 100% overranging.

34750 Display

This 5Y.-digit display offers five-digit resolution with any 34702A
volimeter module. As with the 34740, it uses a LED display with 100%
overcanging.
34702A Multimeter

This plug-on provides four ranges of both ac and de plus si< ranges
of ohms. AC lunclion cavers 45 Hz 10 100 kHz. Ohms ranges are 1000
to 10 MQ full scale,

2802A Thermometer

This unit includes a thermomodule (Jower unit) which containg tem-
peralure measuring circuily, probe connections and operating con-
trols; HP's 34740A 4Y,-digit display isincluded. Oplion 004 deletes the
display for those (hat wimnt to use their own 4! wdhgit display.

34702A Specifications

DC voltage
Range: +1 V 10 £ 1000 V lull scule in four decade canges.
Display: 4-digit (34740A) or 5-dipi1 (34730A).

ASTOZA MULTIMETER

T

Q

(38 AsHA!
w3

¥ NEWLETT: FADHARD TO0LA THERMOUETER

Full range display;:

Range 4-digh display 5-digit display
EIR =+1.0000 ¥ =+1.00000 Y
+10V +10.000 v £101.0000V
£100V +100.08V £100.000 ¥
*1000V 210000V =£1000.00 V

Overrange: (00% except 20% on (000 V range.

Range seleclion: manual pushbuttons.

Accuracy {30 days, +23°C + 5°C, <96% R.R.)
4-diglt dlspfay: + (0.03% rdg + D.01% rng).
5-digit display: X (0.02% rdg + 0.005% rng).

Tamperature coefficient (0°C to +560°C)
4-digit display: & (0.0035% rdg + 0.001% rng)/"C.
5-diglt display: + (0.0025% rdg + 0.0002% rng)/*C.

Siabliity {24 hours, + 23°C £ 1°C)
4-digit dleplay: + 0.01% rdg + 0.005% rng).
B-digit display: % (0.008 rdg + 0.004% rng).

Reading rate:;

Display option 4-digt disalay 5.dlglt digplay
Opl 060 (60 Hz rejection) 5/s 5/
Opt 050 (50 Hz rejection) &/s 4/

Inpul terminats: Moating pair.

Input reslstance: 11.1) M1 £ 0.2% on | V and 10 V rangcs: 10.1 MR
+ 0.2% on J0O V range: 10 M@ 4+ 0.2 on | kY range.

Effectiva CMR: | k{} unbalance: >80 dB at de.

Normal mode rejection: > 60 dB a1 50 H7  0.17% (Opt 050) or at 60
Hz 4 0.1% (Opt 060).

Maximum input vollsge: £1200 V. high (o low; £500 V low 10
chassis.



AC Voltage
Voltage range: | V ac 1o 1000 V ac full scale in four decade ranges.
Full range display:

5-digit display

Range 4-digh display

R 1.9000 V 1.D00aQ v
oy 10.000 V 10.0000 v
100V 100.00 ¥ 106,000 V
1000 ¥ 1000.0 ¥ 1000.00 ¥

L Because Ihe intercal Yemperature diliers on line and battery operation, references musd be adjusied to re
Yaln this specification when Iype of power source |8 changed

Detector: average-responding,

8Scale: rms Jor a sinewave.

Frequency range: 45 Hz 1o 100 kllz.

Accuracy (30 days, 23°C +5°C, £95% RH):

Disptay 45 Hr to 20 kHz 20 kHz to 100 kHz

4-gigit £(0.25% rdg + 0.05% rng) +(0.75% rdg + 0.05% rng)

5-digit +(025% rdg + 0.05% mg) +(0.75% rdg + 0.05% rag)
Ter;}p?'ature coefficlent (0°C to +50°C): £{0.03% rde + 0.001%
mg)/°C.

Stabllity (24 hours, +23°C +1°C):

45 Hz to 20 kHZz +(0.15% rdg + 0.05% mp).

20 kHx to 100 kHz: £(0.4% rdg + 0.05% rng).
Responge time: <2 s to within +0.3% of (inal value or 20 counts,
whichever is greater.
Inpul impedance: 11.11 M{ +0.2%, 80 p¥ shunt op | V and 10V
ranges: 1000 MQ 4:0.2%, 80 pF shunt on 100 V range: 10 MQ £0.29%,
80 pF shuat on 1000 V range.
Input terminals: touting pair.
Maximum Input voltage: 1200 V rms high to low. excepl 2.5 X 10* V
Hz limit on | V range with minimum protection of 320 V rms and
maximum of 1200 V p; £500 V. p, de 10 440 Hz low to chassis,

Resistance
Range: 100 1o (0 M Jull scalc in 6§ decadc ranges.
Full range dlspiey:

Range A-diglt dlsplay S-digil display
10092 100.00%2 100.000¢
1 k@ 1.0000 kQ 1.00000 kQ
10 kQ 10.000 kQ 10.0000 k&2
100 k() 100.00 k0 100.000 k&2
1 M{2 1.0000 MTX 1.00000 M0
10 M{2 10.000 MQ 10.0000 MQ

Overrange: 100%. on ail runges.
Accuracy (30 days, +23°C +5°C, <85% RH):

Range 4.digit display 5-digit display
10 MO £(0.25% rdg + 0.02% rng) +(0.25% rdg + 0.015% ng)
Others +(0.05% rdg + 0.02 mg) 4(0.045% rdg + 0.015% rng)

Temperature coefficient (0° to +50°C)
10 M1 range: +(0.035% rdg + 0.001% rng)/*C
Other ranges: +(0.006% rdg + 0.001% rng)/°C.
Stabllily (24 hours, +23°C)
10 MQ range: +{0.1% rdg + 0.01% rng).
Other ranges: +(0.02% rdg + 0.02% rng).
Inpul terminals: Moating pair (different from voltage input termi-
nals).
Current through unknown: 10 mA on 1009 renge decreasing one de-
cade per successively higher range.
Overload protection: 350 Vp (248 V sine wave),
28D2A Specifications
2802A Digital Thermometer is complele with 4% ~digit HP 347404

display, less probe. Option 050 for 50 Hz or Option 060 fur 60 Hz op-
cration must be specified.

L

These specifications are “1olal system specifications™ meaning they
apply 10 both the instrument and the probe working together (not just
the best electronic specifications for the instrument by itsel). HP
28028 Thermuometer specifications relate direcily 1o system perfor-
mance under actual working conditions.

Ranges: —200° 1o +600°C and —100° to +200°C.

Resolutlon: 0.1°C on —200°C to +600°C range. 0.01°C on —100° to
+200°C range.

Accuracy: +(D.5°C £0.25% of reading) on both ranges,

Display: 4V; digits LED on HP 34740A module.

Siabillty: +£0.2°C for seven days (23°C £5°C ambient).

Linear analog output: | mV/°C on —200° 10 +600°C range (—0.2
to +0.6 V FS). 10 mV/°C on =100 to +200°C range (—1.0 V10 +2.0
V F8). Voltage accuracy equal to that of digital display. Output im-
pedance | k{ on both ranges.

Environmental standard: HP 2802A Thermometer operales within
these specifications in environments of 0% to 50°C and up to 95% rela-
tive humidity over most of this temperature range. After calibration in
some arbitrary ambient temperature. instrument calibration remains
vitlid with ambient temperature changes up to 10°C.

For the following probes, time constant is determined using water
flowing at | m per second,

18641 A Probe contains the sensor in the tip of a 13 em (5 in.) stam-
less steel sheath, 6.4 mm (e in.) diameter, with armored cable 1.8 m (6
f.) long. It operates from —200 1o +3500°C, 1o +600°C short term.
Cable movement must be prevented above 250°C. Time constant is
five seconds.

I8642A Probe is the same as the 1R641 A except that it has a Tellon-
insulated cable (.8 m long. This cable must be kept below 250°C,

18643A Probe contains the sensor in the tip o) a 13 cm stainless slecl
sheath. For fast response, the last 5.1 em (2 in.) of the sheath tip is re-
duced 10 0.32 ecm (0.13 in.} diameter. This probe operates from —200°
16 +500°C, 10 +600°C short term. It has a 1.§ m Teflon-insulated
cahle. This cable must be kept below 250°C, Time constant is 1.8 see-
onds.

18644A Prabe Kil includes plalinum sensor cariridge, 1.3 cm X 0.25
cm diameter, having two nickel leads, | em X 0.03 cri diameler, cable
connector, wiring diggram for four-wire hook-up. Time constant 0.5
3cc.

For all models
Operating temperalure: 0°C 1o 50°C.
Storage lemperature: —40°C 10 74°C.
Power: <87 VA al 100 V, 120 V, 220 V. + 5%, —10% switchable: 48
Hz 1o 440 Hz.
Welght Net
34740A 4-digit display or
34750A S-digit display
2802A Thermomodule +
displuy
Dimenslons
Display + meter: 247.7 mm deep X 158.8 mm wide X 984 mm
high (934" X 64" X V4™
Accessorles avallable: | 1098A High Frequency Probe, measures o
700 MHz. Accepts 025 V 10 30 V signals with inputl impedance of 4
MQ shunled by 2 pF: 11456A Rcad Out Test Card for testing and
troubleshooting either display. 18641A Probe: 18642A Probe; 18643A
Probe; 18644A Probe Kit.

Options and accessories Price

Shipplng
1.36 kg (3 1b) 1.92kg (41D 4 ox)

127kg(50B)  3.39kg(716Ros)

2802A Opt. 001 bottom module only (lcss display) less $420
Opi. 050, 50 Hz rejection . N N/C
Opt. 060, 60 Hz rejection } specify one N/C
11096B High Frequency Probe S87
11456A Read Out Test Card S64
56A-16C Cable for operating 5035A Digital Recorder $60
18641 A Temperature Probe 165
18642A Temperature Probe $130
18643A Temperature Probe $180
18644 A Temperature Probe Kil $105
Model number and name

2802A Digital Thermometer (includes 4%:-digit display $795
34702A Mulumeter $325
34740A 4-digit display $450

34750A S-digit display §720




B

DIGITAL VOLTMETERS

True RMS voltmeter
Modet 3403C

e DC and 2 Hz To 100 MHz

e 3v, digit
3403C TRUE RMS VOLTMETER
(‘F] HEWLETT » PACKARD
Description

The Mode) 3401C is usable from dc 10 100 MH7. True rms is espec-
ially valuable for mensurements of noise, multiplexcd signals, modu-
lated waves and sipnals with high harmonic content,

dB disptey

The dB display oplion provides readings direclly in dB. 1 major
convenicnee (0 a¢ vhers. The dB reference (o which the measurement is
made is conventently adjustable from 1he fromt panef to provide reler-
enced dB measurements. or Lo provide a convenicnl means 10 offsel
the reading by as much as 13 dB for unrefercnoed measurements.

Specifications

Aangesa

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

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

Ranging information: front panel annuncialors indicate overrange
(approximately 190% of full range). or underrange (approximalcly
177% of full range) conditions.

Performance

AC frequency range
Slow response: 2 Hz (o 100 MHz.
Faet response: 25 Hz to 100 MHz.

| mm——

Response lime
Fast response: | s,
8low response: [0 s.
Instrument reads final reading £0.1% ol input change in staled
response lime.
Dieplay rate
Fast response: 4 rcadings per s.
Slow response: 2 readings per s.

READING _ i .
ACCURACY +%OF RANGE + + % OF READING
VOLTS FREQUENCY (Hz)
RANGE
BC DC ac| ae

Mno‘.‘

QOO0

0’0‘00

O
e

%

Irequencies and ranges in 1his area may result in
invalid ;eadings without mnging indication.

% CAUTION:

* pC + AC function and slow response time onfy

%% Y ot reading specilicslion i reprasemalive of typical flatness.



Functione
DC: responds to dec component of input signal.
AC: responds to true rms value of ac coupled input signal.

AC + DC: responds lo lrue rms value of de and ac input signal;
reading is /iac;; + (ac rms).

dB recorder outpul; ouiput vohage: 200 mV for 20 dB, Outpul re-
sistance: 1 k{! £500 Q.
Accuracy: 90 days (23°C +35°C, <95% RF).

READING *k
=|x dB) + (+ dB)
Temperature coefficlent: 0.1 X reading accuracy*/°C outside the ACCURACY
25°C £5°C wemperature range. i dB FREQUENCY (Hz)
Accuracy: 90 days (25°C + 5°C, <95% RH, 17% of range to 190% of AC ]DC-M: oo -
eange)- P TR tets
Input characieristics g HH 9. :.?E::::::'.
Inpul impedance: <10 MHz. o ooty
1V 1o 1000 V range: 10 M{l £10% shunted by 19 pF £10%. 100V
10 mV and 100 mV renge: 20 MQ +10% shunted by 16 pF +£10%.
10 MHz to 100 MHz: the following table gives maximum loading due ;L 15 m
to input shunt impedance across a terminated source.
System Impedance Frequency v Hm
(source and load) 10 MHz 100 MH2 e mn
500 1% 10%
759 2% 20% (s m I

Cresi factor:

2 By to 25 Hz Z.1 al Tull range input.
>25 Bt 101 3t Tull range inpot.

Maximum input voltage

High to low:

1000 V rms, 1500 pesk or 10° V-Hz on any range. Maximum dc volt-
age in ac mode. 500 V de.

Low to chassie:

£500 V dc, when floated with special banana to BNC adapler.

Optlons
Autoranging (3403C option 001)
Automstlic ranglng: uprange at approximately 190% of (ull range;
downranges at approximately 17% of (ull range.
Autorange tlme: fasi response: 1 s per range change. Slow re-
sponse: 10 s per range change.
Remote control + dightal output + autoranging (3403C optlion
003)
Provides remote control of all frant panel fonctions, ranges. digital
oulpat and autoranging.
dB display (3403C opilon 006)
Measurement range: 108 dB (—48 dBV 10 +60 dBV).
Calibrated dB reference: 0dB = 1.000 V: reference level may be set
for 0 dBm (6000) by adjusting front panel dB calibralion adjustment.
Variable dB referance: reference level may be shified downward
ftom calibruted position >13 dB.
daty from accuncy charis

§ CAUTION: trequencies and ranges in this area may result in
invalid readings without ranging indication.

* DG *+ AC function and slow response time onty

** specification is represantative of typical flatness.

General
Operating condltions

Temperature range: 0°C to 50°C.

Humlidlty: <95% RH.
Recorder output

Outpul voltage: | V dc open circuit for full range input.

Outpul resistance: | k} £10%.
Power: 115V or 230 V £10%, 48 Hz 1o 440 Hz, 35 VA max. (includ-
ing all opLions).
Input tarminals: BNC front pancl connector standard for low 1o high
terminals: rear panel connector available by internally reversing po-
sition of ac converler module.
Waelghl: including all aptions: Net, $ kg (11 )b). Shipping, including
all options: Net, 7.2 kg (16 Ib).
Dimensiong: 234.9 mm wide X 127 mm high X 196.8 mm deep (9%*
X 57 %X M.
Accessories furnlshed: floaling adapter-benana to BNC.

Model number and name Price

Option 00) autoranging add 8156
*Option 003 remole contso) + digital output +

autoranging add $335
*Option 006 dB display add 3315

M01IC Truc RMS volimeter $2375

“Ophans 003 and QD8 are wvalable only as faclory \nstafled aptions
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DIGITAL VOLTMETERS

High speed 3 digit system voltmeter
Model 34374

Iss "DNE ‘ .o0oo0ao

10 i

Description .

The Hewleti-Pichird 3437A System Volimeler has beea desipned Lo
be used in systems. D is 2 3% digit high speed de voltmeter with sumple
and hold. The standard unit measures DC volts, provides trigger de-
Tay. burst rending capability and Hewletl-Packard Intecluce Bus (HP-
1B).

There are three DC Moating input ranges: 0.1 V, 1.0 V und 100 V
full scale with a maximum display of 1999”. Sample and Hold al-
tows the 3437A (6 he an instanlancous reading volumeter. The trigger
delay cin be set (rom 0,148 to 1.0 second and 1he number of readings
can be set from 0 1o 9999 readings.

Typical operation

Example: sct Delay (o | mS #nd Number of Readings is set to 1000.
The 3437A will now take 1000 readings spaced | mS apurt upon re-
ceiving onc (rigger.

Data output

All front puancl swilches are prograrmmable from the HP-1B. Two
dala omput formalts are uvailable: (1) ASCII oulpul {Serial ASCII
characters) and (2) Pdacked outpul (1wo 8-bil bytes on the HP-1B (o
send (he complete reading).

BINARY
PRGM

DELAY N RDGS ENAB RQS

High speed

The Packed output mode allows mere dota Lo be stored in Lhe cal-
culator or compuler as well a5 increasing the maxinum reading race
from 3000 readings /sccond o greater thun 5000 readings /second,

Systems capability

The user may select the made for which (he volimelter requests ser-
vice from the controller (calculator or computer). Request Serviee can
bec programemed manually or aviomaticzlly 10 request service lor (1)
Data Ready. (2) Trigger Ignore. or (3) Invalid Program. Any combi-
nation of these three can be selecled.

Applications

Wavelorm analysis—The 3437A can be used o unalyze a wide variety
of waveforms. The delay and bursl reading capability allows fre-
quency. positive or negalive peak values, RMS value und harmonic
distortion to be measured. The accuriucy of Ihese mensurements is
comparuble 1o more traditionyl meusurement Lechnigues,

Transient signals unalysis—The 3437A is capuble of measuring ran-
sient signals because of the wide bandwidih input (> 1 MHz), high
measuring speed und sumple-and-hold.

Fast AC mcasuremenis—Sinusoida) signuls of known frequency can
be measured in less than one cycle of the signul. Very low [requency
measurements can be made more quickly than with conventional
technigues.



gk

Figure 1 shows a signal to be measured by both an oscilloscope
and the 3437A. The oscilloscope delayed sweeap Is used 1o inlen-
sity the point of interesl. The delayed gate output Is used to irlg-
ger the 3437A ai the sameg polnt In Ume as indicated on the oscil-
loscope display. The voitage al the point of interest Is now known
fo the accuracy of the 3437A.

High speed scanning—Multiple inpul measurement applications cin
be satisfied with the M2I7A and the HP 3495A Scanner. Reading
rates of greater than 100 channels /second can be attained,

Bench measurements—In addition 1o systems applicalions, the J437A
can be used to improve oscilloscope wmplitude and measurement
accuricy.

Data-sheeted systems

The 3437A is part of the 3052A Data Acquisilion System. (Refer (v
Page 71. The 3052A includes the 3437A, 3455 §14/6'% digit DVM,
M95A Scanner and 9825A Calculator. The combinulion of the M37A
and 3455A voltmeters provides systems versatility such as high speed,
system timing and high sensitivity measurements. The defay genera-
tor in the 3437A is used (o provide timing wiggers [or the 3455A
DVM. The 3455A provides | gV sensitivity and high speed DC mea-
surements with greater than 60 dB normal mode noise rejection.

Specifications
DC Volis

Ranges Maz, Display Overload Reading

10V +19.98 +9999
1v £1.998 +9.99%
01V +.1938 +.9999

Renging: Manual or Remole

Performance

Static accuracy (90 days, 23°C x E°C):
10 V Range: 0.05% of reading £ 1.6 digits
1 V Range: +0.03% of reading + 1.6 digits
0.1 V Range: +£0.06% of reading £ 1.8 digits

Static accuracy (1 year, 23°C + 5°C):
10 V Range: £0.05% of reading £2 digils
1V Range: +£0.03% of reading £2 digits
0.1 V Renge: +0.06% of reading £2.2 digits

Stetlc sccuracy temperature coeMfictenl (0°C—50°C): +0.002%
reading/°C £0.05 digits/°C

Input characteristics

INPUT A 5 c

>
R
10 VRange: R = | MQ £20%: C <75 pF
1V Range: R > [0*1; C <75 pF
0.1 V Range: R > 10°); C <75 pF
Maximum Inpul voltage high to low on all ranges: <0 V Peuk
Maximum voltage low to chasasis: £42 V' Peak
Number of Readings (N Readings)*
N Readings: 0** 0 9.999
= Readings are mol inferrally tiored
“*Foei N o= 0fhe 3437 pperates in delav mode oRly
Maximum reading rate (Remote, N Rdgs. > 1, end a zero delay
listener”)
ASCII: 3600 Readings/s
Packed: 5700 Readings/x
® Arfual Reading Rate is gwen by

3600 (listen rate!)
XECH 3600 + heten rale!

5100 listen rate!)
PACKED E700 + Neten rate)

VListen rate kv maomam speed thal lalener can accepl dals byles

Delay

N Rdgs. =0 or 1:
DELAY (setting): 0 10 0.999 909 9 <in 0.lux sleps

N Rdgs. >1 (Ramole and a zero delay listener*)
ASCI: 0.0002778 s < DELAY < 0.9999999 ¢
PACKED: 0.0001754 s = DELAY < 0.9999999 «

* Mialnium delay iz 2 fanclion of listener delay relaled by

ASCGIL: 277.8us + listencer delay
PACKED: 175.4ps + listcner delay

Accuracy (EXY. TRIG to DELAY OUT, 0°C to 50°C)
Delay offset: {00 ns & 25 ns
Delay accuracy: £0.008% DELAY + Delay offscl
Delay repeatability (jitter): for N Rdps = Oor I
DELAY of O or 0.1us: £2 ns
DELAY of 0.2us 10 30 ms: £10 ns + 0,0002% DELAY sclling
DELAY of >50 ms: £110 ns

Input bandwidth (3 dB)
10 V Range: 1.0 MHz
1V Range: 1.1 MHz
0.1 V Range: 40 kHz

Settling time

10 V Range: A 10 V step 1o within 20 mV of finul vulue t = 7.8ps: 4 10
V step 1o within 200 mV of (inal value 1 = 700 ns

1V Range: A 1V step to within 2 mV of final vahie ( = 1.8 0 1 V
step 1o within 20 mV of final value in 700 ns

0.1 V Renge: A 0.1 V step 1o within 200uV of final valuc 1 = 25us; a
0.1 V step to within 2 mV of final valuc in 700 ns

General

Opersting lemperature: 0 o 55°C

Slorage temperature: —40°C (o 75°C

HumidIty range: >95% R.H., 0°C 10 40°C

Power: 100 V, 120 V., 220V. 240 V £ 5%, = 10%. 48 H7 10 400 Hz linc
operation. <60 VA with all options

Dimenslone: 212.7 mm wide X 88.9 mm high X 527.1 mm deep (BW”
X 3V X 200"

Welght: net. 5.6 kg (32 Ib 4 oz). Shipping, 7.6 kg (16 Ib 12 02)

3437 A System Voltmeter $1900



Fﬁ DIGITAL VOLTMETERS

512/62-digit DVM with Auto Cal
Model 3455A

e AytoCal
® Self test
8 Bench/system

e AD/DC/OHMS
& High speed
e Removable reference

Description

Hewletl-Packard’'s 3455A Digital Volumeter is B microprocessor
controlted $%- or 6%-digit integrating voltmeter for bench or sys-
tems applications. The standard instrument measures DC volts, AC
volts. and resistance. HP-1B 1/0 for systems applications is also stan-
dard.

Measuring speed

The 3455A is fully guzarded and has greater 1than 60 db normal mode
noise rejection at ceading rates of up 10 24 readings per second on all
DC ranges. Ohms reading rales are up Lo 12 readings/second and an
AC fast mode gives reading rales of up to 13 readings/second at fre-
guencies above 300 Hz.

Performance

DC smcasurements can be made with up to | gV sensitivity. Ohms
measurements are made with either a 2-wire or d-wire mode. The High
Resolulion (§%-digit) mode gives DC and Ohms measurements with
greater than ) part pec million resolution. AC voltage measurements
¢an be made from 30 Hz to 250 kHz with the optional average re-
sponding converler.

True rms

The standard true rms converter gives AC measusements from 30
Hz to | MHz . Complex signals with crest factors of up to 7:1 at full
scale can be measured.

Math

The math funetions provide the user with unique compulational ca-
pability. The Scale mode (532) allows the user to offscl, take ratios, or
scale readings to give readouts in physical units. The % Error mode
(¥5¥ x 100) converis readiags inlo percentage change from Y which is
entered 5% B reference. For the math Tunctions X is the present read-
ing. Y and Z are previously enlered readings or numbers enlered from
the front panel or by remole program.

Auto Cal

The avio cal feature gives the user high accuracy DC volts and shms
measurements and simplifics calibration of these functions. The DC
and ohms operating circvils are checked against internal references
and any ertors are corfected digitally. All de and ohms adjustments
are in a removable reference assembly.

Serviceability

The self-test feature is used o aid in rroubleshooting as well as veri-
fying operation of the 3455A. Tes| verifies proper operation of the DC
measuring circuits by comparing their parameters against predeter-
mined limits. If a problem is found. the display is used to assisl in
finding the problem area by indicating which parameter is in error.
Detailed troubleshooling can then be used 1o quickly isolate the prob-
lemn,

Rouline mainienance and calibralion has been simplified with the
removable reference assembly, Calibration of DC and ohms func-
lions can be done by replacing the reference assembly with 2 recently
calibrated one. Extra reference assemblics are available as HP acces-
sory number 11177A. A spare assembly is ideal for one or more
3455A"s. Calibrate DC and ohms in a 3455A withoul removing it from
the bench or system. Just retum Lhe extra referenee assembly to the cal
lab or HP for calibration 3nd have it back in lime to calibrale the 3455
next time.

Data-sheeted systems

The 3455A is included as part of two data-sheeted sysiems. The
3051 A and 3052A are fully inlegrated, tested, verified and specified as
syslems and come with complete sysiems software and decumenta-
tion. These systems provide compiete solutions 1o many of your mea-
surement problems.

3051A Programmable Data Logger

The 3051A Programmable Data Logger has been specifically de-
signed 10 solve your dedicaled, long tlerm data logging prablems.

The 3051 A consisig of:

e 34554 DVM

® 3495A Scanner

® 9815A Calculator

® Special Data Logger ROM

Your data logging problems can be simplified with such features as:

® Thermocouple linearizalion

® Cold junciion reference

® Data analysis und processing

® Decision making and control capabilities

@ Data formatting and storage

® Power laif-restart

Typical application areas are:

® Plant monitoring

@ Process monitoring

® Parameter tesling



3052A Aulomatic data acquisition system

The 3052A Automatic Data Acquisition System has been designed
(o solve your dala acquisition, conirol and automatic testing prob-
lems.

The 3052A consists of:

@ 3455A DVM

® 1437A System Voltmeter

@ 3495A Scanner

® 9B15A Calculutor & ROMs

These 3052A features give you a wide range of problem solutions:

® Signal digitizing {> 5000 readings/second)

® High speed scanning (> 100 channels /second)

@ Systent timing

® Vectored interrupt system for simullancous control and process-
ing of multiple 1asks

® High speed dala zccess and slorage

8 Alphanumeric display for easy inleraction with the operator

Typica! application areas are:

s R&D

® Production testing & QA

For further information on cithér of these two sysiems refer Lo
pages 70 snd 71 or conlact your lecal HP field engincer.

HP Technology

HP has developed an instrument oriented micropracessor 10 pro-
vide the high performance of the 3455A. The microprocessor has a
parallel architecture 1o give the high speed necessary (o control the
measurement processes of a bench/systiems vollmetsr. Two micro-
processoys are used: one for control of the measurement and the sec-
ond for inlerface 1o the H1-1B and computation of the math fanc-
ligns.

Auto cal is a process by which the 3455A internally checks its DC
and ohms operaling circuits against internal references and corrects
for errors. The benefits of auto ¢al are high accuracy and simplified
calibration. Only four adjustments for calibration of DC and ohms are
requised and these are in the removable seference assembly. The mi-
croprocessor 1s also used (o contro) the auto cal process and compute
the correction factors.

The HP-developed fineline lantalum nitride resistoc fechnology
vsed in several HP digital voltmeters is also used in the 3455A. This
technology provides uccurate lemperature tracking resistors that re-
sull in excellent long 1erm DC accuracy.

Specifications
DC Veltage
Ranges Wadmum Dlsplay
High High High High
Resolutlon Resoluilon Resoluilon Resolution
off On on On
0.1 - +0.149999 V -
)| 1 +1.49999 v +1.499998 v
10 10 +£14.993% v +14.99999 ¥
100 100 +149.999 Y +149.9999 v
1000 1000 £1000.00 V +1000.000 v

Range selection: Manual, Automalic or Remole

Performance
High Resolution Off
Aecuracy:
24 hours: 23°C £1°C
10 V range: +{0.002% of reading + | digit)
1V range: +£(0.003% of reading + 1 digit)
0.1 V range: £{0.004% of reading + 4 digils)
100 & 1000 V range: 3:(0.004% of reading + 1 digil)
80 daye: 23°C x5°C
10 V range: +(0.005% of reading + { digit)
1V range: +{0.006% of reading + | digit)
0.1 V range: £(0.007% of reading + 4 digits)
100 & 1000 V range: +(0.007% of rcading + | digil)
6 months: 21°C +5°C
10 V range: +(0.008% of reading + 1 digit)
1 V range: £(0.609% of reading + 1 digit)
0.1 V range: £(0.010% of reading + 5 digils)
100 & 1000 V range: +(0.010% of reading + | digil)
1 yaar: 23°C £5°C
10 V range: £(0.013% of reading + 1 digit)
1 V range: £(0.014% of reading + | digit)
0.1 V range: +(0.015% of reading + 6 digils)
100 & 1000 V range: £(0.015% of reading + | digil)
High Resolution On
24 hours: 23°C £1°C
10 V range: 2(0.002% of reading + 1 digits)
100 & 1000 V range: +(0.004% ol reading + 3 digns)
1V range: £(0.003% of reading + 4 digits)
80 days: 23°C x5°C
10 V range: £(0.005% of reading + 13 digits)
100 & 1000 V range: £{0.007% of reading + 3 digils)
1V range: £(0.006% of reading + 4 digits)
6 months: 23°C + 53°C
10 V range: +(0.008% of reading + 3 digiis)
100 & 1000 V range: £(0.0)0% of reading + 1 digits)
1 V renge: £(0.009% of reading + 5 digils)
1 year: 23°C £5°C
10 V range: +£(0.011% of rcading + 3 digits)
100 & 1000 V range: £0.015% of reading + 3 digits)
1 Y range: +£(0.014% of reading + 6 digits)

Input characteristics
Input resistance: 0.1 V through 10 V range: > 10'® ohms. 160 V and
1000 V range: 10 megohm +0.1%
Maximum Inpul voitage

High to low input terminale: £1000 V peak

Guard to chassls: 500 V peak

Guard to low terminal; £200 V peak
Norma| mode rajection (NMR): NMR is the ralio ol the pesk nor-
mal-mode vollage 10 the peak error voltage in the reading.
NMR ot 50 or 60 Hz +0.1%: >G0 dB
Effective common meode rejectlon (ECMR): ECMR is the ratio of
the peak common-mode voltage to (he resullant peak error volage in
the reading.
ECMR with 1 kQ unbalance In low lead »t

DC: >140 db

50 Hz or 60 Hz £0.1%: >160 db
Maximum reading rate:

60 Hz Gale Langth 50 Hz Gale Length
High High High High
Rasolution Resolution Resolution Rezslution
oH 0On oif On
Local 51dg/s 3ede/s 3.51dp/s 2.5 rdg/s
Remole 2416g/s 6 rdg/s 22 rdg/s 5 dg/s
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DIGITAL VOLTMETERS

5'2/64-digit DVM with Auto Cal
Model 3455A (cont)

AC Voltage (rms converter)
(High Resolution On or Off)

Ranges: 1.00000 V Maximum Display: 1.49999 v

10.0000 V 149999 V
100.000 v 149999 vV
1000.00 V 1000.00 V

Range selection: Manual, Automatic or Remote
Function salectlon: ACV or Fast ACV

Input characteristics
Input Impedsanca
Fronl terminals: 2 MQ +1{% shonled by less than 90 pl.
Rear terminals: 2 MR +1% shunted by less than 65 pf.
Maximum Input voltage
High to low termlinals: 11414 volis peak™*»
Guard to chassia: +500 V peak
Guard to low terminal: +200 V peak

S Subpest 1o a 107 wally— ki amilation,

Max/mum reading rate:

60 Ha Gate Length 50 Hz Gsle Length

ACY FAST ACY ACV FAST ACV
Lozal 1.3 idg/s 4.5 1dg/s 1.1 rdg/s 3.51dg/s
Remole 1.3 dg/s 13 edg/s 1.1 rdg/s 12 rdg/s

Input characteristics
Input Impedance: Front Terminals — 2 M) £1% shunlcd by Jess
than 90 pf Rcar Terminals — 2 MQ %1% shunted by less than 65 pf.
Maxtmum input voltage

High to low terminalg: +1414 volts peak**"

Guard lo chassls: +500 V peak

Guard to low terminal: +200 V peak

*24 Subject o a i/ wallz —Hh2 Smtahion
Maximum reading rate:

80 Hz Gate Lenglh 50 H: Gale Lengih

ACV FAST ACY ACY FAST ACY
Local 1.3rdg/s 4.5 dg/s 1.1 rdg/s 351dgss
Remota 1.3 rdg/s 13rdg/s 1.1 rdg/s 12 rdg/s
Ohma:
fangey Magimum Display
High Aigh High High
Rewlalion Resolution Resolution Resolution
ot On otf On
0.100000 k2 - 0.149593 A2 -
100000 ki3 1.000000 k12 149999 kn 1 459555 L2
10,0000 kil 1000600 k0 14,9999 kit 14.95393 k)
100.0000 kL2 1000000 ki 145,599 ki 149.9599 k)
1000.00 ki 1000.000 k1t 149599 k2 1493.999 kit
L0000 ( A2 10000.00 ki1 14359.9 k(1 1439999 ki)

Response time

ACV and FAST ACV

First reading 10 €0.1% of step size when triggered coincident wilh step
change when on correct range (for AC signals with no DC compo-
nend).

AC voltaga (average converter) Opt. 001
{High Resolutlon On or Off)

Ranges: | V Meximum Dlsplay: 1.49999 vV
10V 14.9999 v
100y 149,999 v
1000 ¥ 1000.00 V

Range selectlon: Manual, Automalic or Rcmote
Functlon selection: ACV or Fast ACY

Performance (rms converter)
Accuracy: (% of reading + digis)*

AC coupling:
FAST ACY 300 H1—20 kHz 20 kRz—100 kHzx
ACY 30 B1—-20 kHx

100 kHz - 250 kHz"*

Range selectlon: Manual, Aulomatic. or Remote
Functlion selection: 2-wire k{1 or 4-wire k0

Performance

High Reaolution OH

Accuracy: d-wire k)

23 hours: 23°C £1°C
0.1 k(} range: £(0.003% of reading + 4 digils}
1 k{2 range: £(0.003% of reading + | digit)
10 Kkt range: +(0.005% of reading + 2 digits)
100 k2 range: +(0.002% of rcading + 2 digits)
1000 k{ range: +(0.012% of reading + 5 digits)
10,000 kQ range: +(0.1% of reading + § digity)

0 days: 23°C £1°C
0.1 kQ range: £(0.005% of reading + 5 digils)
1 kil range: £(0.005% of reading + 1 digit)
10 kil range: £(0.007% of reading + 2 digits)
100 k{2 range: +(0.004% of reading + 2 digits)
1000 k2 range: £(0.014% of reading + 5 digits)
10,000 k{2 range: +(0.100% of reading + S digits)

250 kHz—500 kHz** 500 kHz—1 MHz**

24 hrs: 23%C 2 1°C
90 days: 23°¢C x5°C
& mos: 23°C £5°C
1 year: 23°C £5°C

0.04% + 40 digits
0.05% + 50 digits
0.06% + 60 digits
0.07% -+ 70 digils

0.4% + 80 digils

0.5% + 100 digits
0.6% + 130 digils
0.7% + 160 dgits

1.8% + 200 digils
2.0% + 250 digits
2.1% + 300 digils
2.9% + 350 digils

4% + 400 digils
59 -+ 900 digrts
51% + 600 digits
5.3% + 700 digils

5% -+ 1500 digils
6% + 2000 digils
6.3% + 2400 digils
6.6% + 2800 digits

® Guard must be connected to Low. On the 1000 V range add D.01 ppm/volt —kRL
** frequencies greatar than 100 kHz vpecified on 1 and 10 V ranges only

AC/DC: Add 0.07% of range or 20 digits an 10—1000 V ranges, Aga [ 04T of 1ange er 40 digns or | V range
Crest Factor: 71 a1 Full Scale.

Performance (average converter)
Accurscy: +(% ol reading + digits)*

FAST ACY
ACY

300 Hz—508 Hx
30 Hz—50 Hx

500 Ha—1 Kz
50 Hz—100 Hz

1 kHz—100 kHx
100 Hz—100 kK2

100 kHz— 250 kHz**
100 kHz—250 kHz**

24 qry: 23°C £1°C
90 days: 23°C £9°C
6 mas: 23°C £5°C
1yr:23°C £5°C

0.47% + 70 digits
050% 4+ 70 dgits
0.50% + 70 dipés
0.50% + 70 digits

0.32% + 50 digits
0.35% + 50 digils
0.40% + 60 digits
0.40% + 10 digils

0.09% + 25 digits
0.1% + 25digits
0.1% + 30diphs
0.12% + 35 digits

0.70% + 60 digits
0.75% + 60 digils
0.75% + 60 digils
0.75% + 80 digis

= Guard miugt be connected fo Low, Dn the 1000 V range, add 0.0) ppm/wolt =&ML Specilicatians are for

npud levels sbove 1/100th of range

** frequencies greater than 100 kHz specibied on 1 and 10 ¥ ranges only.




8 months, 23°C £5°C
0.1 k} range: +(0.005% of rcading + 6 digils)
1 kQ range: +{0,005% of reading + 1 digit)
10 k{2 range: £(0.007% of reading + 2 digils)
100 k{2 range: +£(0.004% of reading + 3 digits)
1000 k2 renge: (0.014% of reading + 3 digits)
10,000 kil range: +(0.100% of reading + 5 digils)
1 year; 23°C £3°C
0.1 k$l range: £{0.006% of reading + 7 digits)
1 k0 range: £(0.006% of reading + 2 digitx)
10 KQ range: +(0.008% of reading + 3 digits)
100 k{2 range: +(0.005% of reading + 4 digits)
1000 k2 range: +(0.015% of reading + 6 digits)
10,000 k{2 range: X(0.100% of rcading + 6 digits)
4-wire kil
High Resoclutlon On
24 hours: 23°C t1°C
1 kf} range: £(0.0025% of reading + 4 digils)
10 k2 range: £(0.0045% of reading + 4 digits)
100 ki range: +(0.0020% of reading + $ digils)
1000 kQ range: £(0.0120% of reading + 4 digils)
10,000 kil range: £(0.1000% of reading + 4 digits)
90 days: 23°C £5°C
1 kD range: +(0.0035% of reading + 5 digits)
10 kQ range: £(0.0060% of reading + 5 digits)
100 kQ range: £(0.0035% of reading + 6 digits)
1000 kD range: :(0.0135% of rcading + $ digits)
10,000 kQ range: x£(0.1000% of reading + 5 digits)
8 months: 23°C +£5°C
1 k) range: +£(0.0040% of reading + & digils
10 kQ range: £(0.0065% of reading + 6 digits)
100 kQ range: £(0.0040% of reading + 7 digits)
1000 k! range: +(0.0140% ol reading + 6 digits)
10,000 K0 range: +(0.1000% of reading + 6 digits)
1 year: 23°C £5°C
1 kQ range: +(0.0045% of reading + 7 digils)
10 k(L £(0.0070% of reading + 7 digits)
100 k0 range: £(0.0045% of reading + 8 digits)
1000 kQ range: +(0.0145% of reading + 7 digits)
10,000 kQ range: +(0.1000% of reading + 7 digits)
2-wire kfd: all accuracy specifications are (he same as 4-wire kQ ex-
cepl add 0.0004 k& o all readings.

Input characteristica

Maximum voltage generated across unknown: <5 volis for open
circuit; <4.7 volis for valid reading.

Signal sourcea driving unknown (nominal): 0.1 k(). 1 kQ & 10 kQ
ranges.

Overload protection

Non-Destruction — £350 V peak

0.1kE2, 1402 & 10kSLRANGES

Mt
1 0.7mA
<5 wvalts

Runknown

100k§2

Hi l
Runknown :_:.. <5 volty

Lo

1M$2 8 1OM{2 RANGES
M 1
0.7uAa

Runknown <G volis

Lo

Maximum reading rate:

60 Hr Gate Length 50 Hz Gale Lenglh

High High High High
Resolution Resolulion Resolutlon Resolulion

oft On o On
Lacal 4.51dg/s 2 1dg/s 41dg/s ).8 idg/s
Ramote 12 rdg/s 3edg/s 11 tdg/s 2.5 rdg/s

Maih
Scale (lﬁz): X is present reading. Y and Z are previously entered
readings, or numbers cntered {rom the fromt panel or by external pro-
gram.
Maximum number (entered or displayed): £199,999.9
Accuracy: +{Accuracy of X reading £ | digit of displayed wnswer)
% Ervor (X5¥ X 100%); X is present reading. Y is a previously enter-
ed reading. or number entered from the front pancl or by external pro-
gram.
Maximum numbar (entered or displayed): +199,999.9
Accuracy: t(Accuracy of X reading % | digit of displayed answer)
How to enter numbers In “Y™” or “2"
From @ current displayed reading: press STORE "Y™ or 2"
From front panel: press ENTER “Y*™ or “Z". The (ront panel is
now sel 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
panel operations.

Generai

Power: 100 V, 120 V, 240 V +5%-10%, 48 Hz 10 440 Hz linc opera-
lion: <60 VA with all options.

Oimensiona: 4254 mm wide. 85.7 mm high, $20.7 mm deep (16%" X
3" X 20%")

Weight: net, 9.38 kg (20 Ib 11 02). Shipping, 11.79 kg (26 lb)
Opiions Price
001: Average converter less 5200

3455A Digital Voltmeter $3200
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DIGITAL VOLTMETERS

Five-digit digital multimeter with self-test
Model 3490A

Description

Hewle-Packard's Mode! 3490A Multimeter js a five-digil inte-
grating digital voltmeter. The basic instrument measures de voltages,
ac vollages, and resistances. Additional measurement capability is
achicved by the addition of low cost options,

HP's 3490A uses a dual slope integrating technigue 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 | gV resolution on the 100
mV range. AC voltage measurements can be made from 20 Hz to 250
kHz in four ranges. The } V range provides 10 4V of ac voltage reso-
lution. Ohms measurements can be made, wlifizing the four-wire con-
version technigue which eliminates errors due to Lest lead resistances.
Six ranges of ohms, including a 1002 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 (LED's).
These display digits are the seven segment type, The extremely bigh re-
liahility of this LED display assures maximum life.

Self-test

At the flip of a switch, Hewlett-Packard's 3490A Digital Multi-
meter sequences itsell through 10 tests that check liming signals and
autoranging circuits, validate the performance of most logic-circuit
1C's and check the six-digit LED display. These tests, and six others
provided by six additional front-panel switches, cut calibration costs
and ensyre the DMM is ready 1o make accurate measurements.

FURCTION

auTo, |

DG functions

The standard 3490A includes five ranges of dc measurement capa-
bility from 100 mV (o 1000 V. Measusements are made from the front
panel at a precise five readings/s, ang at slower rates, using digitally
controlled sample rate selector. High input resistance, > 102 on 100
mV. | V, and 10 V range, assures accurate measurement of high im-
pedance sources.

FUNCTION

AC functions

Four ranges of ac measurements are provided, The nverage ac value
is accuralely detected, and the rms value is displayed with live digits of
resolution. Full autoranging. wide frequency response, and 207 over-
ranging are designed-in leatures to permid eisy opcerafion.

HANGE

[ 10k I'-_-I_r.

FUNCTION

ohms

Six ohms ranges arc standard, and all ranpes provide 1rue four-wire
ohms messurement capahility. Muximum current through the un-
known is approximately 1 mA. Over-voltage protection for ohms sens-
ing lerminals insurcs maximum protection ggainst inadvertent appli-
cation of & high voltage (6 shms 1erminals, Over-voluage protection is
provided 10 250 V and (us¢ protection to 1000 V.



Serviceability

HPs 3490A has becn “designed for serviceability.” Inside, the
3490's low parts density provides vasy access for servicing. Test points
and jumpers are keyed 1o detailed diagnostics.

Several diagnostic aids are availuble to further minimize 3490A te-
pair time. A service video tape, Accessory No. 11128A, will demon-
strate use of s¢if-test and front panel syniplomis 1o isolate Failures. The
11126A accessory provides 4 set of [C reference bodrds with most of
the 3390A logic IC's for wse with HP 10529A Logic Comparator,
Using these boards with the Logic Comparator, a faufty IC can be1so-
lated in scconds without removing it from the circuit. Also, a spare
parts sel, Accessory No. 1H127A, containing most critical compo-
nents of the 3490A, will be available.

Options

Systems applications

Model 3490A offers built-in flexibility for systems applications.
HP's 3490A offers both HP-]B interface and a bit parallel (BCD
coded) interface. This conibination provides the nccessary versatility
to configure the lowest cost instrunient system.

Ratlo, opt 080

DC/DC z2nd AC/DC Ihree-wire ratio measurernents ¢iin be conve-
niently added 1o the 3490A. This capubility offers both aute-polarity
and a selection of two reterence ranges. The t V and 10 V ranges arc
specified Jrom 105 10 120% of sclected range. Ratio function is not
programmabile.
50 Hz aperation, opt 050

80 Hz operation, opt 080

Maximum noise immumty is achieved when power line (rcquency is
harmonically related 1o the sample period of the integrating DM M.
Option 050 will maximize normal and common mode rejection for 50
Hz power hne frequency, and Option 060 will provide this rejection
for 60 Hz.

Sample/hoid, optlon 040 and 045

Sample/Hold providvs HP's 3490A with extra and unique mea-
suremenl ciapability,

The Sample/Hold option has 1wo modes of operation to soltve dif-
ficull measurement problems.

Track and hold: in this mode. ynpit voliage is held instantly upon
receiving an external command. This mode is useful in digitization of
repelitive or Ltansient wave{orms.

Acquire and hold: in this made, 2 known delay is inserted (o perinit
the input amplifier 10 settde 10 a spucified accuracy, This is usetul in
measuring pulse height or any similar step input.

Digital output, opt 021 and remate control, opt 022

These options provide digital comtrol and dala vutput in the paral-
lel BCD code of 8-4-2-1, eilther negative or positive true logic, Selec-
tion is accomplished by posilioning an internal switch. The remole
control oplion provides complete control of all tunclions, ranges, and
external trigger commands. The digital aulput option pravides nine
columns of information which includes function, polarity, data, and
range. These options may be purchased separately 1o meet speeific ap-
plication requirements. Either of these options require Option 020
Systems Expand.

DIGITAL VOLTMETERSW

Model 3490A (cont.)

8CcD/remote

Both Option 021 and 022 require Option 020, BCD /Remote Ex-
pand. This oplion provides the required internal and external connec-
tors to permit user instaflation of Digital Output, Opt 021 and/or Re-
mote Contro), Opt 022 and should be ordered as an initial option on
HP's 2480A. This option includes rear terminals in paraltel (switch-
able front/rear tlerminals sre avilable us a special - H19).
HP-IB data input/output, opt 030

The HP-IB option permuits HE Made] 3490A to operate on & single
data/control bus with up o 14 other instruments. This serial cade is
an eighl-bit byte 1ypically using an ASCH-1ype coding. A unique
“alker:listener™ address structure makes the svstem's hardware more
economical and associated soflware much simpler. The HP-1B Iy com-
patible with Flewlett-Packard Modely 9815A, 98202, 9821A, 9825A
and 9830A culculintors us well us Hewlelt-Packard compuiers.

Specifications

DC voliage ranges

Full range display: +.100000 V, £1.00000 V, £10.0000 V, £100.000
V, £1000.00 V.

Overrange: 20% on all ranges except 1000 V range.

Ranga selection: manual, automatic, or remote (optional).

DC voltage performsncs
Accuresy: (% of reading + % of runge).

0.1V Ranpe 1¥to 5000V Range

% ndg. % mg. Lrdg % rng.
24 hrs (23°C £1°C) £(0.005 + 0.001) +(0.604 + (.001)
30 days (23°C £5°QC) +(0.01 + 0.005) £=(0.008 + 0.002)
90 days (237G £5°C) +£(0.01 + 0.005) £(0.0] + 0.002)
6 months | (23°C £5°C) £(0.013 + 0.005) +(0.013 + 0.007)
1 year (23°C £5°C) £(0.015 + 0.005) +(0.015 + 0.002)

DC voltage inpul characteristics: fully guerded with 140 dB
ECMR at dc and 60 Hz £0.1% with } k) imbalance belween guard
and low.
Maximum input vollasga:

0.1 V to 1000 V ranges: 1500 V peak.

Guard 1o chasals: +£500 V peuk.

Guard o low: £200 V peak.
Input resistance:

0.1V to 10 V ranges: >2 X 10'°0. (<70% R.H.),

100 V and 1000 V ranges: 10 MS} £0.15%.
Mseximum reading rate: 5 rcadings/s,
Normal mode rejection ratlo: 350 Hz £0.1%:; 60 Hz £0.1%- >504dB.
Notes:
I. On the Y000 V range, add 0.04 ppm/vol( to the 7o of reading speci-
fication.
2. Thermal EMF's gencrated exiernal to the DVM may be compen-
sated to achieve the % of range accuracy specified by utilizing Lhe rear
panel zcro adjust provided in the 3490A -
AC voltage ranges
Full range diaplay: 1.00000 V, 10.0000 V. 100.000 V. 1000.00 V.
Overrange. 20% on all ranges except 1000 V range.
Range selection: manua!, automatic, or remote (optional).
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DIGITAL VOLTMETERS

Five-digit digital multimeter with self-test
Model 3490A (cont)

AC voltage performance
Accuracy: (% of reading + % of range):

50 Hx ~ 100 kHz 100 kHr — 250 kHz

20 Hz — 50 Hz
24 trs (23°C £1°C) £(0.32 +0.05)
30 days (23°C £5°C) £(0 35 +0.09)
90 days (23°C £5°C) 3(0.35 +0.05)
6 months (23°C 25°C) +(0.40 +0.06)
) year {23°C £5°C) +(0.45 +0.07)

£(0.09 +0.025)
+(0.1 +0.025)
+(0.1 +0.029)
+(0.1 +0.03)

+(0.12 +-0.039)

+(0.7 +0.06)
2(0.75 +0.05)
2(0.75 +0.06)
+(0.75 +0.07)
+(0.75 +0.08)

AC voltage input impedance

Without rear terminals: 2 MQ +1(% shumed by <65 pF.

With reer terminals;: 2 M = 1% shunted by <90 pF.

AC voltage maximum reading rafe: 1 rcading/s.

AC voltage response time: <| s 10 within rated accuracy for a step
input applied coincident with encode 1ngger.

AC maximum Input volltage: 1000 V rms: £1500 V peak.
Notes:

I. Guard must be connected to low.

2. On the 1000 V range, add 0.01 ppm /(voli-ktiz).

3. Frequencies > 100 kHz specified on 1 V and 10 V ranges only.
4. Specifications are for inpul fevels above 1/100th of full scale.

Chmis ranges

Full range display: 100000 kQ, 1.00000 k{1, 10.0000 k12, 100.000 k2,
1000.00 kQ, 10000.0 k9.

Overrange: 20% on zll ranges.

Range selection: manual, automatic, or remoie {oplional),

Ohms performance

Accuraey: £(% of reading + % of range).

Note: Thermal EMF's geperated extemal to the DVM may be com-
pensated to achieve the % of range accuracy specified by utilizing the
rear penel zero 2djust provided in HP's 3490A.

Remote contral, option 022

The remote control option uses « low true logic (BCD type) code.
Required voltage levels for input signal and oulput signal levcls are
listed below,
BCD and remote termlinals:

High Level Low Lavet
OYM (npuls +39V 15V, +03V £03Y,
100 A max 2 mA max
DVM Qulputs +39V 19y, +03V £03Y,
300 pA max 15 mA max

Operating temparsture: 0°C o 50°C.

Warm-up time: one hour warm-up required 1o meet al} specifica-
tions on the 0.1 V sange and the 0.) k{ range. Thirly minutes warm-up
reguircd 10 meel all other speeificalions.

Humldity range: <95% R.H.. 0°C to 40°C.

0.1 k(2 1%Q — 100 k(2 1000 &2 10,000 k2
% 1dg. % rng. % rdg. % mg. %1dg Frng. % rdg. %rag.
24 hrs (23°C £1°C) £(0.006 + 0.001) +(0.005 -+ 0 00}) +(0.007 + 0.001) +(0.025 + 0.00))
30 days (23°C £5°C) £(0.012 + 0.005) +(0.010 + 0.002) £(0.012 + 0.002) £(0.035 + 0.002)
90 days (23°C £5°C) £(0.012 + 0.005) +(0.012 + 0.002) +(0.015 + 0.002) +(0.035 + 0.002)
6 monihs (23°C £5°C) £(0.015 + 0.009) £(0.015 + 0.002) +(0.020 + 0.002) +(0.040 + 0.002)
1 year (23°C £5°C) =(0.018 + 0.005) +(0.018 + 0.002) +(0.025 + 0.002) +(0.050 + 0.002)

Ohms lerminal characterlslics
Maximum voltage generaled across unknown: 20 V for overload:
13 V far valid reading.
Ohmas current thru unknown:
0.1 k2 to 10 k{2 range: | mA.
100 &1 to 1000 k(] range: 10 uA.
10,000 ki) yange: 1 uA.
Ohms overload protection:
Nondestruclive: 250 V rms.
Fusse destructive: 1000 V peak.
Ohms maximum reading rate;
0.1 k0 to 100 k2 range: $ readings/s.
1000 kil renge: 4 readings/s.
10,000 k(I range: 2 readings/s.

General

Data output (BCD), eption 021

Dala oulput is 1-2-4-8 TTL outpul which is compatible with HP 562A,
5050B. and 5055A Digital Recorders. Either high true or low true
logic code can be selecled with an internal switch.

Storage lemperature: —40°C to +75°C.

Power: 100V, 120V, 220V, 240V + 5%, —10%, 48 Hz 16 400 Hz hne
operation <60 VA with all options.

Dlmensions: 4254 mm wide, 85.7 mm high, 466.7 mm deep (16%" X
%" X I8%D).

Waelght: net, 9.38 kg (20 1o 11 oz). Shipping. 11.79 kg {26 Ib).

Qptigns Price
020: BCD/remote expand, includes rear terminals in

parallel S216
021: BCD* — full parallel, 1-24-8 code $295
022: Remote™ — (ull pacallel, 1-2-4-8 code 202
030: HP-1B remole control and data oulput S104

040: Sample-and-hold* 5525
045: Sample-and-hold (without Opt. 020 or 030) 5550
080 or 060: 50 Hz or 60 Hz operation N/

080: Three-wire ratio $236
Rack mounting kit furnished.

3490A Digital Multimeter (includes ac, dc, & ohms)  $1985
Opt 050 Woise Rejection for S0 Hz N/«

Opt 088 Noise Rejection for 60 Hu

“Tlesa oplions tequire BCD/Remale Expand Oplion 020 or HP-I1B Opl 630
Nare: Rack mouating requires supportl in rear ol mstrument,



o Low level switching
& Multichannel closure

DIGITAL VOLTM ETERSW

Scanner
Model 34854

& Switched guard
o Relay actuation

Description

General

The 3495A Scanner is a versalile instrument programmable via the
Hewlett-Packard Interface Bus (HP-IB) which will scan or provide
cantact closure control for up to 40 channels. Two 1ypes of relay as-
semblies are available: a Low Thermal Scanner for connection Lo low
level sources such as thermocouples and strain gauges, and a Relay
Actuator assembly for controlling higher current relays and distribut-
g low current de or ac voltages. Each yssembly contains 10 channels
and the 3495A can hold up Lo four of these assemblies for a muximum
of 40 channels. Multiple 3495°s may be used on the HP-1B to provide
more than 40 channels.

Low thermal assembly

The Low Thermal Assembly is o three-wire 10 (0 | multiplexer for
connection 1o low tevel sources such as thepmocouples and strain
paupes. The signal switching relays for cach ehannel are low thermal
dry reed relays constructed in such a way as to minimize temperature
gradients between high and low inputs. An uncertainty ol <2 pV ther-
mul EMF is mainigined through the Low Thermal Assembly. Euch
channel has a separate guard relay to minimize the effect of commaon
mode voltuge on low level measurements.

The Low Thermal Assembly has u break-belore-make feature which
assures that only one channel is closed at a time to prevent the possi-
bility of connecting two inputs. However, the 3495A has a flexible ad-
dressing scheme belween relay assemblies which permits multiple wire
scanning lor applications such as four-wire ohms measurements.
Applications: low level d¢ measurements; de volts, ac volts, and re-
sistance scanning.

Transducer sensing: thermocouples, thermistors, stroin gauges, pH
meters.

Relay actuator assembly

The relay actuator assembly provides 10 independently program-
mable 1wo-wire closures Tor controlling higher current relays, distri-
buting low current dc or ae voltages, or external control functions,
Each channel contains a 1wo-pole armature type relay capable of
switching up to two amps rms. This relay 1s mose suited (o higher cur-
rent, lower voltage applications than the low thermal assembly.

Two normally open contucts for each relay are available on the
channel terminal connector. Any combination of channels on this as-
sembly may be closed or opened simultancously.

Applications: process control, actuate visual or audio indicators.
control bigher current reluys, 8 X 10 Matrix swilching.

Specifications, 3495A scanner

Low-thermal channels, option 001
Number: [0 to 40 fully guarded, multiplexed chunnels available in
each scanner. Additional scanners can be used for more channels.®

Type: three-pole, low-thermal dry reed reluys. Thicd pole switches
guard and is nat low-thermal,

Actuator channels, option 002

CAUTION: for use in ¢ircuits fused at Lwo amperes or less.
Number: 10 to 40 noncommon channels available in cach scanner.
Additional scanners can be used for more channels.®

Typa: two-pole armature relay; four terminals per channel. Single un-
switched guard for 10 channels. Ten independently controlled relays
permil any number of channels to be closed simultaneously.

“Up 1o 15 HPIB progammahle devices may be congecled at ene tme including an HP-{B conlenller, 34954
Scanners, measunng instcuments. and othes periphatals

Option 001 002

Maximum caontacl ratings

Vollage 10V penk 100 V s

Curreat 200 ma 2Arms
{(non-inductive)

Power 2 VA 200 VA

tsolation >10"Q (no spec)

Maximum Input voltage

Between any lwo terminads 230 V peak 230V peitk

Guard o chassis 200 V peak 200 V peak

Guard to low 200 V peak 200V peak

Uncentainty (differentisl EMF) < 2uV <30 pV

Switching lime <10ms <40 ms

General
Operating lernperature: 0°C (o +35°C
Humidity range: <95% R.H., 0°C to +40°C
AC power: 100, 120, 220, or 240 volts {+5%-10%) 100 VA max. 48 1o
66 Hz
Dimensions
Height: 190.5 mym (7.5 m.), including feet. Width: 428.6 (16.875in.).
Depth: 320.7 mm (20.5 in ).
Welght: 3495A: net, (7.5 kg (3R.5 Ib). Shipping, 21.1 kg (46.5 Ib),

Options Price
Order one or more Option 001 or 002 to obtain desired
number of low thermal or actuator channels. Option
001 and 002 may be used in any combination up 10 a
total of four reluy assemblics for each 3495A.

0071: ten channel low thermal relay assembly

002: 1en channel reluy actuator assembly

add 560
add 400

907: IFront Handle Kl add 815
808: Ruck Flange Kit add 8§10
809: Rack Flange & Front Handle Combination Kil add §20
3495A Scanner §1250
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DIGITAL VOLTMETER

Programmable data logger
Modet 3051A

® Data collection
o Data analysis
& Decision making

e Thermocouple linearization
* File compiler

€z

General description

A programmable data logger is a system which can colfect and ana-
lyze duta. make decisions based on the data and interact with the test,
process, experiment, instrument or svstem which generates the data.

The J0SIA Programmable Data Logger consists of

& 495A Input Multiplexer

® 3455A High Accuracy/Resolution DVM

® 9815A Calculstor with 2008 Stcp Memory

8 System ROM

The 3051A is designed Lo provide 4 cost effective solution lo:

@ Your plant monitoring requirements lor energy conservalion, en-

vironmental impact and security.

® Your production process monitoring requirements for environ-

mential impact, independent process evaluation and safety.

® Your dedicated parameter lesting requirements for component

test, subassembly test and data collection.

® Your quality assurance requirements for component test subas-

sembly test, equipment environmental test and data collection.

In the above applications the infoermation may be about pressure,
temperature, level, low, facts about the environment, equipment sta-
Lys or equipment performance. The information can be processed pro-
viding that it exists or can be made 1o exist as an electrical signal. Sev-
cral devices are available (o trunslate the information into electrical
signals (i.c. transducer oulputs, sensor outputs, equipment oulpui or
instrument oulput). The electrical signals need to be measured in a
lime sequence, analyzed, recorded and limit decisions made. The sig-
nols may be cither local or scattered over the length af a plant. The
3051 A combines the [catures of a data logger and a programmable cal-
culgtor into a law cost solution 1o these requirements.

Hardware description

The hardware is fully integrated, specified, documented and tested
a8 a system. The system is capable of measuring de from | g volt to 200
vollg, ac from 10 u volis 10 200 volis, and ohms from ) mitliohm 1o 10
Megohms. It can measare | g volt de signals at a six channels per seo-
ond rate in 1he presence of noise. The system’s greater than 120 db ef-
fective common mode rejection und greater than 60 b normal mode
rejection effectively cancel out unwanted offsets or superimposed
noise signals, The 1 p volt sensitivity in eonjunction with the system’s
ROM allows lemperature resolution o better than 0.1°C. The system
can measure thermocouples and perform reference junclion compen-
sation at a rate of three channels per second. The less than 3 g volt dif-

ferential thermal e.m.l. of the low thermal 1en channel scanner card
provides reliable measurements with minimum thermal uncertainty. A
ten channel relay actuator card provides alarm and multiple switch-
ing functions. The system can scan from | 1o 80 channels of analog
data. The number of data channels decreases by 10 for each relay ac-
wator card used. The high speed data cartridge provides high speed
file access and storage. Up to 10 000 six digit readings can be stored on
the data cartridge. The user can communicate with the system via an
alphanumeric keyboard. The sysiem can communicale with the user
by a numeric display and an alphanumeric thermal strip printer, This
conversational interaction capability allows the sysiem to be operated
by personne! with no formal knowiedge of programming or data log-
ging. The auto resiart capability allows the system to operate unal-
tended. The auto restart and the oplional 39403A Common Carrier
Interface allows remote distributed systém canfigurations,

Firmware description

The system ROM contains ), K and T thermocouple linearization
tables, a general linearization routine, four Lypes of split precision duta
storage and string manipulation, The ROM allows the system to easily
make thermocouple temperature measurements, linearize transducer
data, store the data in an efficient manner and format alpha messages
for oulpul.

Software

The filc compiler aflows easy application program gencration by au-
tomatically combining programs and subroutines from separate tape
files. For example, the data logger can be programmed without writ-
ing soltware. The user selects set-up routines (scan sequence, scan in-
terval, channel range and function and scan mode), operaling rou-
tines {cheek limits, convert to meaningful units, record), Then the user
calls the file compiler which assembles the routines into an applica-
tion program. Insirument verification software provides for casy sys-
tem checkout and proof that the instruments are properly function-
ing. The calculalor has buill-in program editing, syntax checking and
crror message generalion,

A repart generalor is supplied to Tormat the data for the optional
HP 9871A Platter Printer.

FFor more information contact your local HP {ield engincer or near-
est HP Sales Office for complete details aboul this low ¢ost solution to
measuremenl, analysis and decision making problems.

3051A Programmable data logger trom $9550



Daescription

The 3052A Automatic Dala Acquisilion System combines speed.
precision and repeatability in low level measurements with poweriu)
computation and analysis capabilities. This system provides a highly
capable yet economical solution to parameter testing. stimulus re-
sponse and signal analysis applications in production test, labosatory
and process monitoring/control areas,

System configuration
The 032A consists of the following:
3455A High Accuracy/High Resolution DVM
3437A High Speed Sampling DVM
34954 Input Multiplexer
9825A High Performance Calculator and ROMS
Optional 9871 A Printer/Plotter
Two digital voltmeters in the 3052A pravide a unique combination of
high speed and high accuracy measurements.

Measurement

DC measuremenl rates up to 20 channels/second are possible with |
uV resolution on the 100 mV range. This sensitivity and dynamic range
are required for example in thermocouple measurements with a 0.5°C
or better resolution.

Excellent noise rejection and very low (hermal unceriainty make the
J0S2A particularly suited for accurute, repeatable, low-level measure-
ments even in the presence of noise, The > 120 dB eifective conunon-
mode rejection of the 3455A /3495A ¢fiectively cancels out unwanted
offsets or superimposed noise signals.

AC measurements can be made up o 1 MHz with the standard AC
True RMS converter or up to 250 kHz with the optional average con-
verler. A programmable Fast AC mode provides an AC measurement
raie of up 10 10 channels/second for inputs above 300 Hz,

Repetitive waveforms up to | MHz or low frequency lransients
(below 1 kHz) can be digitized by the 3437A High Speed Sampling
DVM. With this DVM and the 9825A Calculator, up to 5000 read-
ings/second on 8 single high speed channe! can be stored for further
analysis.

By multiplexing the 3437A 1nput with the Scanner, up 1o 125 chan-
nels/scecond can be measured with 100 ¢V resolution and 3% digits.
The sample-and-hold measuring (echnique of the 3437A makes il
more suited for high guality inputs with minimum noise and common
mode signals.

Resistance measurements can be made with either casy to conneel 2-
wirg technique or the morc accurate 4-wire method. Multiplexed high

DIGITAL VOLTMETERSW

Automatic data acquisition system
Model 3052A

e |mprove productivity in research and manufacturing,
® |ncrease throughput and lower the cost in Q.A. testing
® Conserve plant energy through electric load monitor-

ing/control.

¢ Monitor pilol and production processes.
* Perform on-line data analysis and processing.
¢ Measure DG, AC, and Ohms.

resistance measuremenis up to 15 megohms can be made with the (ull
accuracy of the 3455A.

Data analysis

The 982SA Caleulator can be programmed 1o perform any mathe-
matical calculation required, (rom transducer lincarization to statisli-
cal analysis. A new fealure of the 9825A, multi-dintensional drrays, al-
lows logical data organization and storage for complicated testing and
a high speed bi-directional data cartridge provides bulk data storauge.

Output and control

A high degree of aperator interaction with the system and its pro-
gram is provided by the 32 character alpha-numeric display and (he 16
character thermal printer. Program inputs, intermediate lest condi-
tions, or final results can be displayed or printed for more efficient
lesting.

The optional 9871A Character Impact Printer is ideally suited lor
producing finished test reports, completely documented problem so-
lutions or typing on pre-printed forms, all under aulomalic control of
the caleulator. Simple charts and graphs can also be plotted with the
bi-directional motions of the platen and print mechanism,

The system can assume an active role in the application process by
performing control, alurm, 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.

Software 3

In most sysiems, application software is expensive and time con-
suming to develop. With the 3052A, however, programming is greally
simplified and the system can be operational in a much shorter 1ime.

The eusy to learn programming language of the 9825A and the sup-
plied instrunient control routines allow the user without a sophisti-
cated programming background to develop his own test software. For
casy syslem installation and verification, the 3052A documentution
and software package provides step-by-step instructions. In addition
detailed operating instructions and modular example programs en-
able fast system start-up and easy operation. The 3052A is fully inle-
grated, tested, verified, and specified as a system with complete sofl-
ware and documentation supplied to ensure that the system is ready (o
perform your specific t1ask.

For more information. contact your local HP Field Enginecr or
ncarest HP Sales Office.

3052A Automatic data acqulsition sysiem from $16,000
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COMPONENT TEST

General information
C,R.L.D,Q,Z,4 and IC’s

Component Tes! Seleclion Guide

Frequency qQ or—II] Cin farads, L in henries or R in chms Basic Accuracy
1 | 1 1 See
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Digital IC Tesler
5045A Many Digital §C lamdies and ROMS with prinled dala 92




impedance/Z/6, C,R, L, D & Q

Hewlett-Packard's family of impedance
measurement instruments combine the fu-
miliac null measurement lechniques with dig-
ital logic and feedback circuits (o achieve sim-
ple and rapid operation without a sacriflice in
precision. The basic specifications for Hew-
lett-Puckurd's impedance family 1s summar-
ized on the opposile page. 'requency, Q, ca-
pacitance, induclance, cesistance and basic
accuracy can be traded off 1o select the most
suitable instrument. For some instruments,
capacitance and inductance are no( the prin-
cipal parameters but are secondary to the pri-
mary readoul,

Impedance considerations

There are two basic types of impedance
measuring instruments: bridges and meters.
In general, bridge type instruments have the
best uccuracy specificutions. This type of in-
strument has found wide application and 15
the basis for the HP 4260A /4265B Universal
Bridge, 4270A Automatic Capacitance
Bridge, and 250B RX Meter.

In the past, bridge instruments have re-
quired considerable operator skill 10 obtain
consisient results. However, the Universal
Bridge was specifically designed to achieve
rapid and consistent audio frequency mea-
surcmenis.,

The evolution of bridge mcusurements has
created the need for completely avtomatic in-
struments 10 rapidly characterize multi-con-
duclor cables, variable capacitor diodes, and
discrete capacitors. To satisfy these customer
requirements, the 4270A Automaltic Cupaci-
tance Bridge was developed. This instrumeant
is completcly programmable and displays ca-
pacitance and dissipation factor/conduc-
tance in digital form. BCD outpuls are avail-
able for remote processing.

Impedance meters, in general, utilize con-
stant current ) voltage sourees 1o excite the un-
known impedance. Amplitude and phase sen-
sitive voltmelers deteet the real and reactive
voltagefeurrent components ol the un-
known. The display for most impedance me-
ters is an analog meter. Although impedance
meters do not have the accuracy of bridge in-
struments, they are |ess expensive and easy to
use, The 4350A High Capacitance Meter,
4800A Veclor Impedance Meter. and the
43132A LCR Meter utilize this principal. Im-
pedance melers have analog outpuls propor-
tfonal 10 the displayed function,

The HP 4261 A Digital LCR Meler, 4271A
LCR Mecler and 4272A Preset ¢ Meler all
utilize the combination of & bridge and digi-
tal voltmeter techniques. The wide measure-
menl ranges of the 4261 A enablc casy mea-
suremenlts on varieus kinds of components,

The 4271 A is particularly uscful for measur-
ing microcireuil parameters. The 4272A, with
its built-in limit camparator, is especially
convement when measuring small capaci-
rances.

Integration into HP-IB aystem

Adding the HP-1B aption to a eomponent
test instrument enables the instrument (o be
systemnized inlo an HP-IB system. This per-
mits high speed measurement of many com-
ponenis along with arithmetic processing of
the data.

The HP-IB option (OPT. 101) for LCR
measuring instruments is available for HP
models 4271A, 4270A, 4Z61A. 4272A and
4282A. Two {unctions are provided: talker
{measured data transfer) and bistener (mea-
surcmnent remote control). System controller
may be an HP model 9821A, 9830A with bus
interfuce kit (J1P 59405A OPT, 021, 030), or
an HP model 9825A with HP-IB card (HP
98034A). If olher system components such as
a plolter, printer, scanner or measusement in-
strumenl are added to the system. the inte-
grated system reaches a high level of vselul-
ness. [For example. it would provide a com-
ponent manulacturer with inspection/relia-
bility test capabilities in the quality control or
in-process test/inspection  depurtments, In
semiconductor device measurements, the
combination can process 1he especially
needed complex arithmetic manipulation of
the micasured data lor the various device
characteristics.

Figure [ is the block dingram of a semi-
conductor device characteristic  mesasure-
menl system using the 4271A option 101
This calculator contyolled system graphically
shows the relationships between either bias
voltnge (measured with digital multimeter)
and capacitance {(measured with the 4271 A),
or belween impurily densily and deplelian
Jayer width, on a graphic plotter. Bias is au-
tomatically applied 1o the device and its ca-

COMPONENT TEST

General information

pacitance measured as directed by the caleu-
lator.

Summary

To help you select an impedance mcler
suitable to your needs the following guide-
lines may be used:

(1) For a desired accuracy and cost range,
select the instrument with the broadest
capability m C, L. R & D or Q.

(2) Bridge instruments will provide the
best accuracies (0.1% to 1%). How-
ever, only the higher priced bridges of-
fer the speed and convenience in mea-
surement available in meter type in-
struments.

(3) To obtain meaningful results, 8 parts
uvser should make measurements at the
sume frequency and voltage level spec-
ified by the manufacturer.

For additional information on component
measurements, Hewietl-Packard offers for
sale a tutorial RCL video wape. The Lape has
three parts:

Part 1 — Resistance (7 min.) — explains
basic resistance measurements.

Part 2 — Capacitance (11 min.) — format
similas to Part | — explains capacitance mea-
SUreMents.

Part 3 — Inductance (11 min.) - develops
the theory of inductors and their functions 1n
circuits.

You may preview I1his video tape at your
nearest HP Sales Office. Please call for an ap-
pointment. The tape (ID #90249C/D) is
available in A" EIAJ format (C) or %" video
cassette (D).

Hewlett-Packard's impedance instruments
have been used in pumerous diverse applica-
tians. from the measurement of the dielectric
constant of liquids, to the wing 1o fuselage
continuity of aiccraft, I you have an unusual
applicatian or need assistance, coplacl your
nearest Hewlelt-Packard sales office for ap-

HP-1B

<'(T—

plication information.

— N
4271A
CALCULATOR OPT, 103
HP 9830A
HP 59405A
OPT, 030
GRAPHIC T
SLOTTER UNKNOWN
HP 8862A

ASCH -
DIGITAL
PARALLEL
MULYTIMETER VERTER
MP 34554 HP 59301A
DIGITAL
VOLTAGE

SOURCE
HP 6928C

Figure 1. Measuring Semiconducior Charactaristics (Typlcal System)
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LCR meter
Model 4332A

® Touch and read operation
& Wide range

® Low les! vollage

o Guarded measurement

m HEWLETT - PACKARD () 4332A LCR WETER

FUNCTION RANGE
LC ZERO |- 1000

UNKNOWN
GUARD HIGH LOwW.

4332A

Description

Hewlett-Packard’s Model 4332A LCR Meter measures inductance,
capacitance. and resistance with speed and nccuracy. The instrument
provides direct-readings of L, €, and R with lincar meter scules. The
4332A 1€ extremely useful For meagurements of bo(h linear and non-
linear components such as semiconductor capacitor values, indue-
1an¢e of cotls with ferrite core.
Specifications
Inductance measurement
Maasurement equlvalent circuil: scries.
Range: 3 zH 10 | H full scale. 12 ranges.
Measuring fiaquency

3 uH to 1000 uH ranges: 100 kHz +£35%.

3 mH (o 1000 mH ranges: 1 kHz +3%.
Voltage across sample: <1.5 mV rms.
Accuracy (at 25°CY: * |1% reading +(1.5 +3/Q) % of full scale +
0.03 pH]J.

Capacitance measurement
Measurement equivalent cireult: parullel.
Range: 3 pF to | xF full scale, 12 ranges.
Measuring frequency
3 pF to 1000 pF rangee: 100 kHz +5%.
3 nF to 1000 nF ranges: { kRz 5%,
Voltage acrose sample: approximately 70 mV rms.
Accurgcy (at 26°C): £+ {14 reading +(1.5 +3/Q) % of full scale +
0.03 pF).

Resistance measurement
Range: ! 10 | Mil full scale, 12 ranges.
Measuring frequency: | kHz +5%.
Voltage across sample: <} mV rms.
Accuracy (8l 25°C)
a0 to 30 k2 ranges: £(0.5% reading + 2% full scale + 0.03Q).
100 k() to 1000 kQ ranges: +(1% reading + 2% full scale).
Anslog outputs: 1.0 V dc full scale, independent of range in usc and
1.0 V or 0.3 V dc full scale, corresponding to the range in usc.
Output impedance: approximatety 500(1.
Accuracy: beltor than meter reading accuracy by 0.5% full scale.
Overrange: 110% of {ull scale.

General

Response thme: (ypicully 0.25 s for analog outpuls. Typieally 1.0's for
meter,

Operating tempersture: 0°C 10 30°C,

Temparature coefficient: +0.05% of full scale/*C (0°C 10 50°C).
DC blas: 100 V dc maximum can be applied from external source.
Power: 115 V/230 V £10%. 48 Hz lo 66 Hz, § VA,

Oimenslons: 130 mm X 135 mm X 279 mm (5" X 635" X 11%).
Woelght: nel, 3.5 kg (7 1b 11 02).

Accessories furnished: 16]138A Tesi Leads, Power Cord 8120-1348.

16018A

Accessorles asvallable: 16019 Test Fixture.
16019A Test Fixture 8§55

4332A LCR Meter 81115
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Milliohmmeter
Model 4328A

e 20 uf! resolution on 1 ml range
& Four terminal measurement
= Low test voltage (20 mV)

Description

HP's 4328A Milliohmmeter 1s 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 (wo probes are needed in actual
measurement.

The range of the 4328A extends from 100 ohms to one milliohm full
scale. Maximum sensitivity is 20 microhms, making il ideal for mea-
suring contact resistance of switches, relays, and connectors.

A unigue phase discriminator in the meter circuit permits accurale
resistive measurements on samples with a series reactance up to lwice
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
withoul alfecting accuracy ol measurement. Hence, HP's 4328A can
make dynamic resistance measurements in forward-biased diodes.

Maximum voliage across any sample with proper range selection is
less than 200 microvolts peak. In case of incorrect range setling, a
maximum voltage of 20 millivolts peak will never be exceeded, so that
explosive devices such as fuses and squibs can be safely checked.

v The basic 4328A is line operated. With Option 001, it can be oper-

. . i - ated from four rechargeable batteries for 15 continuous hours. A re-
’ e . corder outpul provides an oulpul proportional 1o meter deflection.

’ Specifications
Range: 0.001 to 100 ohms full scale in a 1, 3, 10 sequence.

Accuracy: +2% of full scale. No additional error is caused by series
reactance of samples up to two times full scale.
Measuring frequency: 1000 Hz £100 Hz.
Voltage across sample: 200 uV peak at full scale.
Maximum voltage across sample: 20 mV peak in any case.
Superimposed dc: 150 V dc maximum may be superimposed on
sumples from an external source.
Recorder output: 0.1 V dc output at full scale meter deflection.

4328A (with 16005A Probes included)

Maximum Dissipation
Range Applied Current in Samples
(ohms) (mA) (01)]
0.001 150 23
0.003 50 8
0.01 15 23
16006A Probe (2 each included) 0.03 5 08
0.1 15 0.23
0.3 0.5 0.08
| 0.15 0.023
3 0.05 0.008
10 0.015 0.6023
30 0.005 0.0008
100 0.0015 0,00023
General

16007A/8 Test leads (7 each Included)

Power requirements: 115/230 V switch £10%, 50 to 60 Hz, 1.5 VA,
Welght: 3.2 kg (7 Ib).

Dimensions: 155.1 mm high X 130 mm wide X 279 mm wide {6Y;" X
ST X117

Accessories furnished: Model 16005A Probe, 16006A Probe and
16007A /B Test Leads, 16143A Probe Cable. Detachable Power Cord.

Model number and name Price
Option 001, Rechargeable battery operation add S48
4328A Milliohmmeter $975
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COMPONENT TEST

High resistance meter
Model 4329A

o Wide range: 500 ki1 to 2 X 1094}
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Description

The HP 43294 is a solid-state insulation resislance meler designed
for easy, accurate and direct readings of the very high resistance val-
ues typically found in synthelic resins, poreelain, insulating oils and
similar materials. 1t is afso useful for measurements in electrical com-
ponenis like capacitors, transformers, switches and cables. Seven (ully
regulated dc Lest voltages (hetween 10 and 000 V) are provided as test
sources.

Selected sczles sre identified by illuminated indicalors on the meter
face. Selected resistance or current multiplying factors are also illumi-
nated for rapid, error-free measurement. Three resistance scales and
one current scale are provided. The HP 4329A is instantly convertible
from ungrounded-to-grounded-sample operation via a simple reloca-
tion of the front panel ground strap from “'guard™ 1o “+" position,
The instrument cabinet itself is always at ground potential. Test volt-
age shorts or sample breakdown currents will not damage instrument
circuitry.,

The HP 4329A also has a current meusurement capability. Minute
currenis as low as 0,05 pA can be readily measared, The standard in-
strument package includes HP 16117A Low Noise Test Leads; these
arc used in most lypes of measurement.

4329A Specifications

Resistance measurement
Range: 500 k! to 2 X 10%().
Accuracy: tolal accuracy is delermined by test voltage and range
used. A( low resistance end of each scale, accuracy is £3%, near cenler
scale £35%, and near the specified upper limit on the meter scale (see

e Seleclable tes! vollages: 10V to 1000 V

Current measurement

Range: 5 X {04162 X (0 * A in § ranges.

Meier scale: 010 20 in 40 lincur divisions.

Inpul resistance: 104 10 10''Q %1%, depending on range.
Accuracy: £5% of full scale dellection (there can be an addhional
+ 3% error al the top decade). Using current source of infinite z. For
finite sources, tnput resistance must be aken into consideration.

General

Recorder outpul: 010 100 mV dc, proparniional Lo mcler deflection;
1k oulput resistance,

Power: [15/230 V £10%, 50-060) Hz, approximately 3 VA.
Dimensians: 166 mm high, 198 mm wide, 223 mn deep (6157 X 729,
> 8357,

Welght: 1.5 kg (7.7 Ib).

Accessory furnished: HP 16117A Low Noise Test Leads.
Acoessory available: Model 16008A Resistvity Cell.

16008A Description

The HP 16008A can safcly, rapidly and conveniently measure the
volume and surface resistivity of sheet insulation materials. Conver-
sion from volyme to surface resistivity measurement requires opera-
tion af one swilch only: no lead intecchange of disconnection is neces-
sary. Designed for use with the HP 43294 Resistance Meter (other
vollage supplies and picoammetess may be uged), the complete sys-
tem allows direct measurement of volume resistivity up 10 approxi-
mately 4 X )02 (on samples O.( em thick)—and surface resistivity up
to approximalely 4 X 10V, Test voltages up 1o 1000 V miay be used.

18008A Specifications

laner efectrode: 50 mm diam.

Guard elecirode: 70 mm diam.

Auxiliary elecirode: 100 mm X 120 mm.

Maximum sample gize: 125 ;m X 125 mm X 7 mm.

Maximum (est voltage; 1000 V dc.

Dimenstons: 49 mm high. 198 mnt wide, 156 mm deep (27 X 7'¥%," X
6.

Welght: 1.4 kg (3 1b),

lable below), accuracy is 10%. Accuracy 15 not specified above these Model number and name Price

limits. On all voltage ranges, if muliiplier jg et (0 Rmax.. an addi- 16008A Resistivily cell $430

tional +3% is included. 43)9A High resistance meter £1335
Test voltage® 10V 25Y 50V 100 v 250y 500 V 1000V
Available resislance 5% 10%Q 125 X 1002 2.5 x 105 5 X 108q 125 x 1679 2.5 X 107Q 5 X 1072
teadings lo 2 X 104402 05X 1010 to 1 X 101502 lo 2 X 10154} to § X 10150 o] X100 102 X 10'¢Q
Meter scale 51020 1315 251010 St020 A8 250010 510 20
Upper himil 5 1.25 2.5 S 1.25 2.5 5

=pccuracy of lest voltage 15 < 3%



e Electronic autobalance — single contral null
e Digital readout for C, R. L
® Direction indicators for fast range selection and balance
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Description

Measurements of C. R, L, D (dissipation factor of capacitars). and
Q are casily made with Hewlet(-Packard’s Model 4260A Universal
Impedance Bridge.

Readout for C, R, and L is digital with the decimal point aulomat-
ically positioned. Units of measurement and equivalen circuit aulo-
matically appear with a twist of the function switch. There are no mul-
tiplicrs or confusing nonlinear dials which need inlerpolation.

Operation is simple. Set the function knob for the parameter (o he
measured, adjust range switch for an on-scale indication, and obtain a
null with CRL conitrol. There are no interacting controls to adjust and
readjust, nor uny false nulls, A unigue electronje avtobalance circuil
salves all these problems. Components with low Q or high Q arc as
casy (0 measure as those without loss.

For D or Q measurements, switch out of aute und tuen DQ control
unlil another null is obtained. Only one adjustment is needed for cach
measurement,

Five bridge circuits are incorporated in HP's 42604 ; each is com-
posed of stuble, high-guality components for good accuracy and lin-
carity. An internal | kHz drives the bridge.

Nulhing is cusy. Hluminated pointers (<CRL>) automatically tell
whether a null is up- or down-scale. Both range and CRL controls can
be sel watehing these pointers,

Components may be higsed by conneeting 4 huttéry to rear lermi-
nals. An exlemal oscillator and detector can be used for measure-
ments in the 20 Hz - 20 kHz range.

COMPONENT TEST

Universal bridge
Model 4260A

Specifications

Capacitance measurement

Range: 1000 pF Lo 1000 uF, in 7 full scale ranges.

Accuracy: (1% +1 digit). from | nF to 100 yF. 2(2% +1 digiy).
from 1 pF (o | nF and 100 xF to 1000 pF.

Dissipation factor
Range
Low D — (of series C): 0.001 16 0.12.
High D — {of parallel C): 0.05 10 30,
Accuracy: for C > 100 pF.

2
LowD .........+—r——%
JD of reading
HighD......... + (10 D of reading + 4)%.

- {10 /D of reading + 2)%.

Add 1 dial division for frequencies other than 1 kHz.

inductance measurement
Range: 1000 uH o 1000 H, in 7 full scale ranges.

Accuracy: £(1% + | digit), from | mH 10 100 H, £(2% + 1 digi().

from | a4 1o 1 mH and 100 H to 1000 H.

Quatity factor
Range
Low Q — (of seriea L): 0,02 to 20.
High Q — (of parsilel L): & 10 1000.
Accuracy: for L > 100 uH.

10
e [}
LowQ ......... +(Qofrcading +4)%.

10
(e + 1) %.
JQ ol reading
HighQ......... £ 2 /0 of reading %.

Add %1 dial division for frequencies other than 1 kHz.

Auto-halance

Eliminates need for DQ adjusiments In parallel C and series L mea-
surements al 1 kHz.

Accuracy: for D <1 and Q >1 add £0.5% 10 C and L accuracy speci-
fications.

Resistance measurement

Range: 104 to 10 MY, in 7 full scale runges.

Accuracy: 10 mil 1o 10822 £(2% +1 digit). 106 1o | MO (1% +1i
digit). | M@ 10 10 M2 £(2% +1 digit).

Oscillator and deteclor

Internal osclllator: | kHz £2%, 100 mV rms +20%.

Internal detector: wned amplifier at | kHz Iunclions as a broad-
band amplificr for measurements with external osciflator.

General

Power: 113 or 230 volts £10%, 50-60 Hz, upprox, T VA,
Oimenslons: (98 mm wide X 166 mm high X 279 mm deep (73%,° %
" X 117,

Welght: net. 5 kg (11 1b). Shipping, 6.8 kg (15 Ib).

Optional Price
204C Opt. 001 for mcasvrements 20 Hz-20 kHz $455
4280A Unlversal Bridge $1065

P




HCOMPONENT TEST

Universal bridge
Model 42858

& High accuracy: 0.2%
® Wide range
C: 0.1 pFto 1111 u4F
L: 01 pHto 1111 H
R: 0.1 mQ to 1 Mi2

I3 = eme—

Description

Hewleti-Packard's Model 42658 Universal Bridge provides 2n eco-
nomical way 1o make high precision measurements of L. C. or R and
D or Q. Components can be measured In ranges of 0.1 uH to 1111 H
in inductance, 0.1 pF 1o 1111 uF in capacitance and 0.1 m@2 to L.11)
M1 in resistance. L and C measurements are performed over a wide
range of loss with either series or paraliel equivalent circuits selected
by the function switch. Basic medsurement 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 | kHz with internal oscillator. A d¢ measurement for
resistance is also available with external de power supply and null de-
tector,

The front panel design provides appropriate space and convenient
positioning of knobs for easy balancing. The rugged handle is used ns
the tilt stand al angles of 0, 40, or 6D degrecs.

Specifications

Reslstance measurement

Full acale ranga: 1000.0 ml 10 1.0000 M{2, 7 ranges.

Overrange: 11.1%.

Minimum resolution: 0.1 mQ.

“*Accurscy (at 1 kHz): £(0.2% of reading +0.0}% of F.5.). £(0.4%
of reading +0.01% F.8.) for 1000.0 mf] range,

Residual resietance: | mil.

Inductance measurement

Full scale range: 1000.0 uH to 1000.0 H, 7 ranges.
Overrsnge: |].1%.

Minimum resoclution: 0.1 uH.

“*Accuracy (8t 1 kHz): £{0.2% of rcading +0.01% of F.8.), £(0.4%
of reading +0.01% F.S.) for 1000.0 pH range.

Resldual inductance: 0.04 uH (in series with 1 méh).

Loss factor renge: (at | kHz).

Q of sarles L: 0.00) (o 10, aceuracy #(5% of reuding +2 minar divi-
sions).

Q of parallel L: | 1o 1000. accuracy (5% of reading +2 minor divi-
sions) for 1/Q.

Capacitance measurement

Full scale range: 1000.0 pF to 1000.0 uF, 7 ranges.

Overrange: |1.1%.

Minimum resolution: 0.1 pF.

*4Accuracy (at 1 kHz): £(0.2% of reading +0.01% of F.S.), £(0.4%
of reading +0.01% F S.) for 1000.0 uF range.

Resldual capacltance: 0.4 pF.

Losas tactor range: (ut | kHz).

D of serles C: 0.00] to |, accuracy £(3% of reading +2 minor divi-
sions).

D of paralel C: 0.1 1o 1000, accuracy +(5% of reading +2 minor di-
visions) for 1/D.

“*For jemperature of 25°C £10°C.

General
Internal caclliator:
Frequency: | kHz 15 Hz.
Output: continuously variable with front panel control. Maximum
voltage is 0.4 V rms.
External osclllator:
frequency range: 50 Hz 1o 10 kHz or dc for resistance measure-
ment.
Internal detector: tuned amplifier at | kHz. In } kHx position, maxi-
mum sensitivity of 10 uV, selectivity better than 26 dB. In “'MMay™ op-
crates as a broad band detector from 50 Hz to 10 kHz.
External dc bias: capacilance measurements in Cs mode, maximum
bias voltage of 250 V de. Inductance measurements in Lp mode.
Operating temperature: 0° 1o 55°C.
Power: 100/120/200/240 V £+ 10%: 48 10 440 Hz, 5 VA,
Dimenslons: 376 mm high, 115 mm deep, 393 mm wide (14'%," X
44" X 133",
Wolght: net, 5.5 kg (12.1 Ib). Shipping, 7.1 kg {15.7 Ib).
Accessorles furnished: power cord, 230 cm (7'% N). Crystal car-
phone.
Accessorles avallsble: model 16029A Test Fixture.

Model name and number Price
16029A Test Fixture $55
4265B Universal Bridge 1010



® Fully automatic—autoranging

® WiderangeC = 0.1 pFto19mF, L=0.1 uHto 1900 H. R
=1 mQ to 19 M2

® | ow cost with high performance
® Versatile accessaries/options
o High reliability

Description

The Model 4261A Digital LCR Meter is 4 new. fully automialic in-
strument that satisfies many of today's user requirements in the LCR
measurement field.

The 4261A features high speed, accurate measurements, The de-
vices under test need only be connected and the function L, C, or R se-
lecied. The instrument automatically displays the desired parameler.
Tedious balancing operations 1ypically used in conventional muanual
bridges are completely eliminated. Measurement circuit mode (series
or parallel) is also automatically sclected.

Complementing its wide LCR measurement range, HP's 4261 A has
ather features such as high accuracy (basically 0.2% of reading), high
speed measurement (typically 4 per second), 120 Hz or | kHz mea-
surement frequencies, 1 V or S0 mV test sipnal levels, internal bias
sources and parallel or series equivalent circuil modes.

Measurements are laken using the five-terminal method, which
casily converts 1o four, three or lwo terminals to meet most LCR mey-
surement applications. For example, the four-terminal input could be
used (0 measure Lhe cupacitance of an electrolytic capacitor, the in-
ductance of transformer or the internal resistance of a dry cell. The

COMPONENT TEST

Digital LCR Meter
Model 4281A

three-lerminal input is appropriate for semiconductor junclion capuc-
itance or cable capacitance measurements. To fit these needs, three
kinds of optional test leads and lixtures are available. The 4261 A can
easily measure parameters of pulse transformers, filter coils and clec-
trolytes in addition Lo ordinary LCR components.

Expanded use features of this highly reliable instrument include op-
tionally available digita! output, remote control. and HP-1B options
which enable a wide range of applications from the rescarch laboralo-
ry to the production line.

Specifications

Paramaeter measured: C-D (Capacitance & Dissipation Factor), L-
D (Jaduclance & Dissipation Factor), and R (Resistance).

Dlaplay: ' digits. max. display 1900,

Clrcuit mode: Auto, Parallel and Series.

Measuring circult: five-terminal methed,

Range mode: Auto or Range Hold

Measurement frequenciles: 120 Hz £3% or 1 kHz £3%.

Trigger: Inlcrnal, Manuul or External.

Measurement ranges, measurement accuracies & test signal
levels: sce tahles on next page for C-D, L-D, and R measurements.
Accuracy applies over a temperature range ol 23°C £5°C (at 0°C to
55°C, error douhles).

DC Bias

Internal source: 1.5 V. 2.2 V. 6 V (scleciable on (ront pancl),
Accuracy: x5%.

External source: provision Tor extermal DC bias voltage of +30 V
maximum ut binding posts on rear panel.

General
Measuring tlmae: typically approx. 1000 counts on fixed range lor low
loss measnrements. Specific data (ollows:

1 kHz: C/L 220-260 ms, R 120160 ms

120 Hx: C/1. 900 ms, R 700 ms
When auto range is selected. a range selection time of 180 ms at | kHz
and a range step ttme 670 ms al 120 Hz is added Lo the above typical
times.
Raading rate: inlernal trigger—approx. 30 ms between end of mea-
surement and start of next cyele; External trigger—mesasurement cycle
is initioted by remote trigger input.
Data format: +1-2-4-8 BCD, TTL logic level, 1" (high level).
Operating temperature: 0°C 1o 55°C.
Humidlty: (o 95% RH a1 40¢C.
Voltage requirements: 100/120/220/240 V £10%, 48 10 66 Hz.
Power consumptlon: <25 VA with uny aption.
Altltude: S0 000 f1.
Dimenslons: 213 mm W X 134 mm H X 422 mm D (8%" X 54" X
165%%)
Waeight: approx. 7.5 kg (16.5 Ib)

R Measurement

P

RANGE 120 Heor 1000 mQ 10.000 100,00 100002 1000ka | 1000kg | 1000%0 10.00 KO
. oL v |
mf\ G || T0ma 10 mA 1 mA 100 A 1044 |

o, AUTO [ Semeas o fyivo  Mode I Sameos o[ = Mode |

. L [ 0.3% + 2 counts |

Accun::z s || 0.2% + 2 counls |
AUTO | Sameas o Fhiao  Mode ‘ I Sameas o lt 1o Mode |

1 Typical data, varies with mumber of counls
*2 4% ol reading + counfs),




C —D Measurement

C 120 K2 1000 pf 10.00 nf 100.0 nF 1000 nF 10.00 uF 100.0 uf 1000 pf 10.00 mf
6 1 kM 100.0 pf 1000 pf 10.00 nF 100.0 nf 1000 nF 10.00 uf 100.0 uf 1000 uf
RANGE
D 0.001 te 1.900. common to all C ranges.
. oo [ LV or 50 mV
es
Signal TV, | 104 100 u 1 mA 10 mA 70 mA |
Ve
°L AUTO Sameas o IF e Mode I Sameas o Mode |
| 0.2% + 1 counl + 0.7 pF | (Tes) signal levet; 1 V)
b
LT 05% +
¢ 3 counts 03% + 2 counts (Test signal level; 50 mV)
Acturacy
°2 0.5% + 1% - *3
. 0.3% F 2 counls 2 counts 2 counts
AUl0 ‘ Sameas T w3 Mode r Samgss o——ar—  Mode
| 0.2% + (2 + 208/Cx) counis | (Test signal level; | V)
R u | 0.3% 4+ (2 -+ 1000/Cx) counls | (Test signal leve!; 50 mv)
Accuraty 1%(5+
°2. o Ao 0.3% + (2 + Cx/500) counls Cx/500)
couns |
AUTO Sareas o AL Mode | | Sameas o~ik-a—o Mode
=1 Tyolcat data, varies wills vilue of D and number of counts.
°2, £{% of teading + counls + ). Cx is capacilance readoul in count
=3 (5% + 7 couals) al 1 kHr
L-D Measurement
L 120 Mz 1000 u¥ 10.00 mH 100.0 mH 1000 mH 10.00H 100.0 H 1060 K
1 kHz 100.0 4H 1000 uH 10.00 mH 100.0 mK 1400 mK 10.00 H 100.0 K
RANGE
D 0.00! to 1.900, common to 2ll L ranges.
R e L v |
Test
Sigal e || 70 mA 10 mA 1 mA 100 4A 0pt |
eve .
‘1. AUTO | Sameas o/FEIMMo  Moge || Sameas = 000 5o Mode |
. 0—[:@3} | 03% + 2 counts | 1% 4+ 2 counls |
Accuracy P [ 0.2% + 2 counls + 0.2 uH |
02‘ X
AUTO | Sameas R Made I | Sameas o 8- Moge |
i LI e | 0.3% + (3 + L1/500) counts | | 1% + 2 counts ]
Accuracy TN | 0.2% + (3 + 200/x) counts |
* AUTO | Same a5 orffpavs Mode | | Same as {m}a Mode |

*1 Typical date. varigs with vaiue fo D and number of counts.
*2 £{% af reading + counts + o) Lx is inducisnce readoul in counts

Accessories available
18061A: test fixture {direct coupled type). S-terminal.

16062A: Test Leads with alligator clips. 4-terminal (for low impe-

dance meastirements),

18063A: Test Leads with alligator clips. 3-terminul {for high impe-

dance measurements).

16414A: HP-IB Inmerfuce Kit

Options available
Option 001: BCD Ouiput of C/L/R und D (simultancous).
Optlen 002: BCD Output of C/D. L/D and R (alternately),
Optlon 003: BCD Remote Control (excepl for DC bias tunclion).
Optlon 101: HP-IB Remote Control and Daty Output,

Model number and name

16061 A Test Fixture

16062A Test Leads

16063A Test Leads

186414A HP-1B Interface Kit

Oplion 001 BCD Output (Simuliancous)

Oplion 002 BCD Oulput (Alternately)

Option 003 BCD Remolte Control

Opiion 101 HP-IB Data Output knd Remote Control
4361 A Digital LCR Meter

Price

S1833
145

$130

2065

<1740




e Precision measuremen! of low value componenis
e High speed

AL LCR wWITER
h

Description

The HP 4271 A fealurcs automatic high speed measurements of low
vilue L. C and R components at | MHz Dissipation factor or con-
ductance is also measured. The 4271 A has a basic measurement accu-
racy of 0.1%-1.2% with minimum resolution of 0.1n H, (.001pF or
ImQ for L, C and R respectively, The four-terminal pair measure-
menl technigue has the advantage of reducing errors due 1o electro
mugnetic coupling of Ieads as well as reducing restdual inductance or

Specifications

Full scale ranges:

COMPONENT TEST

1 MHz digital LCR meter
Model 4271A

» Convenient options for data processing
e C=0001pFto19nF;L=0.1nHlc1.9mH R = 0.0014 to

10 KO

slray capacitance, The 4271A includes a zero adjustment capability for
C, G, L and R measurement by offset controls that cancel the residu-
als existing in the measurement fixtures. Many available accessories
and options expand the usefulness of the 4271A.

Typical applications for the 4271A are microcircuit measurements
using a microprober, capaciiance — voltage characterislic measuore-
ments on variable capacitunce diodes, passive component tests on de-
vices such as ceramic/mica capacitors. reed relays and pulse trans.
formers.

Range Capacitance Conductance Inductance Resistance Dissipation fFactor®
| 10.000 pF 100.00 0 1000.0 nH 10.000 €2
Foll 2 100.00 pf 160000 o8 10.000 pH 100.0C 1 G000
scale 3 1000.0 pF 10,000 m3 100.00 xH 1000.6 2
display 4 10.000 of 100.00 mY 1000.0 uH 10.000 k9
Over-
rfanging 1—-4 90% 0% 90% 90% 60%
*Whea nading of Lor s more than 1500 counts Conductanca:
Vesl sig fevel —high Test ig ievel—low
Range +(% of reading + counts) +{% of reading + counts)
e (7+ 1)
| 0.2+(7+|000 0.3+ 7+looo
Capacitance: 2 oz+(3+ 03+ (322
- - 1000 1000
Tesi sig level—high Test sig levei—low 2 Ne
Range +(% of readlng + counts) +(% of reading + counts) 3, 4% 1.2+ (2 + m No) 12+ (2 + == 1000
) 0.1 +7 02+8
2 01 +3 02+4 Wher Ne 15 capacitance readoul in counls
3 01 +3 02+3 Dissipation tactor:
4 0443 04 +3 Test sig level—high Tesl sig level—low
Range +(% of reading + coanls) + (% of reading + counts)
) 1.0+ (10 + —20&‘100) 10+ (15 + 3—0'000)
Accuracy ( 10.000) ( 20.000)
{When conductance reading 1s less than 100 counts and resistance a3 10+ (10 + 10+ 15+ Nc
rcading is less than 1000 counts.) Accuracy listed in the following table g 30 000 30‘000)
applics over a termperature range ol 23°C £5°C. (A1 0°C to 50°C. ac- y 10+ 05+ =~ 10+ (5 + N

curacy is doubled.)
Werm-up time: one hour required (o meet all specifications.

**0n Range 4, Test sig lovel i low only. N is capacitanca readoud in counts

-



Induclance measurement accuracy
Inductance:

Tesl sig lavel—high

Tesi sig level —low

Range +(% of reading + counts) %% of reading + counts)

1% LG+ 15 1.0 + 15

2 06 +4 06+6

34 02+4 03+6
Aesislance:

Test sig fevel—high

Test slg Jeval—low

Range (% of reading + counts) +(% ol reading + counts)
20NL 2Nt

.e

1 1Z+<8+moo) 12+(3+w00
L ( 2Nt

2 12+(2+1000 12+ (2450
INc 2N )

34 02+ (“ moa) 03+ (2 * {000

Whens Ni It inductanee resdout in Zavnte

Dlssipation factor:

Test sig level—high

Test sig level—low

fange +(% of reading + counts) (% of readlag + counts)
yor 10 + (2a+3—°}‘°%°) 10+ (zo+w
2.3 L0+ (15 + %} 10+ (zo + & “0”)

20,000) ( 30.000)
] 1.0 + (15 + . L0+ (15+ T

"> Al Range 1, fesd sig level is low gnly wheee ML @ inductance readaut In counts
Conductance, resistance maasurement accuracy

Accuracy: when capacitance or inductance is less than 1.000 counts.

Conductance:
Test sig level—high Yosi sig level—Sow
Range +(% ol readlng + counts) +(% of reading + couals)
| 02438 03+9
2 0244 0.3+5
3,44 1.2+ 4 1.2+4

>v*(On Range 4, lesl sig level o fow only,

Reslstance:
Test sig level—high Test sig level—fow
Range +(% of reading + counls) 3(% of reading + tounls)
1 1.2+ 10 1.2+ 10
2 12+4 1.2+ 4
.4 02+4 0.3+ 4

Test signail:

Tesl Level m¥ rms; {olerance (%) pA rms; tolerance (%5)
tapaciance rdoclance
Range Level-High Level-Low Level-High Level-Low
1 500 +10 20 +10 2000£20 200020
2 500 £10 20 %10 50010 20010
3 500 £10 20 £10 5002:10 2010
4 20 £20 20 £10 5010 2%10

Frequency: | MHz +0.01%.

Offset adjustment: offsct adj. compensales for (a) stray capacitance
or residual conductance of test fixture: variable ranges ure | pF and !
U, or (b) residual inductance or residunl resistance of lest fixture.
Variable raoges are 100 nid and 100 mQ.

DC blas (optianal}

Internal source: DC bias s uvailable as a plug-in board, Option 001,
which has following specilicitions:

Range: 00.0 V (0 39.9 V. variahle in steps of 0.1 V.

Accuracy: +0.297 of sctling £5 mV at 23°C 5°C. Warm-up lime is
> 60 min.

Outpul resiatance: | 5 K2 £10%.

Short circult current: less than 6 mA,

Control: HP Model 16023A DC Bias Controller {(available extra) ar
HP Modcl 9810/9820A Calculator when Option 005 is installed.
Control input connector: HP P/N 1251-0143, 14-pin receplacle.
(Amphenol 57-40140),

Mating connector: H P Parl No. [251-0142. (Amphenol 57-30140).
External source: +200 V maximum te BNC conneclor (¢xt input) on
rear panel. Max bias current 20 mA. Input resistance 10.5 k) % 10%,
Monltor output: bius voltage moniloring BNC connector monitor on
rear panel. Oulpul resistance 480§ & 10% to Il CUR terminal.

General
Maeaasuring speed
Fixed range: 100 mx 1o 250 ms in C-G and L-R meusurements. 160
ms 1o 400 ms in C-D and L-D measuremenis.
Autorange: 100 ms/range step added 1o above values.
Power: 100 V, 120V, 220 V, 240 V £10%, 48-66 Hz, B0 VA.
Dimensions: 88.1 nnn high X 425.5 mm wide X 4969 mm Jecep
(3”/)1" X t63/|" x |9°’I|¢i').
Welght: 10 kg (22 1b).
Accessoriee avallable:
16023A DC Bias Vollage Controllcr, used with Oplion
001.
14032A Test Leads with BNC connectors.
16033 A Test Leads with miniature coaxial connectors.
16038A Test Fixuure.
16039A Test Fixture for D" offscl.
Options avallable:
Option 001 DC Biss supply. 0.0 Vto 359 V.
Option 002 C/L BCD oulput. May he used with Option
D03 (or simultaneous oucputs 48241 Code.
Option 003 G/R/D BCD Output. +8421 Code. (Sce
Opuon 002).
Option 004 Purame(er Scrial BCD Oulput. Allows sc-
lection of: 1. (C or L) Data only: 2. (D or G or R) Data
only: or 3. (C or L) and (D or G or R) Dawa — 8421
Code.
Option 005 Cakeulator Inlevface. HP 9810A or 9820A or
9330A. (hilizes HP 11202A 1/0 Card and Cable. Avail-
able extra.
Oprion 010 | MHy Digital LCR Mcler, less 16022A
Test Fixture. Specify 16032A. 16033A.
Oplion 101 HP-IB System Compatible

Model number and name Price
16023A DC Bias Controller $410
16032A Test Leads (BNC) 8156
16032A Test Leads $178
16038A Test Fixture 3165
16039A Test Fixture for 'D™ ofiset S150
Option 001 DC Bias Supply add $235
Option 002 C/L BCD output add $125
Option 003 G/R/D BCD oulput add §125
Oplion 004 Parameter Serial BCD output sdd $215
Oplion 005 Calculator Inlerface add $370
Option 010 4721 A Less Test Fixture less £350
Option 101 HP-IB Sysiem Compatible add $2330
4721A 1 MHz Digital LCR Meter $4760



= Simultaneous go/no go check on production line
® High accuracy—basically 0.1% of reading
® High speed measurements—8 per second

COMPONENT TEST@“

1 MHz Preset C Meter
Model 42724

Description

The 4272A | MHz preset C meter is a unique instrument in which a
5 digit “in-house" comparator is combined with 1 MHz cupacitance
measurement capability, Capacitance can be measured from 10 pF full
scale (resolution 0.001 pF) to 1000 pF [ull scale (maximum display
1900 pF).

In addition to the comparator capability, the instrument can be set
lo high and low limits with the built-in Lhumbwheel switch. Limit in-
dications include panel lamp display, relay contucl and TTL oulput
for H1. IN and LO comparisons.

The combination of measurcment and comparator capability makes
this instrument very applicable for producuion line GO/NO GO
checking. When relatively small capucilors such as ceramic or mica are
checked for guality in the production process, 1here is no necessity to
read the digital display.

A GO/NO GO check requires only x glance at the HI1-IN-LO lamp
display. Decision type outputs can be utilized in an automatic selec-
ton syslem.

BCD data outpul for data processing of variable is optionally avail-
able.

Specifications
Parameter messured: capacitince—equivalent parallel cireuil by
four terminal pair method.
Test signal

Frequancy: } MHz £0.00%

Level: | V rms 210%
Mesasurement range and accuracy: 0.001 pF-1900.0 pF in 3 de-
cade range, manually selected. Remote ranging Is optionally avail-
able.

Full Scale
Range Display Overrange Meturacy®
10 pf 10.000 pf 50% 0% +7
100 pf 100.00 pF al 0.1+3
1000 p¥ 1000.0 pf each range 01 +2

" 2% of reading + counlsy

Accuracy applies over a temperature range of 23°C £ 5°C al dissi-
pation lactors D < 0.1 (At 0°C=50°C. crror doubles). Warm-up time
is >60 min.

Offset adjustment: offsel adjustment compensates for stray cupici-
tances af 010 ) pF ind residual inductances of 010 100 nH existing at
tes! Nixture.

Funcilon: compares measured value with Hl and LOW LIMIT set-
ung and provides HI, IN and LO comparison ouipuis.

HI and LOW LIMIT SETTING RANGE: 00000-19999 a1 each limit
swilch,

Comparison oulput: visual, refay contacls and TTL level.

Visual: 3 LED's indicate HI, IN or LO.

Relay contacts: 3 SPST contacts to circuil common lor Hi, IN ot LO
oufput,

TTL level: 3 open collector circuits to HI level (open) {or HIL IN or

LO output (Fanout max 30 mA).

Measuring time: < 120 m$S

Reading rate
Internal: < 400 mS
Belween end of measurement and start of next eyele.
Exernel: & new cycle muy be started by pushing munual trigger
bulton or by remote trigger inpul (o remole inigger confector.
Remote trigger input: 5 measurement cycle may be initiated at
remole Lrigger connector by changing logic level state from ~0"
{zero volts or connection 1o ground though less than 25Q) 10 ™17
(TTL high level or open), pulse width > 1 ps.

Generat

Operating temperature & humidity: 0°C 10 50°C, relalive humidity
to 95% at 40°C.,

Power requirements: 100/120/220/240 V + 10%, 48-66 Hz.
Power consumption: <60 VA with any oplion.

Dimensions: 426 X 99 X 467 mm (W X H X D).

Welght: approximately 10 kg.

Accessories furnlshed: 16032A Test Leads with BNC Conneclors

Q

: . T
»
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Accessories available

16022A: Test Fixture, General Purpose

16033 A: Test Leads with Miniature Coaxial Conneglors
16038A: Test Fixture

Note: The above accessories are the same ax for the 4271A.

Options available

Option 002 BCD and Decision Qutputs

Option 005 ASCII Code Input/Outputs for Calculatar bnterface
Utilizes HP 11202A 1/0 Card (Not Included)

Option 006 BCD Remote Control

Option 101 HPIR Dafa Quiput snd Remole Conirol

Model number and name Price
L6022A Test Fixture $330
16033A Test Leud S178
16038A Test Fixlure $165
Option 002 BCD Output $85
Option 003 Caleulator Intertace £320
Option 006 Remote Conuro! $85
Option 101 HPIB Data Qutput and Remote Control $2150
4272A | MHz Preset C Meter $4760
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COMPONENT TEST

Digital high capacitance meter
Model 4282A

* Wide range—10 nF to 1 F full scale
® Dissipation faclor or ohm-farad measurements

i CAFACITAMCE METER
1]

[ LLT1%

& Internal bias supply
® Digital and analog outputs for recording

rumron

" LR E

16035A 16036A

Description

Hewlctt-Packard's Madel 4282A Digital High Capacitance Meter
can make precision measurements on high value tantalum or glumi.
num electrolytic capacitors. Applications include both capacitor de-
sign measorements and production lesting — either in incoming or
outgoing inspection.

Two types of leads are supplied with the HP 4282A. One is the stan-
dard four-wire alligator clip style. and the other, comprises (wo spe-
cially designed clips that maintain the Kelvin four-wire measurement.

Two unique features of the HP 4282A are: alternating mode (alier-
nately displays either capacitance and dissipation factor, C-D, or ca-
pacitance and the product of ohms and farads, C-2F) and the capa-
bility to double as a three-digit DVM.

Both digital and analog outpuls are available for making perma-
nenl 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-
plics and are operated at these [requencies. If your application re-
quires Lests &t other frequencies, please refer 10 Models 4260A., 4261 A,
42654, 4270A and 427 A on the adjeining pages.

Specifications

Measuring lunctlons: capacitancc, dissipation factor. *ohm-farad

16037A

and dc voltage. Selectuble by function switch.
“Onhm-tarad: the product ol the capacitance and equivileat series re-
sistunce of the capacitor.

Function swilch
satting Function and display
c Capacilance mceasurument.
3] Dissipation faclor measurement,
QF Ohm-tarad measurement
C-D Capacilance and dissipatian lactor
measarements fallernateiy).
c-Qf Capacitance and ohm-tarad
rieasurements {aiternately).
v DC bias voltage or external
voltage measurements.
Nole
All measurements are con!inuousty
repealed as long 88 unknown 1S
connecled




Measguring ranges:

Dver
Funcllon Full-scale display ranging
c 16000 nF o 1.0000 F, four 18%

(capacilance) full digifs, @ ranges in

decade steps, manual selectian.

0 1.000 to 10.000, three full 18%
(dissipation factor) digits, 2 ranges, 2ulo selectioa.

OF 1.0004 mf 1o 10.0092 mF three 18%
(ohm-farad) tull digits, 2 ranges, auln
selection.
v 10.00 V to 1.000 kY, three full 18%

digits, 3 ranges, in decade steps,
manyal selection (maximum vollage

(dc vullage)

is 600 V).

Measuring cireull: series equivalent circuit uging lour-terminal
method.
Measuring frequancies: 50 Hz, 60 Hz, 100 Hz and 120 Hz (50 Hz
and 60 Hz synchronized by line frequency). Accuracy: % 1.3%.
Measuring voltages

10 nF to 10 mF ranges: <l V rms.

100 mF range: <0.) V sms.

1 Frenge: <0 mV rms.
Acturagy: (+23°C x35°C after half hour warim ap): (% of reading
+% of Jull-scale).

Capacltance:
C Range % of reading % of full-scale
10 nf 1.0 + 0.9 - Drdg 0.2
108 nF 0.5+ 05 - Drdg 0.1
i pF ol mF 04+ 05 Drdg Q.05
10 mF 1.0+ 05 - Drdg 0.05
100 mF 1.5+ 05 - Drdg .5
1F 25+ 05 - Drdg 1.0
Dlesipstion factor:
C Range % of reading % of full-scale
10 nf 15+ 05 - Drdg 0.2 - Cfs/Crdg + €.3
100 nf o | mf 1.5+ 0.2 - Drdg 0.2 - Cis/Crdg + 0.3
10 nF 1.5+ 0.2 - Drdg 0.2 - Cis/Crdg + 0.5
100 mF, 1 F 15+ 02 - Drdg 0.2 - Cfs/Crdg + 3
Ohm-tarad:
G Range % of ceading % of Full-scale
10 nf 1.0 + 0.5 - Qfrdg 0.2 - Cfs/Crdg + 0.3
100 nf 1o | mF 10+ 0.2 « QFrdg 0.2 + Cts/Crdg + 0.3
10 mF 1.0+ 0.2 - QFrdg 0.2 - Cfs/Crdg + 0.5
100 mF, 1 F 1.0+ 02 - QFrdg 0.2 - Cfs/Crdg + 3

Drdg: reading of dissipation facior.
IFrdg: reading of ohm-farad.
Crdg: reading of capacitance.
Cts: full-scale of C runge seiting.
DC voltage measuremenl accuracy
10 V range: £(0.05% of reading + 0.1% of full-scale).
100 V and t kV ranges: +(0.2% of reading + 0.1% of full-scale).
Tempersture caefficient:
(referred (0 +23°C, and lemperature range of 0°C to 50°C)

Fonclion Temperature coelficient
C +0.02% of reading/°C

D. QOF #0.03% of reading/°C
¥ +0.01% of reading/ °C

Option 001 Leakage Current Measurement adds following
capabilities to standard model:
Leakage current measurement: (I,)
Range: 1.000 uA to 10.000 mA, 5 ranges, three full digits.
Overranging: |58%.
Accuracy: | pA range: £(2% of reading +2.0% of full-scale). 10 uA
to 10 mA ranges: +(2% of reading +0.3% of full-scale).
Bias voltages: internal source: 0 to 10 V, 0 1o 100 V. 2 ranges. con-
linuously variable over each range, Maximum current is 100 mA for
10 V range and 60 mA (for | minute) for 100 V range.
External source: usable up lo 600 V dc across ext bias terminals an
rear pancl,
Protective reslistor; | ki} for 100 V range and for external bias, 19 for
JO V range.

General

DC bias voltage: O 10 1D V, continuously adjusiable with DC bias
control. Maximum churging 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 withoul dc bias).

Reading rate: continuously variable from 0.3 10 2 seconds with rale
control.

Reset: initiates one reading by depressing Reset Int pushbution or
contact closure to ground or TTL low level a1 reset ext line. Mating
plug for reset test jack: HP part No. 1251-091K.

Dligilal sutput: output signals: BCD + 1-2-4-8, data parallel. decimal
point, function and unit, overload and unbalance. and polarity.
Levetl:

State Level Characteristics
Low 0.3V 03V Max sink current 15 mA
Kigh 39V 15V Max load current 300 pA

Print command outpul: negative going TTL pulse of approx. | ms.
Printer hold Input: TTL low level or conlact closure to ground.
Connector: mating, HP P/N 1251-0084; Amphenol §7-30360-375
(36-pin blue ribban},

fAemote programming: programmable functions. C-range, |, range
(option 001) and reset by TTL low level of contact closure 1o ground.
Connector: mating. HP P/N 1251-0084; Amphenol 57-30360-375
(36-pin blue ribbon).

Analog output: DC outpul of 1 V full-seale in proportion o dis-
played value.

Accuracey: add +0.5% of rcading (o accurucy specification.
Operating environment 0°C to +50°C, <90% RH.

Power regulrements: 100 V. 120 V, 220V or 240 V 2 10%, 50 Hz or
60 Hy. approx. 70 VA,

Oimensions: 425 mm wide X 88 mm high X 467 mm decp (16%” X
34" X 184

Weight: net, 8.8 kg (4 Ib). Shipping. 12.9 kg (5.86 (b).

Accesseries furnished

16035A test leads: four alligator clips.

18036A test leads: wo alligator-jaw clips. Power cord™ 230 cm (7%
M), HP Part No. 8120-1378.

Accessories available Price
16037A Test Fixture $195
16037A., Oplion 001 (vertical lead devices) $193
16413A HP-IB Interface Kit $1980
Options

Option 101 HP-1B System Compatible $1980

Option 908 Rack Flange Kit
Model number and name

4282A with option 001 (leakage current) b
4282A Digital High Capacitance Meter X

add S10
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COMPONENT TEST

Capacitance bridge
Model 4270A

e Fully autormatic
e 1 kHzto1 MHz
o Measure from 18.000 pF to 1.2000 uF Full Scale

Description

A unique instrument from Hewleti-Packard. the 4270A Aulomalic
Capacitance Bridge provides 3 wide variely of high speed measure-
ments of both aclive und passive capacity values. Five-digit readout of
capacitunce (rom full-scale ranges of 18.000 pF to 1.2000 uF is com-
plemented by .00) pF resolution and measurement speed of 0.5
scconds. In addition, 2 second in-line 3-digit Nixicic display of capac-
itor loss is grven simultaneously in terms ol parallel conductance {G)
or dissipation factor (D). In the laborutory, HP's 4270A wil) be ex-
remely uscful for examination of semiconductor junction capacities,
input capacitances of amplifiers and olher active devices, as well s an-
alysis of siray capacity values, cables and simple ¢capacitors. DC bias-
ing. Tour frequencies from | kHz o | MH/ und a fully guarded mea-
surement wil) add to laboratory (lexibility.

Specifications

Measuring clrcult

Flost: guarded terminals of unknown are floated from ground. L-
ground: one side of known terminals is grounded, guurd is retained.
Paramelers measured: capacilance, equivalent parallel conduc-
tance and dissipation factor.

Maasuring frequency: | kHz 10 kHz 100 kHz and | MHz £1%.

Range modes

Auto: range s¢lection and balance performed automalically.

Hold: range is held on fixed position, balance begins with most signi-
ficanl digit. Runge determined by previous auto or (rack ramge se-
lecled or by manually stepping range siep.

Track: range held on fixed position, balznee begins with last digit.
Balancing time: (ypically 0.5 s.

Meesuring rate: meuasurement cycle equals balance rime plus display
time. Balance ume typically 0.5 s; display limes selected by meas rate
are 70 ms, 2 secs, S secs, and manual.

Test voltage across unknown

Normal: | V rms constant in pF or nF a1 | kHz, 0.] V rms constant,
inuF at | kHz 0.5 V rms constant 8t 10 kHz. 100 kHz and | MHz.
Low: Y of normal.

Repeatablity: 2 digits at normal test voitage, + 10 digits at low test
voltage.

DC blas: Internal or external 10 £200 V, in hold and track mode.

internal blas at float measurement

Voltage: 010 20 V de; 0to 200 V de; continuously variable on (ront
panel, monitored on rear panel.

Dlal accuracy: 5% of (ull scale.

Source resistance: 100 kQ.

Polerity: low unknown terminal (=), high unknown terminal (+) in
Noat position of mecas ekt cuntrol.

Remote: programmable by resistor with 250 Q/V rate at 20 V range,
25 Q/V rate at 200 V range.

Remote accuracy: +2% of full scale.

Internsi bias at L-ground: an additional connection using a block-
ing capacitor and a coaxisl cable is necessary for inlernal source.

Avaliable full scale ranges:

Capacitance Dissipailon
Tk [ T0%R: | T00WAE | Twi | ondvetanee | = o fior
180,00 pf |18.060 pF 809,99 0
TR00.0 pf = | 180.00 pF | 18.000 pF 8805, 15
18.000 nF_ | T800.0 pf | 180.00 pF | 18.000 pF 934 3 8999
180,00 nF [1E.000nF | 1800.0 pF | 180.00 pF | 89992 O
1.2000 uF [180.00 v | 18.000 wF | 12000 pF | 8.999m O

ROTE: heawy line encloses available full-seafe ranges a0 L-GROUND full display of D/G i oblaiped at TRACK
MODE. and 15 himited by AUTO RESET of 1.5 sec at AUTO/HOLD MODE
=Acouracy &t L-GROUND is ot specified on Ihis range

Baglc accuracy: +% of reading: + number of digits

Frequency 1 kB2 & 10 kHz 100 kHz 1 Mtz
0<0} +0.1% £1 digit | £0.3% £1 digit | £1% 1 digit
+0.01 pF +0.01 pf +0.02 pF
C |Basic Accuracy | £0.2% 1 digit | £0.5% 1 digit | £2% £1 digit
0.1<D<0.8%9 | +0.01 pF +0.01 pF +0.01 pf

+1% +10 digits
+1% £(10 + Cs/Cx) digits

NOTE Cs: imgrmal standard capacitor
Cx: capacilance measured

Outputs: 4 line BCD.

Inputs
Trigger hold off level: level must be between 10 V and 15 V.
Remote programming: cight front-panel funcilions can be remotely
conirotled by externil contact closure to ground with impedance less
1han 40040, Programmable (unctions are reset, frequency, range mode,
test voltage, loss meas, range step, de bias, bias vernier.
Operating temperature: (°C 10 50°C.
Power requireaments: |13 or 230 V ac £10%, 50 to 60 Hz (approxi-
mulely 110 W),
Waelght: net, 15.5 kg (34 Ib). Shipping. 21.6 kg (48 Ib).
Accessories avallable:
Accessaries for HP's 4270A Automatic Capacitance Bridge

The folowing adapters convert BNC Connectors on HP's 4270A (o
allow direct insertion of components. 1601 1A convens from BNC to
binding posts. 16012A converts from BNC to test axial lead devices. It
s a centrally located guard plane to reduce errors due to stray ca-
pacitance. 16013A converts from BNC (o test vertical lead devices. It
has a puard plane similar 10 16012A. [1143A converts from BNC to
chp leads. 44" overall length with third lead 1o preserve guard termi-
nal.

+3% 10 digits
£3% +(10 + Cs/Cx) digits

G {Basic Accoracy

Basic Accuracy

Options and accessories Price
101: HP-1B Compulble $1980
16011 A BNC Conncclor $58
16012A BINC Connector 268
18013A 8NC Connector S68
164114 HP-IB Intefiuce Kit $1980

J1143A BNC Cuhle $39
4270A Autornatic Capscltance Bridge $6825



® Wide range ... 0.02 xF to 300 mF
e Capacitance, tan 4, and leakage current measurements

~ sanAEniace 7
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Description

Hewlet-Packard Model 4350A High Capuacitance Meter measures
high capacilunces from 0.02 uF o 300 mF and simultaneously mea-
sures dissipation Factor, Leakage current can be measured with the
4350A. HP's 4350A provides analog output proportional Lo meter de-
flection.

4350A Specifications

Capacitance measurement
Capacliance
Range: | uF 1o 300 mF full scale in (2 ranges.

Accuracy (% ol full scale):

Capacitance Range Full Scale
Taa & range | uf to 100 mF 360 mf
Ot +3% +4%
103 +4% +5%
Tan &

Range: 0.5 or 35 full scale in 2 ranges.
Absolute accuracy:
0.5 fuff sc:nlc:| 20).025

+[0.06 + (reading)?]
20
—10.06 + (reading)’]

28

5 full scale:

Internal test signal

Frequency: 120 Hz + § Hz.
Internal dc bias

Voltage range: 0 o 6 V dc, continuously adjustable.
Response time (C and tan &) typically | s.
Tan § uncal: indicates the reading of tan 8 is uncalibrated when the
deflection of capacilance meter is below 10% or above 130% of ful)
scale,

Leakage currenl measurement

Current
Renge: | uA 1o 10 mA full seale in 9 ranges.
Accuracy: +3% of full scale.

DC bias voltage
Internal: up to 100 V de in 2 ranges.
External: 600 V dc max.

COMPONENT TEST

High capacitance meters
Model 4350A

® Recorder output
& High speed measurement

Warning lamp: indicates ““danger” when dc voltage across an un-
knowsn is higher than 1.5 V de.

Analog outputs
Capacitance
1V dc all ranges: for use with unalog comparator.
1 Vdc or 0.3 V dc full scale: for use with DVM.
Overrange: 25% of full scale.
Accuracy: (% of full scale)

Capacitance Range Full Scale
Tan § 1 pF 0 100 mF 300 m¥
Otol +2 +3
165 3 24
Loss angle {&):
Tan & vs. snalog output voltage: 0.1 V/degres.
Tand 8 Oulput Vollage
01085 0" 10266° (010 2.66Véc) 4013V dc
05¢t05 26.6" 1o 78.7° (2.66 10 7.87 ¥ dc¢) £0.3Vdc

Resldual noise: 40 mV p-p max.

General

Temperature range: 0°C 10 50°C.

Power: |{5V or 2310 V & 10%, 48 Hz to 440 Hz, 38,5 VA max.
Dimenslons: 198 mm wide X 166 mm high X 205 mm deep (730" X
6173, X 12").

Weight: net, 4.8 kg (11 Ib). Shipping, 6.8 kg (15 Ib).

16036A Test cable (furnigshed)

Accessortes jurnished: 16035A Test Cuble with (our alligator clips:
160364 Test Cuable wath two alligator clips.

Accessories available: 16037A 1est fixiure for axial lead compo-
nents: 16037A Option 001 test fixture for vertical lead components.

Model number and name Price
4350A High Capacitance Meter 1375
16037A Test Fixture g195
Option 001 N/C

o



HCOMPONENT TEST

Q Meter
Model 4342A

® Frequency range: 22 kHz 10 70 MHz
* Qrange: 5 to 1000

Description

The direct-reading expanded scale of the 4342A permits measure-
mcnt of Q from 5 10 1000 and readings of very small chiinges in Q re-
sulting from variation in test parameters. The 4342A is solid state with
the eliminulion of specially matched, fragile (hermocouple compao-
nents.

The 4342A will measure dissipation fuctor and dietectric constunt of
insulating mutcrials. The Q meter cun measure coelficient of coup-
ling. mutual inductance, and frequency response of (ransformers. RF
resistance, reactance, snd Q of resistors and capucitars can also be de-
lermined.

Push bution operation of frequency range and Q/AQ range selec-
fion provides siraightforward measurement. Automatic indiciation of
meler scales, frequency dizls and Trequency mallipliers irg leatured,
adding 10 simplicity and reading speed.

Spacifications

AF characteristica

RF range: 22 kiHz 10 70 MHz in 7 bands: 22 10 70 kHz, 70 10 220
kHz, 22010 700 kHz, 700 10 2200 kHz,2.2v0 7 MHz, 710 22 M Hz, 22
to 70 MHz.

4342A Option 801: 10 kHz 1032 MHzin 7 bands: 1010 32 kHz, 32
to 100 kHz, 100 10 320 kHz, 320 10 1000 kHz, 1 16 3.2 MHz, 3.210 10
MHz. 10 to 32 MBz.

Rf accuracy: +1.5% (rom 22 kHz (6 22 MHz: £2% trom 22 MHz 10
70 MHz, £1% al “"L" point on [requency dial.

4342A Optlon 001: £1.5% Irom 10 kHz 10 10 MHz; £2% (com 10
MHz 1o 32 MHz 1% at 'L point on frequency dial.

RF Increments: approximately (% cesolution.

Q measurement characleristics

Q range: 5to 1000 in 4 ranges: 5 1o 30, 20 1o 100, 50 10 300, 200 to
1000,

Q asceuracy: % ol indicuted valoe: (ut 25°C).

43420 8 4332 Opl. 001 23420

Q Frea 2244z - 30 Mis 30 MHr - 70 Wtz
5 — 300 +7 210

300 — 600 210 115

500 — 1000 s 20

Q Increments: upper scele: | from 20 to 100: lower scalé: 0.5 from S
to 30.

AQ range: (Oto 100 in 4 ranges: 010 3,010 10.0t0 30, 010 100.
AQ accuracey: £10% of full scale.

AQ Increments: upper scalez 0.1 from G (o 10; lower scale: 0.05 from
0to 3.

Inductance measurement characleristics
L range: 0.09 xH to 1.2 H, direct reading at 7 specific (requencies.
L accuracy: +3% after substitution of residuals (approx. 10 nl4).

Resonafing capacitor characleristics

Capacllor range: main dink 25 to 470 pF; vernier dial =3 10 +5 pF.
Capacitor accuracy: main dial: £1% or | pF, whichever is greater;
vernier dial £0.]1 pF.

Capacitor Increments: mein dial: | pF {rom 25 (o 30 pF: 2 pF from
30 to 200 pF: 5 pF from 200 10 470 pF; vernier dial: 0.1 pF.

Genersl
Rear panel oulputs
Frequency monilor: 170 mV rmg min. inlo 50§l
Q analog output: 010 | V 50 mV dc alter |5 minules warmup.
proportions) 1o meter dellection. Output impedance mpproximately
) k{2
Over 1imlt slgnal oulput: conlact closurc at 1he rear panel. Relay
conlact capicity 0.5 A/13 VA,
Over limlt display time: selectable, ! s or continuously on. after
limit exceeded.
Tempersture range: 0°C 1n 50°C.
Power: |15 or 230 V +10%., $0-400 Hz, 25 VA max.
Dimansions: 423 mm wide X 138 mm high X 414 mm deep (16%" X
S%e” X 16%").
Weight: net. 14 kg (31 ]b). Shipping, 18.45 kg (4] Ib).
Accessorles avallable:
FEP 16014A: Scries Loss Test Adaptor s designed lor measuring low
impedance componcnts, low-value inductors and resistors, and also
high-valuc capacitors. Using the adaptor sdds convenience in con-
necting components in geres with the est circuit of the 4342A Q
Metcr. This adiptor consists of a teflon printed-circuil base on which
are mounted binding posts, 10 accepl the Reference Inductors, and a
pair of low-induclance series lerminals for the unknown.
HP 16462A: Auxiliary Capacilor Is designed to extend the Q and L
mceasurement capability of the 4342A Q Meter. 1t is especially uselul
Tor mcasuring small inducters al low frequencies,
HP 16470A reference induetors: A runge of 20 inductors, any of
which can be supplied »eparalely, is availzble for us¢ with the 4342A Q
Meler for measuring the RF characteristics of capacitors, resistors,
and insulaling materials. These induclors have three terminals. One
1erminal is connected to the case (o slabilize measurentents.

Options & Accessories Prica
Option 001 Frequency Range add $162
16014A, Series Loss Test Adaplor $55
16462A, Auxiliary Capacitor $265
16470A., Reference Inductors. sct of 20 $790

or $A9 ey

4342A Q Meter 82275
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44408 Description

The Hewlell-Packard 4440B Decade Capacilor is a high accuracy
instrumem providing usable capacitances from 40 pF to 1.2 uF. lts
0.258% accuracy makes it an ideal ajd for eireuit design or as a working
standard.

Use of silvered-mica capucitors in four decades of 100 p¥F provides
higher accuracy, low dissipation lactors and good temperature coeffi-
cienl. An air capacitor vernier provides 100 pF (from 40 pF 10 140 pF)
with resolation of | pF. Capacitors are housed in a double shield in
such a way that increased capacitance from 1wo Lerminals Lo three ter-
minuls 1s held 10 1 pF.

4440B Specifcations

Capacltance: 40 pF to 1.2 xF in sleps of 100 pF with a 40 pF to 140
pF variable air capacitor providing continuous adjustment to better
than 2 pF between sieps.
Direct reading accuracy: +(0.25% + 1 pF) at | kHz for three-ter-
minal connection.
Resonsnt frequency: typical values of the resonant (requency are
450 kHz at | uF, 4 MHz at 0.01 uF und 40 Mz at 100 pF.
Dissipation factor: for C > 1040 pf. 0.001 MAX at | kHa.

for C <1040 pf, 0.005 MAX at § kHz.
Temperature coefficlent <+70 ppm/“C.
Inaulation resistance: 5 G minimum. afler 5 minutes a1 500 V dc.
Maximum vollage: 42 V de or 30 V rms.
Welght: net, 2.5 kg (3% Ib); shipping 3.6 kg (8 1b).
Dimenslons: 264 mm wide X 152 mm deep X 76 mm high (31 X 6*
X 3.

COMPONENT TEST

Decade capacitors and attenuators
Models 44408, 4436A, 44374, 350D

4436A/4437A Description
The Hewletl-Packard Models 4438A /44374 Altenuators provide

accurale sieps of attenuation with 0.1 dB resolution for power-level

measurements, communicalion system lests, and gain or loss mea-
surements on filters und amplifiers, and similar equipment.

4436A Specifications

Maximum attenuation: 119.9 dB.

Attenuation Increments: 0./ dB.

Inpul/outpul impedance: 6001, balanced.

Frequency range: dec (o 1.5 MHz (0 10 110 dB):dcto | MHz (0 to

-

119.9 dB).
Accuracy
Altenuation 100 kHz 1 MHz 1.5 BHz*
0 ~ 60dB +0.14d8 +0.24d8 +02d8
60 ~ 90 d8 +0.] dB +£0.34d8 +0.3dB
90 ~ 110 d8 +0.2 dB +0548 +0548B
110 ~ 119.9d8 +0.3d8 +0.! dB
*Nypical value

Maximum input power: +30 dBm.

DC lsolation: signal ground may be £300 V d¢ from external chas-
$18.

Dimensions: 198 mm wide X 76 mm high X V77 mm deep (?%" % 3*
X 6").

Welght: net, 1.7 kg (3.8 Ib). Shipping. 2.9 kg (6.5 1bs).

4437A Specifications
The Model 4437A 1s a 600 ohms unbalanced 1ype. and its specifica-
tions are identical to the 4436A.

350D Description

Two attenuator seclons make up the Hewlett-Packurd 350D Al-
tenuator. One section is a 100 dB attenuator, adjustabie in 10 dB steps.
The other is a 10 dB atténvator, adjustable in ) dB steps.

350D Specifications

Attenuation: 0 10 110 dB. | dB and 10 dB steps.

Power capacity: 600 unbalaneed: $ W (55 V dc or rms) max, con-
tinuous duty.

DC igolatlon: signal ground may be £500 V dc from chassis.

Accuracy
10 dB section:

0dB 10dB
de lo 100 kHz < 0.125 dB/slep
100 k42 to | MBz <4025 dB/step
100 dB section:
0d8 70 dB 100 dB
dc to 100 kH2 <+0725d8 <+0.5d8/siep
100 kHz o 1 MHz <+054B < +0.75 8B/slep

Dimenaions: standard Hewleti-Packard s module (30 mm wide X
159 mm high X 203 mm deep (5'%" X 634" X 8%),
Waelight: nct, 1.8 kg (4 Ib). Shipping, 2.7 kg (6 Ib).

Model number and name Price
4440B Decade Capacitor $330
4436A Auenuator 815
4437A Auenuator $530
350D Auenualor 8214
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COMPONENT TEST

Vector impedance meters, RX meter
Modets 4800A, 4815A, and 2508

260B

Model 4800A

HP's 4800A measures the vector impedance of components, com-
plex networks, and other (wo-lerminal devices. Besides measuring vee-
tor impedance, the 4800A measures component values. At frequen-
cies that are decade multiples of Vy#. as marked on the [requency dial.
L and 1/C are read directly il the phase is approximately £90%, re-
spectively. R is equal (o the impedance magnitude at frequencies
where the phase is approximately 0°. The vector impedance meter also
yields Q and inductor values by using either fo/Af, Rp/wl or the
wL/Rs lechnique.

Specifications

Frequency characteristics

Renge: 5 Hz to 500 kHz in five bands: 5 Lo 50 Hz. 50 to 500 Hz, etc.
Accursey: +£2%, 50 Hz 1o 500 kHz; £4%, 310 SO Hz; £1% at 15.92 on
frequency dial from 159.2 Hz to 159.2 kHz; +£2% at 15.92 Hz.
Impedance measurement charaoleristics: 1 ohm 10 10 megohms in
seven decade ranges (rom X1 to X10 M. Accuracy is £5% of reading.
Phasa angle measurement characteristics: 0° (o £90¢ in 5° incre-
ments. Accuracy is +6°.

Direct capacitance measurement capabilities: 0.1 pF to 10 000 uF
direcl reading atl decade multiples of 15.92 Hz. Accuragy is £7% of
reading for D less than 0.1 a1 159.2 Hz 1o 15%.2 kHz.

Direct inductance measurement capablilties: 1 uH 10 100000 H
direct reading at decade multiples of 15.92 Hz. Accuracy is £7% of
reading for Q grealer than 10 from 159.2 Hz 1o 159.2 kH>.
Measuring lerminal charaetaristics: bot)h terminals above ground.
neither may be grounded. Calibration resistor and shield provided.
Dimensions: 426 mm W X 13} mm H X 467 mm D (16%" X 5" X
18%").

Walght: net, 10.8 kg (24 )b). Shipping. 12.3 kg (30 lb).

Power: 115 or 230 V 10%, 48 16 440 Hz, 29.7 VA.

Model 4815A

The HP 4815A RF Veclor Impedance Meler provides all of the con-
venience of “probe and read™ measurcments. In use, the probe is con-
nected directly into Lhe circuit to be evaluated, frequency is selected,
and complex impedance is read. This type meusurement allows a
straightforward adaptation 1o various jigs and fixtures for special
measurements. Where only component vilues are 10 be determined., a
quick-mount adapler is provided Lo allow rapid measurements. For
critical component applications, the unit 1o be evaluated may be
mounted directly in ils working ciccuil and its value determined in its
actua! environmenl, at the frequency of inlerest.

Specifications

Frequency

Range: 500 kHz 10 10§ MHz in (ive bands.

Accuracy: +2% of reading: +1% of reading at 1.592and 15.92 MHz
RF monltor output: 150 mV minimum into 50 ochms.

Impedance magniiude measurement

Range: | ohm to 100 k2 full-scale ranges: 10, 30, 100. 300, | k, 3 k, 10
k. 30 k, 100 kf2.

Accuracy: +4% of full scale £ (£/30 MRz + Z/25 kM% of reading.
where [ = frequency in MHz and Z ik in ohms.

Calibration: Uinear meler scale with increments 2% of full scale.

Phase angle measuremenl

Range: 0 10 360° in Lwe ranges: 0 £90°, 180° £90°,

Accuracy: (3 + (/30 MHz + Z/50 k{) degrees where [ = frequen-
¢y in MHz snd Z is in ohms. Calibrated in 2° increments.
Dimensions; 426 mm W, 185 mm H. 476 mm D (16%" X %" %
18%7).

Walght: nct, 17.6 kg (39 1b). Shipping 24.8 kg (55 Ib).

Power: 105 to 125 V or 210 to 250 V, 50 1o 400 Hz, 50 W.

Model 250B

The 2508 RX Meler measures two-terminal RF impedance in lerms
ol cquivalent paralle] resistance and capacitance. The self-contained
instrument includes a continuously tuned 0.5 10 250 MHz oscillator,
high-frequency bridge, amplificr-detector, and null indicating meter.
Connections may be conveniently made (o the bridge terminals which
are arranged for almost zero lead length.

Specitications

RF range: 500 kHz 10 250 MHz in cight bands, £2% accuracy, scale
increments of approximately 1%.

Measurement characteristica
Resistance: range from |5 to 100 000 ohms.

Accuracy is iEZ +~2-S—0 + 5%00 + % %] +0.2 ochms

F = frequency in MHz, R = RX Meter R reading in ohms, Q = wCR
X 107*%, where C = RX Meter C, reading in pF: Resistence calibra-
tion increments of approximately 3%.

Capacitence: range 0 o 20 pF (may be extended through use of aux-
iliary coils): Accuracy is + (0.5 pF + 0.5FC X 107%)% £0.15pF, F =
frequency in MHz, C = RX Meter C reading in pF; Calibration in 0.1
pF increments.

Inductanc®: range, 0.001 xH 10 100 mH (actual range depends on lre-
quency: auxiliary resistors employed). Accuracy is same as capaci-
tance accuracy given above.

RF measurement vollage: approximately 50 to 750 mV, depending
on frequency.

Welght: nect, 18 kg (40 1b). Shipping, 22.5 kg (50 1b).

Power: 105 to 125 volis or 210 to 250 volts, S0 to 400 Hz, 66 VA,
Acceasorles available: 005154 Coux Adapter Kit (Type N).

Options Price
908: Rack Flange Kit add $10
Model number and nema

48)5A RT vector impedance meler $3375
4800A Veetor impedance meter $2100
250B RX Meter $3900

00515A Coax Adapter Kit €95



a Simple fool-proof operation
s Complete test set-up by inexpensive magnetic cards
e Tasts CMOS, ECL, TTL, DTL

COMPONENT TESTmﬁ“

Digital IC tester
Model 5046A

¢ Parmanent printed record of IC tailures
® Tests IC's up to 16 pins — 24 pins oplional
® Includes self-check

Description

The HP Model S045A is 1 microprogrammed digital IC 1ester sim-
ple cnough Lo be used by an unskilled operator yet it includes cupabil-
ities often found only in large, computer-based test systems. To test 2
deviee, all thal's required is a preprogrammed magnelic card — insert
the card into the front panel slot, and the Tesler is ready lo Tully test
one of the many devices liated in our comprehensive program catalog.
You don't need special PC boards, extra power supplies or any spe-
cial fixtures — just load the magnetic card and start testing. An oper-
ator can be trained in just a few minutes — the S045A is just that sim-
ple 10 use.

To provide a permanent record of individual 1C Failures s the test is
being made, the quiet HP thermal printer has been included in the
5045A 1o record detailed lailure information for every bad 1C. Your
operalor just keeps on lesting — the record is automatically kept and
can be reviewed laler or returned with the bad IC's to the manulie-
lurer,

Tests all these famllies

ECL, CMOS, TTL, HTL, DTL

The universal pin electronics in the S045A let each pin act as cither
driver, receiver, clock, power supply, input, or outpul. This provides
the great flexibilsty and capabilily needed to test circuits all the way
from basic gates 10 arithmetic logic units and ROM's. Devices with
power supply voltages up to 15 volts or both positive and negative
voltages up to 7.5 volis may be tested. Any number of the pins in the
5045A may be used as inputs or outputs il required by the device-
under-test.

Tests all these devices

GATES, FLIP-FLOPS, ONE-SHOTS, COUNTERS, S8HIFT
REGISTERS, ALU'S, ADDERS, BTATIC RAMS*, ROMS*" ...
AND MANY MORE

As your lesting requirements expand to new devices, vour 5045A can
be easily and inexpensively updated by adding new program cards,
The nominal cost of these cards means that vou don't have to be satis-
fied with testing a small fraction of your circuit Lypes. You can keep
your program library complete — and still stay within your budgel.

® {1 the supply voitages are compatible with those available in the 3045 (see specilications),

DC parametric and functional tests

The 5045A thoroughly tests devices both functionally and paramet-
rically to ensure that those expensive (ailures don’t pel loaded Into
your PC hoards. Functional tests check the ability of the device to cor-
rectly operate according lo its truth table as the appropriale input
stimuluy is applied. DC parametric lests check the voltages and cur-
rents on device inpuls and outputs under varions conditions specified
by the manufacturer. These lests eliminate almost all defective devices
nnd avoid the expense of finding and replacing bad circuils once they
have been soldered into PC boards and perhaps become pan of a com-
plex system.

Flexible tests

Bolh paramelric and funclienal (ests are controlled by soliware.
The flexibility of this technique makes possible parametric tests in
which the vollages and currents can be individually set for cach pin of
the device and may be changed many limes during a single test, In the
functional tests, software gencraled 1est patlerns are used for deviee
input stimulus. These test patterns muy be uniquely tailored o0 test
those devices with special requirements.

Unlque test technique

To provide the accuracy of direct comparison testing withoul ex-
pensive performance or reference boards, the S045A uses a unique 1C
simulation technique. The correct functional operation of the device
undler test is simulated and this simulation is nsed as a reference, As
both the device under test and simulator are driven with the same
Inpuls, their oulputs are compared on & step-by-step basis. [Ta failure
oceiirs, the 5045A can indicale exactly where it huppened by printed
message or can stop on the failure so the fault can be investigated in
mure delail.

Economical ROM testing

To test the many different truth tables which may be programmed
in ROM's uf the same generic type, it is nol necessary o buy & card for
each one. A single curd containing stimulus information for the ge-
neric ROM 1ype is loaded into the 5045A and the unigue truth table of
a known good ROM is "memorized” by the S045A. The complete
program is Ihen recarded on a blank card for future use. Duplicates of
any card may be made from the original by programming the S045A.
pressing “write™, and then inserting a blank card.
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COMPONENT TEST

Digital IC Tester

Test head mounts direcily on aulomatic handiers for irouble-free
testing.

Autornatic IC handlers

Since automatic 1C handling is a necessity for high volume testing,
the SO45A was designed with this in mind. The special eirguits used to
gencrate the fast rise and fall times necessary in testing digital circuits
are contained in the removable (est deck. This test deck can be placed
within inches of the 1C being tested. Problems associated with long cu-
bles belween handler and tester—ringing, oscillation, slow rise/Tall
times—are climinated.

Hewlett-Packard. in cooperation with major aulomatic handler
manulacturers, has designed custom interface kits for popular hun-
dlers. Thiz kit reduces the task of interfacing the 3035A und u handler
10 nothing more than plugging the two Logether.

Behind the prolective fronl panel door are conltrols which can
conligure tha operalion of the 5045A jusl the way you wani {l.

Automatic testing

For automatic testing of 1C's with a handler. select START:
MAN/HANDLR where the start signul from the hundler initiates the
test sequence and select END ON FAILURE so the Tester doesn’t
wiste Lime completing The lest sequence once Lhe circuil is Kknown 1o be
bad. The printer may be turncd cither on or ol when an automatic
handler is used.

Manual testing

For munual testing of 1C's select START:AUTO Lo muke the 1est
sequence repeat automatically. and END OF FAILURE to make the
lest sequence end when the first failure is encountered. Next, turn the
printcr oif to prevent error printout when no 1C isin (he socket. Then
just insert the 1C ... il the PASS light goes on, the circuil is good.
From 1hen on, il s nol necessary o ouch a single switch or cantrol.
Justinsert unother 1C and conlinue 1o test. If a printed failure diagno-
sis is desired, wrn the printer on and select START:MAN/
HANDLR: then. for each test press the TEST button.

Printer gives permanen{ copy of test results

The thermal printer provides information regarding the test resulls
and conveys special instructions 10 the user in certain cases. When a
circuit fals, the reasons for failure are printed along with an indica-
tion of the pins that failed. The printer also shows the number of 1C's
that have passed and [ailed since the card was entered,

Type of
Number of failure
c{jei\l:?s Whmh- - e Number of
’ -ﬁ!tlﬂ L COMTIHUTTY /davlces which
ERIL | 257 passed
Falled pin_o" AT FIH: i ; )
rumbers 4 ) & S 1@
{11 12 {3 14

If a more detailed fuilure analysis is desired, the printer provides a
special voltage /current print-out , . . a digital multimeter PLUS! Each
pin of the device has a progrummed test limit for both voltuge and cur-
rent for any given part ol a test. When a failure oceurs (with the print-
¢r turned on). the record produced gives these Himite Tor all pins that
did not [ail. For pins that did fail. the voltage and current at the fuil-
ure are recorded: then. the driving parameter (voltage for inputs, cur-
rent for outputs) is reduced until the test passes and the vollage and
current are again recorded. With these two independent measure-
ments on cach failed pin, you can determine not only what faited and
(o what degree it failed, but ilso determine the conditions under which
the device would pass.

H FARH QUT
dFHS S 5]

To pass this
g2t special
dual print-out

duced to this
valug-X

Test limits
for all plns < At the ratad
which do ¥ _ | ouiput current
not fsil L5 MH=% the output
B4 LA voltage far
e exceeds the
1 limit of
L
Correct logic
state of aach
pin { 5

“L" indicates
that these are
the fest limits
programmed for
this pin

{ndicates
pin |

Self test teature

In an incoming inspection or production environment i is especial-
ly important to kKrow your equipment 15 operating s it should. The
Tester has sell-test cards o automatically exercise all major circuitry
(the drivers and receivers for all pins, the central processor, the mem-
ory, and associated circuitsy. This way, you know every day that the
Tester is functioning correctly—and that nonc of those bad IC's are
gelting into your production runs, and cutling into your company’s
profits. Also included are a sel of calibration cards.
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Twao test cards and duplicales are provided wlih esch program.

Ordering the pre-programmed magnetic cards

The 5045A is programmed by presrecorded magnetic cards which
are purchused rom Hewletl-Packard to cover your unique require-
ments, These cards, covering most common device types, are listed in
the 1C PROGRAM CATALOG (P/N 3952.7382). This catalog con-
lains a wide variety of logic families and functions and includes the
majority of common device 1ypes. 1l is constantly being expanded by
new programs. The programs may be ordered with the S045A or luter.
When additional programs are needed alter the original purchase,
they may be ordered through your locul Hewlett-Packard sales offiee
or by mail with a prepaid coupon.

Each IC program ordered comes complete with both a PASS/FAIL
test card and 8 DIAGNOSTIC test cacd and includes duplicates of
cach. The PASS/FAIL test will be used for the majority of your test-
ing needs since it is both complete and fast (Lypical test time for MS!)
sequential devices is 300 ms), The DIAGNOSTIC test provides exira
information about a circuil failure by supplementing the PASS/FALL
test with additional test steps or by providing a more detailed print-
oul of (he test contained on the PASS/FAIL card. A data sheet con-
taining verbal test deseriptions and all parameiers is included lor both
PASS/FAIL and DIAGNOSTIC cards.

Condensed specifications
Test set-up method

Preprogrammed magnetic card. All 1est conditions including para-
metric information, input stimubl, and corresponding outpuis are con-
tained on the card. The program is verified cach time it is loaded.

Test structure

Functional tests: (ruth table is verificd by direct comparison be-
tween the output of a software generated 1C simulator (or stored 1ruth
Lable for certain circuits) and the outpul of the device under test,
Parametric tests: DC paramcters (voltages and currents) are tested
10 (he manufacturers’ data sheet specifications except where limited by
the specifications of the Tester. Test limits are indicated in the infor-
mation accompanying each magnetic card.

Continuity test: verifies pin contact by checking lor the presence of
current Now into or out of all active pins (failure of this test is shown
on the *CONT™ indicator.

Test pattern generation
Test Patterns are derived through algorithmic techniques or {rom
stored truth tables und are individually 1zilored 10 each 1C.

Univeraal pin drivers

Note: The same circuil is used for driving and monitoring a pin wheth-
er that pin is an input, outpul, power supply. or clock. All voltapes
and currents can be set individually and uniquely on each pin. Exter-
nal test fixtures are not required.

COMPONENT TEST@“

Digital IC Tester

Voltage applied 1o the device under test: (Supply Voltage, Inpot
Voltage, and Outpul Vollage)

fange
(15 Volts) Accoracy
75Vt <—18I5Y +25mV
—1875Y = los+1.875V +15my
IL],B?.‘)\' <lo<+75V +25my

Current applied to the device under lest: (Supply Current. Inpul
Cuorrent, and Oupul Current)

Range Accuracy
—200mA < lo <—2.5mA 0.4 mA or £6%°*
—25 mA <o <+25mA =10 A ar £6%°°
+2.5 mA < to <200 mA 404 mAor £6%°°

Slew rate: 30 ns/voll

Rear panel oulputs

Automatic hendler Interface: |4 pin Ampheno) connecior provides
“End of Test™, “Pas<”, VFail”™ and " Fail Continuity™ signals and ac-
cepls "Start Test™. All signals are negative true TTL levels.,

General

Power: 100/120/200/240 V {+3%, —10%), 48-66 Hyz, 240 VA,
Dimensgions: 19 cm high, 42.5 cm wide, 38 em deep (7.5 10, X 16.7 in.
X 22.8 in.).

Shipping welght: 27.7 kg (61 1b).

Operating temperature: 0°C 10 30°C

Relative humidity: 80%:

Options and accessories Price
B5045A Digital IC tester £9000
Optlon 004t: Inwerface package for IPT Model 800

Aatomatie 1C Handler 1000

Optlon 005t: Interface package for Sym-Tek Model
JI9IND Automatic 1C Handler and other related

modcls S1000
Optlon 0061: Interince package for Daymarc 952/3

Automulic 1C Handler £ 1000
Optlon 0071%: Inicriace package for Siemens (MCT)

Mode) 2608 Autamatic 1C Hundler S1000
Optlon 024: expands Uhe capability of the 5(45A to 24

pins 2000
Option 908: Rack (Tange kit 10
Optlon 910: sct of additional product wmanuals £30
8164-0071: blank magnetic program card (Pass/Fail) $2
9164-0072: blank mugnetic program card (Disgnoslic) 52

9281-0401: 250 foot roll of thermal print paper. (mini-
mum order six rolls)

10845A: preprogrammed magnetic card for any device
listed in the IC PROGRAM CATALOG, The specilic
cards required are designated on the program card order  1-9 530ea,
sheet. 1O-500 525 ea,
1084BA: coupon book containing ten coupons cach re-

deemable in one IC program which is listed in the IC

PROGRAM CATALOG. The coupons are mailed di-

rectly Lo the fuctory and the appropriate program cards

are reiurned by airmail. The coupons expire Iwo years

fram the date of receipt. §250

$2.20en

*E Whichewes 13 greates
+ Al irtertace packages include a lest head extender cabie, an interface board umque 1o the pathcular handier,
and a cable 1o supoly the conlrol sigmals to the handler



Intreduction

The increasing use of digital circuits in new
products has created a concurrent need for
ncw equipment 1o pinpoint and troubleshoot
defects. Because more and more of these new
products maripulate data, they operale in the
dala domain, rather than the time or fre-
quency domains that are characleristic of
analog circuitry. Instruments that analyze
circuils in the time and frequency domains
simply cannol cope with digital date
manipulations.

Data-domain insiruments—generally clas-
sified as Logic State Analyzers——are useful
for monitoring bits, words, addresses, and in-
structions as 8 function of time or sequence
rather than vollage as s function of time ofr
lrequency. Whether the instrument js moni-
toring 32 or 16 bit words or a single node, as
with a logic probe, the signal display is ln bi-
nary form—either 1's or 0's on a cathode-ray
ube or the on and off stales of a lamp. Anal-
ysis of circuit operation is direct because you
sec logic states and word flow al a glance,
withoul interprelation of waveforms.

Electrical vs. funclional analysis

Electrical and functiona! analysis are nol
separable but each is used to complement the
other, For example, only when word flow is
incorrect as determined with a functlonal dis-
play need a 1echnician be concerned with the
voltage conditions that crepled the words.
Even when word-flow errors require eleciri-
cal analysis, the number of signal nodes in the
vicinity of the error complicates the use of 0s-
cilloscopes. Thus, It is helpful to define scope
funetions of probing. triggering, and display
in terms of words versus evenl or sequence, or
words versus time rather than in volts versus
lime.
Electrical analysis

The traditional analog picture of absolute
voltage versus sweep time allows careful anal-
ysis of electrical parameters. This is true
because the imporizant information — smpli-
tade versus lime — is the informatjon that the
wavcform carries. This method can help de-

cipher noise, ringing, spikes, conslant dc lev-
els, voltage swings, and so forth. Further, itis
the analysis domain in which typical users are
mosl experienced and have the mosl confi-
dence.

Functional anatysis

Digital information is ofien nonrepetitive.
Extremely long (and fast) data sequences are
common. Alse, parameters which are signifi-
cant for analog analysis are less important in
# digital measurement, e.g. amplitude is usu-
ally important only in that vollage must be
above or below threshold values (logic
HIGH. or logic LOW). Also lime is often not
important in an absolule sense, but becomes
critical when related 1o the clock rate of a sys-
fem in operation. Thus a funclional mea-
surement cansists of an observation of digi-
tal information (lagic HIGH or LOW) ver-
sus system time (CLOCK).

We can use this delinition of functional
measurement to construct a hierarchy of logic
state troubleshooting levels. Each level sup-
plies only the information necessary for that
fevel of digital troubleshooling.

Logic analyzers
To effectively troubleshoot digital circuits
the logic siate analyzer must meet scveral
basic requirements:
1. Data must be read and presented in binary
form for easy reading with no interpretation.
2. There should be enough inputs so that the
entire data word can be monitored at once.
3. A trigger point is reguired that is related 10
a unique data word within a sequence.
4. Digital delay is nceded 10 position the dis-
play window to the desired point in time from
the reference (trigger word).
5. Digintal storage is nceded to retain single-
shot events along with negative time (dals
leading up to 2 desired trigger point).
Digital signals are almosl invariably mul-
tiline and are difficull 1o interpret (rom a
volts vs. time display when you are only in-
lerested in logic stale vs. sysiem time. The HP
1600A and 1607A solve this problem by dis-
playing digital words 32 or 16 bils wide ver-
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Figure 1. Dligital troublashooting Is tasi and
efficienl using the HP family of trouble-
ghootlng tools. Each instrument provides a
functional Indication ot loglc stale aclivity,
whether the problem [s at the system lavel
or Isolated 10 an individual IC.

sus system clock in a table display which is
very casy lo use when cxamining functional
relationships. The 32 bit wide word is
achieved using a 1600A and 1607A in paral-
lel or these may be used in a dual clock mode
for monitoring dava across §/0 ports, for in-
slance.

The table displays arc in terms of logic
HIGH's (ones) and logic LOW's (zeroes) ver-
sus a clock signal. Triggering is accom-
plished by using trigger word switches which
allow selection of a unique trigger point. Fur-
ther, the display may be moved in sysicm
time from Lhe trigger point using digital delay
in either a positive or negative direction. Two
additional inputs en the 1600A and 1607A
called qualifiers permil even more seleclivity
of displayed dats.

The 1600A offers a new display called
Mapping which is a display of 2!* dots in-
stead of a table of 1's and 0's. Each dot loca-
tion represents one possible combination of
the 16 input lines so that each input word is
represenied by a dot. Dots are interconnect-
ed by vectors so that \he sequence of data
trangactions can be observed. The map mode
is ideal when you are lurning-on a digital sys-
tem because it is a display of data words Lhat
shows overall machine operation. The upper
et corner of the display represents word
00,00 and the lower right is FF,FF in bexa-
decimal. By knowlag where the system
should be in its program, you can quickly de-
termine if the machine is operating properly.
Additionally, the word that is represented by
any dot ¢an be determined by positioning a
trigger word cursor (circle) over a particuler
dot with the proper combinstion of (rigger
word switch settings.

Negalive digital delay is possible due to 1he
inherenl storage features of logic analyzers
which allow the instrument to display a num-
ber of events leading up to a selected trigger
evenl. The Model 5000A Logic Analyzer, for
example, can display up to 64 bits (In Serial A
mode), of data that occur before (he trigger
point.



Posilive delay allows movement of the dis-
play downstream from the trigger. For in-
stanee, (n a disc memory the start of a sector
may be the only available unique Lrigger
point, yei Lhe data to be analyzed may be
thousands of bits downstream from the Lrig-
ger. An analyzer with digital delay can posi-
Lion the display window precisely at the exact
location of the characler or signzl 1o be ex-
amined.

In digital systems very low repelition rate
or single-shol events are encountered that re-
quire storage to permit analysis. For ex-
ample. “once per keystroke™ calculator se-
quences (all inta this category. Logic State
Analyzers contain sufficient memory to cap-
ture and store such events, thus are highly
useful in singfe-shot applications.

Digila! triggering and delay are necessary
for functional analysis, but are also of great
value when “aiming"” or positioning electri-
cul analysis windows on oscilloscopes. These
capabilities are needed for both serial and
parallel dala stream analyses, because they
allow a wser 10 “window™ in on ¢venls that
occur as part of very long data sequences.

Loglc state analyzer accessories
Serial-io-parallel converter

For functional analysis of serial data, the
Hp 10254A permits display of serinl data in
up (o 16 bytes on the 1600A Logic State An-
alyzer, with the same windowing capabilities
as for parallel data.
Card readar

When performing repelitive esis on digital
componenis or systems, the HP 10253A pro-
vides a low cost method of performing sim-
ple or complele system checks. With a test
procedure on cards, special operator Lrmning
on the systém vnder test is not needed—just
insert a card in the card reader and look (or
inlensificd ones on the 1600A.

Triggering
Serial deta

In serial data analysis, the problem of datu
pallern recognilion can be solved if the data
or instruction portions of a serial word arc
known. [1 then becomes possible Lo generate
A unigue trigger from a known serial event. If
a pattern set on the Model 1620A Paitern
Analyzer, for example. matches the bils con-
lained in the instruclion portion of a serial
word, a trigger is generated. Thus, a unique
trigger is defined to allow analysis of serial
data streams. Added to this is the eapability
ol digttal delay which allows further index-
ing from the uscr-selecled tripger point.
Parallel data

Far paralie! data analysis. it is often neces-
sary to ingger on the simultancous oceur-
rence of several events, For example, if one or
more channels of data go high at the same
point in tme that the CLOCK signal goes
high, a trigger could be generated at this
point, Additionally, the selected (rigger
events cowld be cither high or low polarnity
signals.

Triggering aced nol be clock-related, but
instead can be asynchronous. This allows the
user (o initiate the display seguence on a sig-
nal that might not be present when the clock
samples (he inpuls 1o the analyzer. Signals
such as spikes, or other randem events can

therefore be detected ar used as Irigger
evenls.
Trigger probes

The HP model 10250 series Trigger Probes
feature TTL, MOS, and ECL compatibility, a
4-bit AND pate trigger and selectable bit
levels (H1, LO, OFF). The circuit-powered
probes provide 4-bit pattern recognition trig-
gering for digital signal analysis and may be
used for both functional and electrical analy-
SIS,

The HP Model 1230A trigger prabe offers
8-bit parallel triggering capability with the
addition of digital delay capability of 9998
clocks and synchronous or asynchronous op-
eration. This provides versatile triggering ca-
pabilities for oscilloscope windowing to digi-
tal problem areas.

The IC troubleshooters

Once a Tault has been isolated down 1o a
board or circuit area, a group of hand-held
low-cost instruments are used to trouble-
shoot specific nodes and IC's. These prod-
ucls are designed 1o test digital (C's in-cir-
cuit, and they are extremely valuable in their
ability 10 isolate logic faults.
Loglc comparison

The time-praven technique of logic com-
parison is used to locate specific faulty nodes
by testing 1C's dynamically within a circuil.
This allows IC's to be tested without remov-
al {from boards, or signal sources. Products
such as the Model 10529A Logic Compira-
tor lest the response of circuit-installed 1C's
apainst known-good IC's plugged into the
Comparator. This method is not affected by
faulty signads in the system or by incorrectly
operating feedback loops because the Com-
parator looks for expected outputs based on
given inputs to two like devices. The Com-
parator LED display provides a direct indi-
cation of which IC pins are operating incor-
recily, thus identifying a bad node.
Nodal analysis

Once a bad circuit node (see Figure 2) has
been isolated. there is the problem of deter-
mining which IC connected to the node is
faulty. To help with this, HP manufactures
several logic state stimulus-response, in-cir-
cuil logic teslers.
Logic probes

The Logic Probe detects levels or pulses
anywhere in a circuil, and displays them by a
band of light around the probe tip. Circuits
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Figure 2. A typlcal IC failure, an open
output bond, allows all Inputs normally
driven by ihat oulput 1o floal to a "bad”
level. This Is usually Interpreted as a logic
high by the inputs, thus Inputs driven by an
open bond raspand as though a statlc high
signal is applied.

that are normally low and are then pulsed
high are indicated by the hght turning an pe-
nadically. Logic highs that are pulsed low are
displayed by having a solidly ht band (hat
turns off momentarily. The probe also de-
tects either very (ast, or high frequencey pulse
uctivity, and “siretches” them 1o provide a
display at a 10 Hz rate.
Logic clip

A multi-pin logic state indicalor, the Logic
Clip indicates the states of cither 14- or 16-pin
DIP packages. Each pin is displayed by an in-
dividual LED, which allows a user 1o easily
follow input versus outpul relationships.
When a cireuits” clock rate is stowed down or
stopped, (he Clip provides a very uselul in-
circuit test of o devices trutl 1able.
Logic pulser

The Logic Pulser provides a unigue capua-
bility: the ability 10 inject digital pulses be-
tween gales. The Pulser automatically injects
the correct polarity, pulse has sufficient ca-
pability (o drive a low node high or a high
node low.
Current tracer

Often a bad node is identified but the spe-
cific device causing the fault can only be iden-
tified by cutting traces, or replacing circuit el-
ements. The S47A Current Tracer ¢liminales
just such “shotgun’ techniques by showing
exaclly where digital current pulses are flow-
ing in the circuil. Use of current tracing tech-
niques solves the most vexing troubleshoot-
ing problems: stuck data busses, solder-
bridges, stuck nodes containing many circuit
elements, and the wired-AND.
Stimulus-response teating

The Pulser/Probe or Pulser/Clip combi-
nation helps the user (o identify the faulty cir-
cuits causing a system malfunction. The logic
test instruments mentioned here permit arbi-
trary signal injection and readouts between
gates. Thus, an added capability is provided
the digital troubleshooter: the ability Lo stim-
ulate a circuit and monitor it for an outpul re-
sponse.

Education

The need for education has also grown
stride for stride with the huge growth of IC
usage. Both needs (troubleshooting and train-
ing) are commonly based. because well
trained logic pessonnel are by their nawure
good IC troubleshooters. The 5035T Logic
L.ab combines these concepts by providing an
HP-quality learning experience-even for
those users who already know part of the dig-
ital stary.

HP also provides additinnal learning tools
such as applicalion siotes and videotapes. Ap-
plication noles include 163-1, Techniques of
Digital Troubleshooting, and 167 Data Do-
main Mecasuremenl series. Also available is 2
four part videotape series, "The Dty Do-
main, lts Analysis and Measurements”, de-
signed to provide instruction in logic state
analysis measurement lechniques and the de-
bugging of processor-based systems, Mea-
surements shown in these tapes include: pag-
ing, loops and map technigues, asynchro-
nous measurements, lost program, 1;0 data
transfer, memory access time, software pro-
grammable /O porls and interrupts. Con-
tact your local HP Sales Office for addiliona)
information on these training ads,




16/32 Bit parallel logic state analyzers
Models 1600A, 1607A & 1600S
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Stan display triggering allows you to page \hrough & system while
tollowing an algorithm to trace dala llow or delermine any mal-
functions that may occor.

Introduction

Madels 1600A und 1607A Logic Stute Anulyzers offer digital data
measurement capabililies in an easy-to-read format that ideally suils
the Data Damsain. Sixteen parallel data inputs in either anzlvzer. or 32
parillel bits with 1wo analyzers bused together at clock speeds (v 20
MHz furnish fast fupctional measurements of digital daa flow You
save ume in digiul design and troubleshooting with the measurement
thal shows dula the saume way the companents see it. The functional
display 15 in word format and is triggered on data words 1o permit
analysis of data, or stale sequences, such as program addresses, in-
siructions. and data. Repeutive testing or debugging and checking of
dgitul componcnts and systems is faster and casier with the 10233A
Card Reader and the 1600A Analyzer which compares active 1o lixed
data.

These Logic Stale Analyzers are Duti Domain instruments specili-
cally designed to debug, test, and troubleshoot digital processes by
capluring and displaying program execution or dala transfer as it oc-
curs in systems operating al clock rates to 20 MHz. Daua caplure may
cither be siarted or stopped when the incoming data malches the pal-
tern sel on a 16-bit trigger word switch register. Digital delay allows
the capture of data Lo be started or stopped up to 99 999 clock cyctes
after the irigger patiern Data is displayed as a conventsonal data (able
with the first woed at the 1op of the screen and the last word at the bot-
Lom

Modcl 1600A ix a sell~conlained Analyzer with its own display. The
1607A does not have a display, but provides both unalog and digital
outpuis. The 1607A analog oulputs are used 10 convert most oscillo-
scopes with de~coupled X, ¥, und Z inpuls into a togic state analyzer.
The 1607A digital sulputs are used to expand the 16Q0A to eithera 22-
bit wide machine or duil-clock capability.

Start display triggering

In the Start Display mode, the Analyzer triggers on 2 unique word
cstablished by the trigger word switches and displavs Lhat irigger word
along with the 1§ following words as they are clocked (hrough a ma-
chine at operating speeds up to 20 MHz. This mode 15 valuable for
paging through a system while (ollowing an algorithm 10 irace dota
Now.

End display triggering

The Analyvzer's digital memory in this mode caplures events lead-
ing up to and including the trigger word providing a “negative time™
display. This negative time modc is exiremely valvable for trouble-
shooling. since you can trigger on an unallowed state or a lault and sec
how the machine artived at the malfunction rather than just the re-
sulls ol the error. In addition, delay may be combined with the End
Display Irigger o permil caplure of both positive and negative time
data, This allows positioning the trigger word so you cdn see evenls
before and after the trigger word 1o reduce unilysis time.

Delay

When the data you wanl 1o wee does not immediately follow (he de-
sired trigger word, delay can be used 1w position the 16 word
“window"" an exact number of clock pulses (010 99 999) from the trig-
ger word. Digital delay is useful for moving the display window past
loops und measoring lengths of subroutines while mairtmning a de-
sired pattern trigger point. A “Delay ON-OFF” switch allows gquick
reference back to the tngger word if it has been maved off-screen by
the delay.



The digital memory may be used 10 capture avenis leading up to
and including (he irigger word (displays negative time). By also
using delay mode, 1tha end display irlgger word may be posi-
tioned mid screen 1o display bolh negative and positive lime data.
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In lhe ex¢lusive OR mode (A + B), A memory dats is displayed on
tha lafi while the table an the righl gisplays logic diHerences be-
twaen A and B memories. This provides very fasi “at-a-glance”
comparisons.

loops and measuring lengths of subroutines whilv maintaining 2 de-
stred patlern trigger point. A “Ncluy ON-QOI”™ switch allows guick
reference back to the trigger word if it has been moved off-screen by
the delay,

Trigger word oft

With the Trigger Word pushbutton in the OFF position, the Ana-
lyzer's display is independent of the Trigger Word switch seltings.
With the Trigger Word OfT you can trigger a display in the Qualilier
Trigger or Trigger Bus modes. or with these modes off the display free
runs.

The free run mode aids in troubleshooting by displaying active (su-
perimposed ones and zeros) and inactive (either a one or a zero) data
lines. Another use of this mode is determining in which loop a ma-
chine may be stuck. In this free run application, use the single sample
mode Lo capture an arbitrary 16 word group. Afler selecting a trigger
word from that group, End, Start, or Delay mode ¢an be used to page
through the loop to determine what is forcing (be machine to remain
in the loop.

ABOIN LOGIC STATE SRALYTON
prrseip ety

1607A

Bus trigger

The Bus Trigger capability allows the 16004 and 1607A trigger
words to be bused together to form a 32 bit wide trigger for use in ma-
chines with long words. In this mode, the analyzers can be used in sin-
gle or dual clock modes. In the single clock mode, both analyzer clock
inputs are connected to the same clock. In the dual clock mode, inde-
pendent clocks can show interaction between two machines at their in-
terface. If the digital interface between the 1600A and 1607A is also
used, the 1600A displays all 32 bits of data.

1600A logic state analyzer

Model 1600A is capable of displaying 32 channcls of information in
standard digital format. Thatss, the most significant hit on the left and
the least significant bit on the right with the first word at the tap and
each succeeding word under the previous word. The data sequence
1able is also made easier 1o read with the ability (o group the columns
of data into blocks of three for reading in octal code or blocks of four
for reading in hexadecimal or BCD codes.

When used with the 1607A, the 1600A can display two independent
tables or one table 32 bits wide for fast analysis of complex muchine
operation. When the 1600A is used slone, you can display an active
and a stored table of |6 bils each for comparison. The store “A™ into
“B" mode (A—B) duplicates the data in the A memory in the B mem-
ory which then acts us a “save™ register, By storing this reference data,
you can make comparisons between the A and B tables for quick trov-
bleshooting.,

An exclusive OR (A ® B) capability displays the A memory data
and reduces the B memory to a display of logic differences on a bit-by-
bil basis between the A and B memories. This permits fast, at-u-glance
comparison of complex sequences, even one bit differences ure quickly
{dentified. For easier recognrition. the ones (differences) in ithe A & B
ficld are intensified.

A Halt when A does not equal B mode (A # B) automalically halts
and slores the data in the A table when the data in the A memory does
not ¢qual the data in the B memory. This frees you from the tedious
waiting and watching chore with infrequent or intermittent malfunc-
lions.

Map display

The map display provides an overall view of machine operation in a
repetitive loop and afler familiarization permits idenufication of ma-
chine aclivity withoul the neced 10 read tabular listings. This speeds
analysis with a pattern display that the eye can casily recognize. In the
map mode, the display is an array of 2'% dots where eich dot repre
senls one possible combination ol the 16 bil lines so that every input
word is represented by an illuminated dol. The sixteen bit word is di-
vided in half with the eight least significunt bits driving (thru an A 1o
D converter) the horizontal deflection plates and the eight most sig-
nificant bits driving the vertical deNection plates. The map display pre-
sents three types of information — each dol represents a specific ad-
dress or state the machine goes 10. the relative frequency of occur-
rence of that state (brightness), and the line between dots is a vector
where the brighter end of the vector is the “goes 10" address.

A map cursor, which is positioned with the trigger word switches,
shows the trigger word or address of any desired dot in the map dis-
play. In the map expand mode, the cursor idenlifies the sector of the
mup (o be expanded to lull screen for increused resolution. Return (o
lable mode is accomplished with the push of 4 bulton with the trigger
word selected by the cursor position,
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The map display ofiers an overall view of machine operation with
each dot representing one input word. Ater some famlligrization,
these pallerns become gaslly recognized by the operator, ofier-
ing fast overviaw analysis of a system,

1807A logic state analyzer

The 1607A can be systemized with a 1600A to provide 3 32 bil wide
logic state analyzer for large machine applications, or a dual 16 bit
analyzer for 170 measurements or other dual clock applications, or it
may be used lo convert an oscilloscope into a logic stale analyzer.
Rear panel X, Y. and Z outputs will drive almost all modern displays
or oscilloscopes (not recommended for storage displays or oscillo-
scopes) with de-coupled inpuis on al) three channels. A Z-axis disable
(ON-OFF) switch climinaies the need 10 disconnect the Z-uxts inpul
cable when conventional scope operaion is desired. Size and position
adjustments on the 1607A offer sufficient range of adjustment to pro-
vide the best state display on the CRT display or oscilloscope being
used. This reduces the amount of readjusting of controls needed 1o
switch between state und electrical analysis. All of 1he lunctions de-
scribed in the introduction section apply to the 1607A aad oscillo-
scope combination which form a complete Logic Stale Analyzer test
system for the digial design engincer.

1600A and 1607A common features

Qualifler inputs

Two additional channels (Qq. Q.) increase flexibitity in both trig-
gering and data collection. When used to qualify the Lrigger word. the
qualifier inputs expand the trigger word Lo 18 channels. however the
qualifier signals are not displayed.

Selective store

In the display (clock) qualification mode, the two qualifier chan-
nels must he true at the time of the clock cdge so that the analyzer only
displays “qualificd™ data. This is particularly usefu) when monitofing
multi-use buses with time multiplexed addresses, instructions. and
data, With display qualification, only the desired informalion is stored
in memory, climinating the need to display the other data.
Trigger outputs -

The trigger outpuls extcad troubleshooting capabifities in digital
circbit analysis by windowing oscilloscopes (o the proper digital point
in time for electrical analysis of circuit operation. The Pauemn Trigper
Ourput and Delayed Trigger Output arc independenl of (he display
both when the word pattern. selected by the trigger switches js met and
when (he digital delay counts down. This sllows the highest possible
repetilion ratc of irigger sutpuis Lo synchronize an oscilloscope for the
brightest possible display. The Paltern Trigger Oulput may also be
used as a “clock stopper’ when desiced

Indicators

When u display is not present, the NO ARM, NO CLOCK. NO
QUALIFIER and NO TRIGGER indicators quickly pinpoint the
problem to show you what is preventing u display. There is a hicrar-
chy 10 Ihese indicitors which is essentially the most significant diffi-
culty Lo the left on the 1600A and from the top on the 1607A. For
example, if clock qualification is selected and the qualifier and trigger
word are not satisfied, then the no qualificr indicator will light until it
15 satishied, 1hen the no trigger Yight will light until it is satishied.

Sequential triggering

Both Analyzers may be sequentially triggered by using trigger ont-
puts fcom other instruments as arming inputs. For example, this per-
mits a prior cvent determined with a 1607A to enable a 1600A 1o look
for a particular event afier gualification. This digital arming capabili-
ty can be supplied by a Mode! 1620A Pauern Analyzer, any of the
10250 series 4-bit dala probes, or other external sipnals that define the
desired lime frame.

Additional leatures

Clock threshold can be selected for fixed TTL levels or variable and
adjusied (o the desired threshold level, Unused channels may be
blanked 1o semave unneeded channels from 1he display from left Lo
right. A logic posilive or negalive switch permits the displayed pat-
lern to match either positive or negative true logic systems, This does
not change the data logic. dut changes only the display to mutch the
system under 1est. Since the Analyzer samples 16 words of informa-
lion when the trigger word matches the system dala, the display may
change too rapidly for analysis — when this happens a display time
control allows adjusiments of the ume a display is held on screen. A
BYTE pushbulton allows the display 1o be arranged in blocks of 4 bits
or blocks of 3 bits for easier reading of BCD, Hexadecimal or oclat
codes.

16008

The 1600S is a system which includes the 1600A and 1607A plus the
{0236A Trigger Bus Cable and the 102374 Data Cable. The com-
bined system provides additional capabilty for logic analysis of com-
plex systems, ¢.g., 32 channels of data may be acquired and displayed:
(wo syslems may be analyzed simultancously while running at differ-
enl clock rates: or two separite 16 X 16 data fields may be acquired
forming 32 consecutive words afler a (rigger or 16 words before and
aficr a trigger.

Specificationa

Clock and data Inputs
Repetition rate: 0 10 20 MHz.
input RC: 40 kQ +3 k! shunted by <14 pF (at tie probe fip).
Input blas current; <30 pA.
(nput threshold: TTL., lixed at approx. +1.5 V; variable, £10 V dc.
Maximum input
Level: —1510 +15 V dec.
8wing: |5 V pesk from threshold.
Minimum inpat
Swing: 0.5 V +5% of p-p threshold voltage.
Clock pulse width: 20 ns a1 threshold.
Data pulse width: 25 ns al (hreshold.
Data setup time: lime dala must be present prior Lo clock Lransi-
tion, 20 ns,
Hold time: time data must be present after clock (ransition, 0 ns.

Pattern and delayed trigger outputa

High: =2 V luto 500 {llne driver interface).

Low: <0.4 V inlo 300 (line driver interface).

Pulse duration
Delsyed trigger: approx. 25 ns (RZ format) al | V level.
Paltern trigger: approx. 25 ns in RZ format at 1 V level with detuy
sel 1o zero or off, With delay on and not sel to zero. paltemn trigger
oulpul stirts on reeeipt of a patiern triggee signal and ends when the
dclay ends.



Dightas probes permit direct conneciion o dual In-line pack-
ages. even on adjacent heads.

Trigger arm Input

Impedance: 502

Level: low stale, 0 V {0 <0.4 V: high s1ale, 2 V1o <§ V.

Pulse widih: {5 ps minimum at .5 V level.

Arming conditions: if the acming pulse positive edge occurs <43 ns
after a clock, triggering occurs on the same clock cycle that it is armed.
If the arming pulse positive edge occurs > 75 ns alter a clock, trigger-
ing oceurs on the next clock cycle.

1807A X-, Y-, and Z-axes outputs
X-axis: <0.6 V1o >6 V p-p, £8 V max into 2100 k1.
Y-axis: <0.6 V1o >6 V p-p. £8 V max into 2100 k2.
Z-axis: 0 10 10V p-pinto 21 k{1,
Dlsplay intertace requlrements: the 1607A interfaces with oscillo-
scope or displny with the following input parameters, (Not recom-
mended for storusge oscilloscopes or displays).
X and Y Inputs: 0.1 to | V/div deflection lactors: de coupled input;
angd >500 kFz bandwidth.
Z-sxls Inpul: dc coupled with positive blunking: Iull blinking must
occur with 10 V inpul at 10 mA.

General

Display rate: variable (tom <200 mis (o > 355 {1600A), <50 mst0 > 355
{1607A}.

Power; 100. 120, 220, 240 V ac: — 10%. +5%:; 48 10 440 Hz: 120 VA
max.

Loglc probe power: ccar panel BNC connector. +5 V, 0.1 A.
Dimenslons

1800A: 335 mm (37, n.) wide; 197 nun (7% in) high; 540 mm

(21% in.) length with hamdie; 460 mm (181, d8,) fength without hin-

die.

16Q7A: 284 mm (11, in.) wide: (21 mm (4% in.) high: 460 inm

(18% in.} deep.

Operating environment: icmperatare. 0 10 35°C (+12°) 10
+130°F): humidily to 95% relative humidity at 404C (104°F): alt-
tude to 4600 m (15 000 f1); vibrated in thruee planes for 15 minutes cach
with 0.254 mm (0.010 in.) excursion, 10 1o 33 Hz.

Welght

Model 1600A: net. 12.7 ky: (28 1b). Shipping, 15.9 kg (15 Ih).

Model 1807A: nct, 6.4 kg (14 Ib). Shipping. 8.2 kg { (8 Ih).

Model 18008: nel. 19.] kg (42 Ib). Shipping, 22.7 kg (S0 1h).
Accessories supplied: (hree 10231B duta probes und one 102308
clock probu: once 230 V fuse package. one 2.3 m (7.5 1) power cord:
and UNE GUCESSOTY Case.

10253A Card Reader and 1600A Logic State Analyzer provide
convenient methods of comparing {ixed stored date (cards) with
aclive data.

Accesasories
Coard reader: Model 10253A Card Reader plugs directly into the
1600A and provides a convenienl method of performing repelitive
tests on digital components or systems, Cards provide a low cost
method of storing fixed data that may represent a complete sysieny test
procedure or a simple QC test. Applicalions include incoming inspec-
lions, production testing, service and maintenance, cnginecring, and
environmenial testing.
Cards: special printed cards are in format required for loading da-
12 inte the 1600A Logic State Analyzer Table B memory. {87mm
(7% in.} length cards are loaded o Tuble B in < 2 5.
Power: supplied by 1600A,
Welght: nict, | kg (2.} 1b). Shipping, 1.8 kg (4 Ib).
Operating environment: sume as J1600A excepl: \emperature,
+10°C to +40°C {(+50°F 10 104°F); humidity, 1o 80% relative hu-
midily at +40°C (104°F).
Accensorles supplied: one drum card, HP P/N 10253-90001: one
exercizer card, HP PN 10233-90002: 100 data curds, HP P/ 9330
3324: one interface box moumnting bracket, HP P/N 01120-64701:
and one Operating Note.
Serlal-to-paraliel converter: Model 10254A Serial-to-parallel Con-
verter acts us the interface belween a serial data svstem and a 1600A or
1607A. converting the serial data into parallel format for full vtiliza-
tion of these logic state analyzers in serial data stream analysis.
Trigger bus cable: Model 10236A Trigger Bus Cable interconnects
the 1600A and 1607A 10 provide 32-bil word cupubility (supplied with
the Model 16008).
Welght: net, 0.2 kg (6 vz). Shipping, 0.5 kg (1 1b).
Data cable: Model 10237A Dala Cable interconnects the 1607A and
1600A 1o provide the 32-bit dala display (supplied with the Model
16008)
Walght: net, 0.23 kg (8 ox). Shipping. 0.5 kg (1 Ib).
Rack mount adapter: Model 104918 Rack Mount Adapler, 222 mm
(8% in.) high and 340 mm (214 in.) deep: adapts the 1600A (o a stan-
dard 483 mm (19 In.) rack.

Model humber and name Price
1600A Logic State Analyzer $4200
1607A Logic State Analyzer 52900
16008 includes a 1600A and 1607A $7100
10236A Trigger Bus Cable (supplicd with 16008) $20
10237A Data Cable (supplicd with 1600S) 360
10253A Card Reader $RO0
10254A Serinl-to-parallel Converier 8975

104918 Rack Mount Adapier $100
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16 Bit serial/parallel digital triggering & display

Models 10254A & 1620A
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10254 A Serial-to-paratlel converter

Model 10254A Serial-1o-parallel Converlee is an aceessory 1o the
(600A and 1607A Logic Stute Analyzers thal extends Lheir use to mea-
surements in serial data streams. The 10254A acls as the interface be-
(ween the system under test and the logic state analyzer, converting se-
rial data into parallel format for full utilization of the analyzer capa-
bilitics. The 10234A permits selective display of up to 16 bytes of dats
per sync signal. with up 10 16 bits per byle. One line on the analyzer’s
display represents one byle of serial data. Synchronization of the data
may he cither by a sync pulse through the jnput probe or by a unigue
paltern sel on the analyzer trigger word switches. In Pattern sync, the
search for a sync in the serial data flow is initiated by pushbution ar by
a remole inpul pulse edge.

Probe inputs

Repetition rate: 10 MHz max in Edge Sync. 7 MHz max in Pattern
Sync.

Input AC: 40 k2 £ 3 k22 shunled by <14 pF (at the probe 1ip).
Inpul threshold: TTL, lixed at ).5 V dc; variable +10 V dc.
Maximum Input: level, £15 V de: swing, IS V peak from ihreshold.
Pulse width: 40 ns min al threshold.

Setup time: time data must be presenat prior to clock transition, S0 ns.
Hold time: time data must be present afler clock transition, zcro ns.

Operating modes
Dlgplay format
Blts/byte: | to 16 bils per byte selectable.
First bit, lef/right: configures output byte for most significant hit
left or right (o correspond (o input data convention,
Dala sync
Patlern: whun sclected, 10254A synchronizes on a unique pattern in
the serial data siream, determined by logic state analyzer Trigper
Word switch settings.
Edge Sync: when sclecied. 10254A synchronizes on input probe
sync signal, posiuve or negative edge sclectable.
Byles/sync: in Count, 10254A acquires only number of bytes se-
tected {1-16) for display between sync pulses.
Delay: number of clock pulses aller sync and before data ucquisition
s sclectable, 0 to 99.

General

Welght: nct. 3.2 kg (7 Ib). Shipping. 3 kg ()1 1b).

Power: +5 V dc. +12 V dec and —12 V dc. supplicd by the 1600A or
1607A Logic State Analyzer.
Dimensions: 28.4 cm (11%,") wide.
(16%4") decp.

Accoessorles supplied: onc Model 10236A Trigger Bus Cable, four
interface cables (HP P/N 10254-61601), and onc Operating Note.
Equipment requlred: 1600A or 1607A plus a 10231C dua probe
from the 1600A, 1607A or ordered separately, for use as the 10254A
inpul data probe (labels supplied with 10254A),

12,1 ¢m (4'%") high, 41.4 cm

Model number and name Price
10254A Scrial-lo-parallel Converler £975
10231C Six Bit Data Probe (sce equipment required) $£205
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1620A Pattern analyzer

Model 1620A Patlern Analyzer generntes a trigger [rom serial or
pacallel digital pattern recognition and/or digital deluy for oscillo-
scopes or other externally (nggered instruments, Pattern recognition is
selectable up (o 16 bits in either serial or parallel mode. with digital
delay selection up to 999 999 bits.

A separate qualifier line is provided for use in the sertal maode, en-
abling you to {ook for bit patterns at a discrete 1ime or during time in-
fervals. A serial lrame delay gives you window selection in the bit
stream, relative to the qualifier starting edge.

In the parallel recognition mode the Analyzer is capable of cither
synchronous or gsynchronous operation, In the paraliel asynchro-
nous mode a selectable pulse width filter reduces the possibilily of
Talse triggering caused by glitches resufting from skew in the data
stream entering (he Analyzer.

Digita) delay can be started by patlern recognition or by an exter-
nat trigger input (Ext Delay Start). This allows moving the measure-
menl window a selectable number of clock cycles downstream (rom 2
frigger point defined by the Analyzer or the trigger inpul,

Serial operatton only

Clock, serial data and qualifier inputs are provided on the rear pan-
¢l through BNC connectors for use with conventional X 10 attenua-
tion probes. For scrial applications, {ront pancl probes are nol re-
quired. Oplion 003 deletes probes normally supplied with (he [620A.

Clock and data probe inputs

Reapetitlon rate: 20 MHz mix

Input RC: 40 k1 £3 kQ shunled by <14 pF (at the probe Lip).

input bias current (Input grounded); <10 uA.

Input threshold: TTL. fixed gt (.3 £0.1 V dec. Varable, 10 £10 V.
Maximum Ingut: level, 215 V de swing. 15 V peak from threshold.
Minimum Input swing: 0.5 V -3 ol threshold voltage p-p.

Clock pulse widih: 20 ns min.

Setup time: 20 ns min (normally 10 ns).

Hold time: zero ns (normally —3$ ns).

BNC Inputs: ¢xt dclay stark. Rear panel: serial data, qualifier, and
clock.

Exi delay start Input RC: ) M{Q +5% shunted by <25 pF in X1 or
x10.

Pattern and delayed trigger outputs

Level: high, =2 V; low, £0.5 V (both into 50 vhms).

Width: approx 25 ns in sync modes.

General

Woelght: nel. 4.5 kg (10 Ib). Shipping. 6.4 kg (14 1b).

Power: 100, 120, 230, or 240 Vac +5%. —10%: 48 Hz 10 440 Hz, max
powcer S8 VA (nominnl 43 VA),
Dimenslons: 28.4 c¢m (11%") wide:
(16" decp.

Accessorles furnished: one Model 10230B clock probe, three Mod-
¢l 10231B datu probes, onc 2.3 m (7.5 i) power cord, onc Operuting
and Service Manual.

1.9 cm (4''4,") high: 40,6 ¢m

Opilon 003: 1620A withoul probes for serial use lesx £650
Individual probes:

10230C clock probe %145
10231C data probe £205
1620A Pattern Analyzer (Including probes) $1750



DIGITAL CIRCUIT TESTERS & ANALYZERS

e | ogic state vs system time display
® Synchronous or asynchronous triggering
s 15 ns gpikes detection

The S000A Logic Analyzer is un unalyzer with feaiures that make it
especially aQractive for serial data apphications, Its flexible tnggering
circuits make possible a stable display whether the trigger event is an
asynchrongus spike or a combination of synchronous signals. The
Lrigger point may cven be positioned in the middle of the display for si-
multanecus viewing ol dala before and afler 1he wigger. For serial
data organized into words, the display ean be delayed from the trigger
nol only in terms of clock eycles, but also in terms of your word sync
pulses. The display consists of sixty-four LED indicators far dis-
playing two channels of thirty-two bits each or one channel of sixty-
four bits,

Digital triggering

The S000A Logie Analyzer utilizes a digital triggering format which
allows indexing to any position within a data sequence by selecting o
signal at either the A or B inpul, the External Trigger input, or logical
AND combinations ol two or three of these inputs or their comple-
ments, If more than three data inputs are required o define @ unique
staritng point within a sequence, the parallel triggering capability of
the Logic Analyzer may be preatly expanded by use of the 10250 series
of trigger probes.

Another unique mode of trggering offered exclusively by the Logic
Analyzer is “asynchronous triggering.” This triggering lechnique al-
lows a display scquence to be initiated on & signal that is nol present
when the inputs are sampled by the c¢lock (not accessible (o syn-
chronous triggering).

Digital delay

I the desired data display is not present immediately following the
trigger, the variable digital delay of the Analyzer ailows repositioning
of the display 10 any point within the data sequence. The 32-bit “dis-
play window™ can be moved with digital preciseness an exact number
of clock pulses relative 1o the fixed trigger point. Data occuring far
downstream in 4 bit sequence becomes conveniently visible just by
dialing the appropriate delay number into the front-panel thumb-
wheel delay register,

The Logic Analyzer also offers a look-shead or “negutive delay™
feature. The Analyzer always has access 1o the last 64-bils of data
prior (o the occurrence of the trigger and has the ability to display this
data il desired. Thus, not only can a failure mode be observed, but the
sequence of events which lead 1o the (zilure can now be displayed for
analysis.

Spike detection

Ounc of the Logic Analyzer's special troubleshooting cupabilities
consists of being able to deteet spikes as narrow as 15 ns between clock
pulses in a data stream. When pluced in the "SPIKE A™ mode, the

c
Logic analyzer ‘

Model 5000A

e Nagative time glsplay
s Precisien digital delay
e Compatible with all logic famillas

Analyzer ignores synchronous data and only indicates the location of
spikes. These spikes may be caused by race conditions, ringing, noise,
or design and are defined as more than one transition of the data on
the A channel between clock cycles.
Annunciators

Analyzer operation is always made apparent by its [ront pancl LED
annunciators, An LED (or each of the five signal inputs functions as a
logic probe to dynamically indicute logic stales and pulse trains, 1T 2
probe isn’t making contacl or an inpul isnl receiving pulses, you
know it immediately. Two other LED's light to indicate the occur-
ence of the arming and trigeering processes. You gever wasie lime try-
ing 1o see signals that aren’t there.

5000A Condensed specifications

Inputs

Input Impedance: | M shunted by 33 pF.

Inpul reshold voltage: continuously vartable over 21,4 V. (14 V
with 10:1 divide probes), Compatible with TTL, ECL. MOS, RTL.
HTL and CMOS logic families.

‘Maximum Inpul voltage: =200 V continuous, £4C0 V transient.

Data and lrigger Inputs (channel A.B. external trigger)
Minimum setup time: 15 nx
Minlmum hold time: 0 ns.
Clock input
Maximum pulsa rapetition rate; 10 MHz,
Minimum pulge width: |5 ns,

Input modes
A.B: (wo-channel operation.
Serial A: A and B display registers cascaded into a single 64-bir dis-
play loaded from Channel A input,
Splke A: detects multiple transitions at A input during a clock pe-
tiod.

Mintmum splke width: (35 ns,

Trigger controls

Minimum sweep rearming tlme: 60 ms alec last clock pulse of
sweep.

Held off control: incredses rearming time 1o 4 sec.

Triggering modes

Clocked mode: analyzer triggers on first clock pulse after all inpul
conditivbns defined by slope control switches nre met. Trigger condi-
tion must remuin until clock pulss oceurs.
Asynchronous mode: analyzer Lriggers when trigger conditions are
mel. Condilions nced not remain until clock polse occurs.

MInlmum pulss width: 40 ns,

Minlmum sefup time: 60 ns.

Digltal delay

Post-irlgger delay range: display begins 0 10 999 999 clock periods
after 1eigger cvent.

Pre-trigger {negative) delay range: display begins O 1o 32 clock pe-
rivds (64 in Serial A mode) before (rigger evenl.

Worgd delay: pernuts two levels of digital delay.

General

Power: 115 or 230 V 2 10%. 48 10 440 Hz, approx. 35 walls.
Dimenslons: 213 mm wide X 178 mm high X 366 mm deep (B.4" X 7
X144,

Temperature: 0 to 55°C.

Options and accessories Price
10013A: 10:1 Voliage Divider Probe £39
10250A: TTL Trigger Probe 593
Option 908: Ruck Flange Kit $10
Option 910: onc additional producl manual 337

S5000A Logic Analyrer $2500
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4 & 8 Bit parallel trigger probes
Models 10250A, 102514, 10252A & 1230A

AN

1230A

4 Bit trigger probes

Mode! 10250A (TTL). 10251A (MOS), and 10252A (ECL) Trigger
Probes are useful service, production, and design troubleshooting
touls that offer digital pattern triggering 10 enhance the use of oscillo-
scopes, logic analyzers, and other test equipment. With the 4 bit trige
ger probe, you trigger on four parallel events, The four inpuls may be
switched to HI, LO, or OFF (don't care) for convenient selection off
the trigger painl. No separate power supply is needed because probe
power is obtained from the circuit under tesl.

10250A specifications
Input
Low level: 0.8 V (-0.6 V min), —0.8 mA max a( 0.4 V (0.5 stan-
dard TTL lozd).
High level: 2 V (5.0 V mux): 100 pA max st 2 V.
Outpul
Swing: 0.5 V 10 4.5 V min into | megohm.
Trensillon time: 7 ns max from 0.6 V (0 ) V: 50 ns min 10 4 V with
I megahm, 20 pF load.
Delay
Propagation: 30 ns max from any input 10 frigger oulpul.
Ditference: 10 ns max between any two inpuls.
Power (supplled by circuit under teat)
Vollage: +5 V £5%; —0.4 V 10 +7 VY max.
Current: 30 mA max; normal operation, 17 mA.
Oversll langth: approx. 168 cm (66 in.).
Welght: nct. 227 ¢ (B o2). Shipping. 907 g (2 1b).
Accessorles included: six miniature probu tips. one Qperating Notc.
and one vinyl carrying case.

10251A specifications
Input
Threshold: (V+ plus V=) 4 2, £20% of (V+ minus V—-).
Output
Swing: V= plus 20% of (V+ minus V=) 10 V+ minus 20% of (V+
minus V=) min into 1 megohm.

Delay (with specified threshold voltsges)
Propagation: 350 ns max at S V, 210 ns max al {D V. from &ny in-
put Lo Leigger output,
Ditlerence: 70 ns max al S Y, 35 ns max at 10 V: belween any (wo
inputs.

Power (supplied by circult under test)
Voltage: beitween +3 V and +15 V (V+ minus V-).
Current: S mA max.

Overall length, weight, and accessorlies: same as 0250A,

102524 specifications
Inpul
Low level: approx. —1.6 V (Ve = 0: V. — 52 V).
High lavel: approx. —0.9 V{V, = 0. V.~ 5.2 V).
Output
Swing: 0.5 V p-p.
Transition lime: 12 ns max with | megohmi. 20 pF load.
Delay
Propagstion: 20 ns mux from any input 10 1rigger oulput
Olfference: S ns max between any two inpuls.
Powar (supplied by circult under test)
Voliage: 5.2 V £10%: £7 V max.
Current: 70 mA max.
Overell langih, weight, and accessories: same as 10250A.

Model 12304
8 Bit trigger probe with delay

The compact Model 1230A Logic Trigger unil generates a trigger
output pulse (TTL compatible) from parallel digital patiern recogni-
tion with digital delay capability for oscilloscopes. logic analyzers, or
other externally Iriggered test equipment. Pattern recognilion is se-
lectable 10 8 bits with the trigger word switches und digital delay is se-
lectable to 9998 clocks, with a choice of synchronous or asynchro-
aous operation.

1230A specifications
Inpul
Frequency: |5§ MHz mux.
Loglc levels: logic '0: 0V 10 0.8 V; logic'1':2 V1615 V.
Current: —360 pA for logic ‘0" input (—400 A lor GATE inpul);
100 pA for Jogic ") input.
Maximum input voitage range: —| Vto +15 V.
Output (negative-going edge true)
Logle “0’: 0.5 V max (60 mA current sinking capabilily)
Leglc 12 2 ¥V min into SO0 (40 mA sourcc current).

Operaiing modes
Word recognlition
Synchronous pattern recognltion: trigger word input recogni-
fion only during positive or negalive cdge (selectable) of CLOCK
input ignal,
Minimum set-up time: 20 ns.
Minimum hold-time: zero ns.
Agynchronous pettern recognlition: independent of CLOCK in-
put.
Maximum propagation delay aller word recognition: 45 ns.
Mintmum inpul pulse width: 25 ns.
GATE Input (or sircbing or expanding word recognizer. GATE
switch sel 10 LO, GATE inpul pulse must be 20 ns Janger than *word-
true’ time. Set to H1, GATE input pulse must be 10 ns longer than
‘word-truc’ time.
Events delsy
Delay range: 1-9998 events slart counting on posilive edge or neg-
ative edge (selectable) of CLOCK input signal afler word recogni-
tion.

General

Power requiremants: 300 mA a1 § V.

Vollage on Power inputs: +4.75 V 16 +13 V max dc. Prolecied
ngainsl reverse polarhy.

Woelght riet. 454 g (I Ib). Shipping. 907 g (2 Ib).

Model nhumber and namae Price
10250A, 10251A., or 10252A Trigger Probe €05
1230A LOgIC Triggcr 495
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s Dynamic multi-family logic Indicators
e Pulse stretching for narrow pulses
e Bad level/open circuit detection

Loglc probes

Logic Probes greatly simplify tracing logic levels ind pulses through
IC circuitry to find nodes stuck HIGH or LOW, intermiltent pulsc ac-
tivily, and normal pulse activity. Thal's becduse they instanily show
whether the node probed is high, low, bad level, open circuited, or
pulsing.

Logic probes require a simple connection 1o Lhe circuit under LesCs
power supply, und they're rcady 10 use. The strain-relieved power
cord, and line-voltage protecied tip insure long iife and durability.
High input impedance protects against circuit loading, not just in the
HIGH state, bul for logic LOW’s as well.

5454 TTL/CMOS Logic probe

The all-new HP Medel 545A Logic Probe contains all the features
built into previous HP probes, plus swilch-sclectable, multi-family op-
cration and buili-in pulse memory. Employing the same straightfor-
ward one-lamp display as our other probes, the S45A operates from 4
to 18 volts in CMOS applications, or from 4.5 1o 15 V d¢ 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 Lo sec, intermitient pulses. Just conncet the
probe Lip o a circwit poim. reset the memory, and wait for the probe
1o catch those hard to find glivchies. The memory capturcs and relains
a random pulsc until reset.

The hand-held 543A is light. rugged, overload protected. and very
las1: 80 MHz in TTL, 40 MHz in CMOS. 11 also employs unique new
power supply connectors 1hat cnable you to power the probe using
several different methods.

545A Specifications

Input current: £33 uA (source or sink)
Input capacitanes: <15 pF
Loglc thresholds
*TTL: Logic onc 2.0 + 0.4, —0.2 Vde. Logrc zcro 0.8 + 0.2, =04 V
de
CMOS: 3 — 10 V dc supply
Logicone: 0.7 X V,upp[y +0.5Vdc
Logic 2¢r0: 0.3 X Viupply £1.0 V dc
CMOS: 210 — 1§ V dc supply
LOgiC ONE: 0.7 X Vs‘upln)) +] 0Vdc
Logic ZERQO: 0.3 X Vsupply +1.0Vdc
Input minimum pulse width: 10 ns with ground lead (typically 20 ns
withoul ground lead)

mv
p
Logic probes ‘

Modetls 545A, 10525T, & 10525E

s One lamp. finger-tip display
a Pulse memory capability
» Overload protected

Input maximum pulge repetiiion

Frequency: TTL. 80 MIH,.. CMOS, 40 M11z
input overload prolection; £120 V continuous (de (o | kHz): £250
for 15 seconds (de to } kM)
Pulse memory: indicutes first entry into valid Jogic tevel: also indi-
cates selurn Lo initial valid level from bad level fur pulse 21 s wide.
Power requirements

TTL 451015V dee

CMOS: 310 I§ V dc

Maximum current: 70 mA

Ovearload protection: 2235 V dc lor one minuie
Temperalure: 0° 10 55°C
Accessory Included: Ground Clip

HP Part No. 00545-60105
"5 4 '0% ¥ dc power supply; usble 1o +15 V de with shighlly Increazad logec low theshold
10525T Legic probe

The modet 10528T Lugic Probe provides TTL/DTL trouble
shooting wl low cost, Heally suited 1o § volt logic applications, the
J0323T has high input impedance, overloud protection, amd S0 MH.
datu rate capubitity. Avuituble with accessory pulse memory and tip
kit.

10525T Specifications

Input impedance: >25 k! in both the high and low state (<1 low
power TTL load).

Loglc ona threshold: 2.0 ¥V £0.2 V.

Logie zero thrashold: 0.8 V +0.2 V, —04 V.

Input minlmum pulse width: (0 ns.

Input maximum pulse repetition traquency: >S50 MHz.

Input overload proteciion: +70 volts continuous. %200 velis inter-
mittent. 120 V ae for 30 seconds, 240 V ac for 10 seconds.

Power roquirementa: 5 V £ 10% at 60 mA, internal overload protec-
tion for voltages from +7 1o —15 volts. Includes power lead reversal
protection.

Temperature: 0° to 55° C.

Accessories Included: BNC 1o alligator clips, ground clip

ECL logic probe
The P Model 10525E Logic Probe extends the time-proven, cosl-
saving logic probe lroubleshooting lechnigue to high-speed ECL legic.
Opcration of the ECL probe is analagous to thut of the 10525T cx-
cept the 10525E's high speed circuitry stretches single shot phenome-
na so tha( single pulses as narrow as § nanoseconds may be observed.
The 10523 may be powered directly from any —5.2 volt source and
ils high input impedance minimizes circuil loading.

10525E Specifications
Input impedance: 12 k! in both the high and low state.
Logle one lhreshold: —1.1 V £0.1 V.

Loglc zero threashold: —1.5 V £0.1 V.

Input minimum pulse wldth: § nsec.

Input maximum pulse repetilion frequency: 50 M Hz (typically 100
MMHz aL $0% duly cycle.)

Inpul overload prolection: +70 vols continuous, 200 velts inter-
mittent, 120 V ac for 30 scconde.

Power requirements: —5.2 V £108% at 80 mA: supply overlead pro-
tection for voltages [rom =7 1o 4400 volis.

Accessories included: BNC 1o alligator ¢lips. ground clip.

Accessories available: Prico
00545-60104 Tip Kit lor 545A Probu 830
10525-60012 Tip Kat for 10525T Probe, 10526T Pulser 340
10525-6001 5 Pulse Memary for 10525T Probe 80
Model number and name Price
S45A Logic Probe $128
10525T Logic Probe $835
10525E Logic Probe $150
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Logic pulsers
Models 546A & 10526T

® In-circuit stimulation without unsoldering
s Automatic Injeclion of proper polarity pulse
o Greatly simplifias digital troubteshooting

Loglc pulser

The Logic Pulser solves the old problem of pulsing 1C's on digial
togic boards (or designers and troubleshoolers. Merely 1ouch the Pul-
ser to the circuit under 1est, press the pulse button ard ol circuits con-
nected 1o the node (outputs as well as inputs) are briefly driven Lo their
opposite state, No unsoldering of 1C outputs is required. Pulse injec-
tion is automatic so the user necd not concern himsell whether the test
nodu is in the high or Jow stute; high nodes are pulsed Jow and low
nodcs, kigh. cach time the butlon is pressed.

The Puiser is essentially a pulse gencrator with high output current
capability packed in a convenient, cusy-Lo-use probe. Ability to source
or sink up to 0.65 Amperes insures sulficient current to override IC
oulpuls in cither the lugh or low state. Qulput pulse widih is limited so0
the amount of energy dclivered o the device under test s mever
excessive. Additionally, the Pulser output is three-state so that the cir-
coil ungder test is unallected umil the Pulser is activated.

Combining in-circuit pulse injection with the unigue deieetion ca-
pubilitics of Logic Probes, Logic Clips, and the 347A Curfent Tracer
focuses new power on solving the problems of fault isolation.
Pulser/Probe. Pulser/Clip, and Pulser/Tracer combinations enable
the digital designer or troubkshooter 1o hold complete stimulus-re-
sponse capability at his finger ups.

Gute operation is lested with the Pulser driving the input and the
probe monitering Iransmitted pulses at the output. When pulses are
not received, place the Pulser and Probe on the same pin to detect if
the failure iy due to o short 10 ground or V...

Testing sequential circuits is the domain af the Logic Clip and Logic
Bulser. The Clip simultancously moniors all outpui states white the
Pulscr applies clock and reset pulses 1o the device lmproper opera-
tion, il present, (s immediately obvious since the 1C will not go
through its prescribed scquence of states.

Finully. when Pulscrs are used with the $47A Currenl Tracer. the
Pulser acts as o current pulse source la ensble exact location ol fuulty
gales on a node., solder bridges. or stuck devices on bus slrucluses.,

546A Logic Pulser

Aulomatic polarily pulse output. pulse widih, and amplitude con-
trol make for casy mults-family operation when you use the 546A Log-
ic Pulser. But, the real surprise eomes when you code in one of iis six
ROM-progrimmable output patterns (single pulses: pulse streams of
either I, 10, ur 100 Hz: or bursts of 10 or 100 puises). This feature al-
lows vou (o continually pulse a eircuit when necessary, and il also pro-
vides an easy means Lo pul an cxacl number of pulses into counters
and shill registers. Used with our new [amily of 1C Troubleshooters,
the S46A acts as both 4 voltage and current souree in digital trouble-
shooting applications.
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546A Specifications

Output;
Typical Qutput Vollage
Family | Oulpul Cursenl | Pulse Width HIGH Low
TI/0TL <650 mA 20.5 us >3Vdc <08V dc
CMOS <100 mA 250us | Visupplyy —1Vde| <05Vdc

Power gupply requirements: TTL — 4.5 to 5.5 V dc at }5 mA,
CMOS — 210 18 V de at 35 mA, proteeted Lo 25 V de

105287 Loglc pulser

The economical 10526T provides dependuble single-shat operation
in TTL/DTL applications. Just press the pulse button, und the pulser
delivers a single powerful pulse of the correel pulse width. polarity und
amplitude.

10526T Specifications

Output high pulse vollage: >2 V a(0.65 A () A typicalat Vps =3
V. 25°C)

Output low pulse voltage: <0.8 V a1t 0.65 A (I A typicalat Vps =35
V., 25°C)

Output impedance, active state: <2 vhms

Output impedance, off state: >1 Meuolhim

Pulse wldth: 0.3 232 nominal

input overload protection: +50 volts continuous

Power supply input prolectlon: 17 volts (includes power kad re-
versal protection)

Power requirements: 5§ V £10% al 25 mA

Temperalure: 0°C to 35°C

Accessorles included: BNC 10 albgatos chps, ground clip

Accessories Avallabia Price
00545-60104: Tip Kit for 546A Pulser $30
10525-60012: Tip Kit for 10526T Pulscr $40

10526-60002: Muius-Pin Stimulus Kit §25
Model number and name

546A Logic Pulser §150
10526T Logic Pulser Siis
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& Solves the "Wired-AND" Probiem
s Displays in<circull Digital Current flow

The all-new S47A Current Tracer precizely lacales low-impedance
faults in digital circuits by lecating current sources or sinks. On 2
shorted node, all points are stuck in one stale by the short. Many sini-
ilar troubleshootling problems. such as shorled wired-AND/OR con-
Ngurations, resull in wasted ime and excessive costs: several 1Cs have
to be removed before finding the bad one, and in the process the eir-
cuit board may be damaged. Now, the 347A exuctly pinpoints the one
fuulty 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 roubleshool circuils carrying fast rise-time cur-
rent pulses, The Tracer senses the magnetie field generated by these
signals in the circuit {or, provided by a Logic Pulser), and displays
transitions, single pulses, and pulse trains using & simple one-light in-
dicator. Because it is nol voltage sensitive, the Tracer operates on all
logic familics baving cucrent pulses exceeding 1 mA. and the repeti-
tion rates less than 10 MHz, including CMOS, where even lightly
loaded outlputs can have up (o 2 o 3 mA typical current pulses.

Prior 1o introduction of the 547A  logic state indicators were limited
to displaying voltage information. A node was HIGH, LOW, epen. or
pulsing. When a node is stuck. however, il may be trying to change
state but isn't able 1o cross threshold levels, Use of the Current Tracer
adds the final bil of information necessary 1o pinpoint just such logic
laults on bad nodes. For example. on @ bad node the Tracer can veri-

e

Digital current tracer
Model 547A

e Ajl Family: 1 mAto1 A
s Finger-tip indicator

1

{y that the driver is functioning and also show where the problem is by
tracing current flow Lo the source or sink causing the node o be stuck.

To use the Tracer, simply align the dot on it's tip at a reference
point. usually the output of a node driver. Set the sensilivity control 1o
indicate the presence of AC current activity. Then. trace the circust 10
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 referonce
point.

547A Specifications
Input
Sensilivity: 1 mA 101 A
Frequency respones: light indicaless Single-<tep current (ransi-
tions: single pulses 250 ns in widih: polse iruins 1o 10 MHz (1ypi-
cally 20 MH/ {or current pulses 210 mA).
Risatlme: izl indicutes current transitons with nisclime <200 ns
ac I mA.
Power supply requirements
Voltage: 4.5 1o 18 Vdc
Input currenl: 75 mA
Maximum ripple: £500 mV above 5 V d¢
Overvoltage protection: =235 Vdc lor one minule
Tempaerature: 0° (o 55°C

547A Digital Current Tracer
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Logic ciips
Modela 546A & 10528A

o Displays IC logic states al a glance
® Seli-powered, self-contained
@ No adjustmenis required

Loglc clips

The Logic Clip is an exiremely handy service and design tnol which
clips onto dual-in-line-package (DIP) ICs, instunuly displaying the
states of all 14 or 16 pins. Each of the clip’s 16 | EIY's independently
fotlows level changes at it’s associated pin. Lil diodes ure logic Righ.
extinguished diodes are Low.

The Logic Clip's real value is in its case of usc. It has no controls 10
be scl, needs no power connections, and requires practically no expla-
nation as 1o how il is used. The clip has ils own gating logic for locat-
ing the ground and Ve, pins and its buffered inputs reduce circuit load-
lﬂg.

The Logic Clip is much easier to use (han either an oscilloscope or a
volimeter when a logic designer or service engineer is interested in
whelher a circuil is in the high or low s14ate, rather than its actual volt-
age. The Clip. in effect, is 16 binary voltmeters, and the user does not
have to shift his eyes away from his etrcuil to make the readings.

The intuitive relationship of the input (o the output — lighted di-
odes corresponding 1o high logic siates — greatly simplifies the 1rou-
bieshooting procedure. The user is frec w0 concentrale his altention on
his crrcuits, ruther than on measurcmenlt lechniques. Also. liming re-
lationships become especially apparent when clock rates can be slowed
(0 about | pulse per second,

When used in conjunction with the logic pulsers, the Logic Clip of-
lers unparalicled anulysis capability for iroubleshooting sequential cir-
cuits. The Clip first attaches 10 the 1C 10 be lested: the Pulser is then
brought into aclien 10 inject pulses between gates allowing it (o sup-
ply signals 1o the IC under test absolutely independent of gates con-
neeled 1o the IC. All outputs may then be observed simultancously on
the Logic Clip. Deviations (rom expected results are immediately ap-
parent as the Pulser sieps the 1C through ils output states.

548 Multi-family logic cllp

Fully yutomatic, protected 1o 30 V de, and employing bright new
LED's in it’s display. the S48A brings multi-family operation 1o \he
HP linc of IC (roubleshuolers. The Clip can be externally powered, il
desired, using a simple power conneclor.

548A Specifications

Input threshold: 2(0.4 X Supply Voltage) = Lugic High

Input Impedance: | CMOS lond

Input protection: 30 V dc (ar | minute

Supply voltage: 4-18 V dc across any 1wo pins

Auxitiary supply Inpuk 4.5 (0 18 V dc applicd via conncetor, Supply
must be 2 1.5 V de more positive than uny pin of 1C under tesl,
Supply current: <50 mA

10528A Logic cllp

Pratection to +7 V de¢, automatic operation, and low circuil load-
ing in TTL/DTL applications helps make the 10528A a valuable re-
placement for mare expensive tes! equipmenl like Scapes and volime-
ters. The clip is. in cllect, like 16 binury voltmeters. allowing the user
la look at the circuit rather than having (o shift his a(iention toward
{est cquipmeni.,

10528A Specifications

Input thresheld: 1.4 £0.6 V; TTL or DTL compaliblc (excepl gaies
with cxpunder inputs).

Inpul impedance: one TTL load (—1.2 mA typica) per inpul).
Input protection: voltages <—1 V or >7 V musl be current limited 10
10 mA.

Supply voltage: 5 V £10% across any lwo or more ifnpuls.
Maximum current consumption: 120 mA.

Temperalure: 0 10 55°C.

Dimenslons: 55 X 40 X 25 em (2.15 in. high, 1.5 in. wide, | in. deep)
maximum.

Weight: nut. 45 gm (1.5 02). Shipping, 120 gm (4 ox).

Model number and name Price
S48A Logic clip $10%
10528A Logic clip $85
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8 Finds faully nodes
& Dramatically culs troubleshooting time
® Performs in-circuit |C testing with no unsoldering

The Model 10529A Logic Comparalor checks the operation of
dozens of §C's in (ess than a minute per IC. The Comparalor clips
onto powered TTL or DTL IC's and detects Munctional failures by
compuring the in-circuit test JC with o known good reference I1C in-
serled in the Comparator. Any lopie state difference between the test
IC and the reference IC s identified Lo the specific pin(s) on 14- or 16-
pin dual in-hne packages on the Comparator's display. A lighted LED
corresponds to logic difference. The Logic Comparalor can save con-
siderable time in locating a faufty 1C. There are no controls lo be sct
and no power connections.

The procedure is very simple. First the IC 1o be tested is identified.
An IC of the same type is placed in the Comparator’s 1C sockel, or a
reference hoard with an 1C of the same 1ype is inserted in the Com-
parator. The Comparator js clipped onto the test 1C, and an immedi-
ale indication is given I the Lest IC operates dilferently from the refer-
ence 1C. Even very briel dynamic errors ure detected, stretched, and
displayed.

The 10529A operales by connecting the tesl and reference 1C inputs
in parallel; thus the reference 1C is exercised by input signals identical
10 those of the test 1C. The outputs of the iwo IC s are compared; any
differences in outputs arc detected, and LED's corresponding 1o the
parlicular pins are it on the Comparator's display. [ntcemittent er-
rors as short as 200 nanoscconds (using lhe sockel board) are de-
tected. and the error indication on the Comparator’'s display is
stretehed for o visual indication. A failure 66 an Input pin, such as on
internal short, will appear as a failure on the 1C driving the failed 1C;
thus a failure indication actually pinpoints a malfunctioning node.

Programming for the specific IC is casily accomplished by 1wo dif-
ferenl methods. Firsy, the socket board included with the Comparator
is inserted in the Comparator drawer. Outpuis of the particular 1C to
be tested are selected via (6 miniature switches which 1el) the Com-
parator which pins of the reference IC are to be allowed to respond
freely. The reference 1C s then inserted inlo the socket and locked inlo
place. 1C may be set up in seconds. Alternatively, if specific 1C (ypes
are o be wesied repeatedly, the reference IC may be soldered into one

Logic comparator ‘

Model 16529A

of the 10 relerence bouards provided wuh the Comparatar. The refer-
ence huurd is programmed by openiig the connections between the
test and reference 1C's outptts and solder-bridging V.. and ground.

When troubleshoaoling you want (o know that the tester is operat-
ing properly. A test board is supplicd with the Logic Comparator (or
thix purpose. When inseried in Ui comparator the test board exer-
cises all of the circuitry. test leads. and display clenienls o verily
proper operation.

The Logic Comparator's ease of use und small size muke it an in-

valuable isddition to the troubleshooter's (est gear cither i the ficld or
in the factory. With TTL and DTL failures that sre functionally re-
Lited, the Comparaulor can (ind bad nodes up Lo ten imes fasier Than
convenlional signal tracing lechniques. Al its low price, the Logic
Comparalor can pay for itself in days.
10641A: nwenty additional blank reference boards: identicad 1o (he 10
boards provided wilh the Logic Comparator (hey allow udditionol
IC's o be programmcd for Comparator testing.
K01-10541A: twenty preprogrammed reference bourds: 20 of the
most common TTL IC's already programmed :md ready for use with
the Logic Compurater. The KO1-10541A 1neludes the following 1C's:
7400 Quad 2-input NAND:, 7402 Quad 2-input NOR: 7404 Hex in-
verter; 7408 Quad 2-inppt AND: 7410 Triple J-input NAND: 7420
Dual 4-inpu1 NAND: 7430 3-input NAND; 7440 Dual 4-0put
NAND buffer; 2451 Dual 2-wide, 2-input AND-OR-INVERT: 7434
4-wide, 2-input AND-OR-INVERT; 7473 Dual J-K muaster-slave Thip-
flog: 7474 Dual D Nip-Mlop: 7473 Quad bistable D tateh: 7476 Dual )-
K flip-Nop with preset and clear: 7483 4-bit binary fall adder: 7486
Quad 2-input exclusive-OR: 7490 Decade counter: 7493 4-bit bipary
counter; 74121 Monostable mullivibrator: 9601 Monosiable multivi-
bratut, reteiggerable.

10529A Specifications
Input threshold: 1.4 V nominzl (1.8 V nominal with socket board).
TTL or DTL ¢ompatible.
Tesl 1C loading: autpuis driving Test IC inpuis are toaded by 5 low-
power TTL louds plus input of Referenee 1C. Test JC outpuls afe
loadced by 2 tow-power TTL loads.
Input protecllon: voltages € —1 V or >7 V must be current limited to
10 mA.
Supply voltage: 5 V £[0%, at 200 mA.
Supply proteciton: supply voltuge musi be limited 10 7 V.
Maximum current consumplion: 300 mA.
Sensltivity
Error gsenshtivity: 200 ns wilh reference boaird or 300 ns with socket
board, Errors greater than this are detected and streiched (6 al least
0.1 seconds.
Delay variatfon immunlty: 50 ns. Errors shorler than this value are
considered spunous and ignorcd.
Frequency range: maximum nperational lrequency varies with duty
cycle. An crror existing for a {ull clock cycle will be deweoted If the
cvele rate is less than Y MHz,
Accessorieg Includad: | (cst board; 10 blank reference boards: |
programmable sacket board; 1 carrying cuse,

Accessories available Price
10541 A: Twenly Blunk Reference Boards for the Logic
Comparalor $95
KOI-1054JA: Twenly Pre-programmed Boards for the
Logic Comparstor 3175
10529A Logic Comparalor $525
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Multi-family logic troubleshooting kits
Model 5021A, 50224, 5023A

s Complete CMOS/TTL troubleshooting Kits
e Stimulus-response capabllity
e in-circuit fault finding

¢ [n-circuit anatysis
& Dynamic and static lesting
® Muhi-pin testing

Multi-family logic
5021A Troubleshooting kit

The S021A Kit combines multi-family Probe. Pulser and Clip nto
one handy kit for sumulus-response testing in lab, field and faciory
applicatyng, Uselul in dynamic or static circuits such as gates, (ip-
flops. #ind micro processors. the 3021A kil instruments operate in
TTL. CMOS. or most any other positive voltage logic families.

5021A Specifications

5021A contains

543A Lagic Probe

S46A lLogic Pulser

S4BA Logie Chp

Dimensions: 20 ! X 14.6 W X 64 Heom {11725 X 575 X 2.5)a.).
Woelght: net, 0.0 kg (13 oz). Shipping, 0.72 ky (16 02).

5022A Multi-family logic troubleshooting kit

The 5022A Kiu brings the advantages of stimulus-response testing 1o
both voltage and current domains in digital circuits. Now, for the first
time, you can stimulate a circuil and exactly prmpoint logic faubs as
never before possible,

Start by {ocating a stuck node with the Pulser-Probe combination.
Then, pulse the node and follow digital current pulse Now to the faully
circuit element using the $47A Current Tracee. This valuahle addition
10 the 1C Troubleshooter line exactly locutes the low impedance point
(o troubleshoot stuck data busses, solder bridges, and three-state de-
VICCS.

5022A Specifications

5022A contains

345A Logic Probe

346A Logic Pulser

547A Curcent Tracet

348A Logic Clip

Dimenslons: 29 L X (4.6 W X 64 Hcom (F1.75 X 5.75 X 2.5 in)).
Woelght: net, 043 kg (15 oz). Shippinue. 0.5) kg (1 1b 2 02).

5023A Mutti-famnlly loglc troublechooting kit

The 5023A Kit includes all of our Multi-family troubleshooters,
plus the TTL/DTL Logic Comparator in one complete lab, field, or
factory troubleshooting kit. The comparator adds the ability o
“map’ and locate (aulty togic responses by identifving incorrect static
ind dynamic logie state responses on 14 or 16-pin digita} 1C's.

Once bad nodes have been mapped using the Comparator, the
Probe, Pulser, Current Tracer and Clip exactly locate logic faults in
digital circuits.

5023A Specifications

5023A contains

343A Logic Prabe

546A Logic Pulser

347A Current Tracer

S48A Lopic Clip

10529A Logic Comparitor

Dimensions: 33.7L X 20W X 225 Hcm (13.25 X
Walght: net. 1.64 ke (3 Vb 10 o7). Shipping. 2.12 k

7.875 X 8.875 in.).
2 (41612 02)

Accessories available Price
00545-60104, Tip Kit for S45A Probe. and 346A Pulser $30
(0526-60002: Multi-Fin Stumulus Kit tor 346A Pulser $2§
10529-60006: Externa) Refercnce Kit for 10529A Com-

parator 5128
1054 (A: Twenty blank seference boards for 10529A

Comparator 595
KOI-10541A: Twenty pre-proprammed reference

boards for 10529A Comparalor S175
Model number and name

$021 A Troubleshooting Kit §378
3022A Multi-fumily Logic Troubleshooting Kit $700

S023A Multi-fumily Logic Troubleshouting Ki $1200
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10526-60002

KO1-10541A

Economical TTL/DTL Troubleshooting Kits
Modals 5011T, 5015T & Accessories

50117 Logic troubleshooling kit

The HP SOUIT Logic Troubleshooting Kit combipes all the 1rou-
bleshoaling capability of four instrumems, the 10529A Logic Com-
parucor, the 10526T Logic Pulser, the 10525T Logic Probe, and the
10528A Logic Clip. The Logic Comparater attaches (o 14- gnd 16-pin
dual in-line TTL and DTL circaits. Both sequential und combinator-
il logic are testable. The )C under test is allowed to operate normally
while i1s oulputs are compared against a reference 1C of the sanme1ype
inserted in the Comparator. Should the circuit under test operale im-
properly, the failure is detected and displayed on the hand held Com-
parator's panel. Sixtecen LED's exactly pinpoint the failed node

5011T Specifications

Includes

10525T Logic Probe

10526T Logic Pulser

}0528A Logic Clip

10529A Logic Comparulor

Dimeneslons: 13.2 cm X 20.3 cm X 8.25¢m (12.25 in. X 8.0in. X 3.25
in}.

Welght: net, 1.36 kg (3 Ib). Shipping, 2.27 kg (5 ID).

5015T Logic troubleshooting minl kit

The HP 5015T Logic Troubleshooting Mim Kit combines the
unigue logic analysis capuabifity of the (0525T Lopic Probe, the
10526T Logic Pulser, and the 10528A Logic Clip inlo & single. hindy
kil. These three instruments provide stimulus/response capability for
dynamic and static lesting of ia-circuit integraled circuits.

5015T Specifications

5015T Includes

Moadcl 10525T Logic Probe

Modecl 10526T Logic Pulser

Modul 10528A Logic Clip

Dimensions: 28.6 cm X 13.3e¢m X 64 cm (11.25in. X 325in. X 2.5
in).

Welght: net, 0.63 kg (1 )b 6 ox). Shipping. 0.74 kg (! b 10 oz),

Accessories avallable Price
10525-60012: Tip Kit $40
10526-60002: Muti-pin Stimulus Kir €25
10541 A: Twenly Blank Comparator Refercace Boards $95
K0)-10841A: Twenty Pre-programmed Comparator

Reference Bourds S175

Model nhumber and name
5011T Logic Troubleshooting Kit $725
SOIST Lagic Troubleshooting Mini Kit $250

oL
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Logic lab
Model 5035A

® Flgxible clrcuit breadboard aid
& Use standard IC's, components, and imterconnecting wires

o Ramovable breadboard for circuit expansion
o Comgpletely self-contained

The 5035A Logic Lab brings convenience, simplicity, and fexibil-
ity to the 1ask of breadboarding new designs or (rying ou1 allesnative
circuit configurations in R&D, production enginecring, and product
support. Fully self-containcd, this rugged design partner helps vou
check oul ideas quickly without chasing efter equipmaent or soldering
companents or conneclions. One ol the Logic Lab's key features is the
uniquely removable breadboard assembly which acls )ike a giant
socke! allowing you to plug in components of a)l varieties and types
and interconnect them with standard 24-gauge hookup wire without
soldering. Each component pin for, 58y, dusl-inline JC packages has
four common tie points for fan in and fan out. Additiona} buses allow
for signal routing or junctions. Since the breadboard holds up 10 16
DIPs, a large circuit under design can be partilioned into subsections
and each one checked ovl individually. Sinee the breadboard is re-
movable, 1he cireuits do nol need (6 be disassembled sfier check out.
The l-amp capabilily of the Logic Lab mainftame could allow scveral
breadboards to be powered simulaneousty and interconnected by sol-
derless hookup wire,

In addition to lhe 5 volt-1 amp laboratosy power supply built in the
Logic Lab smain(ramc, 6 data swilches can be used (0 provide
HIGH/LOW signals to the circuit under test. These switches are com-
pletely “debounced’ 50 Lhal cach transition is a single edge. Thus vari-
ous parts of your circuit may effectively havc different “clocks' by
vaing the dala switches, Also they may be used as pulsc sources since
an up-dowm or down-up opcration provides only a single pulse. Four
LED indicators allow monitoring of various circuit poinls with
RIGH/LOW indications. Two generators in the mainframe provide
sguarewave | Hz and 100 kHz signals thai can be rouled to your eir-
cuil.

The Logic Lab mainframe also has two § vall output connectors on
its rear panc! [or powering the 10525T Lopic Probe and the 10526T
Logic Pulscr. Available separalely, these powerful troubleshooting
100ls provide a vatuable complement to the 5035A Logic Lab. For

years the Probe and Pulser have provided circuit designers and digital
troubleshoaters the in-circuit stimulus/response capability oplimized
for 1C work. The 10528A Logic Clip also is very handy to monitor all
pins of 14- and 16-pin DIP's simultaneously. The 10528A clips di-
reclly 1o IC's mounted on the Logic Lab breadboard. Each of the
three insiruments is available individuzlly or they may be obtained 10-
gether as (he S015T Logie Kit.

5035A Specifications

Power supply: S volts £5%, over 0-1 Amp range: 10 mV rms ripple

maximum. Continuous shart circuil proteclion.

Dpla switches: 6 bounceless slide switches for TTL high/low oul-
uts.

LED indicators: 4 high/low indicalors.

Clocks: 2 independcent: | Hz and 100 kHz.

Braadboard nssembly (MP part number 1258-0121): removable.

Interconnectione: all power supply. data switch. LED indicator, and

component contact poinls may be inlereonnected by slundard 24-

gauge hook-up wire.

Power requirements: 100/120/220/240 V ac +5, —10% 50 or 60 Hz

line frequency: 30 wants max; 0°~55°C.

Dimenslons: mainframe: 89 X 311 X 267 mm (12¥% in. wide, 3'4 in.

high (max], 10'% in. deep).

Breadboard assembly: 165 X J14 X |3 mm (6Ain. X 4%Ain. X "Ain.

thick).

Welght: net, 5.9 kg ()3 Ib). Shipping. 6.9 kg (15.13 Ib).

Accessories Avaifable: Price
1258-0121: Additional breadboard assembly $45
1540-0258: Heavy duly, padded vinyl carrying case $25
05035-60006: Wire interconnect kit (285 prestripped, as-

sorted length and color, 24-gauge hk-up wires) 518
5035A Lopic Lab $425
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e Complete digital training program
e Digital text and laboratory workbook

The 5035T Logic Lab is a combination of all the essential elements
needed Tor a successful introduclory course in practical digital elec-
tronics. Thig unique program i3 structured 10 aid the digital trainee in
the rapld understanding of theory and the practical aspects of digital
circuits,

Each 50337 Logic Lab inchudes: A completely sell-contained main-
frame with a removablke breadboard assembly, a tutorial 1ext on digi-
lal electronics complete with luboratory workbook, and all the com-
ponents and interconnecting wires needed for the laboritory experi-
menls, Also included with the Logic Lub are three industrially proven
digital test instruments: the 10525T Logic Probe, the 10526T Logic
Pulser, and the 10328A Logic Clip.

Mainframe

The 3033T Logic Lab mainframe features rogged industrial quality
constenction with a § voll one ampere short-circuit protected power
supply, This feature allaws the Logic Lab to withstand many years of
rough student usage. Also 6 TTL compatible bounceless data
swilches, 2 independent signal sources of 1 Hz and 100 kHz, and 4
LED logic state indicators muke the Logic Lab an extremely versatile
training #nd circuit breadboarding tool.

Removable breadboard assembly

One ol the Logic Labs key features is the uniquely removable bread-
bourd assembly which acts like a giant sockel allowing insertion of all
varieties and lypes of components. After insertion the busing siruc-
ture of the breadboard permits circuil interconnections to be easily
made without soldcring using standard 24 gauge wire. The unique
structure of the breadboard makes circuit build-up and modification
both fast and easy saving hours of valuable assembly Gme.

The removability of the breadboard allows several individuals to
construct circuits simultyneously on sepurite breadboards, then test
their circuits in a common mainframe. This reduces the incremeniul
cost-per-student and allows individual training 10 proceed ul a pace
consistent with ability.

When system expunsion becomes necessary several breadboard as
semblies may be built und checked independently for correct circuit
opcration then combined and operated simultancously from a single
main(rame.

Text and laboratory workbook

The text and laboratory workbouok combine (o form the hearl of the
Logic Lab digital training program, The practical concise lext pro-
vides the necessary background, while circuit skill snd practicaf
hands-on expesience are developed by the 26 experiments in the fune-
tionul luboratory workbook. The program is arranged in modules of
complexity so that learning can be tailored 1o the student’s back-
ground and end objectives, In addition, its modular nature allows the
use of self-paced and individualized study techniques. The text and
workbook sections are weitten 1o increase the student's knowledge of
digial elecironics, to provide practical experience with nctual circuil
elements and (o provide some exposure Lo the basics of digital circuit
design.

Logic lab
Model 5035T

« Digital test instrumentation
» All required components and interconnections
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Components supplied

Each 5035T Logic Lab includes thirty-two state-of-the-art TTL.
SSI. und MSI integrated circuits, including pales, Mip-flops, counters,
decoders, and an arithmetic logic unit (A.L.U.). Also included are
four LED mairix digital displays with built-in BCD to decimal de-
coders and 235 prestripped. 24 guuge hookup wires of various lengths
and colors.

Digital test instrumentation

The increased use of digital integrated circuils has brought new de-
mands for a digital type of test instrumentation. Hewleu-Packard's in-
circuit digital troubleshooters, the Logic Probe, Logic Pulser, and
Logic Clip have been used in industry for years by technicians and en-
gineers alike. These industrial instruments also make ideal training
tools because of their straightforward indication and operation.
Logic probe

The 10325T Logic Probe is a dynamic logie state indicator. It iden-
lifies logic highs, lows, open circuils with fingertip display (lit and ex-
linguished band of light), detects single pulses as narrow as 10 nano-
seconds and puls¢ trains 1o 30 M bits/secand. The Logic Probe will
provide the siudent with a unigue digital analysis capabiiity unavail-
able using uny other meusurement technique.
Loglc pulser

The 10526T Logic Pulser provides the student with the equivalent of
a hand held digital pulse generator. 1t injects a pulse anywhere in-cir-
cuil; no disconneclions are necessary. The Pulser overrides momen-
larily, the existing state of the node, and it selects the proper polarity
pulsc automatically! High nodes are pulsed low and laws pulsed high
with a single depression of the pulse buflon.
Logle cllp

The 10528A Logic Clip is particularly uselul in understanding the
functsonal nature of IC gates. The Clip utiaches directly Lo dugl-inline
packages, and with no wires or connection displays the logic states at
ihe IC pins simultancously viz 16 LED's—one per pin. An LED lit in-
dicates a logic high and extinguished. a logic low.

5035T Specifications

Includes

Model 503SA Logic Lab; “Practical Digital Elecironies—An Intro-
ductory Course” Texl und Workbook: Logic Probe; Logic Pulser;
Logic Clip; Component and Wire Kit; Carrying Case.

Accessories available: Price
1258-0121: Additional Breadboard Assembly $45
10656A: Set of 10 "Practicsl Digital Flectronics—An

Introductory Course'” Text and Lab Workbook $150
10657A: Additional Component and Wire Kits 5150
S035T Logic Lab $750

o



MOSCILLOSCOPES

General information

The oscilloscope—the most general pur-
posc and basic 100} of the elecirical de-
signer—has evolved into a very accurale and
versatile measurement tool. With the rapid
growth, in the pasl few years, of technology
n ntegrated circuits, the measuring capabil-
ities have increased tremendously, Band-
width has increased. sweep speeds are laster
and more lincar, displays are larger and
brighter, and controls arc easier 1o operale.
In peneral. the most versalile 1est instrument
has become cven more accurate and more
Mexible.

Hewlet(-Packard moncercd many of 1the
measusement capabilities thal are now taken
for granted in oscilloscopes. A few of these
are internal graticule CRT. beam finder, ex-
pansion mesh CRT, trigger holdoff, miaed
sweep. general purpose sampling 10 18 GHz.
time domain aqeflectometry, and rugged vari-
able persislence/storage.

Selecting an oscilloscope

Today's selection of an oscilloscope is not
a3 easy as ji was in previous years. The recent
technologiwcul ehanges have considerably im-
proved the price performunce ratios that are
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available. In addition, measurement require-
ments have also ¢hanped und expanded.

To muke the best selection, use your im-
mediate measuremenl application as a stari-
ing point. Then look at your past and future
requrements. Afler examining all of the pos-
sible measurement requirements, you will
have an ides of (he lype of oscilloscope
needed in your application. In a somewhat
broad sense oscilloscopes can be classified in
Lwg categories, mainframes with plug-ins and
nonplug-ins.

Plug-in oscilloscopes

The plug-in oscilloscope (figure 1) offers
maximum flexibility by permitting general
purpose measurements as well as retaining
the capability (o make specialty rmeasure-
ments. By carefully selecting a mainframe,
you will be able 1o change the measurement
capability by using differem plug-ins rather
than having another infrequently used spe-
cial purpose oscidloscope on hand. Plug-in os-
cilloscopes are usually called General Pur-
pose Laboralory insirumenls because ol the
broad mcusurcment capabilities,

V)

General purpose lab scopes are used in
basic circuit design for almasl every elec-
tronic product and are most often config-
ured as a 2 channel. wide band, delayed
sweep instrrument. As the general purposc
measurement needs expand, the plug-in flex-
ibility allows you (o reconfigurc your instru-
ment Lo fit other applications.

In addition to generat purpose dual chan-
nel plug-ins with bandwidths from 25 1o 100
MBz, many specialty plug-ins are also avail-
ahle — high sensitivity, differenual/de off-
sct; four channels: standard. delayed. ex-
panded, or mixed sweep operation: sampling
bandwidihs 10 18 GHz tinie dem:ain reflee-
tometry: spectrum analysis to 1300 MHz, and
swepl frequency testing from 100 MHz o 18
GHz. The flexibility of the plug-in system is
considerable — «t makes one instrument do
muny jobs.

Nonplug-in oscilloscopes
Nonplug-in oscilloscopes (figurc 2) are
somelimes ref(erred 10 as “dedicated™ instru-
mients because of their nonplug-in form. Al-
though they are dedicated in form dhey arc
truly general purpost in measuremenl capa-



Figure 1, Aeprasemiative plug-in ascliloscopeas trom Hewiett-Packard's 180 series.

bidity with full luboratory accuracy and qual-
ily. These oscilloscopes are usually dual chap-
ncl. delayed sweep instruments with a wide
variely of measurement capabilities. If the ap-
plications do not require plug-in Nexibility
for changing requirements. then the lower
cosl nionplug-in oscilloscope is a aseful choice
for a general purpose laboratory instrument.

High speed

Hewlell-Packard has wo 275 MHz oscil-
loscopes that are ideal for use in the design.
manufucturing. and testing of high speed
compulers and peripherals with fast inter-
lace logic, high speed digital communica-
lions and instrumentation, as well as high fre-
quency ¢l applications. Model 1720A has
convenlional volis-versus-lime measure-
ments and is particularly well suited for 1im-
ing measurements with its delayed sweep and
I ns/div sweep speeds.

Model 1722A with ils microprocessor and
LED display eliminates the time-consuming
counting ol divisions, interpolating between
graticule lines, and multiplying by the appro-
priate scale factor. With microprocessor cak
culated results and direct LED readout, mea-
surements are made without manual compn-
tation which saves time and reduces the pos-
sibility of human crror. Meuasuremenis of de
voltage, instantancous voltage. pulse width,
pulse period and frequency, propagalion de-
lay, rise time, and relative amplitude ex-
pressed in percent, are all made in a conve-
ment, repeatable, unambiguous manncr. In
addition 1o providing digital readout of a
measurement, the microprocessor gives con-
siderably more repeatable measuremenls
than previously possible in real time oscillo-
scopes, Dual-delaved sweep improves accu-
racy of time interval measurcments because
the CRT is used as a nulling device which
eliminates nonlinearity errors. The dual-
delayed sweep measurement technique, de-
veloped by Hewlett-Packard, simplifies rise
time, propagation delay, clock phasing and
other high-speed timing measurements. Two
separate narkers are used 1o cnable the op-
eridlor 1o see both start and stop points of the
ume interval simultancously. These two
markers also reduce the possibility of setting
a measuremenl {o the wrong event. #n 1he de-
layed sweep mode, the start and stop mode
are overlapped to obtyin maximum accuragy

with the improved resolution of aptical null-
ng.

For time interval measurements at 200
MHz, Model 1712A includes Dual-Delayed
sweep with a scaled de voliage output for di-
rect readont on an external DVM, For (radi-
tonal measurements in the 200 MHz range,
Model 17108 is available with standard de-
layed sweep.

100 MHz

Model 1740A 15 4 100 MHZ oscilloscope
with a third channel trigger view for accorate
pencral purpose measurements. This oscillo-
scope with its large 8 X 10 ¢m CRT offers de-
layed sweep measurcments 1o 100 MHz at 3
mVY /cm dellection factors. A X5 magnifier in-
creases sensilivity (o | mV /em on both chan-
nels 1o 40 MHz without the need 10 cascade
channels. As a further aid to measurement
fMexibility Option 101 1o the 1740A (figure 3)
provides ceur panel inputs ond switching cir-
cuits for interfacing with the Model 1607A
Logic Stale Anualyzer. Thix option permity
single pushbutton switching between dala do-
main table displays and time domain mea-
surements. The functional 16 bit wide dis-
plays provided by the 1607A permit fast anal-
ysis of digital systems when you only need
Jogic flow information. And. with the digital
Lriggering capability of (the 1607A coupled to
the 1740A external trigger you have the abili-
ly ta "“window"™ the time domain display to
the digital problem area for electrical analy-
sJS.

Modcl 1741 A offers the same convention-
al operating leatures as the 1740A plus vari-
able persistence/storage for a truly versatile
general purpose oscilloscope. For viewing
low rep rate fast rise \ime signals, the vari-
ahle persistence mode allows you to adjust
the trace for an optimum display. The 1741A
storage CRT provides a brighi. crisp stored
trace with a writing speed of 100 ¢m/ us which
is ideal for capturing single-shot and low rep
rate signals common in today's digital cir-
cuits,

35 MHz and 75 MHz

For upplications in the 35 MHz and 78
MHz arcd. there are (wa scopes with hattery,
de. or ac line power capability for field und
lab applicalions. The X5 MHz oscilloscope
offers slorage and varjable persistence oper
ation with a rugged bumn resistant CRT

which makes it ideal for general use.

The low power requirements of Hewlelt-
Packard portable oscilloscopes has permil-
ted development of the ruggedized 1707B
Option 300 which meets environmental re-
quirements described in MIL-0-832258
(USAF). designated AN/USM 338, In fuct, a
few maodifications allowed the oscilloscope o
surpass the dripproofl test and operate under
waler. Meeling these rugged requirements did
nol reduce the laboratory accuracy of the in-
struments and it incorporates the same basic
proven circuits as the standard 1707B oscil-
loscope.

15 MHz

In the de (o 15 MHz range (iere are four
models available. 1223A  variable persis-
tence/storage, 1220A and 1222A dual chan-
nel. and 1221A single channel, that are de-
signed for industrial and educational appli-
cations, and production line (esting. Logical
front panel layout, large 8 X 10 division in-
ternal graticule, and automatic triggering re-
duce Yamiliarization Gme snd assure maxi-
mum efficiency in production and student en-
vironmenis.

500 kHz

Low frequency scopes which have aboul
500 kHz bandwidth are used in educational,
medical, system monitors, enginesring. pro-
duction, and in somc cases [ield service.
These scopes could be classified as the “work-
horses™ of the electronics industry since they
are most cominonly found in system applica-
tions. The 1200 series scopes easily fill these
requirements with their 100V and 3 mV sen-
sitivity, solid-state and lightweight construe-
tion, and relizble nnd siable operation. Also
available are storage and variable persistence
models which eliminate annoying Micker and
retain single-shot traces that are common in
bio-medical or eleciro-mechimical applica-
tions.

Oscilloscope basics

Because the oscilloscope can display elec-
trical signals which vary with time, it has be-
come today's most widely used electronic
measuring instrument. It produces a visual
display of any physical quantity which can be
represented as a voltage. This permits precise
measurement and analysis of the phenome-
non represented by the voltage.




MOSCILLOSCOPES

General information (cont.)

Figure 2. Representalive Hewlett-Packard
nonplug-in oscilloscopes.

Figure 3. Option 101 1o 1740A offers one bution switching between Logic State Analysis

and volts vs. time measuramenis.

The catitode-ray tube

A CRT produces an electcon beam whose
movement is controlied by the verlical and
borizonig! amplifiers and by the power sup-
plics which lTorm, shape. and accelerate i
This clectron beam sirikes a phosphor screen
and & visible glow results as the beam is
moved.

Since the beam deflection ¢an be cati-
bratled against a grid (graticule) on the CRT
face, amplitude and (ime measurcments can
be made. All Hewlett-Packard gratficules are
Internal and in the same planc as the phos
phor. climinating parallax.

Hewlett-Packard manufactures afl its own
CRT s-—lechnological leadership  has  ac-
companted this.

An expansion mesh, used first by Hewlct(-
Packard in 1962, with a voltage on il pro-
duces an electrostatic lield which bends the
bean after its initia) deflection at the clec-
fron gun structure. By controlling mesh ra-
dius, Hewlet-Packard CRT designers have
produced increasingly larger display areas
while simaltancously reducing the overall
lengih of the Lube.

Siorage scopes are available with rugged
variable persistence (the lime it 1akes for the
trace 1o fade 10 10% of its original bright-
ness). This Is made possible by use of a stor-
age mesh immediately behind the phosphor.
Control circuits then determine the rate at
which a display fades away after being stored
as a charged pattesn on the mesh.

Vertical deflaction system
Since the CRT is limited as 10 the range of
defleclion voltages which can be applied, a

vertical amplificr and altenualor ase used.
These are accurately calibrated to provide a
deflection faclor related 10 the graticule {e.g..
5 mV /division).

Horizontal deflection system

To deflect the clectron heam honzontally,
an amplifier and sweep generator are used. A
sawloolh waveform generator sweeps the
beam at a selectable uniform rate. With such
a inear rale of sweep, calibration 10 the gra-
ticule is possible (e.g., | ms/division).

For meaningful displays, the horizonial de-
flection syslem must provide synchronizing
circuits to start the sweep at a specific instant
wilh respect 1o the measured waveform. Au-
tlomatic triggering on Hewleu-Packard
scopes makes starting of the sweep a quick,
casy step.

Power supplies

Scopes contain low and high voliage power
supplics and determine. with the CRT, the
maximum capabilily of a scope. especially of
a2 man(rame.

Low voliage power supplics give operating
power Lo scope circuils such as (he vertical
and horzontal amplifiers. The high voliage
power supply forms and controls the CRT
electron beam

Hewletl-Packard has made contributions
in power supplies, (oo, and (wo examples wil)
show their significance:

I. The 1703A and 1707B portuble scopes
have an advanced design LVPS. U is highly
efficicnl and has a newly designed de-to-de
converter. The resull is a scope which con-
sumes approxtmalely 25 watts and operites
from ac tine, de linc, or optional bautesy.



Figure 4. Power supply module can be
operated outside the mainframe (o tacill-
tate maintanance.

Figure 5. New HP miniature probes and IC
Test Clip permit easy probing of dusi-in-
line packages with minimum probe load-
Ing.

2. Mginframesin the 180 Systemn have s se-
fiable LVPS which, when repair may be re-
quired, can be removed from the inslrument
in a fully operaling slatus: refer lo figure 4,
Repair or ealibration time is greatly reduced.

lnput probes

Proper s¢lection of well-designed probes
will minimize ¢iresit loading cffects and pro-
vide 1he most accurzle and usciul waveform
information, Improper maiching of probe (o
circuit mcasurement point or of probe 1o
scape will cavse rise ime errors in pulse mei-
surements and cause both amplitude and
phasc crrors in CW measuremenls.

The elTecls of resistive loading have been
recognized for some ime. High input imped-
ances have been used to reduce the voltage di-
vision between circuit and measuring device.
This technique will cause minimal error if
measurements are al low frequencies and the
circuit test point has a low impedance.

When these probing requirements are nol
met, inaccuracies result for one big reason:
CAPACITANCE. And the cffecis of capaci-
tance in the probe or scope inpul change
drustically because of frequency.

Hewleu-Packard has pioneered in helping
solve the capacitance problem in high fre-
quency measurements by providing sclect-
able input impedance — 50 ohms or a high 2
with low capacitance. This measurement con-
venience is available because of Hewielt-
Packard's innovative design, illustrated in fig-
ure 5, that uses thick-film atltenuators.

Sampling oscilloscopes

Sampling oscilloscopes use a lechnique
which is similar in principle (o use of 4 strob-
oscope for study of periodic or varying mo-
tion.

Samples arc laken on successive recur-
rences of a wavelorm. As cach amplitude
sample is taken later in lime on (he wave
form. the CRT beam is deflected (o Lhe car-
responding point where a visible dot is then
displayed. The rate at which sampling occurs
is very last; thus the dols are displayed as a
coherent-appearing waveform on the CRT.

Samples are obtained when a pulse “tums
on” the sumpling cireuit for #n extremely
short time. During (his interval the inpul
waveform amplitude is measured, the sam-
ples are then effectively "stretched" in Llime,
and amplified a( relatively low bandwidihs.

Thanks Lo lasl-switching diodes developed
by Hewlelt-Packard—some ¢ven lor vse {n
olher types of instrumentation—sampling
scope bandwidlhs bavc progressed (o the 18
GHz poinl.

Oscillogscope selaection

1700 Series Oscilloscopes

Dual ¢hannel with selection of 275 MHz,
200 MHz. 100 MHz, 75 MHz or 35§ MHz. 275
MHz or 200 Mz dunl-delayed sweep fur
laboratory. production and leld use in digi-
tal and high frequency (f applications. 100
MHz storage/variable persistence or non-
storage with 3rd channel trigger view: and 335
MHz storage with variable persistence. See
page 116,
180 System high frequency piug-in
scope

The one plug-in insirument o solve nearly
any gencral-purpose luboratory or produc-
tion line measuremciil problem, Bandwidihs
of 500 kHz, 35 MHz, 50 MHz, 75 MHz or
100 MHz. Standard. storage/variable persis-
tence, >400 cm/us storage writing speed or
big-screen. Sampling to 18 GHz, TDR. spec-
trum analysis and swept frequency analysis,
Sec Page 130.

1220 Series 15 MHz bandwidth

Single and dual channel, and dual channel
storage /variable persistence oscilloscopes (or
production line 1esting, educational, and in-
dustrial upplications, See Page (30.
1200 Series Low Frequency Scopes

Low frequency, nonplug-in scopes of
proven. all-solid-state circunt design, Muany
operating features normally found only on
much wider bandwidth, more expensive
scapes. 500 kHz bandwidths in standard or
storage/variable persistence. Deflection (uc-
lors us low as 100 «V/div. See Page 154,

Oscliloscope accessories

Supporting accessories Lo get the most out
of your scope investmenl. Cameras and
adaplers. lestmobiles, active and  passive
probes, and adapicrs to meet most any need.
See Page 156.

EXT. HORIZONTAL IHPUT—l

e SYNC | SWEEP RORIZ
\ = cirewT GENERATOR AMPL
EXT SYNe |
VERTICAL INTENSITY B FOCUSING
INPUT SIGNAL 6—— Lo s IZ
R.V. POWER
SUPPLY
L.V. POWER

SUPPLY _—l:
EXT, INVENSITY MODULATION

Figure 6. Typical oscllloscope block dlagram.
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OSCILLOSCOPES

275 MHz, dual-delayed sweep
Models 1720A & 1722A

( i/ oA OrCiLOSCOTE

1722A, 1720A Description

Models 1720A and 1722A are precision, wideband, high perfor-
mance oscilloscopes in ul) traditional verucal, horizantal, and trigger-
ing operations. Vertical defllectian factors of 10 mV/div 10 5 V/div
wilh 2% attenuator accuracy cover most osci)Jloscope measurement re-
quirements. The full bandwidth of 275 MElz is maintained in all cali-
brated and uncalibrited modes as well a< over the full 0°C 1o +55°C
temperature runge. Rise time snedsurement accurucy is maintained
over the entire 6 cm displiy.

For maximum measurement Nexibility, there are switch-selectable
300 or 1 MQ inpuls with the full bandwidth available in either mode,
The HP 1001 7A miniaturc prabe with an input of | M shunied by
less than 8 pF is ideal for use with the | MiL/11 pF inputs of these os-
cilloscapes. The small size of the 10017A allows probing in compact
circuils where conventional probes are difficult or impossible (o use.
For convenienl probing of duai-in-line packuges, the 10017A may be
inserted into a 10024A [C st clip which eliminaltes the problem ol
holding the probe tip on an IC pin or possible shorting between pins.
The 1C 1est elip also provides built-in probe grounding which elimi-
nates Use problems associated with separate probe ground leads, and
reduces capacitive loading.

A crisp, bright trace over the full & X 10 om display area offers
easier, more accurate measurements. Beam ntensity is automatically
regulated for convenent viewing and increased CRT lite. however.
maximum intensily is maintained when viewing low rep rate. (sl tran-
sition pulses. An automatic focus circuil reduces e need for 1ocus re-
adjustment with ntensity level changes normally encountered in
probing applications while retaining a front pancl control for finc ad-
justments when desired.

Internal triggering is stable in exeess of 275 MHz and requires anly
| ¢cm of vertical deflection (0.5 ¢cm 10 30 M Hz). The internal trigger
sync takeoff is immediately after the attenuasor (of a stable displuy re-
gardless of changes in posilion, vernier. or polarity controls. For ex-
ternal triggering applications. you only need 100 m\V p-p Lo trigger in
excess of 275 MRz and only 50 mV p-p 1o 100 M Hz.

Improved accuracy and convenience of the
1722A

Time Interval measurements

The Hewletl-Packard developed dual-delayed sweep, coupled with
microprocessor calculated results, LED readout, and exceptional time
base accuracy makes measurements of very short lime intesvals accu-
rate and convenient. Measuremenis such as rise time, pulse width.
period. and propagition delay can be madc between Iwo events on
channel A, 1wo events on channel B, or hetween an event beginning on
channel A and ending on channel B. Time interval is measured by us-
ing the Hewlett-Packard developed Dual-Delayed Sweep technique o
display the start and stop points of the time interval as intensified’
markers. Measurements arc made in the Main Intenstfied mode by
first adjusting marker widith with the Delay Time/Division control.
Then the first marker is set 1o 1) with the Delay dial. The second mark-
cr is positioned by osing (he DEC+—INC comraols (Coarse, Medi-
um, or Fine) which causes the microprocessor (o develop the voliage
to postion the marker. While developing the voltage {(t:—1,) o s¢pa-
rale the maorkers, the microprocessor automaltically converts the volt-
age, scaled lo the lime base setting, and displays the result. The ime
imerval is displayed in vnits of seconds (exponent-0). milliseconds {ex-
ponent3), microseconds (exponent-6), or nanoseconds (exponent-9).

Once (he markers are positioned, increased accuracy cian be ob-
tained by switching to the Delayed Sweep mode where the two mark-
ers arc expanded to full screen and displayed alternately. Maximum
accuracy is obtained by overlapping the iwo delaved sweeps using the
DEC-—INC controls.

Frequency measurements (1/TIime)

The 1/Time mode eliminates the need (or calculutions when setting
clock frequencies or measuring the frequency or repetition rate of a
waveform, The frequency measurement is inade in the sume munncr as
the time interval measurement and has the same accuracy capabili-
ties. The microprocessor simply computes the reciprocal of the period
and displays the results in units of Hz (exponent 0). kH7 (cxponent ),
or MHz (exponent 6).
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Two intensitied markers gre positioned to cover ihe slart and stop
polnts of the desired inferval. The LED readout aulomatically and
continuously displays (he time between the lwo markers (1.92 us).

For increased accuracy. the scope is placed in the Delayad Sweep
mode to disptay the two intensifiad iraces alternately. When the
two traces are made to coincide using the DEC-— INC controls,
maximum accuracy I8 achieved (1,962 us, £0.63%).

i
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DC voltage measurements

When the Tnput DC Volts pushbution is pressed, the digitef read-
out displays the average value of the Inpul to channel A. The 1722A
then functions as a 3-'4-digil voltmeter with full seale ranges from 95
mV to 47 V. When using a 10.1 divider probe. a front panel switch
compensates the LED readout for direct readings from 0.95 V to 470
V. Measurements are made by pressing the REF SET bution to store 4
reading as a reference; the LED display then shows the difference be-
lwoen the reference and a new voltage at the chunnel A input.

Polnt-to-point voltage measurements

When in the POSN (position) mode, the DVM circuits read the lev-
el of the position conirol voltage which allows measurements of volt-
age on any part of a waveform through de substitution. This measure-
ment is made by selecting the desired point on the waveform and po-
siltoning it on a convenient graticule line. The REF SET button is
pressed to establish the graticule line as 1he zero Jevel, then (he posi-
tion conlrol is adjusted to bring the point 10 be measured to the same
graticule line. You then have a direct digital readout of the voltage lev-
¢l between the measuremenl points.

Percent measurement

The pereent rmode offers fast, convenienl, direct reading, amplitude
measurements of pulse overshoot, ringing, preshoot, and amplitude
modutlation on an rl carrier. Percentage measurements are made in the
Position mode with the vernier out of CAL position. The vernier is
then adjusted (o establish a five-division separation between the de-
sircd zero and 100% point of the waveform on the CRT graticule
Next, the zero percent level is positioned to a horizontal graticule line,
and the REF SET button is pressed. Positioning any other part of the
waveform to the reference graticnle line gives a direct reading of (he
wavelorm level in percent. This measurement 1echnigue permils you
(6 show exactly where the 50% level is on a pulse for consistent pulse
width measurements. or it can determine the 10% and 90% levels for
rise time measurements.

Digltal circuit analysis

The HP 1607A Logic Staic Analyzer and Oplion 101 on the 1720A
and 1722A offcr a convenienl method of debugging and trouble-
shooting digitul circuils. State Display Option 101 adds rear-panel in-
puls sind internal switching circuits (or switching between logic state
display and analog display (voltage vs time). The ability 1o quickly
switch between stute and analog displays i1s very useful when word-
flow crrors require analysis of clectrical parameters to determine cor-
rective measures.
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OSCILLOSCOPES

Models 1720A & 1722A (cont.)

1720A and 1722A Specifications

Vertical display modes

Channel A; channel B; channels A and B displayed alternately an suc-
cessive sweeps (ALT): channels A and B displayed by switching be-
tween channels at approx. | MHz rate with blanking during switching
(CHOP): channel A plus channel B (algebraie addition): X-Y (chiannel
A vs. channel B).

Vertical amplifiers (2)

Bandwldth: (<3 dB down from s 6 div reference signal.)
DC-coupled: dc 10 273 MHz in both 50 chm and high impedance
input modes.

AC-coupled: approx. 10 Hz te 275 MHz.

Bandwlidth Ilmit: limits upper bandwidth Lo approx. 20 MHz.

Rize time: < 1.3 ns {measured from 10% to Y0 points ol 3 6 div input

step).

Deflectlon factor
Ranges: 10 mV/div (o 5 ¥ /div (9 calibraled positians)in 1, 2, 5 s¢-
quence. 2% a(tenualor accuracy.

Vernler: continuously variable beiween all ranges: extends moxi-
mum dcNection facior to at leust 12.5 V /div. Front panel light indi-
cates when vernier is not in CAL position,

Polarity: channe! B may be inverted, front paset pushbutton.

Signal delay: input signals are delayed sufficiently 10 view lcading

edge of inpul pulse without external irigger,

Input coupling: sclectable, AC or DC, 50 ohm (d¢). or ground.

Ground position disconnects input connecior and grounds amplificr

input.

Input RC (selectable)

AC and DC: | megohm 2% shunted by approx 11 pF.
80 ohm: 50 ohms +2%; SWR. £1.3 on 10, 20, and 50 mV runges
and < 1.15 on all other ranges.

Maximum Input
AC gnd DC: +250 V (dc + peuk ac) at | kHz or less.

50 ohm: S V rmis or £250 V peak whichever is less.

A + B operation

Ampiifier: bandwidih and deflection factors arc unchanged: chan-
nel B may be inverted for A — B operalion,
Ditterential {A — B) common mode: CMRR is al least 40 dB
from de¢ 1o 5 MHz decreasing 10 26 dB at 50 MHz. Common modc
signal amplitede equivalent to 12 cm with one vernier adjusted for
optimum rejection.

Trigger source

Scleciable from channel A, channet B, or composite.
Channel A: all display modes triggered by channel A signal.
Channel B: all display modes triggered by chanrel B signal.
Composite: all display modes triggered by displayed signal.

Channel A Input — de volts (1722A)

Display: light emitting diodes (LED).

Number of digits: 1.

Display units: 0 exponenl indicates volts; =3 exponent indicates mil-
livolts.

X1 range: 95 mVY 10 47 V (ull scale vertical deflection ()0 mV/div t0 5
V/div).

)(40 range: 0.95 V (0 470 V lull scale vertical delection (100 mV /div
10 50 V/div with X10 probe).

Accuracy: 0.5 reading £0.5% futl scale (full scale =
+20°C o0 +30°C.

Stabilty: (emperature coeflicient, <+0.02%/°C.

Input impedance: X1 range. | megohm shunted by upprox. 11 pF;
X10 range (with X10 probe) 10 megohms shunted by approx. 10 pF.
Sample rate: approx. 2/s.

Response time: <1 x.

Reference set: mcter muy be zeroed permilting de votlage measure-
ments with respect (o any voltage within selected cange Drift may be
eliminaled by the REF SET conirol

Overrange: Mashing display indicales overrange condilion.

10 cm),

Channel A poaition — volts (channel A vernier in CAL
detent) (1722A)

With the following exceptions, specifications ure the same as Chan-
ncl A Jnput — DC volts.
Meersurement: dc substitution method using channel A position con-
trol 10 determine voltage of any point on displuyed waveform using
any gralicule linc as reference.
Bandwidth: dc to 275 MHz (<3 dB down from a 6 div rclerence sig-
nal}.
Dynamic range: +6 cm from ground referenced (o cenler sereen.,
Reference set: mcier may be zeroed. permits instantancous voliage
measuremern(s with respect 1o any voltige within selecled range.
Accuracy: #1% reading £0.5% of full scule (10X the volis/div range}
mersured sl de.

Channel A position —% (channel A vernler out of CAL
detent) (1722A)

Meesuremenl: dc substitulion method nsiag channe! A position con-
trol to detecmine percent of any waveform poinl with respect 10 user
defined 0 and 100% points,

Range: 0 to +[40% (calibrated with vemicr so that 100% cquals 5
div).

Accuracy: +1%.

Zero raference: meter muy be zeroud 10 permit percent measure-
ments with respect to any waveform point.

Vertlcal output

Amplltude: one division of vertical defection produces approx. 100
mVY oulpul (dc to S0 MHz).

Cascaded deftection faclor | mV /div with bath veriical channels
sel 16 10 mV [div.

Caecaded bandwidth: dc to 5 M Hz with bandwidth limt ¢ngaged.

Source reslstance: approx. {00 ochms.

8ource selaeclion: rigger source set 10 chunnel A selects channe) A
ontpul: frigger source set 1o channe! B selects channel B oulput.

Horlzonlal display modes
Main. nin intensified. mixed, detayed. mag X 10, and X-Y.

Mzain time base

Swesp:
Rangee: 10 ns/div 10 0.5 s/div (24 ranges) |, 2. 5 sequence.
Accuracy

Main sweep tima/div Accutaey (0°C lo +55°C)
X1 Xip
10 s to 50 ns +3% +5%
100 ns 1o 20 ms +2% +3%
0mslbdSs +3% +3%

Vernler: continuously variable between all ranges; extends slowest
sweep speed to ot least 1.25 s/div. Vernier uncalibrated light indicates
when vernter 1s nol in CAL position.
Magnifier: cxpands all sweeps by a luctor of 10; extends (astest sweep
10 1 ns/div.
Sweep mode
Normal: sweep is triggered by internal or externul signal.
Automatie: bright bascline displayed in absence of Input signal
from 10 ns/div ta 20 me/div. Triggering is same as normal above 40
Hz. Normal triggering is generally required for sweep speeds from
50 ms/div (o 0.2 s/div.
Single: in Normal mode, sweep occurs once with same riggering as
normal. reset pushbutton arms sweep and lights indicator: in Aoto
mode, sweep oteurs once each lime Reset pushbulton is pressed,
Triggering
tnternal: dc 1o 50 MYz on signals causing D.5 division or more ver-
tical deflection, increasing to | division of vertical deflection at 300
MHz in all display modes, Triggering on line frequency is also se-
leciable.
Extarnal: de 1o 100 MHz on signals of 50 mV p-p or mare incrcas-
ing to 100 mV p-p at 300 MRz
External input AC: approx. | megohm shunied by approx. |5 pF.
Maximum external input: +250 V (d¢ + peak ac)al | kHz or less.



Trigger level and slope
Inlernal: al any poinl on the vertical wavelform displayed.
External: conlinuously variable from +1.0 V 1o —1.0 V on either
slope of the trigger signal: +10 V 10 ~10 V in divide by 10 mode
(+10).
Coupling: AC. DC. LF REJ, or HF REJ.
AC: attenuates signals below approx. 10 Hz,
LF REJ: attenuates signals below approx. 7 kHz.
HF REJ: uttenuates signals above approx. 7 kHz.
Trigger holdoff: time between sweeps continuously variable exceed-
ing one (ull sweep from 10 ns/div 1o S0 ms/div.

Main intensified

Intensifies (hat part of main 1ime base to be expanded to full screen
in delayed time base mode. Delay conirol (1720A) and time interval
controls (1722A) adjust position of intensified portion of sweep. Rear
panel intensity ratio control sets relatve imensity of brightened seg-
ment.

Delayed time base
Sweep
Ranges: 10 ns/div to 20 ms/div (20 ranges) in |, 2. 5 sequence.
Accuracy (0 to +55°C): same as main Lime base.
Magnifier (0 to +55C): same as main lime base.
Triggering
Internal: samc as main time base except there is no Line Frequency
riggering.
Starta afler delay: delayed sweep automatically siaris al end of
delay period.
Trigger: with dclayed irigger level conirol out of detent (starts after
delay) delayed sweep is triggerable al end of delay period.
External; d¢ 10 100 M Hz on signals of 50 mV p-p or more. increas-
ing 10 100 mV p-p at 300 MHz.
External Input RC: approx. | megohm shunted by approx. 15 pF.
Maximum external Inpul: £250 V (dc + peak ac)atl } kHz or less.
Trigger level and glope: same as main time base,
Coupling: same as main lime base.
Delay time range: 0.5 10 10X Main Time/Div seutings of 20 ns to
0.5 8 {minimum delay, 50 ns).
Ditferential time measuremant accuracy (1720A)

Main lime base setling Recuracy (+15°C to +357°C)
50 ns/div lo 20 ms/diy +(05% +0.1% of full scate)
20 ns/div +(1% +0.2% of full scale)
50 ms/div to 0.5 s/dw +3%

Dalay jitter (1720A): <0.005% (1 part in 20 000) of max delay wn cach

step.

Time Interval (1722A)
Delay time: conlinuously variable from 10 ns to 5 s.
Daelay jltter: rclcr 16 Time Interval Measurements, Stability.

Time Interval measurements, 1722A (time)
Funetlon: measures ime interval between Lwo evenls on channel A
(channel A display); between Iwo events on channel B {channcl B
display): or between two cvents stariing from an event an channel A
angd ending with an event on channel B (Alternate display).
Display units: 0 (s): —3 {(ms); —6 (us): or =9 (ns).

Accuracy
Main time base setting Accuracy (+20°C lo +30°C)

100 as/div o 20 ms/div +0.5% of measurement
+0.02% of ful scale (for
measuremenls <1 em).
For measurements
> 1 cm, £0.9% of measuee-
ment £0.05% of full scate.

50 ns/div® +0.5% of measuremenl
+0.06% of lull scale.

20 ns/div® +0.5% of measurement
+1.2% of full scale.

50 ms/div lo 0.5 s/div. +3%

"Starting alter &0 ns of sweep.

L0

Resolutlon: in(crvals <1 cm, >0.01% of full scale; interviils > 1 cm.
>0.1% of Null scale: maximum displiay resolution, 20 ps

Stability (0 to +55°C):short term, <0.01%. Temperature,
+0.03%,°C deviation from calibration temperalure range.

Reclprocsl of ilme Inierval measurements, 1722A (1/time)

Functlon: calculates and displays the reciprocal of the measused
time interval.

Display units: 0 (Hz): 2 (kHz): 6 (MHz).

Accuraey: same as Tune Interval Measuremenis,

Reaolutlon: same as Time Interval Measuremenis.

Stabllity: same as Time Interval Measurements,

Mixed time base

Dual time base in which the main Ume basc drives the first poflion
of sweep and the deluyed time base completes the sweep at the fasier
delayed sweep. Also operates in single sweep mode.

X-Y opevration
Bandwidth
Y-axis (channel A): same as channel A.
X-axis {channel B): dc 1o >3 MHz.
Deflection factor: 10 mV /div 10 5 V /div (9 calibraled positions) in 1.
2, § sequence.
Phasa difference between channels: <31° dcio 3 MHz.

Cathoda-ray tube and controls

Typa: post accelesator, approx. 20.5 kV accelerating potential, alumi-
nized P31 phosphor.

Gralicule: 6 X {0 div internal graticule. 0.2 subdivision markings on
major axes. | div = | em. Rear panel adjustimeni aligns 1race with gra-
ticute. Internal flood gun graticule illumination.

Beam finder: rctarns lrace (o CRT screen regardless of selling of hor-
izonta), vertical, or intensily controls.

Intensity modulation: +8 V, 250 ns width pulse blanks trace of uny
inlensily, useable to 20 MHz fos normal intensities. Input R, | k{2
£ 10%. Muximum input, +10 V (dc + peak ac).

Auto-focus: automatically maintains beam (ocus with variations of
intensily.

Intensity limit automaticully limits CRT beam current lo decrease
possible CRT damage. Circuil response time ensures full wniting speed
for viewing tow duty cycle, fasl rise lime pulses.

Resr panel conlrols: astigmaltism, pattern, main/delayed inlensily
ratio, and (race align.

General
Rear panel outputs: main and delayed gates, —0.7 V1o +1.3 V ca-
pable of supplying approx. 3 mA.
Collbrator: | kHz £+ 10% square wave; 3V p-p £1%:; <0.1 psrise time
Power: 100, 120, 220, 240V, —10%, +5%; 48 (0 440 Hz 1) VA max.
Welght: (1722A) net. 13.6 kg (30 Ib). Shipping, 19.5 kg (43 ib).
{1720A) net, 13.2 kg (29 Ib). Shipping. 18.1 kg (40 Ib).
Operating environment: temperature, 0 1o +55°C (+32°F o
+130°F); bumidily, Lo 95% rclative humidity a1 +40°C (+104°F); al-
Uiude, Lo 4600 m (15 000 M); vibration, vibrated in three planes lor 15
min, cach with 0.254 mm (0.010 in.) cxcursion, 10 1o 55 Hz.
Dimenslons: 335 mm wide (13%.in.): 197 mm high (7% in.); $70 mm
length with handle (22%4 in.). 518 mm length without handle (20% in.).
Accessories furnished: onc Madel 101135A blue light filter; one (ront
panet cover; one vinyl slorage pouch: one 2.3 m (7.5 1) pawer cord:
two 10017A 10:! divider prabes; one Opéraling and Scrvice Manual.
Recommended probes
Divider probes for 1 megohm Inpute: models 10014A and
100168, 10017A.
Divider probe for 50 ohm inputs: model 10020A, resistive divider,
Active probes for 50 ohm Inputa: models |1120A, and |125A.

Options Price

001: U.S. fixed line cord add $15
003: probe power supply wilh two rear pancl jacks for
use with HP active probes. Provides power 10 operale
two 1120A, 1124A, or 1125A aclive probes add $50
101: logic slate display interface for operation with
Model 1607A Logic Stale Analyzer add §150

Model number and name
1720A 275 MHz Oscilloscope $3750
1722A 278 M Hz Oscilloseope with Microprocessor $4900
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200 MHz dual-delayed sweep
Models 1710B & 1712A
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1710B, 1712A Specifications

Vertical display modes

Channel A: channel B: channels A and B displayed alternately on
successive sweeps (ALT): channeis A und B displayed by switching be-
tween channels at approx. } M Hz rate with blanking during switching
{CHOP): channel A plus channel B {algebraic addiion): X-Y (chin-
nel A vs, channct B).

Vertical amplifiecs (2)

Bandwldth: (3 dB down from a 6 div reference signal.)
DC-coupled: de (o 200 MHz in both 50 ohm and high impeduance
input modes 10 mV /div 1o § V/div, o 150 MHz at 5 mV /div,
AC-coupled: lower limit is approx. 10 Haz.

Bandwld(h limit: limits upper bandwidth to approx. 20 MHz.

Rige time: <1 73035 10 mV /div (o 5 V/div, <2.3 nsat S mV /div (mco-

sured fram 0% 10 90%: points ol & div inpul skep).

Deflection tactor
Ranges: 5 mV/div (o 5 V/div (1D calibraied poaitions) in 1, 2.5 se-
quence, £2% attenualor accuracy,

Vernler: continuously variable between all ranges: extends maxi-
mum dellection factor to at least 12.5 V/div. Front punel light indi-
cates when vernier is not in CAL position.

Polarlty: chunnel B muy be inverted. front panel pushbution.

Slgnal delay: input signals are delaved sufficiently 10 view leading

edge of input pulse without advanced Lrigger

Inpul coupling: sclectuble, AT or DC, 50 ohms (dc¢) or ground.

Ground position disconnects inpul conneclor and grounds amplifier

input.

Input RC (selectable)

AC and DC: | megohm £2% shunied by approx. |1 pl.
50 ohm: 50 ohms £2%; SWR <1.3 on 3, 10. 20, and S0 mV runges
and < 1.15 on all other ranges.

Maximum Inpul
AC and DC; 250 V (dc + peak ac) ot ) kHz or less
50 ohm: 5 V rms or £250 V peak, whichever is less.

A + B operation

Amplifler: bandwidth and deflection factors darc unchanged: chin-
nel B may beinverted for A-B operation.
Oitterential (A — B) common mode: CMRR is al luast 40 dB
from dc 1o 5 MHz decreasing to 26 di3 a1 50 Milz. Common mode
signal amphtude equivalent 1o 12 ¢m with vne vernicr adjusted Tor
optiminm rejection.

DSCILLOSCOPE

Trlgger source

Sclectable from channel A, channel B, or Composile.
Channel A: all display modes triggered by chunnel A signul.
Channel B: all display modes triggered by channel 8 signal.
Composlte: ull display modes triggered by displuyed signal,

Ventical output

Amplilude: onc division of vertical deflection produces approx 100
mY output (dc to 25 MHgz).

Ceascaded defleclion factor: ) mV/div with both vertical channels
set to 10 mV /div.

Cascaded bandwldih: dc 10 § MHz with bandwidth himil engaged.
Source resistance: appros. 100 ohms.

Source selection: irigger source set 10 chunnel A selects channel A
output. 1o chunnel B selects channel B aulput.

Horlzontal display modes
Muin. main intensified, defayed, mixed. mag. X10, X-Y.
Main time base
Sweép
Renges: 10 ns/div 10 0.5 8/div (24 ranges) ). 2. S sequence.
Accuracy

Accuracy (0°C to +55°C)
Main Sweep Time/Div ¢! X10
10 ns to 50 as +3% +5%
100 ais (0 20 ms +2% +3%
50msla05s +3% +3%

Vernier: continuously vurjable between all ranges: extends slowest
sweep o ad least 1.23 s/div. Vernier uncalibrated light indicates
when vernier is nol in CAL position.
Magnifler: expands all sweeps by a factor of 10: extends fustest
sweep Lo | ng/div.

Sweep mode
Normal: sweep is triggered by internal or external signal.
Automatic: bright buseline displayed in absence of sopul signal
from 10 ns/div (o 20 ms;div. Triggering is same as normasl ubove 40
Hz. Normal (riggering is generally required for sweep speeds [rem
50 ms/div to 0.5 s/div.
8ingle: in Normal mode, sweep occurs once with same (riggering 4$
normal, resel pushbutton arms sweep and lights indic:tor: in Auto
mode, sweep oceurs once cach time Reset pushbutton is pressed.



Triggerlng

Intermal: dc 1o 100 MHZz on signals causing 0.5 div. or more vertical
deflection, increasing to | div. ol vertical defllection at 300 MHz in
all display modes. Triggering on line frequency is also sclectable.
External: dv 10 100 M Hz on signals of 30 mV p-p or more increas-
ing to 100 mVY p-p at 200 MH2z. Muximum input. £250 V (de +peak
ac) at | kHz or less.

Exlernal input RC: approx ) mcgohin shunted by approx. 13 pl-.

Trigger level and slope
Internal: at any point on (he verticy! wavelorm disphuved.
External: continuously variiable from +1.0 V 1o —1.0 V on cither
slope ortrigger signul, +10 V 1o =10 V in divide by 10 mode (+10),
Coupllng: AC. DC, LF REJ, or HF REJ.
AC: atlenuales signals below approx. 10 Hz.
LF REJ: attenuates sipnals below approx. 7 kHz,
HF REJ: altenuales signals above approx. 7 kHez.
Trigger holdolf: time belween xweeps continuously variable, exceed-
ing ene (W) sweep from 10 ns/div (o 30 ms/div,

Main intensified (1710B)

Intensifies that part of main time buse (o be expanded to full screen in
delayed tine base vode. Delay control adjusts position of intensilicd
portion of sweep. Rear panel intensity ranio control sets refative in-
ensity of brightened segment.

Main intenslfied (1712A)

Intensifies two purts of main time base to be expanded 10 Tull sereen in
delayed time base mode. “START™ control positions the Tirst intensi-
ficd portion of the sweep: "STOP” control positions the second mten-
sified portion of the sweep, Rear panel intensity control sets relutive
intensily ol brightcned segmenis.

Detayed time base
Sweep
Ranges: 10 ns/div 1o 20 ms/div (20 runges) in 1, 2. 3 sequence,
Accuracy (0 to +55°C): same as main ime base,
Magnifier (0 to +55°C): sume as main time base,
Triggering
Internal: same ax main time base except there is no Line Frequency
rggerning.
Starts after delay: dclayed sweep sutomatically staris s1 end of
delay period,
Trigger: with deloyed trigger level control out of detent (xtarts after
delay) detayed sweep is triggerable at end of delay period.
External: dc 1o (00 MHz on signals of 50 mV p-p or more, increas-
ing 10 100 mV p-p at 200 MHez, Maximum input, £250 V (dv + peak
ac) at | kM7 or less.
External input RC: appiox. ) mepohm shunted by approx. 18 pt,
Trigger level and slope
Internal: at any point on the vertical wavelorm displuyed when in
tngpered mode,
Exteraal: continuously vartable from +1.0 V 1o —1.0 V vn cither
slope of trigeer signul, +10 ¥ to — 10 V in divide by 10 mode (= 10).
Coupling: AC. DC. LF REJ, or HF REIL
AC: attenuates sipnals below approx, 10 Hz
LF REJ: attenuutes signnls below approx. 7 kHz.
HF REJ: attenuates signils above approx. 7 kHz
Delay time range: 0.5 to 10X Main Time/Div scttings of 20 ns 10
0.5 s (minimum delay 50 ns).

DlHerential ime measurement accuracy (1710B)

Main lime hase selting Accuracy (+15°C 10 +35°C)
50 ns/div to 20 ms/div +(0.5% +0.1% of full scale)
20 ns/div (1% £02% of {ul scale)
50 ms/div to 0.5 s/div +3%

Delay jitter (1710B): <0.003% (1 part in 20 000} of maximum dufay
in cach step.

Time interval (1712A)

Function: measures lime inlerval between 1wo events on channel A
(channel A display): between two events on channel B (channel B dis.
play): or between wo cvenls starting from an evenl on chunnel A and
ending with an event an channel B (alternate display).

Accuracy

Mzin Time Base Seting Accuracy (+20°C 1o +30°C)
100 ns/div to 20 ms/dtv +0.5% of measuremenl £0.05% o! Is
50 ns/div® +0.5% of measurement £0.1% ol f5
20 ns/div® +0.5% of measurement +0.2% of Is
50 ms/div to 0.5 s/div +3%

" Sarling alter 80 0y ol sweep

Measurement accoracy is the Time Interval Accuracy plus the exter-
nal DVM gecuracy,

Stablllty (0 to +355°C): short-term 0.005%. Temperature, £0,03% C
deviation from calibration temperature range,

Time Interval output voltage: varics from 10 V o 20 mV [ull scale,
Full scale oulput voltage can be determined by mubiiplying the num-
ber on the TIME/DIV dial by 1DV {c.z. 0,05 5, 0.05 ms. ar 0.05 s per
div gives 0.5 V output full-scale).

Mixed time base

Dual time base in which the main time base drives the (irst portion of
sweep and the delayed tine bise completes the sweep a1 the Taster de-
layed sweep. Also operites in single sweep mode.

X-Y operation
8andwldih

Y-axis (channel A): same as chunnel A

X-axls (channe$ B): dc 1o > 1 MHuz.
Deflectlion factor: 5 mV/giv 1o 5 V/div (10 culibrated positions) in I,
2. 5 sequence,
Phase difference between channele: <31°, d¢ 10 1 MHz.
Cathode-ray tube and controls
Type: posi accelerator, approx. 20.3 AV acceleniting potential, alumi-
nized P31 phosphor.
Gralicule: 6 X 10 div internal graticule. 0.2 subdivision markings on
mijor horizomal and vertical axes. | div = 1 em. Reur pancl adjusi-
menl aligns trace with graticule. Inteenal Nood gun graticule illamina-
tion.
Beam finder: returns trace 1o CRT sereen regardless of setting of bor-
izonlal, vertical, or intensity controls,
intensity modulation (Z-axis): +§ V. 250 ns width pulse blanks
trace of any intensily, uscable (s 20 MHz for normal intensitics. Input
R, 1 k0 £10%. Maximum input, £10 V (dc + peak ac).
Auto-focus: automatically maintains beam focus with vanations off
intensiny.
Intenslty lmit: automatically limits beam current 10 decrense possi-
ble CRT damage. Circuit response time ensures full writiag speed for
viewing low duty cyele, fast rise time pulses,
Rear panel controls: astigmatism, pattern. main/detaved aiitensity
rutio. and trace align
General
Rear panel outputs: main and delayed gates, =0.7 V (o +1.1 VY ca-
pable of supplying approx. 3 mA.
Collbrator: type, | kHz £15% square wave: 1V p-p £1%: <0.1 ps rise
lime,
Power: 10Q. (20, 220, 240, —10%, +5%:; 48 10 440 Hz: 110 VA max.
Weight: net. 13.2 kg (29 Ib). Shipping. 181 ke (40 1b)
Operating environment: temperature. O to +53°C (+32°F (o
+110°F): humidity, to 95% relative humidity at 40°C (104°FY: alti-
tude. to 600 my (15 000 [1): vibration. vibrated in three plunes for 18
min. cach with 0.254 mm (0.010 16.) excursion, 10 10 55 Hez.
Dimenslons: 335 mm wide (13 in )y 197 mm high (7% in): 570 mm
lepgth with hundle (227000, 518 mm length without handle (204 in.).

Accessories furnishad: onc 10115A bluc light lilter: one front punel
cover: lwo [0014A10: ] divider probes: one 2.3 m (7.5 1) power cord:
one vinyl storage pouch: one Operuting and Service Muanual.

Optlons Price
001: UL.S.A. fixed line power cord add $18
003: probe power supply with two rear panel jucks for
use with HP active probes. Provides power (o operale

1w T1I20A, 1124A, or 1125A Active Probes add 550
091: 1wo 10016B 104 voltage divider probes substi-

tted for two 10014A probes N/C
101: logic siate display interface for operatlon with

Modul 1607A Logie Stile Analvecr 150
Model number and name

1710B 200 M H. O~arlloscope $3000

1712A Duil-Delayed Sweep Oscilloscope $£3100
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OSCILLOSCOPES

100 MHz, dual channel, variable persistence/storage

Models 1740A & 1741A

® Dual channel, 5 mv/div to 100 MHz
® 3rd Channel trigger view
e Selectable input impedance

® 100 cm/us storage writing speed {(1741A)
® Single shot auto-store (1741A)
e Ayto-erase (1741A)

17404 L
SHEWLELE

JA OSCILLOSC

1740A, 1741A (new) Description

Introduction

The Hewlelt-Packard Model (740A and (74)A 100 MHz, 35
mV /div, dual-channel oscilloscopes offer 1the high perfarmance neces-
sary Lo meet the demanding requirements of both laboratory and ficld
applications. The 1740A /) 741 A have the performance and features o
make accitcate measuremenis wilh ¢ase. The carelully designed front
panet includes a large. high-resolution CRT with logically drranged
con(rols which reduce operator learning (ime and make repetitious
measvrements easier. Several features (hal make these oscilloscopes
more versiulile than the average 100 MHz portable oscilloscope in-
clude a third channel trigger view for viewing 1he external trigger sig-
nal with both vertical channels: an X5 vertical magnifier for | mV /div
deflection factors on both channels: selectable input impedance ()
M2/ 3001) for genernl purpose probing and precise rise time measure-
ment; and in the 1740A o Logic State Display option lor convenient
switching between logic statc and electrical analysis.

1740A 8 X 10 cm CRT
The CRT has a crisp. brigh trace over the fully specilied 8 % 10 em
disploy arca. An accelerating polential of 15 &Y makes the display

compaltible with the 5 ns/em sweep speeds lor casier viewing of low
rep rale, fast trunsition 1ime signals, The small <pot size of the lub
quality CRT along with the no parallux internal graticule makes eriti-
cal and difficull iming measurements eisier 10 purform. An internal
Noodgun uniformly ilominates the CRT phosphor lar high quality
trace photos with a sharp well defined intemal graticule.

1741A Storage CRT

The Hewlcll-Packard storage and variable persistence CRT offers a
well defined trace with a storage writing speed of greater than 100
cm/us and a burn resistant storage surface which is ideal for digital
and general purpose applications. Storage operation is extremely casy
with indicators that clearly show the made of operation. A press ol (he
storc pushbutlon automatically switches the 1741A (0 a deep slore
mode, wilh no s¢reen illumination, for maximum storage ime. An-
other press ol the store pushbutian displays the stored trace.

For viewing low fep rate fast rise time signals, the variable persis-
tence modce gllows you (o adjust Lhe Irace for an oplimum display. By
adjusling the persisience 1o muich (he rep rate you can integrale a
tracc (0 provice a $ham. elear display for accorate measurements of
low duly-cycle pulse frains such os those from disc. 1ape. or drum po
ripheral unils.
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Exceplionally fina trace In the variable persistence mode permits
high rasolution Uming measuremenls as shown with this dual
tracea, alternate sweep display ai a sweep speed of 5 ns/dlv.

For maximum convenience in single-shot applications, an auto-
store mode which operates in (he single-shat moede, makes it casy Lo
capture random cvents, To prevent the possibility of recording the
wrong event, the 1741A amomatically switches to the Normal trigger-
ing mode when single-shot mode of operation is selected. When your
cvenl occurs, the 1741A triggers and automatically switches from the
Wrile mode (o the Store mode which is shown by the indicators. To
view the signal, a press of the Store/ Display pushbutton displays your
irace. For convenience, a push of the Erase pushbullon erases the
CRT und resels the tnime base.

An auto-erase mode allows the 1741A 10 operate as if it isin a re-
pelitive, single-shot mode even when a continuous signal is available.
When in the auto-erase mode. the 1741A automatically switches to
maximum persistence which provides maximum trace rexention be-
tween erasures. This mode is convenicnt for setup of single-shol events
by making it casier la obtain the optimum focus and inlensily for a
particular signal. Additionally, if you are displaying more than one
(race, such as two or three channels, the 1741A will wail or the re-
quired number of sweeps 1o be displayed before automatically erasing
the display.

3rd channel trigger view

In many apphcations, especially in digitul circuits, il is necessary (o
use cxlernal (ripger sources (o maintain proper (ming relationships
and 1o know the time relationship of the trigger signal (o the dis-
playcd events. By pressing the Trigger View pushbuilon while in al-
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Third channel trigger view of lhe exlernal irigger signal ofiers
measaremenm convenience wilth the canter screen threshold. The
2.5 ng fixed delay belween {he axlernal triggar inpul and Lhe dis-
played signal permiis easler timing measurements.

Triggering abillty on two signals widely separated in fraquency Is
clearly shown with Lhese signals which have a ralio of 1000 lo 1
while Iriggering in the scomposite mode.

lernate or chop mode, the external trigger signalis displayed as a third
channel with the trigger threshold at center sereen. By adjusting the
trigger level control, you can see which portion of the trigger signal is
initiating the sweep. With the External Trigger input in the (1 mode,
the deflection lactor is 100 mV /div which is compatible with ECL fev-
els and in the 510 mode 18 1 V/div whicl is compatible with TTL lev-
cls
Stable fiexIble triggering

Stable internal triggering to greater than 100 MHz requires only )
div of vertical deflection. To prevent annoying trace shifl, the internal
trigger syne take-ofT is immediately after the attenuator shich main-
tains a stable display regardless of changes in position. vernier, or po-
larity controls. A foll complement of easy-to-use pushbutton trigger
controls assures you of the desired trigger signal conditjioning for your
measurement. hi the external mode, triggering to 100 MHz only re-
quires 100 mV ind 50 mV 10 50 MHz.

Selectable Input impedance

Far maxumum measorement Mexibility, these scopes have switch-se-
lectable { megohm or 50 ohm inputs. This permits a high input impe-
dance for general purpose probing with 10:) divider probes for mini-
mum circuit loading. The 30 ohm input with internal compensation
and low reflections provides Taithful pulse reproduction for accurule
lransition time measurements in circuits where low capacitive loading
is required.
Vertical amplifiers

Vertical deflection lactors are 5 mV /div o 20 V/div over the full 100
MEz bandwidth, full temperatoce range. and 8 X 10 div display arca
with 3% attenuator accuracy. For two chunnel low level measore-
ments requiring | mV/div and 2 mV /div dellection factors 1o 30 MH2
(40 MHz in the 1740A), a XS magntlier is included which eliminates
the need for cascading. This low leve!l capability permits measure-
menls on tipe und disc heads or power supply ripple with a conve-
nient (ront panel pushbutton. The 20 V /div setling allows you 1o make
convenient measurements of power line signals while using standard
10:1 divider probes.
Sarvicaabllity

Access to the uncluttered interior for calibration and servicing is
fast with the easy to remove ¢overs, Innovations in eircuit design along
with custom integrated hybrid circuits reduce culibration tme be-
cause of a minimum of adjustments. Wire harnesses and interconnce-
tion cables belween boards are reduced with an interface board which
connects the main boards together. This interfuce board helps 10 re-
duce service time and reassembly errors normally encountered with in-
struments conlaining many cables. The 1740A and 1741A do nol re-
quire a fan or ventilating holes for convection cooling which reduces
the amount of dust and dirt that can accumulate inside the scope.

Digital circuit analysis
1740A/1607A

With the increusing use and complexity of digitul circulls n new
products, the debugeing and troubleshooting of & digital system cun
be very difficult. The Hewlent-Packard 17408, consisting of a [740A
Optten 101 and a 1607A Logic Stute Analyzer, offers a solution o dig-
jal troubleshooting with the combination of logic state and electrical
analysis. The [740A Logic State Display option adds rear-panel in-
puts with internal switching circuits for single pushbution switching
between the standard front panel inputs and the rear panel state dis-
play inputs without changing cables. This single pushbutton switch-

e —

Word triggering wiih the Analyzer's digital memory and diglal de-
lay permits viewing evants leading up 10 and following lhe Irigger
worg lor taster troubleshooting.



Model 1740A Option 101 ofiars convenlent one button swilching
between logic state and elecirical analysls withoul changing
probe or cable connections.

Analog displey of digital data shows race condilicn pulse (top
trace) which Is delined In flme by the 3rd channel irigger view.
WiIth the trigger signal defined by a 16-bit worg you know whan
the problem occurs o reduca troubleshooting time.

ing cupabillly is very useful when digital word-flow ¢rrors require
analysis of electrical paramelers 1o determine correclive megsures.

The 1607A7s digital Delay mode makes it possible 10 position the 16
word oscilloscope display window 4 desited number of clock pulses
from the trigger word. The Delay mode coupled with the End Display
mode allows vou 1o monilor the evenis (hat lead up lo and follow a
faul. By comparing the zlgorithm with the dala display. erroneous
operation is quickly identificd.

Swilching to the electricul snalysis mode permits probing of the cir-

Time ralationship of two very low rep rata signals Is clearly shown
with the variable persistence capabillly of the 1741A. The stable
irggers required for this allernate sweep display to maintain lime
relationship were generaled by Llhe 1600A Loglc Slala Analyzer.

cuil nodes 1o determine if an elecirical prablem cxists that could be
causing the muchine Lo improperly cxecule an instruction, This inter-
nal switching between stute and clectrical analysis requires no reset-
ling of comirols or chunping of cables,

1741A/1600A

Combining the variable persistence and storage capabilitics of the
1741 A with the t600A Logie Sizle Analyzer's real time analysis of
data flow provides the ideal instruments for both design aad trouble-
shooting applicatsons in .digital environments. A patlern rigger
and/or digital delay outpul from the 1600A altows synchronization of
the word-formal display with the 1741A’s display of 1he digital sig-
naf’s cleclrical characteristics. In addition, the 1600A offers a map
mode of operation that provides an overall view of machine operu-
tion and aids in Jocating lost programs.

Using the 1600A Logic Siate Analyzer In conjunclion with the
1741A permits simultaneous monlioring ol dignal daia llow and
electrical analysis to determine improper elrcuil oparation.



ﬁ

OSCILLOSCOPES

Models 1740A & 1741A (cont.)

1740A and 1741A Specifications

Vertical display modes

Channel A; channel B; chunnels A and B displuyed aliernately on suc-
cestive sweeps (ALTY, chunnels A and B displayed by switching be-
tween channels at an approximate 250 kHe rate with blanking during
swilching (C1IOP); chunnel A plus channcl B (algebraic addition): and
IFIEPLT View,

Vertical amplifiera (2)
Bandwid(h and Rise Timc at all deflection faciors from 0°C 10
+55°C,
Bandwldth;: (1740A) 3 dB down from 8 div refercnec signal: (1741A) 3
dB down from 6 div relerence signal.
DC-coupled: dc to 100 Mtz n both 300t and ) M1} inpul modes.
AC-coupled: approx 10 Hz to 100 MHz 1 He with 1011 divider
probes.
Bandwidth iimlt: [imiis opper bundwidti 1o upprox 20 MHz,
Rise TIme: <3.5 ns mcasured from 10% 10 90 points of a &6 divinpul
step.
Deflection tactor
Ranges: 3 mV div 16 20 V /div (12 calibrated positions) in |, 2, 5 se-
gucnce, accurate within 3%,
Vernier: continuously variable between all ranges, extends maxi-
mum deflection fuctor 10 al feast 50 V/div. UNCAL light indicates
when vernicer is nol in the CAL position.
Polarity: channcl B muy be inverted, front panci pushbution.
Delay line: inpul signals arc delayed suflficiently 1o view leading edge
of input pulsc without advanced 1rivper,
Input coupling: seleciable AC or DC. 509 (de). or ground. Ground
position disconnetts ynpul connector and grounds amplifier input.
Input RC (selectable)
AC or DC: | M) 2% shunted by approx. 20 pF,
50 ohm: 50§ +3%.
Maximum input
AC or DG: 250 V (dc + peak ac) or 500 V p-p at ) kHz or less.
50 ohmasa: 5 V rms.
A+8 operation
Ampltfler: bandwidth and deflection faciors are unchanged: chan-
nel B may be inverted for A—B operation.
Ditferential (A -B) common mode: CMRR is ut least 20 dB from dc
to 20 MHz. Cornmon modc signal amplitude cquivalent 1o 8 divisionx
wilh ane vernicr adjusted for optimum rejection.

Vertical magnification (X5)

Bandwidth: 3 dB down from 8 div reference signal.

DC-coupled: (1740A) dc 10 approx. 40 MHz: (1741A) dc Lo approx.
30 M Bz,

AC-coupled: (1740A) approx. 10 Hz 10 40 MHz; (1741 A) zpprox. 10
Hz 10 30 MHz.

Rlse tlme: (1740A) £9 ns, (1741A) £12 ns (measured (rom 107 (o
90% poinis of R div inpul slep).

Deflection lactor: increases sensitivity of the S and 10 mV /div deflec-
tion factor settings by a facior of 5 for 2 maximum sensitivity of 1 mV
on channels A und B.

Trigger source

Sclectable from channel A, channel B, composite, or linc (re-
quency.
Channel A: all display modes trigpered by chynnel A signal.
Channel B: all display modes tricgered by channcl B signal.
Composlta: all disploy modes Irigpered by displayed signal except in
Chop. In Chop mode Irigger signal s derived from channcl A,
Line (requency: trigger signul is derived from power line frequency.

Trigger view

Displays internal or external trigoer signal. In Alternate or Chop
mode. ehitnne! A, channcl B, and the trigger signals are displuayed. In
channel A or B mode. Trigger Vicw overrides that channcl. Internal
trigper signul amplitude approximates verlical signal smpliude.
Lxternal trigger signal deflcclion factor is approy. 100 mV/div o5 1
V/div in EXT +10. Triggering point is appros. center screen. With
identically nmed signals (o a verlical inpul 3nd the Ext irigger input.
1npeer signal delay is 2.5 ns £) ns.

Herlzontal display modes
Main, main intcnsified, mixed, delayed, mag X 10, and A vs. B,

Maln and delayed time bases

Ranges
Main: 30 nx/div o 2 s/div (24 ranges) in 1. 2, 8 sequence.
Delayed: 30 ns/div to 20 ms/div (18 ranges) ia I, 2, 5 sequence.
Accuracy

*Accuracy
Sweep Time/Div )4 Y10 Temp Range
50 ns 10 20 mis 3% | +4% 0°Cto +15°C
+2% | 33% +15°Cl0 +357°C
+3% | +4% +35°Clo +55°C

“Add 1% far 50 m3 to 2 5 sanges

Main sweep vernlar: continuously variible between all canges, ex-
tends slowest sweep 10 at least 5 s div. UNCAL lighl indicates when
vermes is nol in CAL position.

Magnifier (X10): cxpands all sweeps by a facior of 10. extends lastest
sweep Lo S ns/div,

Callbrated sweep delay

Delay ime range: 0.5 10 10 X Main Time/Div scttings of 100 ns 10
2 s (minimum defay 150 ns).

DiHerenlial time measurement accuracy

*Accuracy
(+15°C 1o +35°C)

+{0.5% + 0.1% of loll scale)
(1% + 0.4 of full scate)

Main Mme Base Setting

100 ns/div 1o 20 ms/div
50 ms/dly to 2 s/dw

*Add 1L lar tamipersteres from 0°C 1o +15°C and +35°C lo +55°C.

Delay jliter: <0.002% (I part in 50 600) of maximum dcliay in cach
step from +13°C 1o +33°C: <0.005% (1 partin 20 000) from 0°C to
+15°C and +35°C 10 +55°C.

Triggering
Main sweep

Normal: sweep 15 (rigeered by internal or external signal.

Automatle: brielm buscline displayed in absence of input signal.

Above 40 Hz, irigpeering »s same as normal, For stablg triggering at

approx. 40 Hz and below, usc Normal (riggering.

Blingle: avtomiltivally switches iriggering to Normal iand the sweep

occurs once with sume (nggering as Normal. reset puihbutton arms

sweep and lights indicator, (1741A) Single sweep is also initiated
with Erase pushbution, sweep is armed iufter the erase cycle.
Delayed swaep (sweep after delay)

Auto: delayed sweep automaticully starts ut end ol delay.

Trig: delayed sweep is armed and triggerable atend of delay period.
internal: dcto 25 M Hz on signals causing 0.3 divisions or more verlis
cal dellection inercasing (o | division of vertical deflection at 100 MHz
in all displuy modes (required signal levet is increased by 2 when in



Chop mode and by 5 when X5 vertical magnifier is used). Triggering
on Line frequency is also selectable,
Externel: dc lo 50 MHz on signals ol 30 mV p-p of more increasing to
100 mV p-p at 100 MHz (required signal level is increased by 2 when in
Chop mode).
Exlernal Input RC: approx. | mS! shunted by approx. 20 pF.
Maximum external Input: 250 V (dc + peak acyor 500 V p-pat | kHz
or less.
Level and slope
Internal: at any painl on the positive or negative slope of the dis-
played waveform.
External: continuously varishle from +1 V to ~1 V on cither slope
of 1he Irigger signal, +10 V to —10 V in divide by 10 made (= 10).
Coupling: AC, DC. LF REJ, or HF REJ.
AC: altenuales signals below approx. 20 Hz.
LF Reject (Maln Sweep): attenuntes signals below approx, 4 kHz
HF Reject (Maln Sweep): allcnuaies signals above approx. 4 kHz.
Trigger holdof! (maln sweep): increnses sweep holdoff time in all
ranges.

Calibrated mixed time base

Dual time base in which (he main (ime base drives the first postion
of sweep and the delayed time base completes the sweep at the laster
delayed sweep. Also operates in single sweep mode. Accuracy, add 2%
o main time base accuracy.

A ve. B operation
Bendwidth
Channel A {Y-axis): same as channel A,
Channel B (X-axls): dc o 5 MHz.
Deflectlon factor: 5 mVY /div 1o 20 V /div (12 calibrated positions)in 1,
2, § sequence.
Phese difference batween channels: <2°, dc Lo 100 kHz.

Cathode-ray tube and controls (1740A)

Type: Hewletl-Packard, 12.7 cm (5 in.) rectangubir CRT. post acoel-
vralor, approx. 15 kV accelerating potential, aluminized P31 phos-
phor.

Gratlcule: & X 10 div (1 div = } ecm) internal non-parallax graticule,
0.2 subdivision markings on major horizontal and vertical axes and
markings for rise lime measurements. Internal floodgun graticule illu-
mination.

Beam tinder: rclurns trace la CRT sereen regardless of setting of hor-
izontal, vertical, or inlcnsity controls,

Z-sxis Input (intensity modulation): +4 V, >50 ns width pulse
blunks trace of any intensity, usable 10 €10 MHz for normal inten-
sity Input R. 1 k2 £10%. Maximum inpul ££20 V¥ (dc + peak ac).
Rear panel controls: astigmatism und trace align.

Cathode-ray tube and controls (1741A)
Type: Hewlet-Packard, 2.7 em (5 in.) rectangular CRT. post accel-
erator. approx. 7.3 kV accelerating potential, aluminized P31 phos-
phor.
Gratlcule: § X 10 div (1 div = 0.85 em) inlernizl, non-paraflax grat-
cule, 0.2 subdivision markings on major horizonlal and vertical axes.
with markings for rise lime measarements, Graticule illumination is
achieved wilh Persistence contrsol set o minimum.
Béam flnder: returas trace to CRT screen regardless of setting of hor-
izon(a) ang vertical controls.
Z-axls input (intensity modulallon): +4 V., >S50 ns width pulse
blanks trace of any inlensity. usable to <10 MHz for normul inten-
sity. Input R, [ k@ £ 10%. Maximum input £20 V (dc¢ + peak ac).
Operaling mades: write, store, display . nuto-store, nuto-erase, and
conventional (rear panel control),
Persistence (wlth brightnesa conlrol full ccw)

Variable: approx.. 100 ms t6 | min,

Canvantlonal: natural persistence of P31 phosphor (approx. 40 us).

Storage writing speed: =100 cm /us (118 div/us) over center 7 X 9
div (with viewing hood).
Storsge tima
Display mode: ul lcast 103 at 22°C
Stora mode: at Jeast 30s at 22°C.
Brightness: approx. 170 cd/m! (30 M)
Erase time: approx 00 ms. -
Rear panel controls: astigmatism, trace align. convenlional push-
bulten and view time.

General

Rear pane! outpute: main and delayed gates, 0.8 V 1o >+25 V
capible of supplying approx. § mA.

Amplitude calibrator (0°C to +55°C)

Output voltage | Vppinto >1 M2 +1%
0.1 V p-p into 508

Rise hme <01 us

Frequency approx 1.4 kHz

Power: 100, 120, 220, 240 V ac £10%; 48 10 440 1iz: 100 VA max.
Welght: (1740A) nel, 13 kg (28.6 Ib). Shipping, (7.7 kg (39 1b.):
(1741 A) net 13.8 kg (30.5 Ib). Shipping 17.7 kg {39 Ib).

Operating environment: iemperature 0°C to +355°C: humidily
95% relative humidity ut +40°C: altitude, 1o 4600 m (15 000 {1); vibra-
tion, vibrated in three planes for 15 min. each with 0.254 aym (0.010
in.) excursion, 10 1o 55 Hz.

Dimensglons: 3135 mm (13%, in.) wide, 197 mm (7% in.) high, 1740A
597 mm (23' in.) long with handle, 492 mm (19% in.) long withou(
handle, 1741A 616 mm 24%% in.) long with handle. 552 mm (21% in.)
long without handie.

Accessorles furnished: one blue light Tilter HP P/N 01740-02701,
one front panel cover. one 2.3 m (7.5 (t) power cord, one vinyl acces-
sory storage pouch, one Operators Guide and one Service Manual,
two Model 10006D 10:1 divider probes upprox, 1.8 m {6 L) long. The
1741 A also includes one Model 10173A RFI filter and contrist screen,
and onc Model 10140A viewing hood.

Optlons Price
0071: fixed power cord (U.S. only) in lieu of detachable
power corg add $15

101 (1740A): Logic Stale Display single pushbutton
(Gold Bufion) interfiace Option (or operation with the
HP Model 1607A Logic Siate Anmlyzer. Permils single
pushbution switching between functional (6 channe)
logic state analvsis and clectrical analysis of digital data.
Option (0 removes the A vs. B mode and replaces it
wilh the State Display pushbutton and adds interface
circuits for switching between front panel inputs and

rear punel logic state inpuls. add S105

Logic state analysis equipment required for

Option 101 {1740A)

Model 1607A: Modcl 1607A 16-Bit Logic Siate Ana-

lyzer includes three data probes and one clock probe. $2900
Four Model 10502A: 23 cm (9 in.) cables. Three for X,

Y. and Z interconnections and one fof pattern Irigger-

ing cannection Lo the oscilloscope. S5 ea.
17408: Model 17408 includes 1740A 100 MHz oscillo-

scope with Option 10}, Model 1607A Logic Siale Ana-

lyzer, Tour Y0302A 23 ¢m (9 in.) BNC interconnecting

cables with a bracket and strap (HP P/N 5061-1213) for

combining inlo a single package. $5175
Model number and name

17404 100 MHz Oscilloscape £2095
1741A 100 MHz Storage Oscilloscope $3950
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1703A and 1707B Specifications

Modes of operation

Channel A; channel B: channels A and B displayed aliernately on suc-
cessive sweeps (ALT): channcis A und B displayed by swiiching be-
tween channels at approx. 400 kHz rate with blanking during switch-
ing (CHOP): channel A plus channel B (algebraic addition).

Each channe! {2}
Bandwidth: (direci or with Mode! 10006D probe, 3 dB down [rom 50
kKHz. 6 div reference signul from a terminated S0 ohm source.)
DC-coupled: dc to 35 MHz in (T03A. dc to 75 MHz n 1707B.
AC-coupled: lowcr limit is approx. 10 M.
Rise time: <10 ns in 1703A, <4.7 ns in 1707B. Direct or with Madel
10006D probe, 10% to B0% pornts with 6 div inpul step {rom 9 ermi-
nated 50 ohim source.
Deflection factor
Ranges: 10 mV /div 1o 5 V/div (9 ranges)in |, 2, § sequence, +3%
atlenuator aceuriacy with vernier in CAL position.
Vernler: conunuously variable betseen all ranges, extends max de-
Nection factor to at least 12.3 V/div, Vernier uncal light indicaics
when vernier 15 not in CAL position
Polarity: NORM or INV, selectable on channel B.
Slignal delay: input signals are delayed sufficiently to view leading
cdge of input signals without advanced externyl trigger.
Input RC: 1 megohm £1%, shunted by approx. 27 pF in 1703A.
approx 24 pkin 1707B.
Input coupling: AC, DC. or Graund. Ground position disconnects
signal input and grounds amplifier tnput.
Maxlmum Input
AC-coupled: £500 V (dc + peak ac): rms ac <350 V. 5 V/div 1o 20

=

mV /div, <150 V at 10 mV /div (10 kHz or less).
DC-coupled: <350 V (rmis) 5 V/div 1o 20 mV/div. <150 V ar 10
mV /div (10 k Rz or less).

A + B operation
Ampllfler: bandwidih and dellection faciors are unchanged; chan-
ncl B may be inveried for A = B opceralion.
Common mode (A — B): frequency, de to 1 M Hz: rejection ralie,
at least 40 dB on 10 mV,/ div, at least 20 dB on all other ranges with
verniers set for optimum rejection. Common mode signal ampli-
tude equivalent (¢ 30 div.

Trigger source
Applies for all five modes of wperation.
Norm: on displayed signal.
A only: on signal from channel A.
Channel A output (1703A, 1707B Opt 015)
Amplltude: open circuit outpul voliage approx. 100 mV per div of dis-
lay.
pCoicaded dellection factor: | mV/div with both vertical channels
set lo 10 mV /div.
Cascaded bandwidlh: dc 1o 3 MHz (using HP Modcl [0121A 20cm,
8-inch, BNC cable 10 connect channel A outpul to channel B).
Coupling: dc.
DC level: approx. 0 V.
Source resistance: approx, 200 ohms.
Maln time bsase
Sweep
Ranges: {rom 0.1 ps/div (0 2 s/div (23 ranges) in 1, 2, 5 sequence.
+3% accuracy with vernier in CAL posaion,



Vernler: continuously variable between all ranges, extends slowest
sweep (0 al least § s/div. Vernicr uncal light indicdles when vernicr
is not in CA L position,
Magnifier: cxpands all sweeps by a factor of 10 and extends lastest
sweep 10 10 ns/div. Accuracy £5% (including 3% accuracy of lime
base).

Sweep mode
Normal: sweep triggered by an int or ext signal.
Automatle: brighl bascline gisplayed in absence of input signal
Triggering i3 same as normal above 46 Hz,
8ingle: in Normal mode, sweep occiirs ance with same Lriggering as
normal; reset pushbu(ion arms sweep :nd lights indicator: in Auto
mode, sweep occurs ance each time resel pushbution is pressed.

Triggering
Internal; dc 1o 35 MHz2 on signals causing 0.5 div or morc vertical
defection increasing 1o | div al 75 MHz for 1707B in zl) display
modes except chop; de to 400 K4z in chop mode. Triggering on line
frequency is also selectable.
External: de 10 35 MHx on signals 30 mV/p-p or more, increasing
1a 100 mV /p-p at 75 MHz in the 1707B.
External input RC: approx. | megohm shunied by approx. 27 pF.
Leval and slope: internal, ul any point on the verlical wavelorm
displayed; external, continuously variable from +1.2 V to =1.2 V
on cither slope ol the trigger signal. Max inpul. 2100 V.,
Coupling: AC, DC. LF REJ. or HF REJ; AC, uttcnuates signals
below approx. 20 Hz; LF REJ, attenuates signals below approx. 1§
kHz; HF REJ. attenuates signals above approx. 30 kHz.

Trigger holdoff: 1im¢ between sweeps conlinuously variable.

Delayed time base
Trace intensification: intensifies thar pan of matn lime base 1o be ex-
panded 1o full screen in delayed lime base mode. Rotating time base
swileh from OFF posilion activales intensified mode.
Sweep
Rangea: 0.1 ps/div 10 0.2 s/div (20 ranges) in (. 2. 5 sequence. 3%
accuracy wilh vernier in culibrated position.
Vernler: continuously variable between all ranges. extends slowesl
sweep (0 0.5 s/div.
Magnifler: expands all sweeps by a factor of 10 aid extends Fastest
sweep 1o 10 ns/div. Accuracy i8 £5% (including 3% accuracy ol fime
base).
Sweop mode
Trigger: dclayed swecp is armed al end of delay period.
AUtD: detayed sweep is sulomalically triggered al end of delav pe-
riod.
Triggering
Internal: same as main time basc.
External: same as main time base. Input RC is approx. | megohm
shunted by approx. 27 pF.
Level and slope: samc as min time base.
Coupllng: selectable, AC or DC. AC attenuales signals below ap-
prox. 20 Hz.
Delay (before stert of delayed sweep)
TIme: continuously varrable from 0.1 as 16 2 5.
Time Jitter: <0.005% (1 partin 20 000) of max delay in cach sweep

speed.
Calibrated delay accuracy: £1%: linearity, £0.2%.
Mixed sweep

Combines main and delayed sweeps into one display. Sweep is started
by the main time base and is compleled by ihe fasier delayed me
base. Also operales in single sweep mode.

External horizontal input

Bandwidth: dc to | MHz when driven dircetly from 3 terminated 50
ohm source. DC coupled.

Detlection factor (with beam positioned at left edge of CRT): X,
1 V/div: X10. 0.1 V/div.

Varnler: 10:) vernier exiends deflection facior 10 at least 10 V/div
(X1} o 1 V/div (X10).

Dynamic range: beam may be posilioned al left edge of CRT with 0
Vio =5 Vinput,

Maximum Input; £100 V.

Input RC: approx. | megohm shunted by approx. 10 pF.

Cathode-ray tube and conirols (17034)
Type: post-acceleralor. approx. 8.3 kV aceclerating polential: alumi-
nized P31 phosphor.

Grallcule: 6 X 10 div inlcrnal graticulc: 0.2 subdivisions on major
hocizomtal and vertical axes. | div = 0.85 em. Rear panel adjustmenis
for trace alignment und astigmatism.
Beam finder: ruiurns irace 10 CRT screen regardiess of setting of hor-
izontal or vertical conirols.
Intansity modulation: >+4 V, dc 10 | MHz blanks lrace of any in-
tensity. Input R, 1000 ohms % 10%. Max input. 210 V {d¢ + peuk uc).
Perslstence

Normal: natural persistence of P31 phosphor (approx. 40 us).

Varlable: (rom <Q.25 1o > | min. (stundard mode).
Slorage writing spead

Standard moda: >20 div/ms over central 3 X 9 divisions.

Fast write mode: > (000 div/ms over central 5 X @ divisions.
Brightneas: approx, 340 cd/mt (100 1),
Storage Hme: (rom standard 1o Siore, traces may he slored with
STORE TIME full cw for > 1 hr. With STORE TIME full cew. aces
may be viewed al normal intensity (or >1 nun. F'rom Fast mode o
Stare. Iraces may be stored with STORE TIME fali cw for > 5 min.
With STORE TIME full ccw, Lraces miy be viewed at normal inten-
sity for >15 s.
Erase: manual. pushhutton crasure takes approx. 500 ms.

Cathade-ray tube and conirols (1707B)

Type: post-accelerator, approx. 22 kV accelerating potential, alumi-
nized P31 phosphor.

Graticule: 6 X 10 div internal graticule; 0.2 subdivisions an major
horizoma) and verucul axes. | div = | cm, Fron! panel adjustments
for trace alipnment and astigmatism

Beam finder: returns Jrace 1v CRT screen regurdless of setling of hor-
izonlal, verlical, or intensity controls.

Intensity modulstion: >+4 V, dc (0 | MHz hlanks trace of any in-
tensity. fnpul R, 1000 ochms % 10%. Max, input, 10 V (dc + peak ac).

General
Callbrator: | XHz 210% square wave: | V p-p, 217,
Operating environment: (cmperature, 0 1o +55°C: humidity, to 93%
relative humidity at +40°C; ahitude. 1o 4600 m (15 000 f): vibration.
vibrated in Lhree plancs Yor 15 min, cach with 0.254 mm (0.010 wn.)
cxcursion, 10 10 55 Hz.
Dimensians: 325 mm (12, in.) widc: 198 mm (7% in.Y high: 1703A is
578 mm (22% in.) long with handle. 448 mm (17% in.) long without
handle: 1707B i3 330 mm (207 in.) long with handic, 400 mm (157 in.)
long without handle.
Welght
With panel cover and accessories: (1703A) net. 13.6 kv (30 1b).
Shipping. 17.7 kg (39 Ib). (1707B) net. 12.3 kg (27 1b). Shipping. 16.8
kg (37 Ib).
With panel cover, acceessories, end battery pack: (1703A) nui,
17.7 Xg (39 Ib). Shipping. 20.9 kp (46 Ib). (F707B) nct, 15.9 kg (35
Ib). Shipping. 19.5 kg (43 Ib).
Power
AC Ilne: 115 or 230 V 2 20%. 48 10 440 Hz, 40 VA mux,
DC line: 11.51a 36 V: 40 VA max.
Battery (optional): operating time, up 1o 4 hours: recharge lime, 14
hours max, with power switch off. if not operated aller power indi-
cator flashes: low baltery indicator. power Light 1lashes 1o indicate
that baticries are discharged and lurther operastion may domape
battery: recharging, batleries are recharging whenever power mode
swiltch 18 set 10 AC with power applicd. With power switch afl, full
charge is applied. With power switch on. trickle charge is applied.
Accessories supplled: onc Modcl 10115A blac light filter, one front
pancl covec (HP P/N 01720-64101Y: one vinyt storage pouch {HP P/N
1540-0292); 1wo Model 10006D, 10:1 divider probes. 1,8 m {6 (1) long:
one 2.3 m {7.5 ) power cord with right sngle plug (FIP P/N 8120-
1521). three fuscs, one 2A (HP P/N 2110-0002), one 0 5A slow blow
(HP P/N 2110-0008). onc 0.25A stow blow (HP P/N 2110-0018). and
on¢ Operating angd Service manual.
Options
Optlon 012: Moadcl 10)03B Batlery Pack installed
Option 015 (1707B): adds channel A oulpul
Option 300 (1707B): ruggedized 50 mHz dual channel
oscilloscope, meets all environmenlal requircments de-
scribed in MIL-O-83225 (USAF), designated AN/
USM-338
Model number and name
1703A 35 MHz Delayed Sweep Storage Qscilloscope
1707B 75 MHz Dclayed Sweep Oscilloscope

Price
add 300
add $50

add §13638

$3500
<2600

o
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OSCILLOSCOPES

General purpose plug-in scopes, to 18 GHz
Model 180 serles

Introduction

The 180 plug-in oscilloscope combines high performance. plug-in
versatility, and operaling case 1o give you a flexible operating system
with laboratory quality throughout. Whether you require four chan-
nel teal time measurements to 100 MHz, sampling (6 (8 GHz, 170 ps
tisc lime Time Domain Reflectometry, High Resolution Spectrum
Analysis, or precision Swepl Frequency lesting. each of these and
morc arc available in 2 compact package with a large CRT display.

The focal point for performance is 1the mainframe with a high qual-
ity CRT for accurate measurements. Four mainframes arc available,
Iwo in cabinet or rack configuration and two in cabinet configura-
tion. A sclection of plug-ins for these mainframes allows you to con-
figure an oscilloscope for general purpose use through 100 MHz, (8
GHz sampling. Time Domain Reflectometry, Spectrum Analysis, und
Newwork Analysis. You can meet your present measurement needs, se-
fecting only those plug-ins 1o mect presenl requirements al minimum
cost., yet keep the full capability of the mainframe for future require-
ments,

Models 180C. 180D, and 182C mainirames have bright, casy 10 see
displays for maximum resolulion and measurement accuracy. Models
180C and 180D each have a CRT display with a full 8 X 10 em inter-
nal praticule and a writing specd of 1500 cm /x5, For mulli-lrace view-

ing and casy-to-see displays, the 182C CRT display has a large 8 X 10
division (onc division cquals 1.29 em) internal graticule.

Siorage/variable persisicnee mainframes give you The widest selec-
tion of general purpose and high speed storage applications. Ad-
vances in processing and largel material have resulted in a very rug-
gead storage surfacc as well as extremely high writing speeds. This stor-
age surface is 50 burn resistapt that special operaling procedures are
not required, cxtending the versalility of storage measurements Lo gen-
eral purpose applications.

Storage wriling speeds of 100 cm/us or 400 cm/us are available in
(he 184A and |84A Opuion 005, which allows you to capture thosc clu-
sive Iransienls thal were oo fast for olher siorage scopes to record.
With these fast wriling speeds you can easily make pulse timing ad-
jusimenls, locate noise pulses ond missing bits (rom low duty-cycle
digital signals. Low duty-cycle puise trains from dise. tape, ar drum
peripheral umits can aleo be viewed through repetstive sweeps by using
variable persistence (o build up the intensity of dim traces.

For medium speed storage and varisble persistence applicalions,
Models 181A/AR mainframes are available. Variable persistence
mode, in both models, llows you 10 adjust display retenlion time 0
maich the speed of slowly changing signals for maximum viewing easc.
This allows direct viewing ol complele waveforms without clutter in
clectromechanical, biomedical, ehemical, geological, cceanographi-
cal, and many other areas with slowly chenging signals.



vl 85508 BPECTRUM ANALYZER o 1socsw

el e o <

11

L L]
neaEE - - - gNES
® 00 9

Real time measurements

A sclection ol eight, high performance, vertical real ime plug-ins as-
sures the right plug-in for almost any measurement applicalion. Real
time, dual channel plug-ins are available in 500 kHz, 35 MHz, 50
MHz, 75 MHz, and 100 MHz bandwidths with deflection factors of
100 uV, 10 mV, and 5 mY. Additional measurement capability is pro-

vided by four channe} 100 MHz, and 30 MHz plug-ins and a differen-
tial/dc offset plug-in with 40 MHz bandwidth.

A selection of time base plug-ins gives you a choice of single. ex-
panded. and delayed sweeps with magnified sweep speeds 1o 5 ns/div
in 180 mainframes. Models 1820C, 1824A, and 1825A have triggering
capabilities to 150 MHz and the 1821A (riggers in excess of 50 MHz.
Models 1821A and 1825A have calibrated delayed and mixed sweeps
for accurate timing measurements and detailed examination of select-
ed portions of waveforms.

Sampling

Models 1810A and 1811A sampling plug-ins provide fasi, easy low
level, high frequency measurements. The 1810A looks and operates
like a real time plug-in which reduces familiarization time for accu-
raie, low-level measurements to 1 GHz, Measurements to 18 GHx are
availuble with the 1811A and the 1430C remote feedthrough sampling
head. The remote sumpling head reduces measurement errors al high
frequencies by eliminating long high frequency interconnecting cables.
The feedthrough method of measurement in the sampling head
increases accuracy by allowing measurements to be made while the
system is operating with ils own loads.

Time domain reflectometry

Time Domain Refllectometry is a (ast. convenient lechnique 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.
Modcl 1818A is an easy-to-use 170 ps rise time TDR plug-in for de-
sign and installation evaluation of transmission or inlerconnecting
systems. For critical design work or system installations, the 1815A/B
with its remote sampling heads will display discontinuities as close as
6.4 mm (0.25 inch) with a system rise time of 35 ps.

Logic state analysis

The 1607A Logic State Analyzer combined with a 180 ar 182 oscil-
loscope provides a complete logic analyzer system (or functional mea-
surements ol digital systems at speeds to 20 MHz. The 1607A analog
oulpuls connect to the 180 or 182 scope de-coupted X (Ext Horiz)-.
Y-, and Z-axes inpuls to provide a 16 X16 bit data field display of I's
and 0's. The 180 or 182 scopes may also be triggered by the 1607A to
display waveforms related to the logic Now at a preselected point. In
the data domain the analyzer scope combination displays the logic
states so vou can pinpoint a problem. Then. in the lime domain, the
1607 A triggers the scope where the problem occurs lor electrical anal-
ysis.
Spectrum analysis

The 8557A (350 MHz) and 8558B {1500 MHz) Spectrum Analyzer
plug-ins display the absolute amplitude of the (requency components
of an inpul signal. Applications include: distortion and modulation
measurements, mixer characterization, filter measurements and abso-

- lute power measurements.

Operation of both analyzers is extremely simple; only thres con-
trots are needed for most measurcments. Two controls set the fre-
quency scale, and one is used for the amplitude scale. Measurements
can be made from +30 dBm (7 voits) to =117 dBm (320 nV) on a 70
dB distortion-free display. The 8557A features a full span of 350 MHz:
the 85588 as wide as 1000 MHz, and for more detailed analysis, both
can scan a range as narrow as 50 kHz,

Swepl frequency testing

Hewilett-Packard’s Model 8755 series Frequency Response Test Sets
are precision detection and display systems for making the basic mi-
crowave measurements of insertion gain/loss and return loss {SWR)
from 15 MHz to 18 GHz. The 8755L is cabinet mounted with a large
screen display for bench applications; the 8755M occupies a mini-
mum of space when rack mounted.

The 8755 system has been specifically designed to achieve a full 60
dB dynamic range when used with solid state sweepers (HP 8620
series) which typically have an output level in excess of +10 dBm. The
60 dB dynamic range from +10 to —50 dBm means il is possible 10
view a full 40 dB of return loss with couplers having a 20 dB auxiliary
arm coupling factor.
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OSCILLOSCOPES

General purpose plug-in scopes, to 18 GHz

180 SYSTEM SECECTION CHARYS

MASNFRAMES
Model No. Description Page
180C/D Righ speed, § X 10 cm inlernal gralicule (180D rack style) 136
181A/AR 5¢m/ us storage wniting speed/vanable persistence (181AR rack slyle) 133
182C Large screen, B X 10 div internal geaticole (10.3 X 12.9 em) 135
1844 100 ¢cm/us Storage writing speed/vatiadle persistence 134
1844 Opt 005 400 cm/ s slorage wriling speed/variable persistence 134
SAMPLING

VERTICAL PLUG-INS (Vertica) Seclion)

Model No. 18017 1803A 1804A 18054 18064 1807A 18084 18094 V18104 1218154/8 | "2)811A
Bandwidlh 50 4Q 50 100 05 ki 75 100 1 GHz 401 40
MH (30) 12.4 Ry 18 GHz
Min. defleclion | 5 mV (500 10 my
factor/dlv uY Opt 00 (1 mV 20 myY 5mV 100 uv 10 my Imv 10 mY 2mV Smv 2mV

cascaged) | cascaded)
2 (Opt 2{1 2
Channels 001.1 1 dift 4 cascaded) | (both dill) 2 2 4 2 ) 2
cascaded)
) M@/ LIQ/ {MQ/ 1 M@/ 1 M/ 1 Ma/ 1 MQ/ ) Mg/ 5082 500 500
Input RC 25pF 27 pF 25 pF 13 pf 15 of 27 oF 12 pf 12 pf
or 500 or 500! o 50Q
Diffarentiaf yes yos (wilh 00 yes yes yes yes yes yes no yes
Input de olfsel)
Page 138 138 140 137 138 138 137 140 14 146 142
SANPLING FREQUENCY-DOMAIR
TIME BASE PLUG-1KS (Tima Baze Section) TOR PLUG-INS

Model No. 1820C 1821A8 1825A '1810A 1.2)8)54/8 [ 3-2]811A L1818A -2.31815A/B 85574 85588 87554¢
Ext Trig 18 GHz 18 GHz <170 ps <35ps | Spectrum Spectrum Swept
Freq (MHr) 150 100 150 >1 GHz | wilh Lrigger | with trigger | rise lime rise lime | Analyzer Analyzer Amphilude

coonldown | countdown | TOR syslem TOR 0.1 - 350 plug-in, Analyzes
MHz. 01—1500 plug-ia
Int Trig Fzeq. | Oelermined by Vert. Amp. Plug-in. 1 GH2 Measuremenls | MHz. Mmeasures
jrom Measuremanls | insarlion
Sweep 5ns 10 ns 503 100 ps 10 ps 10 ps Calibraled 18154 ~117dBm fiom gain/loss
Speeds/div! Is s }s [(expanded) | —lus | (expanded) | inleel calibrated |to +206Bm. | —117dBm | and reluro
=50 us ~1ps | ang metres in feet lo +30 dBm. | loss from
15 MKz lo
Delayed and Ne Yes Yes No No No 18158 18 GHz.
mired sweep calibrated
In melres
Page 142 142 143 144 146 14 146 146 148 149 404
MAINFRAME / VERTICAL / TIME BASE COMPATIBILITY CHARY
TIME BASE TOR/SAHIPLING,
VERTICAL PLUG-INS PLUG-INS FREQ. DOMAIN
=
< NOTES
QQ " a& 1. Double widih plug-ins
Mainframe e = S I =2l 8| = < = | Q| < slsz|=2gl=l=ls =l=2 § 2 Requ:res remote sa\rlap‘.mg r‘;e[ads.
SI2|E|E|E|2|E|E(B|B|B|E|Z|2|2|Z|8|8|5] ! R T o
al plog-d 50 MHz.

8000 X | X | X TX T X L X X X TX T XX TR TR LY X ] X LR ] X K] b o mdriator and duiectors

181A/AR X X X X X X X X X X X X X X X X X X X

182C x| xx x| xIx x| xf/x{x{x{x}px]x{x

1844 X x| x| xypxpxpx|x{xix|/xjxyix{x\{x|«x]x}/x|X
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181A/AR specifications

Calthode ray tube and controls
Type: post-accelerator storuge: appeox. 8.5 kV aceelerating potential:
aluminized P31 phosphor.
Qralicule: 8 X 10 div internal gruticule, 0.2 subdivision markings on
major harizontud and vertical axes. 1 div = 0.95 ¢m. Front panel ad-
justment aligus race with graticule.
Beam finder: returny truce 1o CRT screen regardiess of horizontal or
vertical control serting.
Intensity modulatian (exlernal Input)
Input: approx. +2 V, 250 ns pulse width (<10 M Hz siae wuve) will
blank trace of normal intensity.,
Input R: approx. § k.
Maximum inpul: £20 V (dc + pcuk ac).
Persistence
Normal: natursl peesistence of P31 phosphor (spprox. 40 px).
Varlable: (rom <0.2 s to > min.

OSCILLOSCOPES

180 Mainframes: storage, 5 cm/us writing speed

Models 181A/AR

Storage wriling speed

Wrlle mode: > 20 ciniims

Max write mode: > 5 vm/ps,
Brighlness: >342.6 cd/m? (100 ).
Storage time: from Wnite modc 10 Store, truce may be stored at re-
duced intensily for > | hour: (0 View mode. traces may be viewed at
normal intensity for > 1 minute. I'rom Max Write mode 1o Store,
dees may be stored at reduced intensity for > & minuies: 10 View
modec, truocs muy be viewed ot normal iotensity for > 18 seconds,
Erage: manual, pushbutton crasure tzkes spprox. 300 ms

Harlzontal amplifier
External input
Bandwidih: dc-coupled. dc 1o 5 MHz: ac-coupled. S Hz 1o § MHz,
Deflection Factor: | V/div in XI: 0.2 V/div in X5: 0.1 V/div in
X10.
Vemler: provides continuous adjustment between ranges.
Dynamic range: £20 V.
Maximum laput: 600 V de (ac-coupled mput).
Input RC: approx | megohm shunted by approx 30 pk.
Sweep magnifier: X5. X10: accuracy. +5% with 3% accuracy Lime
base.

Oulputs

Four rear panel emitier follower outputs for main and deluyed gaies,
main and delayed sweeps or verlicil and horizontal ouvputs when used
with TDR /sampling plug-ins. Will drive impedances 21000 ohms
withoul distostion.

General

Calibrator: approx 1 kHz squarc wave, 3 us rise time: 10 V p-p into
Z 1 megohm: nccuracy, £ 1%.

Operating environment: temperature, 0 o +55°C (+32°F 1o
+130°F): bumidity, to 95% relative humidity at 40°C (104°1); uldi-
lude. to 4600 m (15000 [1); vibration. vibrated in three plunes for 15
min. esch with 6.234 mm (0.010 in.) excursion, 10 (0 $5 Hz.
Dimensions

Cabinet Model, 181A: 200 mm wide, 289 mm high. 540 mm deep

behind panel (7%, 1%, 2% in ),

Rack Meodel, 1B1AR: 425 mm wide, (32.6 mm high, 343 mim deep

overall (6%, 5%, 21 (0. 493 mm (19% in)) decp behind rack

mount {abs,
Welght (without plug-ins)

Model 1814 (cabinat): net. 10.9 kg (24 1b). Shipping. 15.4 kg (34

1b).

Model 191AR (rack): net. 11.8 kg (26 Ib). Shipping, | 7.2 kg (38 1b).
Power: 115 or 230 V £10%, 48 10 440 Hz: 115 watts al normzl line
with plug-ins: max main{rame power, 228 VA,

Accessories supplied: 2.3 m (7': ) power cord. Model 10178A
mesh contrast filter, blue plasuc light filter (HP P/N 5060-054%), 230
V fusc package (HP P/N 5080-9672). one Operating und Service Man-
ual. A rack mount kit (HP P/N 5060-0552) and 2 chp-on prabe hold-
crs (HP P/N 5040-0464) arc supplied with the 181AR rack model.
181T/TR

181T cabinct and [BITR rack model mainframes are related 10 8557A
and 85588 plug-ins; with non-buffered rear panel auxiliary outpuls.
For detailed information refer (o an 8557A or 8558B data shect.

Options Price
R49: Modul 181A wilh remote programming capability

for Write. Max Write, Normal. Store, View, and Erase

functions. Programming is accomplished with cantacl

closurc, DTL, or TTL logic sources.

Opiion H49 Programming (181A) add $513
Model number and name

Madel 181 A Storage Oscillascope, Cabinet Siyle $2350
Model 181AR Storage Oscilluscope, Rack Style $2430

P



FM OSCILLOSCOPES

180 Mainframe: storage, 100 cm/ s writing speed

Model 184A
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184A Mainframes Description

The Model 184A cabinet siyle variable persistence and slorage
mainframe provides writing speeds of 100 ¢cm/as or with Option 005,
400 em/us (with viewing hood). These writing speeds are fast enough
(hal (races you previously had to photograph to see can now be viewed
directly in normal ambient light. A FAST mode oplimizes writing
speed by switching the CRT display (o reduced scan while maintain-
ing calibration and resolution. A second graticule, for the FAST
mode. is supcrimposed in (the center of the screen and a front panel
light indicates when the scepe iy in the FAST mode.

184A Specifications

Cathode-ray tube and controls
Type: post-icceleraior storage 1ube: aluminized P31 phosphor.
Gratlcule: § X 10 div internul graticule, 0.2 div subdivisions on mujor
axes. | div = 0.95 cm. 8 X 10 div inlernal graticule superimposed in
center of normal scope graticule (for fast writing speed mode), [ div =
0.475 em. Fron! panel adjustment aligns trace with graticule.
Beam finder: reiurns trace 10 CRT sereen regardless of setting of hor-
izontal or vertical control setting.
Intensity modulation (external Input)

fnput: apprax. +2 V, 2350 ns pulse width (<10 M Hz sine wave) will

blank trace uf nermal inlensity,

Input R: approx. 5 kil

Maximum inpul: £20 V (dc + pcak ac).

Writing modes: conventional (non-storage). standard. and fast (vari-
able persistence and storage). Pressing STORE and cither STD or
FAST provides maximum persistence with floodguns ofl for o ready-
to-write state. The CRT will remain primed and ready-to-write for the
storage time of >)0 min. in STD/STORE and >30 s in FAST/
STORE,
Persistence
Conventional: natural persistence of P31 phosphor (approx. 40 gs).
Varlable: [rom <3 ms to >) min.
Storage wrlting speed

Mudel No. Slandarg® Fast®® 1
184A >0.2 emjps > 100 em/ s
184A Opl 005 >0.2 cm/us >400 cm/us

*hdqustsble writing speeds to appron 10 cm/ us are avatlable with rear panel confrols

=*Cahbrated 3.8 = 4 75 cm reduced scan are

Brightness
Standard: >342.6 cd/m? (100 f).
Fast: >173.3 cd/m* (50 M.

Storage lime
Standard writing speed: variable [rom >I1 min. al normal
intensity to > 10 myin. al reduced brightness.
Fast wrlting speed: variable from > 105 (8 s for Opt 005) at normal
intensity 10 > 30 s at reduced brightness. Storage time may vary with
wide temperature changes. specifications are for nermal room tem-
pecature (+22°C).

Erasa: manual. pushbutton crasure 1akes approx. 300 ms.

Horlzontal amplifier
Externat Input
Bandwldth: dc-coupled. de 10 3 MHz, ac-coupled, 3 Hzto $ MHz.
Deflectlon factor: t V/div in XI: 0.2 V/div in X35: 0.1 V/div in
X 10 accuracy, +3%. Vernier provides continuous adjustment be-
Lween ranges.
Dynamic range: +20 V.
Maximum input: 600 V dc {ac-coupled inpul).
Input RC: approx. 1 megohm shunted by approx. 30 pF.
Sweep magnifler: X5, X10: accuracy, £35% (with 3% accuracy lime
hase).

Calibrator
Type: approx 1 kHez square wave. 3 us rise nme.
Voltage: 10 V p-p into 21 megohm: accuracy. £ 1{%.

Outputs

Four rear pancl emiter follower outputs for main and delayed
gates, main and delayed sweeps, or vertical and horizontal oulputs
when used with TDR/Sampling plug-ins. Maximum current avail-
able. £3 mA. Will drive impedances 21000 ochms without distartion.

General

Operating environment: lemperature, 0 lo +33°C (+32°F 1w
+130°F); humdity, 10 95% relative humidity a1 40°C (104°F); aldi-
ude, 10 4600 m (15000 ft); vibration. vibrated in three planes for 18
min. each with 0.254 mm (0.010 in.) excursion, 10 10 55 Hz.
Dimensiona: 200 mm wide, 289 mm high. 340 mm deep behind panel
(7% VLI, 245 inches).

Walght: (without plug-ins) neil, 10.9 kg (24 (b). Shupping, 13 kg (33 1b).
Powar: 115 or 230 V £ 10%, 48 1o 440 Hz, 1135 walls a1l normid line
with plug-ins. Max mainframe power, 225 VA,

Accessorles supplied: 2.3 m (74 1) power cord. Model (0178A
mesh conirast Mier, bluc plastic light filter (HP P/N 5060-0348), 230
V [usc puackage (HP P/N S080-9681). one Operating and Service Man-
ual.

Model number and name Price

184A Cabinct Storage Mainframe 32750
184A Option 005 Fost Storuage CRT add $500
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182C Description

Moade! 182C mainframe provides lurge, easy-lo-read displays on a
16.5 em (62 in.) CRT with 100 M Hz capabilily. A parallax free, inter-
nal graticule allows accurate rcadings ltom any angle or from a dis-
tence which is extremely useful in systems testing. The large display
also improves measurement accuracy of displays such us four chan-
nel, differential/dec offset, sampling, and (ime domain reflectometer
measurements,

The cathode-ray tube has 21 KV aceelerating potential for bright
displays of low repelition rute signals, Particufar altention to electron
oplics in the CRT assures that the large display size does not cause
degradation of the trace. Internal flood guns provide graticule illumi-
nation which allows adjustment of background ilfumination for opli-
mum contrasl of graticule and trace for easy-10-read three-shade pho-

OSCILLOSCOPES@W

180 Mainframe: large screen
Model 182C

tagraphs. A find beam control ceduces set-up lime by returning the
beam 1o the display area regardless of vertical, time base. or inlensily
control settings.

182C Specifications

Cathode-ray tube and controls
Type: post accelerator, 21 kV accelerating potential: aluminized P31

phosphor.
Gralicule: 8 X 10 div internal graticule. 0.2 div suh-divisions on major
axes. | div = 1.29 cm. Fronl panel adjusiment aligns trace with grati-

cute. Scale control illuminates CRT phosphor for viewing with hood
or taking pholographs.
Beam finder: returns trace Lo CRT sercen regardless of setting of hor-
izontal, vertical, or inlensily controls.
Intensity modulation (external input)
Input: approx. +2 V, 2 50 ns pulse width (<10 MHz sine wave) will
blank trice of normal intensity, Input R approx. § kil.
Maximum Input: £20 V {dc + peak ac).

Horizontal amplifier
External Input
Bandwldth: dc-coupled, dc to § MHz; ac-coupled, 5 Hz 10 § MHz.
Deflection factor: { V/div. X1; 0.1 V/div. X10; accuracy, +5%.
Vernier provides continuous adjustment between ranges.
Dynamile range: 20 V.
Maximum Input: £300 V (dc + peak ac).
Input RC: | megohm shunted by approx. 30 pF.
Swoap magnltler: X 10; accuracy. £ 5% (with 3% accuracy time base).
Calibrator: approx. | kHz square wave, <3 gs tise lime: 250 mV p-p
and 10 V p-p into 21 megohm, =& 1%.

Outputs

Four rear panel emiuter follower outpuls for main and delayed pates,
main and delayed sweeps or vertical and horizontal ouiputs when used
with TDR /Sampling plug-ins. Maximum current availuble, £3 mA.
Will drive impedance z 1000 ohms without distortion,

General

Operating environmeni: temperature, 0 10 55°C (+32°F 1o
+130°F); humidity, to 95% relative humidity at 40°C (104°F): ulti-
lude, 1o 4600 m (15000 {1); vibration, vibrated in three planes for 15
min. each with 0.234 mm (0.010 in,) excursion, 10 1o 35 Hz,
Dimensions: 201.6 mm wide, 338.1 mm high, 498.5 mm decp overall
(T"¥e, 13%4, 19% inches).

Weight: (without plug-ins) nel, 12.2 kg (27 Ib). Shipping. 15.4 kg (34
ib).

Power: J 15 or 230 V £ 10%, 45 to 440 13z, <110 walls with plug-ins at
aormal line Max. mainframe power, 200 VA,

Accessorles supplled: 2.3 m (7' ft) power cord, blue plastic hght fil-
ter (FIP P/N 5060-0547), 230 V fuse package (HP P/N 5080-9672), one
Operating and Service Manual.

182T

Cabinet model mainframe related 1o 8557A, 8558D, and 8755A plug-
ing; non-buffered rexr panel auxiliury oulputs: and P39 medium-

persistence CRT phosphor. For detailed information refer to an
8557A, 8558B ar 8735A daia sheer.

Options Price
010: mainframe withoul rear pancl main and delayed )
sweep and galc oulpuls less §100

Medel number and name
Model 182C Oscilloscope Mainframe
Model 182C Option 010 Oscilloscope Muinframe

WA



OSCILLOSCOPES

180 Mainframes: high writing speed
Models 180C/D

180C/D Specifications

Cathode-ray tube and controls
Type: post accelerator. approx. 15 kV accelerating potential. alumi-
nized P31 phosphor.
Gralicule: 8 X 10 dw inlcrnal graticule, 1 div = | em, 0.2 div subdivi-
sions on major axes. Front punel recessed screwdriver adjustment
aligns trace with graticule. Scale eontrol illuminates CRT phosphor
when viewing with hood or taking photographs.
Beam finder: returns trace to CRT screen regardless of setiing of hor-
izontal, vertical, or intensity controls.
Intenslty modulalion {external input)
Input approx. +2 V, 250 ns pulse width (210 MHz sine wave) will
blank trace of normal intensily.
Input R: approx 5 k.
Maximum Input: £20 V {dc + peak ac).

Photographlc writing speed: 1500 ¢m/us. Measured using P31
phosphor, 10 000 ASA film without film fogging and HP Model 195A
camera (1.3 lens, 1:0.5 object-to-image ratin). Writing speed may be
increased substantially by using film fogging techniques, P11 phos-
phor, and faster camera lenscs.

Horizontal amplifier
Extarnal input
Bandwidih: dc 10 S M Hz dc-coupled; 5 Hz to 5 MHz ac-coupled.
Deflection Factor: | V/div. X1: 0.2 V/div, X5: 0.1 V/div, X 10: ac-
curacy +3%. Vernicr provides conlinuous adjustment belween
ranges.
Dynamic range: +20 V.
Maximum Inpuk 600 V dc (ac-coupled inpu0).
input RC: approx. | megohm shunted by approx. 30 plF,
Sweep magnifler: X5, X10, accuracy +5% (with 1% accuracy lime
basc).

Quiputs

Four rear panel, emilter lollower outputs provide man and delayed
sweeps, of vertical and horizontal cutputs when osed with TDR /Sam-
pling plug-ins. Maximum currenl available. =3 mA. Oulputs will
drive impedances of 2 1000 ohms withoul distortion.

General

Calibrstor: approx. | kHz squarc wave, <3 u$ risc time: 250 mV p-p
and 10 V p-p inio =1 megohm: accuracy, +1%.

Operating environment: lemperature. 0 to +55°C (+32°F 10
+130°F). humidily. 10 95% rclalive humidity a1 40°C (104°FY; alu-
lude. (o 4.6 km (15000 f1): vibration. vibrated in three planes for 15
min. cach with 0.254 mm (0.010 in.) excursion, 10 10 55 Hz.
Dimensions

Cabinet modal, 180C: 200 mm wide, 289 mm high, 540 mm dcep

behind pancel (7%, 1%, 214 inches).

Rack model, 180D: 425 mm wide. 132.6 mm high, 543 mm deep

overal) (16¥. 5%a, 2% inches): 493 mm (19% in.) deep behind rack

mount (abs.
Welght (without plug-ins)

Model 180C (cablnet): nel. 10.4 kg (23 Ib). Shipping, 15.4 kg (34

Ib).

Modei 180D (rack): ncl, I 1.8 kg (26 Ib). Shipping. 17.2 kg (38 Ib).
Power: 115 or 230 V. £10%: 48 10 440 Hz: normally <110 walls with
plug-ins at normal line. Max mainframe power, 200 VA.
Accessorles supplled: 2.3 m (7' ft) power card, blue plastic light fil-
ter (HP P/N S060-0548). 230 V fuse package (HP P/N 5080-9672). one
Operating and Service Manuoal. A rack mount kit (HP P /N 5060-0552)
and 2 clip-on probe holders (HP P/N 5040-0464) are supphed with the
180D rack model.

180TR

Rack modcl mainframe related 10 8357A. 8358B, and 8755A plug-ns:
non-bufTered rear panel auxiliary outputs; and P39 medium-persis-
tenee CRT phosphor. For detailed informauon refer {0 an 8557A.
35588 or 8755A datu sheer.

Options Price
010: deletes rcar panel outputs for main and delaved

gates and main and delayed sweeps less S100
Model number and name

180C Cabinet Style Mainframe $1450)
(80C Option 010 (see Options) $1350
180D Rack Style Mainframe S185
180D Option 010 (sec Options) S14350
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180SA, 1808A Specifications

Modes of operation

Channel A; channel B; channels A and B displayed allernulely on sue-
cessive sweeps (ALT): channel A and B displayed hy swiltching be-
tween channels at approx. 400 kHz rate (CHOP) with bianking dur-
ing switching: channel A plus channe! B (algebraic addition).

Each channel (2)
Bandwidth: (measured with or without 10014A probe, 3 dB down

from 8 div reference signal from a terminated 50 ohm source.)
DC-coupled: dc to 100 MHz (1805A). de w6 75 MHz (1808A).
AC-coupled: (1805A) upprox. 10 Hz 1o 100 MHz (lower limil is ap-
prox. | Hz with LOO14A probe), {I1808A) approx. § Hz 1o 75 MHz
{lower limjt 1s approx. 0.8 Hz with 10014A probe).

Rise time: (J805A) < 3.5 ns, (1808A) < 4.7 ns (both measured with ar

without 10014A prabes. 10% 10 90%: points of 6 div input sicp fTom a

terminated SO ohm source).

Deflection factor
Ranges: 5 m/div {0 5 V/div ()0 calibrated posilions) in 1, 2, 5 se-
quence, 2% attenualor accuracy.
Vernler: psovides vontinuous idjusiment belween deficclion facior
setlings and extends maximum deflection factor to at least 12,8
V/div Front pancl light indicates when vernier is not in CAL posi-
lion.

Polarity: + up or ~ up, scleciable.

Slgnal deley: inpul signals are delayed suificiently to view lcading

cdge of input pulse withoutl advanced trigger.

OSCILLOSCOPESmﬁ‘

180 Verticals: 2 channel, 100 MHz & 75 MHz
Models 1805A & 1808A

Input coupling: AC, DC, 30 nhms (dc). or ground. Ground posicion
discannects irput connector and grounds amplifer inpul.
Inpul RC
AC and DC: | megohm = 1% shunted by approx. 13 pI {1805A). 12
pF (1808A). Congtant vn all ranges.
60 ohm: 50 ohms £2%. SWR <1.2 at 100 MH2x (1805A), nt 75
MHz (1808A). on all ranges.
Maximum input
AC and DC: £300 V (d¢ + peak ac) al } kHz aor less, £ 130 V (de +
peak ac) on 5 m/dlv range at | kHz or less.
50 ohm; 10 V rms (de-coupled input).
Dynamic range: (1805A) 6 div a1 100 M Hx increasing o 16 div at
<15 MHz.
Positioning range: (1805A) 16 div.
Driit (1808A): <100 zV,°C.
A + B operatlon
Ampllfler: bandwid(h and deflection fuctors are unchanged: ¢ither
chunncl muy be inveried for £A +B operation,
Differantial Input (A — B) common mode: (1305A) CMRR is a
lcast 40 dB from dc (o | MH2z for common mode signals of 16 div or
less: CMRR s at least 20 dB a( 30 MHz for common mode signals
of 6 div or luss. (1R08A) CMRR is at least 40dB on S mV /div and at
Icast 20 dB on other ranges for frequencics between dec and 2 MHz
and common mode signal ol 24 div or less.
Triggering (1805A)
Source: selectable from channel A, channel B. or 4 composite (Comp)
signal from A and B in any display mode. Composite is channels 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 compos-
ite tnigger signals. A and B signals arc independent of polarity selec-
tion.

Frequency
Time Base Requtred
Plug-in Trigger Frequency® yerlical Dellection
1820C. 18244, dc — 50 MHz % div
1825A dc — 100 MHz 1 div
1821A dc — 50 MHz 1 div

*all display modes excepl Chop, dc 1o 100 kHz in Chop.

Triggering (1808A)

Source: A, B, or A+B on the individunl or composite signal dis-
playcd: chop mode selectzble from A or B: alternalc mode A, B, or
composite (A+B switcheid),

Frequancy: dc 10 75 M Hz on signals causing 0.5 div p-p or more ver-
tical deflection in all display modes (182)A requires | div p-p). excepl
de o 100 kHz in chop modc.

Cffset (1805A)
+2¥) div of offsel. Allows offscl of de or ac signals up to the dynamic
rarge and muaximum inpul.

Vertlcal signal output (1805A)

(sclected by tiigger source swifch)

Bandwldth: > 50 MHz into 30 oluns.

Amplttude: >50 mV for cach division of display into 50 ohms with
usable amplitudes up to SO0 mV p-p.

Source Impedance: approx. 30 ohms.

General

Operating environmanl: vame as 180 C/D wuintrames.

Weight: nct. 2.3 kg (5 Ib): shipping. 3.6 kg (8 1b).

Accessorles supplled: two (0014A 10:1 voliuge divider probes ap-
prox. I.1 m (3'4 M) long. ane Operating and Service Manual.
Recommended probes

10014A, 100168 passive probes, 10020A resistive divider probe kil
and the 1120A and 1125A active probes maintain full performance of
the 1805A and I808A.

Model number and name Price
1805A Dual Channel Vertical Amplifier §1330
1808A Dual Channcl Vertical Amplificr §1100

Opltion 003 withoul probes less $120
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180 Verticals: 0.5 MHz, 35 MHz, 50 MHz and dc offset

Modala 1801A, 1808A, 1807A & 1803A
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1801A, 1806A, 1807 A Specifications

Modes of operation

Channel A; channel B; channels A and B displayed altemately on
successive sweeps (ALT): channels A and B displayed by switching be~
tween channels at approx. 400 kHz rate (1801A), 100 kHz (1806A,
1807A), in CHOP mode with blanking during switching: channel A
plus channel B, algebraic addition (1801A, 1307A).

Each channel (2)
Bandwidth: (measvred with or withgut a Mode! 10004D probe
(1801A. 1807A), Model 10001A/B probe (1806A), 3 dB down (rom 8
div refcrence signal from a terminated 30 ohm source.)
DC-coupled: (1801A) dc 10 50 MHz, (1807A) dc 10 35 MHz,
(1806A) dc to 500 kHz.
AC-coupled: (1801A) approx. 8 Hz to 30 M Hz, (1807A) approx. §
Hz to 35 MHz. (1806A) 2pprox. 2 Hz 1o S00 kHz. Lower limit
{1801A. 1807A) 1s approx. 0.8 Hz with 10004D probe. (I1806A)
approx. 0.2 Hz with 10001 A /B probc.
Bandwidth Itmit switch (1806A): limits bandwidth fo approx. 50
kHz.
Rise time: (1801A) <7 ns, (1807A) <10 ns (measured with or with-
oul 10004D probe, 10 10 90% of 8 div inpul step from a terminated
50 ohm source).
Deflection factor
Ranges: (1801A) 5 mV /div 10 20 V /div (12 posilions) in 1. 2, 5 sc-
quence: (1807A) 10 nV /div 16 § V/div (9 positions) in 1, 2, § se-
quence; (1806A) 100 uV /div (0 20 V/div (17 positions) 1, 2, 5 se-
quence; =3% dllenu4lor accuracy.
Vernier: provides continuaus adjustmenl between deflection Factor
setlings and extends maximum deflection factor to al ieast 50V div
(1801 A, 1806A). 12.5 V/div (1807A). Front pancl light indicites
when vernier is not in CAL position.
Polarity: (1801A) +up ar —up, selectable, (1807A) + up o¢ — op se-
lecrable on channe! B.
Slgnal delay: (1301 A, 1807A) input signals are delayed sufficiently (o
view lcading tdye of input pulse withou! advanced trigger.
(npul: (1306A) dillcrential oF single-ended on all ranges, selectable.
Input coupling: (1801A. 1BO7A) selectable, AC, DC, or Ground:
ground position disconnecls signal input and grounds amplifier inpul.
(1806A) sclectable AC, DC, or OFF for both + and — inputs; OFF
position disconnects signal input and grounds amplifier inpu for re-
ference.
Input RC: (18G14) approx. ! megohm shunied by approx. 25 pF:
{1807A) | mcgohm £2% shunted by approx. 27 pF; (1806A) approx. |
megohm shunted by approx. 45 pF: constant on all ranges.
Maximum Input (18014, 1807A)
DC-coupled: 3350 V (dec + peak sc) al I0kHz or less. 150 V (dc
+ peak ac) on § mV/div rznge (1801A), 10 mV/dwv (1807A). a1 )0
kHz or less.
AC-coupled: £600 V dc.
Maximum Input (1806A): 400 V (dc + pesk ac).
A + B operation (18014, 1807A)

18074

Amplifier: bandwidth and deflection factors are unchanged:
(L801A) e¢ithcr channel may be inveried for £A B operation:
(1807A) channel B may be inveried for —A %£B operation.
Diferentlal Input (A - B) common mode: CMRR is at least 40 dB
at 5 mV, div {1801A)Y, 10 mV/div (1807A), and at least 20 4B on
other ranges lor frequencies between dc and | MHz and for com-
mon mode signals of 24 div or less.
Input Igolation (1806A): 280 dB between channels a1 500 kHz with
shiclded conneciors.
Nolse (1B06A): < 20 uV, measured 1angentially at full bandwidih.
Common mode (1806A)
Frequency: dc to 10 kHz on all ranges.
Rejection ratio: > 100 dB (100 000 1o 1) with de-coupled input on
100 uV/div range, deereasing 20 dB per decade of deflection factor
1o 240 dB on the 200 mV/div range: CMRR is =30 dB on the 500
mV /div 10 20 V/div ranges.
Maximum signal: £10 V (dc + peak ac) on 100 xV/div to 200
mV/div ranges; £400 V (dc + peak ac) on all other runges.

Triggering (1801A)

Source: for channel A, B, or A+ B. on the signal displayed: Chop is
selectable from channel A or B: Al is sclectable from channel A, B, or
Comp (channels A and B switched).

Frequency: dc 1o 50 MHz on signals causing 0.5 div or more verlical
deflection in all display modes except Chop: dc to 100 kHz in Chop
modc.

Triggering (1807A)

Sourea: on channcl A for chunnel A, Chop. and Al modcs: on chan-
nel 8 for channe)l B mode: on composile signa) displayed for A+ 8
made.

Frequency: dc 1o 18 MHz on signals causing 0.5 div or more vertical
dellection in all display modes excepl Chop: dc 10 100 kHz in Chop
mode.

Triggering (1806A)

Source: for channel A or B, on the signal displayed: Chop is sclect-
ablk from channel A or B: Al is sclectable fvom channel A. B, or
Comp (channcls A and B swiiched),

Frequency: dc (o >500 kHz on signals causing 0.5 div or more verti-
cal deflection in all display modes except Chop: dec 1o 100 kHz in
Chop.

General

Operating environment: same oz 1R0C /D mainframe.

Waelght: nc1. 1.8 kg (4 I1b). Shipping. 3.6 kg (8 1b).

Accessorles supplled: (1801A) (wo 10004D, 10 | divider probes,
approx. 1.1 m (34 N). onc Opcraling and Serviec manual; (1807A) onc
Operating and Scrvice Manual: (1806A) two BNC (o dual banana
plug binding post adapters (HP P/N 1250-1264), one Operating and
Service Manual.

Racommended probes: the 10004D. 10005D, and 10006D puassive
divider probes maintain full performance of the 1801 A or 1807A: the
100014 /B. 10002A /B, 10003A passive divider probes maintyin full
performunce of the 1806A.
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1803A

1803A Specifications

Vertical deflection

Bandwidih: (measured with or without 10004D probe. 3 dB down

from 8 div reference signal from a terminaled 30 ohm source.)
DC-coupled: dc ta 40 MHz from 0.005 V/div 10 20 V/div; dc 1o 10
MHz on 0.00] V/div and 0.002 V/div or when using Vi renge of 0
1o 6 V or two most sensitive volts;div settings for other Vg ranges.
AC-coupled: lower bandwidth is approx. 2 Hz, upper bandwidth is
the same as de-coupling. Lower bandwidth is approx. 0.2 Hz with
10004 D probe.

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 V; range of 0 10 6 V and

on the most sensitive volts/div settings for other Vq ranges. Measured

with or without 10004D prabe: 10% to 90% of 8 div inpul step from

terminated 30 ohm source.

Detlaction factor
Ranges: from 0.001 V/div 1o 20 V /div (14 calibrated positions) in
1, 2, § sequence; atlenualor accuracy +3%.
Vernler: provides continuous adjustment between deflection factor
seltings and extends maximum deilection factor to at least 50 V /div.
Front panel light indicates when vernier is not in CAL position.

Input coupling: AC, DC, Ground. or Vi for both + and — inpuis.

Ground disconnects signal input and grounds amplifier input.

input RC: approx. 1 megohm shunted by approx. 27 pF, constant on

all ranges.

Maximum Input

Maximum Input
¥, Range Deflection Facior (de + peak ac)
OtoBV 0.001 V/div o 0.02 V/div x5V
OtebY 0.05V/divta 0.2 V/dw +150¥
OlobY 0.5 V/div to 20 V/div +600V
DlogoV 0.01 V/div to 0.2 V/div +150V
0to 60V 0.5 V/div to 20 V/div +600V
Dto600V 0.1 v/divto 0 V/div +800V

Overicaad recovery
6 V overioad: within £10 mV of finaf signal value in 0.3 us or less,
within £5 mV in 1 ps or less, and within | mV in I ms or less.
680 V overload: within +£100 mV of final signal value in 0.3 us or
less, within £50 mV in | us or less, and within £10 mV in | ms of
less.

600 V overload: within +1 V of final signal value in 0.3 ps or less,
within £0.3 V in ] us or less, and within £100 mVY in | ms or less.
Common mode rejection ratle: measured at a deflection faclor of

0.001 V/div. (CMRR decreases with increasing deflection settings.)

Common Mode
Inpul Sinewave
frequency Range CMRR (max p-p)
deto <100 kHz >20000:1{=>86 d8) 10v
100 kHz to <1 MHz >10000:1 (=80 dB) 10V
1 MHz lo <10 MiR2 Zﬁe%!%ﬁlﬁ Fr_eq)?nvm-ﬁ
20 MHz =501 (234 dB) 1V
60 Hz >2000.1 (=66 dB)* v
*AC-coupled (all others dc-coupled).
DC offeet
Vo Range Detlection Factor Comparlson Accuraty
Oto£6Y 0.001 V/div to 0.02V/ div +(0.15% + 8 mv)
0.05 V/div te 0.2 V/div +(0.75% + 8 mv)
0.5 V/div ta 2 ¥/ div +1%
5 V/div to 20 V/div +3%
Oto £60V 0.01 V/divio 0.2 V/div +{0.4% + 8my)
0.5 V/div 1o 2 V/div +(0.75% + 8my)
5 V/div to 20 V/div +3%
0to +600Y 0.1 V/divto 2 V/div +(0.65% + 08V)
5 V/div Lo 20 V/div +3%

Vs outpul: calibraled dc ofiset voltage available at from panel con-
ncctor. continuously variable from 0 to £0.006 V, 0 to £0.06 V, 0 10
+0.6 Vor0to 26 V. Accuracy of the 6 V range is £0.15% of reading
+8 mV, when driving a resistance of 10 megohms or higher.
Trlggering

DC to 40 MHz on signals causing 0.5 div or more vertical deflection.
General

Operating snvironment: same as 180C/D mainframe.

Welght: nct, 2.3 kg (5 Ib). Shipping, 4.5 kg (10 Ib).

Accessorles supplled: one Operating and Service Manual.
Recommended probes

Models 10004D, 10005D, and 10006D passive probes maintain full
performance of the 1803A.

Model number and name Price
1804 A Dual Channel Vertical Amplifier $1000
Option 001: channe! B output and X5 magnifier add $155
Option 003: without probes less S110
Option 090: 1.8 m (6 ft) 10006D probes in lieu of

10004D N/C
Option 091: 3m (10 1) 1000SD probes in liew of 10004D N/C
1806A Dual Channel Vertical Amplifier $850
1807A Dual Channel Vertical Amplifier $750

1803A Dual Channel Vertical Amplifier $1500
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180 Time bases: single & delayed
Modeis 1820C & 1821A
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1820C Specifications

Time hase
Sweep
Ranges: 0.05 us/div to | s/div (23 positions) in 1, 2, § sequence:
+3% accuracy with vernter in CAL posilion.
Varnier: continuously variable between ranges, extends slowest
sweep 10 4l least 2.5 s/div. Front panel light indicates when vernicr
i5 nol in CAL pogiticn.
Magnlier: (mainframe) expands (aslest sweep to 5 ns/div.
Sweep mode
Normal: triggered by an int, ext, or power line signal.
Automatic: brighi baseline-displayed in absence ol trigger signal.
Triggering is same¢ as Normal except low frequency limit is 40 Hz.
Single: in Normal, sweep occurs once with same triggering as Nor-
mal (reset pushbution arms and lights indicator): in Auto, sweep oc-
curs once each Lime resel pushbulton is pressed.
Triggearing
Internal: refcr to vertical plug-in specifications,
External: dc 10 50 MHz on signals 50 mV p-p or more increasing to
100 mV at 100 MHz and 150 mV at 150 MHz.
Line: power line frequency signal.
Level
Internak: at any paint on the vertical wave{orm displayed.
External: continuously variable (rom +2 V (o —2 V on cither slope
of trigger signal, from +20 V1o =20 V in +10 setting.
8lope: pushbutton selectton of + or ~ slope of (rigger signal.
Coupling: front panel sclection of AC, DC, HF Reject or LF Reject.
AC atlenuates signals below approx. 20 Hz LF reject attenuates sig-
nals below approx. 15 kHz. HF reject attenuates signals above up-
prox. |5 ¥Hz.
Trigger holdofi: time between sweeps eontinuously variable, exceed-
ing one Tull sweep on all ranges.

General
Operating environment: samc as 180C/D mainframe.
Welght: nct, 1.4 kg (3 Ib). Shipping. 3.2 kg (7 1b).

1821A Spacifications

Niaiv time base
Sweep
Ranges: Irom 0.1 us/div 10 | s/div {22 positions) in 1, 2 S se-
quence; £3% accuracy with vermicr in CAL position.
Vemlar: continuously variable between all ranges: exlends slowest
sweep 1o at keast 2.5 s/div.
Magnlifier: (mainframe) expands asicst sweep to 10 ns/div.
Sweep mode
Normal: iriggered by an int, ext, or power ling signal.
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1821A

Automatlc: bright bascline displayed in absence of input signal.
Triggering same as normail except low freguency limit is 40 Hz for
internal or external modes.

8ingle: sweep occurs once with same triggering as normal: reset
pushbutton with indicator light.

Delayed time base
Deliyed lime base sweeps after a lime delay sct by Main time base snd
Delay controls.
Sweep
Ranges: [rom 0.1 pus/div 1o 50 ms/div (18 positions) in 1, 2, 5 se-
quence; +3% accuracy with Vernier in CAL position.
Vernler: continuously variable belween all ranges: extonds slowest
sweep to at least 125 ms/div.
Magnifler: (mainframe) expands fasiest sweep 10 10 ns/div.

Triggering
Main and delayed lime base
Internal: refer to vertical plug-in specifications.
External: from dcto S0 MHz on signals 0.5 V p-p or more, increas-
ing to 100 MHz on signals 1 V p-p or more.
Line: power line frequency signal.
Level and slope: internal, at any point on the vertical waveform
displayed; external, continuously variable from +3 V fo —31 V on
cither slope of the sync signal, from +30 V1o =30 V in +10.
Automatic (delayed only): triggered al end of set ume delay.
Coupling: front panel selection of AC, DC, ACF, or ACS. AC at-
Ienuntes signals below approx. 20 Hz. ACF (zc-last) altenuates sig-
nals below approx. 15 kHz. ACS (ac-slow) sitenuates signals above
approx. 30 kHz.
Trece intensification: intensifies that part of Main time base o be
expanded 10 full sereen on Delayed time base. Rotating Delayed time
base sweep switch from Off position activates intensified mode. Fronl
panel screwdnver adjust sets relative intensity of brightened segment.
Dalay (before start of Delayed sweep)
Time: continuously variable from 0.1 us 10 10 s.
Accursoy: £1%. Lirearily, £0.2%. Time jitter is <0.005% () pan
in 20 000) of maximum delay of each slep.
Trigger output: (at end of Delay lime) approx. 1.5 V with <50 ns
rise time from 1000 ochm source resistance.
Mixed time base: dual 1ime base in which Main time base drives first
portion of sweep and delayed time base compleles sweep at up o 1000
(imes faster. Also operates in single sweep mode.
General

Operating environment: same as 130 C/D mainframes.
Waelghi: net, 1.8 kg (4 Ib). Shipping, 3.6 kg (8 Ib).

Model number and name Price
1821A Timg Base and Delay Generator SB7:
1820C Time Base §525
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maln sweap

Delayed
sweep

Mixed sweep

Multlple exposure shows four modes of operatlon for 1825A, with
time relationship maintainad in 2ll modes.

1825A Description

Model 1825A time base and delay generator provides sweep speeds
ranging from 0.05 us/div to | s/div in 23 positions. Delay times are
conlinuously varnable from 50 ns to 10 s and are accurate 1o 0.75%
with exiremely low jitter of | part in 50,000. Also, a calibrated mixed
sweep mode is provided, A mainframe X 10 magnifier increases sweep-
speed capability 1o 5 ns/div with 5% accuracy.

One knob control makes triggering easy in main, delayed, and
mixcd modes. Stable, accurate lime displays are provided in main, de-
layed, and mixed modes with the highly sensitive 50 mV external trig-
ger capubility at 50 M Hz which increases to only 150 mV at 150 M Hz.
Trigger synchronization is maintained when switching between main,
delayed. and mixed modes, further simplifying use.

Froni panel controls are logically arranged for quick familiariza-
tion and easy use. Pushbuttons climinate front panel clutter and re-
duce 1the possibitity of crrors. Easy-to-operate pushbuttons establish
main, delayed, and mixed modes of operation.

Trigger level controls on main and delayed sweeps allow selection of
the Lriggering point on the desired portion of the signal lor almost
every measusrement application. Also, the + 10 function provides a
wide dynamic range of triggering in both external and internul modes
of operation.

External trigger sensifivily of 50 mV on both muin and delayed
sweeps allows a 10:1 divider probe to be used 1o reduce circuit loading
at trigger pick-off points and reduces the possibility of circuit mal-
function caused by the measuring instrument.

OSC|LLOSCOPES@‘

180 Time base delayed
Model 1825A

1B25A Specifications

Main time base
Swaep
Renges: 0.05 ps/div to | s/div (23 positions) in |, 2, 5 sequence:
+ 2% accuracy with vernier in CAL position.
Vernler: continvously variable between ranges. extends slowest
sweep to at Yeast 2.5 s/div. Fromt panel light indicates when vernier
is not in CAL position.
Magnifler: (on mainirame) expands fastest sweep 10 5 ns/div, ac-
curacy 3%,
Sweep mode
Normal: sweep ix Iriggered by an internal, exiernal. or power line
signal.
Automatic: bright baseline displayed in absence of trigger signal.
Triggering is same as Normal except law frequency limit is 40 Hz.
Single: in Normal, sweep occurs once with same triggering as Nor-
mal: reset pushbulton arms sweep and lights indicator; in Auto.
sweep occurs once each Lime resel pushbutton is pressed.
Delayed time base
Delayed time base sweeps after # time delay set by Muain time base
uand Delay controls. Delayed time base is triggered on [first trigger
pulse afler set delay or automatically triggers afler set delay when de-
layed level control is in detent position,
Sweep
Ranges: 0.05 us/div to 20 ms/div (18 positions) in 1, 2, § sequence;
+ 1% accuracy.
Magnitler: (on mainframe) expands fastest sweep to § ns/div, ac-
curacy +5%.
Triggering
Internal: refer to vertical amplifier plug-in specifications.
External: dc 1o 50 MHz on signals 50 mV p-p or more increasing 1o
100 mV p-p at 100 MHz and 150 mV p-p at 150 MHz.
Line: power line frequency signal. (Main only.)
Level
Internal: at any point on the vertical waveform displayed.
External: continuously variable from +2 V to =2 V op enther slope
ol trigger signal, from +20 V to —20 V in =10 setting.
8lope: pushbutlon selects either positive or negative slope of trigger
signal.
Coupling: front panel selection of AC, DC, HF Reject, or LF Reject.
AC: allenuates signals below approx. 20 Hz.
LF reject: allenuates signals below approx, 15 kHz,
HF reject: atienuates signals above approx. 1S kllz.
Trigger holdoff: lime between sweeps continuously variable, exceed-
ing enc (ull sweep on all ranges. (Main only.)
Delay (before start of delayed sweep)
Time: continuously variable from 50 ns te 10 s.
Accuracy: £0.75% of differential delay 2 minor divisions of delay
dial.
Time jifter: 0.002% (1 part in 30 000) of maximum delay on each
rangce.
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 aclivates intensified mode,
Calibrated mixed sweep
Combines Main and Delayed sweeps into one display. Sweep is
started by the Main time base and is completed by the laster Delayed
time base. Delayed sweep start is aligned with start of intensified
marker.
General
Operating environment: same as 180C /D mainframes.
Welght: nct, §.8 kg (4 Ib). Shipping, 2.7 kg (6 |b),
Accessories supplied: onc Operating and Service Manual.

1825A Time Base and Delay Generator $875
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1810A Specifications

Modes of operation

Channel A; channel B; channcls A and B displayed on alternate sam-
ples (ALTY: channel A plus channel B (algebraic addition): and chan-
nel A versus channel B,

Vertical channels

Bandwldth: dcto } GHz,

Rise time: <350 ps.

Pulse responge: <+5% or 3 mV p-p (overshoot and percurbations) in

normal display mode.

Deflection tactor
Ranges: 2 mV/div 10 200 mV /div (7 calibrated positions) in 1, 2.5
sequence; 3% accuracy.
Vernier: provides conlinuous adjustmeni between all delection fac-
tor ranges: exlends minimum deflection factor Lo <1 mV /div. Froni
panel light indicdates when vernier is not in CAL position.
Polarity: + up or — up.

Dynamlic range: > 1.6 V.

Posltioning range: > =1 V on all deflection factors,

Input R: S0 ohms, £2%.

Maximum Inpul; £5 V (dc + peak ac).

S8WR: <1.1 (0 300 MHy, increasing 1o <1.5 al | GHz.
Reflectlon coefficlent: <65, measured with HP Model 1415A TDR.
Random nolse

Normal: <2 mV, observed from center 80% of dots.

Filtered: reduces noise a( Jeust 2 10 1.
Iscintlon between channels: 240 dB with 350 ps rise time inpul.
Time ditference betweén channels: <100 ps.
A + B operation: bandwidth and deflection actors ure unchanged;
cither channel may be inverted for A +B opcration.

Time base

Rangeas
Normal: 10 ns/div 10 50 ps/div (12 calibraled posilions)ina 1,2, 5
sequence. 3% accuracy with verpier in calibrated position.
Expanded: direct reading cxpansion up to X100 in seven cali-
brated steps on all normal tlime scales. extends (he range 10 100
ps/div. Accuracy is +4% (10 ps/div, £10% using the mainframe
magnilier).

Vemler: continuously variable belween ranges; increages fastest sweep

10 <40 ps/div. Fronl pancl light indicates when vernier js not in CAL

posilion

Triggering
Mode

Normal: (rigger level control can be adjusted (o Lrigger on a wide

variely of signals.

Automatic: triggers automalically on mosl signals with 8 mini-

mum of adjustrent of the level conlrol. A baseline is displayed in

the absence of an inpul signal.
Internal

Source; selectable; channe! A triggers channel A or alicrnalte; chan-

nel B triggers channe! B. alternate, A + B, or A vs B.

8ine wave: JO mV p-p lor signals rom | kHz 1o 200 MHz, 00 mV

p-p for signals from 200 MH 2 o | GHz for )itler of <30 ps plus 1%

of 1 period. Uscful 1riggering can be obtained with 3 mV signals.

Pulse: 30 mV peak. 3 ns wide pulses for <30 ps jitter, Useful trig-

gering can be obtained with 5 mV signals,
External

Sine wave: 30 mV p-p for gignals from ! kHz 10 | GHz for jitier of

<30 ps plus 1% of t period. Useful triggering cun be oblained with 3

mV signals.

Pulse: 30 mV pcak. 3 ns wide pulses for <30 ps jitter. Useful (rig-

gering can b obiyined with 5 mV signals,
Either internal or external

Auto: 50 mV p-p for CW signals from 10 kHz to 200 MHz for <30

ps jitler plus 2% of 1 period (may be used 10 | GHz with inereased

siter). Pulse triggering requires 50 mV peak, 3 ns wide pulses for
<30 ps jiler,

Lavel and slope: level control minimizes jitler and is variable over

+800 mV range on cither slops of syne signal,

Coupling: ac coupling attenuales signals below approx. | kHx.
Variable holdotf: variable aver atleast 1 3.1 range in all sweep modes.
Marker posilion: imicnsified marker secgmenl ndicales point about
which the sweep is 10 be cxpanded (automalically dimmed with in-
creasing persisience in 181 and 184 muinframes).

Scan

Internal: dol density. conlinuously variable from <100 16 >1000

dots full screcn or from approx. 500 to 2000 dots in filicred mode.

Manual: scan is posilioned manuaily by Vront panel control

General

Probe power: supplics power (o operate 1two HP uclive probes.

Recorder outpuls
Vortleal: an uncalibrated | V vertical output from cach channel i3
provided at the rear panef of (80 system mainframes.
Horlzontal: an uncalibrated 0.75 V ampliude signal is provided at
the rear panel of 180, 18!, 182, and 184 mainframes.

Opersting environment: same as 180C/D mainframes.

Waelghl: nct, 3.2 kg (7 Ib). Shipping, 5 kg (11 Ib),

Acceasorlas supplied: on¢ Operating and Service Munual.



1811A Specifications

Modes of operation

Channel A; channel B: chanaels A and B displayed on altermie sum-
ples (ALT): channel A plus channel B (itlgebraic addition); and chun-
nel A versus chanuel B.

Vertical channels

Deflection facior
Ranges: 2 iV /div to 200 mV /div (6 calibruted pusitions)in 1, 2,5
sequence; accuracy 3G,
Vernler: provides continuous adjustment between all deflection fac-
Lor ranges; extends minimum deflection factor to <1 mV /div. Front
panel dight indicates when vernies is not in CAL pusition.
Polarity: + up or ~ up.

Posltioning range: > %1 V on all deflection Mactors,

A + B operatlon: bandwidth and deflection faclors are unchanged;

cither channcl may be inveried for A =B operation.

Time base

Ranges
Nermal: | ns/div lo 5 gs/div (12 calibrated positions) in a 1, 2. § s
quence. 1% accurucy with vernier in calibrated position.
Expanded: dircct reading expansion up lo X100 in seven cali-
brated steps on all normal time seales, extends the range to 10
ps/div. Accuracy is £4% (1 ps/div, £10% using the mainfrume
magmficr).

Vernlar: continuousty variable between ranges: increases fastest sweep

to <4 ps/div.

Triggering
Auto: triggers aulomalically on most signals with a minimum of level
control adjusiment. A buseline s displaved in the absence of sn input
sipnal.
Normak: trigger level conirol may be adjusied (o (rigger on a wide va-
ety of signals.
CW: 80 mV p-p for sine wave signals from | kHz 10 | GHz (or hitter of
<10 ps plus 1% of | poriod of trigger signal. Uisclul displays can be ob-
tained with trigger signuls as low as 5 mV. Triggering may be evxtended
(0 18 GHz with HP Made! FIA/T106B trigger countdown.
* Slope: triggers on 50 mV/peak, } ns wide pulses, for <30 ps jitter.
Lavel and slope: continuously variable from +30C mV 10 =500 mV
on cither stope of syne signal.
Coupling: ac coupling attenuates sipnuls below upprox. 1 k1.,
Varlable holdoft: vuriuble uver at least a 3.1 range in all sweep modes.
Marker posltlon: intensified marker sepment indicates peint about
which the sweep is 10 be expanded (amomatically dimmed with in-
creasing persistence in 1K1 and 184 variable persistence/storuge main-
frames).
Sean
Internak: dot density, continuousty variable from <100 1o > 1000
dots full screen or from approx. 500 1o > 2000 dotsin fillcred mode.
Manual: scan is positioned manually by front panel conwsol.
Trigger outpul: | ns, 1.5 V into 50 ohms.

General

Probe power: supplics power to operale HP active probe.

Recorder outputs
Vertical: an uncalibrated | V vertical autput signal rom each ¢han-
nel is pravided at the rear panel of 180 series mainframes.
Hortzontal: an uncalibrated 0.75 V amplilude signal is provided at
the rear panel of 180, 181, 182, or 184 mainframes.

Operating environment: same as 180C /D mainframes.

Welight: ner, 2.3 kg (5 1b). Shipping. 5 kg (11 Ib).

Accessories supplled: onc Operating snd Service Manual.

1430C Specifications

Sampling head

Rise tima: approx. 20 ps (<28 ps observed with 1105A /11068 pulse

generator and 909A Option 012, 30 ohm load).

Bandwlidth: dc to >18 GHz.

Overshoot: <7.5%.

Noise: approx. 10 mV observed noise on CRT excluding 10% of ran-

dom dots, Woise decreases 10 approx. 2.5 mY on the avtomatically fil-

tered 2 mV /div and 5 mV/div ranges and all other ranges when dis-

play switch (on I811A) is set Lo filtered position.

Dynamic range: 1 V p-p.

Low frequency distortion: <+£5%.

Maximum safe input: +3 volts.

Input characteristics
Mechanlecal: type N female connectors on input and output parts.
Electrical: 50 obm feedthrough, de-coupled. Reflection from sam-
pler is approx. 10%, measured with a 40 ps TDR system. Pulses
emilied from sampler input are approx. 10 mY amplitude and 5 ns
duration.

Time difference between channels: <5 ps.

Isolation between channels: >40 dB over sumpler bandwidth.

Connecting cable length: 1.5 m (5 ).

General

Welght: net, 1.8 kg (4 Ib), Shipping. 4.1 kg (9 Ib).

Accessories supplied: two S0 ohm loads with type N male ¢connec-
tors (HP Model 909A Option 012), one 1.5 m (3 () saumpling head to
1811 A interconnecting cable (HP P/N 3060-0340), and one Operating
and Service Manual.

*Componenls Yequired for sampling systems

1811A Sampling plog-in

Sampling {0 18 GHz with 1430C Sampling Head
(Type N Female inpul /output connectors)

Tiigger Accessories

<1 GHz: Cable 115004 Type N Male to Type N Male 1.8 m (6 H), Adapter 1250-
0077 Type N Female lo BNC Male.

1 GHz to 10 GHz; 1104A Trgger Counldown, 11084 Tunnel Diode, Adapler
1250-0847 GR Yype 874 to Type N Male, 11098 High Pass Fitter, 10503A Male
BNC lo Male BNC Trigger Cable 1.2 m (4 f1),

1 GHz {o 18 GHx: 11044 Trigger Countdown, 11068 Tunnef Diode, 11098 High
Pass Filler, 10503A Male BNC to Male BNC Trigger Cable 1.2 m (4 H).

TDR with 1430C Sampling Head

1105A Pulse Generalor, 11068 Tunnel Dioda 20 ps fr, 105034 Male BNC to
Male BNC Trigger Cable 1.2 m (4 f1).

1105A Pulse Generalor. 1108A Tunnel Diode 60 ps tr, Adapter 1250-0847 GR
874 to Type N Male, 105034 1.2 m (4 1t) Male BNC to Male BNC Trigger Cable,

*Use any 180 series mamlrame

Medel number and name Price
1810A Sampler $2350
1811A Sampler 2100
1430C Sampling Head, 18 GHz $1250
1H1O4A Trigger Countdown $270
1105A Pulse Generator 5320
1106B (Tvpe N Connector) 650
11068 Opt. 001 (APC-7 connector) $700
1108A (GR-874 Connector) $290
Recommended Accessory: HP Model 1109B High Pass

Filer 8230
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180 TDR: 35 & 170 ps rise time
Models 1815A/B, 1818A, 1817A & 1818A
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1815A/B Description

Models 1815A and 18158 provide calibrated 35 ps system rise time,
time domain reflectometry and 12.4 GHz (28 ps rise time) sampling
capability with remote feedthrough sampling heads for extremely ac-
curale measurements. This TDR system can locate impedance dis-
continuities in transmission systems up to 10 000 metres or feet long
and also allows measurement of discontinuities spaced only a few mil-
limetres apant. As a single channel, general purpose sampling oscillo-
scope, you have deflection factors to 2 mY /div and sweep times to 10
ps/div.

1815A/B Specifications

Unless indicated otherwise, TDR and sampling performance specifi-
cations are the same. Where applicable, TDR specificalion is given
first, followed by Sampler specification in parentheses, Model 1815A
is calibrated in feet and Model 18158 is calibrated in metres.

Vertical

8cale: reflection coelficient p (volts) from 0.005/div 10 0.5/div in 7
calibrated ranges; |, 2, 5 sequence.

Accuracy: +3%: TDR only, 5% on 0.01/div and 0.005/div in sig-
nal average mode.

Yernler: provides continuous adjusiment between ranges; cxiends
scale Lo >0,002/div.

Signal average: reduces noise and jitler approx. 2:1.

Horizontal
Scale: provides up to a 10 000 metre or oot display window with
round-irip time or distance (time) in four calibrated decade ranges of
1/div. 10/div, 100/div, and 1000/div, Concentric expand control pro-
vides direct read-out in 28 calibraled steps in 1, 2, § sequence from
0.01 ns/div 1o 1000 ns/div or from 0.01 meire or foot/giv to 1000 me-
tres or feet/div.
Accuracy: time, +3%; distance (TDR only) 3%, & varialions in
propagation velocily,
Marker position: indicator, calibrated in divisions, provides direct
read-out of round-trip time or distance (time), number of divisions X
decade range in units/div. Front pancl light indicates when vernier is
nat in CAL position.
Marker zero: ten-turn control provides variable reference for marker
position dial. allows direct read-oul of round-trip or distance (1ime)
between (wo or more displayed events.
Zero finder: permits instant location of marker reference.
Dielectric, TDR only: calibrated for air, ¢ = | and for polyethylene, ¢
= 2.25. Also provides scttings for dielectric constants ¢ = | to ¢« = ap-
prox. 4.
Triggering, sampling only
Pulses: <50 mV for pulses 5 ns or wider for jitter <20 ps.
CW: signals from 500 kHz to 500 MHz require al least 80 mV for jit-
ter <2% of signal period plus 10 ps: usable to | GHz. CW trigger-
ing may be extended to 18 GHz with HP models 1104A /11068 trig-
ger countdown.

Recorder outputs
Approx. 100 mV /div; vertical and horizontal outpots at BNC connec-
tors on redar panel of mainframe.

Diaplay modes
Repetitive scan, normal or detail; single scan; manual scan: record.

General

Opersting environment: tcmperature, 0 Lo +55°C (+32°F 10
+130°F); humidity, 10 95% relative humidity at 40°C (104°F): alui-
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 (o 55 Hz.

Welght: nct, 2.3 kg (S Ib). Shipping, 4.5 kg (10 Ib).

1817A (28 ps Tr)/1816A (90 ps Tr) samplers
specifications

Unless indicaled otherwise, Model 1817A and Model 1816A specili-
cations are the same. Where applicable, Model 1817A specification
used with Model 1106B Opt 001 tunne) diode mount is given first, fol-
lowed by Model 1816A specification (in parentheses) used with Model
1108A tunnel diode mount.

TDR system (requires 1106B Opt 001 or 1108A)

System rise time: <15 ps (110 ps) incident as measured with Modc}
1106B Op( 00V (Model 1108A).

Overshaol: <+5%,

Internal reflections: <10% with 45 ps (145 ps) TDR: use reflecied
pulse rom shorted output.

Jitter: <13 ps: with signal averaging. \ypically S ps. Internal pickvp: »
s0.0l.

Nolee: measured tangentially as a percentage of the inadent pulse
when terminated in 30 ¢hms and operated in signal averaging mode.
<1% (0.5%) on 0.005/div to 0.02/div: <3% (1%) on 0.05/div 10
0.5/div,

Low frequency distortion: <43%.

Maximum safe Input: | volt.

Tunnel diode mount: dircet conncelion of 1106B Opt 001 10 1817A
or (108A 10 1816A.

Sampler system

Rise time: <28 ps (90 ps).

Input: 50 ohm feedthrough.

Dynamic range: | V p-p.

Maximum safe Input: 3 volis (5 volts).

Low frequenay distortlon: < +3%.

Nolse
Normel: <8 mV (3 mV) tangential noise on 0.0} V/div (00.5 V/div
Noise decreases sutomatically on 0.005 V/div range.
Signal average: rcduces noise and jitler approx. 2:1



General

Welght
1817A: nct, 1.4 kg (3 1h), Shippmg, 5 kg (11 1b).
1818A: nct, 1.4 kg (3 Ib). Shipping, 4.5 kg (10 Ib).

Accessorles supplied
Cable, Plug-in to sampler: connects sampler (1816A or {R17A) 10
plig-ins (1815A or B), HP P/N 5060-044],
Cable, tunnel dlode lo sampler: connects tunnel diode (1106B
Opt 001 ar 1108A) to sampler, type N male connectors on each end.
HP P/N DI817-61603.

Recommended accessories

Trigger source: cxternal trigger source is required for triggering
above 500 MHz 10 GHz source s provided by the 1104A Trigger
Countdown with the 1 108A Tunnel Diode Mount. IR GHz source is
provided by the 1104A Trigger Countdown with the 1106B Opt 00(
Tunnel Diode Mount.

11068 Opt 001 (20 ps Tr)/1108A (60 ps Tr) tunnel
diode mounts specifications

Tunnel diode is reguired for a TDR system. Refer to sampling head
specifications for mounting requirements.

Amplitude (both): > 200 mV into 50 ohms.

Rise time: 1106B Opt 001 approx. 20 ps; 1108A, <60 ps.

Output iImpedance: 50 ohms, x£2%.

8ource reflections: | [06B Option 001, <10% with 45 ps TDR:
1108A. <10% with 145 ps TDR.

Welght (both): net. 0.5 kg (1 Ib). Shipping. 1.4 kg (3 1b).

‘Components required for TOR/sampling systems
1815A/B TDR/ SAMPLING PLUG-IN

Erigger Accessorles

<500 MKz Adapter, 1250-0750
APC-7 (o Type N Female,
115004 Cable Type N Male
to Type N Male, 1.8 m (6 1D),
Adapter 1250-0077 Type N
Female to BNC Male,

500 MKz 10 10 GHx

1104A Trigger Countdown.

11084 Tunnel Dioge.

Adapter 1250-0847 GR Type 874
to Type N Male.

11098 High Pass Filter,

Adapter 1250-8750 APC-7 to
Type N Female.

J0S03A Male BNG {o Male BNC
Trigger Cable 1.2 m (4 1t).

500 MHz to 18 GH2

1104A Trigger Countdown.

11068 Opt 001 Tunne! Diade.

Adapter 1250-0748 APC-7 to
Type N Male.

11098 High Pass Filter.

Adapter 12500750 APC-7 to
Type N Femate.

105034 Maiz BNG to Male SNC
Yrigeer Cable 1.2 m (4 ).

18174 Sampling Head 