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AT HEWLETT-PACKARD :
Our business is the practical application of high technologies. HP applies its {
scientific and engineering resources to two fundamental areas: Measurement and |
Computation. The company makes more than 4500 products with broad "
application in the fields of science, engineering, business, industry, medicine, and
education.

HP has manufacturing facilities in more than 30 cities throughout the world and
has sales offices worldwide.

Product Development

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

programs within HP’s manufacturing divisions. This level of commitment enables
H EW LE T T the company to employ the latest technologies in developing innovative products

p AC K A n D that can be reliably produced, delivered, and supported on a continuing basis.
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Customer Experience

Because HP products are functionally interrelated, the exchange of ideas
throughout the company is continuous. A technological achievement in one product
area often contributes to improved capabilities in other products and systems.
Similarly, the wide range of customer needs improves HP’s sensitivity and response.
HP considers customer comments and suggestions essential to its continuing efforts
to improve product quality and usefulness.

Worldwide Support

All HP products come with complete documentation, including instructions for
their most effective and efficient operation. Wherever they are sold, worldwide, HP
products are supported by customer training programs, by system analyst and
customer engineer assistance where required, and by a worldwide network of parts
and repair centers for maintenance and service. To locate the HP office nearest you,
please see the listing on pages 667-672.
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LowPass .................... ..., 308, 418, 423, 492
Fixturer ....... .. ... . . . 120
Flexible Disc Drives .......................... 589, 608
Fourier Analyzer ............................ 515, 517
FM Modulation Analyzer .......................... 523
FM Signal Generators............ 348, 350, 353, 356, 360
Frame Alignment Monitor & Error Detector ......... 534
Frequency

Counters ................ ... i, 284-309

Counter/Tracking Generator .................... 498

Doublers ........... . ... ... . ... . ... . ..., 347, 365

Meters, Coaxial and Waveguide .................. 415

Response Test Set .............................. 421

Stability Analyzer ......................... 512, 519

Synthesizer, Microwave ......................... 367
Frequency Reference Card, Multiprogrammer ......... 50
Frequency Standards . ............................. 276

Cesium ............... P 2717

Distribution Amplifier ........................... 282

General Information .......................... .. 276

Quartz .. ... .. ... 281

Rubidium ........... ... ... ................. 278

Standby Power Supplies ......................... 283
Frequency and Time Standards .................... 276
Frequency Selective Meter and

Tracking Oscillator ........................ 343, 564
Frequency Stability Analyzer....................... 519
Frequency Synthesizers ........... 340-344, 348, 350, 353
Function Generators .................. 329-339, 341, 342
Functional Tester ................................. 120
Fuseholder, RF ... ... .. ... .. ... ... .. .......... 347
G
Gas Chromatograph .............................. 654
GC/Mass Spectrometer Systems . ................... 655
General Purpose Interface

HPIL ... .. 20, 21, 584, 585
General Purpose Integrator Preamp ................. 270
Generators

Data ......................... 164-169, 329-334, 540

Function ............ ... ... .. ... ... 329-336

Graphics ......... ... ... .. 222, 628

Jitter ... .. 538

NOISE ..o 405

Pattern ................ ... . . . 535

Pattern (Bell Compatible) ....................... 537

Pattern (CEPT & CCITT Compatible) ........... 536

Pulse ...... .. ... . . 315-328

Signal ... ...l 345-368, 394, 395

Square Wave ................. ... .. 331, 337

Sweep ....... ... 334, 340-343, 370-395

Timing . ... 31

Tracking ................ 486, 490, 496, 498, 500, 503
Graphics

Generator (HP-1IB Interface for displays) ...... 222,628

Plotters ................ . ... . ..., 590, 617-623

Printers .......... .. ... .. ... ... ... .... 590, 612, 613

Software ......................... 592, 593, 625, 630

Tablet . ... ... . 590, 624

Terminals ............ ... .. .. ... ... ... ... 603, 605
Group Delay (Network Analyzer) . .431, 432, 438, 458, 459
Guarded Digital Multimeter ........................ 74
H
Handheld Computers ............................. 583

Harmonic Mixer (Coaxial and
Waveguide) ......... ... ... ... 418



Hewlett-Packard Interface

Bus (HP-IB) ........... ... i 22, 591
Hewlett-Packard Interface Loop . .21, 22,66, 584, 585, 591
High Gain DC Preamplifier ....................... 269
High Power Attenuators .......................... 408
High Power Sensors .................... ... 400
High Resistance Meter ........................... 100
High Speed A/D Converter Card, Multiprogrammer . . .. 50
High Speed System Voltmeter .................... 74, 80
How to Solder (Video Tape) ....................... 663
How to Use an Oscilloscope (Video Tape) ........... 663
HP-IB

Analog-to-digital converter ........................ 31

Analyzers ...... ... ... 29

ASCIll-to-parallel converter ....................... 30

Cables ... ... o 29

Controlled Attenuator/Switch Driver ............. 410

Controlled Channel Selector . ..................... 533

Controllers .......... ... ...l 593-597

Digital Clock .......... ... ... ... ... ... ..... ... 31

Digital-to-Analog Converter . ...................... 30

Extenders .............. . 32

General Information . .................. ...... 22-28

Graphics Tablet ............................... 624

Multimeter/Voltmeters .............. e 64-83

Relay Actuator ............................. 30, 410

Timing Generator ............................... 31

VHF Switch . ..................... ... ......... 30
HP-IL ... ......... .. ... ......... 21, 22, 66, 584, 585
HP-IL Multimeter ................................. 66
|
IC Tester, Digital ................................ 114
IC Test System, Digital ........................... 114
[JOExpander........ ... .. ... iiiiiiiiiiii.. 609
Impedance Analyzer ............................ 90-93
Impedance Meter.............................. 94, 102
Impedance Transformers (50-75€Q) ............. 447, 501
In-circuit Functional Tester ........................ 120
Instrument Support ............. ... ... . . ... 664
Insulation Resistance Meter ... .................. 74, 100
Integrators, Reporting . ............................ 654
Interface Bus (HP-IB) ......................... 22, 591
Interface Cards for Desktop Computers 590, 591, 594, 595
Interface Loop ........................ 21, 22, 584, 585
Interface Kits

Logic Analyzer . ......... ... ... . ... ... ....... 156

Multiprogrammer ............. ... ... 50
Interfacing Summary for Desktop Computers ........ 600
Interrupt Card, Multiprogrammer .................... 50
J
Jitter Generator & Receiver ........................ 538
K
Kits, Overhead Transparency ....................... 626
Kits, Rack Mounting ......................... 163, 646
L
Laboratory Automation Systems ................... 654
Laboratory Strip Chart Recorders .................. 265
Laboratory X-Y Recorders ..................... 258-263
Laser Measurement Systems . ...................... 636
Laser Printing System .. ... .. I 614
LCR Meter . ... . i 86, 96-98

LED Displays ... 652
Light Bar Modules, LED .......................... 652
Light Emitting Diodes . . ........................... 652
Limiter ......... ... ... . . 289, 291, 293, 505
Liquid Chromatographs ........................... 655
Log Level Preamp ..........................c..... 270
Logging Multimeter ................. ... .. ...... 70
Logic
Analyzer, Development System .................. 134
Analyzers . ........ ... 134
Analyzer ACCESSOTIES ... ... 160
Analyzer Interface Kits ... ....................... 156
CUP '+ oo 124
Current Tracer ................ ... v iiin. 123
Comparator ..............cciiiiiii 124
Development System ........................... 140
Probes ... ... . .. 122
Pulser ....... . ... 123
Signal Sources ................. ... ..., 164, 315
Troubleshooting System ..................... 125,129
Low Distortion Generator .......................... 337
Low Distortion Measurement ....................... 520
Low Frequency Spectrum Analyzer ......... 496, 515, 517
Low Gain Preamplifier ............................ 269
Low Level A/D Converter Card, Multiprogrammer . . . .. 50
Low Resistance Meter ...................... 74, 78, 100
M
Machinery Analyzer .......................... 515,517
Magnetic Tape Recorders, Analog ............... ... 272
Marker Generator ......................... ... .... 373
Mass Spectrometers. ..., 655
Measurement and Control System .............. 515, 517
Mechanical Impedance Analyzer ............... 515,517
Medical Instrumentation .......................... 656
Memory Card, Multiprogrammer .................... 50
Memory Modules (Series 80) ....................... 589
Meters
AC 60-83
ACResistance ................ .. ... ... ... 100
Capacitance ............. ... ... i 96-103
Conductance ............... ... ... ... ....... 96-103
Digital Multimeter .................. ... ... ... 64-83
Distortion ........ ... ... . ... 520
Frequency ....... ... ... ... ... ... L. 415
Impedance ....................... .. ... 86-98, 102
LCR .. 86-89, 96-100
Milliammeter, AC .............................. 62
Milliammeter, DC ........................ 63, 68-82
Milliohmmeter ............................... 68-83
Modulation ........ ... . ... ... 523
Multifunction . ....... ... .. ... .. .. .. ... 61, 64-83
Noise Figure . ..................... o oL 404
Ohmmeter ........................... 60, 64, 83, 100
Peak Power ........ ... . ... ... ... 403
Power (RF/Microwave) ......................... 398
Signature Multimeter ........................... 126
Standing-Wave-Ratio (SWR) .................... 416
Susceptance ......................... 86-95, 100, 101
True RMS .............. ... ... .. 57, 69, 70, 74, 83
Vector Impedance .............................. 102
Microprocessor Exerciser .......................... 130
Microprocessor Power Supplies ................... .. 255
Microprocessor Troubleshooting . ........... 126, 129, 134
Microprocessor Training . .......................... 133
Microwave
Counters ............. ... i, 289-293

A



)

ALPHABETICAL INDEX

Diodes .......... 653
Link Analyzers .......... ... .. ... . 574
Network Analyzers ................ 425, 450, 458, 459
Noise Figure Meter ............................ 404
Power Measuring Equipment ................ 396-403
Radio Testing . .............. ... ... ............ 570
Signal Generators .................. 361-368, 394, 395
Source Synchronizer ............................ 292
Spectrum Analyzers ........... 474, 479, 486, 492, 502
Sweep Oscillators . .......................... 370-395
Synthesizers ............... ... . L. 366
Test Equipment ........................ 416, 421-425
Transistors ............. 653
Milliohmmeter ...........................oiu... 68-83
Mixers, Double-balanced .......................... 418
Mixers, Coaxial and Waveguide ............ 418, 484, 505
Modal Analysis .............................. 515, S18
Modems ...............iiiiiiniii.. 590, 591, 615
Micro Winchester Disc Drives ..................... 609
Modular Power Supplies . .......................... 253
Modular Spectrum Analyzers .................. 488-504
Modulation Analyzer ......................... 426, 523
Modulator/Demodulator ............ ... . ... ..... 578
Modulators, Absorptive ....................... 365, 369
Modulators, PIN . ....................... 365, 369, 422
Modulation Test Source ........................... 524
Multi-frequency LCR Meter ........................ 86
Multimeter ........... ... ... 64-83
Multimeter, Signature ............................. 126
Multiplex (Primary) Analyzer ..................... 532
Multiplexer ......... ... . L 42,45, 49, 652
Multipoint Cluster Controller ...................... 606
Multiprogrammers . . ........ ... i 50
N
Network Analysis, General Information .............. 426
Network Analyzers ................... 421-430, 436-459
Accuracy Enhancement Program for 8409C .. ... ... 459
Automatic ................ ... ..... 425, 444, 458, 459
Automatic Scalar . ........... ... 425
Scalar ....... ... . 421, 425
Noise
Analyzer/Modulation ............... ... ..o 426
Figure Meter . ...... ... ... ... il 404
Generator ...........ouuireniirineenaan, 405
Normalizer, Data ............... ... ... .. ... 441, 449
(o)
OEM
Computers ...............ccciiiniiinn.. 588, 589, 599
Displays, CRT ................coiinnis, 224-226, 630
Graphics Plotters ...................... 590, 618-623
HP-IL Converter ........... ... ... ............ 585
Instrumentation Tape Recorders .............. 272-274
Microwave Attenuators ..................... 407, 409
Microwave Components ........ 407, 408, 414, 419, 653
Microwave Crystal Detectors .................... 414
Microwave Switches ............................ 419
Power Supplies . ......... ... .. 253
Series 80 Assembler Package .................... 591
Strip Chart Recorders ........................... 265
X-Y Recorders .............. ... ... ...... 258-263
Ohmmeters ............................ 60, 64-83, 100
Operating & Transit Cases ........................ 648

Optical Shaft Encoders ........................... 652
Optocouplers ......... ... ... .. i, 652
Optoelectronics ... ......... ... oo, 652
OR Monitors ........... ... .. i .. 657
Oscillators
Audio ......... ... 311, 312, 526
Function ............ ... .............. 331-334, 340
General Information ............................ 329
Low Distortion ................................ 312
Low Frequency ................................. 340
Sinewave ........... ... 311
Squarewave .. ..................... 311, 331, 333, 340
Sweep ... 340, 370-395
Synthesized Sweep ........... ... ... ... .... 394-395
Test 313
Oscillographic Recorders ...................... 266-271
Oscilloscopes .. ... i 174
ACCESSOTIES ... ..ottt 206
Camera ............ . 213
Contrast Filters ................................ 210
Digital Waveform Storage .................. 171, 178
Digitizing ............... ... ... ... ... ..., 171, 178
Measurement System ........................... 178
100 MHz Third-channel Trigger View ............ 186
Time Interval Averaging . ...................... 186
DeltaTime .................................. 186
Fast Variable Persistence Storage .............. 190
Variable Persistence Storage ................... 189
200 MHz Delta Time Measurements .............. 194
275 MHz Delta Time Measurements .............. 194
275 MHz Delta Time Measurements
with Microprocessor .......................... 195
275 MHz Fast Variable Persistence Storage ........ 196
General Information ............................ 174
Inverter Power Supply for 1700
Series Oscilloscopes .......................... 212
Light Shields ............. ... ................. 210
Low Frequency . ................................ 203
Plug-In, 180series .............. .. ... .. ... 199
Rack Mount Slides and Adapters ................. 210
Software, Oscilloscope Measurement System . ... ... 178
Spectrum Analyzer Plug-In ............. 488, 490, 492
Testmobiles . ................ .. ... ............ 214
TV/Video Sync Retrofit Kit ..................... 211
Variable Persistence Storage ..................... 189
Viewing Hoods . ................................ 210
Outside Plant Cable Test Equipment ................ 613
Automatic Pair Identifiers ....................... 613
Cable Fault Locator ............................ 613
Conductor Fault Locators ........................ 613
Open/Split Locators ............................ 613
Pressurized Cable Leak Locators.................. 613
Overhead Transparency Kits ....................... 626
P
PAMeter ... 104
Pad, Coaxial Attenuator .......................... 408
Patient Monitors ............. . ... .. ... ... ... 657
Pattern Generator/Error Detector ............... 535-537
PC Board Testers ............................. 116-121
PCM Test Equipment ........................ 531-541
PCM Test Systems ......................covin... 533
Peak Power Meter, Analog ......................... 403
Peak Power Meter, Digital ........................ 403

Perinatal Instrumentation



Personal Calculators & Handheld Computers ....582-587
Personal Computers .......................... 588, 589
Personality Modules .................... ... .. ..., 152
Phase Comparator ................ ... .ccvin.nn. 277
Phase Meters ................... 297, 436, 438, 446, 448
Phase Modulation Analyzer ....................... 523
Phase Modulation, Signal Generator ............ 352, 353
Phase Noise Measurement ................ 350, 512, 519
Phase Sensitive Demodulator ................... ... 270
PIN Modulators, Microwave .............. 365, 369, 422
PIN Photodiodes ................................. 652
Plotter Accessories and Supplies .................... 626
Plotter, Drafting ............... ... ... .. ... ..., 622
Plotter, Graphics ......................... 590, 617-623
Plotter/Printers ......................... 580, 581, 590
Portable
COUNters .......ooviini it 302-309
Desktop Computers ........................ 588, 589
Signal Generators ..................ciiiiiiian. 360
Spectrum Analyzers .. ....................... 488-493
Voltmeter ........ ... ... oo, 66-70
X-RaySystems .......... ... 658
Power Meter Calibrators ...................... 399, 402
Power Meter/Modulation Analyzer ................. 523
Power Meters, RF & Microwave ................ 396-403
Power MOSFET ......... .. ... ... ......ooiit. 653
Power Sensors
RF & Microwave .. ....................oovviunn, 400
Power Splitter ........................... 422, 437, 448
Power Supplies
Amplifier/Power Supplies ....................... 248
AtomicClock ....... ... ... ... ..o, 283
Condensed Listing ....................... ... 228
Constant Current Sources ................... 248, 251
Digitally Controlled ..................... 244, 246-248
Dual Tracking ......................... 233-236, 254
Frequency Standards .. .......................... 283
HP-IB Programmable ...................... 244-248
Laboratory .......... ... . i 228
MiCroprocessor ... ... ... 255
Modular, DC to DC Converters .................. 254
Modular, Series Regulated ...................... 254
Modular/Switching Regulated ................... 254
Multiprogrammer Control ........................ 50
Precision Voltage Sources ........................ 250
Programmable ........... .. ... . ... ... ... 244-248
Specifications Definitions ....................... 232
Standby ... 283
Power Supply/Amplifier ........................... 248
Practical Transistors (Video Tape) .................. 662
Preamplifiers ................. 54, 262- 266 269-271, 296
Precision Coaxial Connectors . ...................... 641
Precision Frequency Source ........................ 276
Precision Oscillator ............................... 281
Precision Voltage Sources . ......................... 250
Preselector ....... ... .. .. . ... .. 503
Pressure Gauge, Quartz ........................... 638
Pressure Recording System ........................ 638
Primary Multiplex Analyzer ....................... 532
Primary Multiplex Analyzer Systems ............... 533
Printer, Graphics ........................ 590, 612, 613
Printer,Line ........... ... ... ... ... ... ..... 590, 614
Printer/Printer Terminal ......... 580, 582, 585, 612, 613
Printers, Letter Quality Daisywheel ............. 590, 613
Printers, Thermal Graphics ................ 590, 609, 613

Printer, Thermal Instrumentation ................... 275
Probes
ACCESSOTIES .. .vviiiiiiinn i 71,122,296
ACHIVE .. 296, 447, 505
Digital Multimeter .................. ... ... . ...
High Frequency .............. . ... . oo, 71
Logic ... ... 122
Logic Analyzer ............ ... .. cciiiiiian., 160
Miniature ........ ... . 206
Slotted Line ...t 416
Temperature ............ .. ... . ...o.... 71, 212, 639
Time Interval ......... .. ... .. ... iiiiaiian. 296
Voltage Divider .......... ... ... .... ... ... ... ... 71
Programmable Digitizers ...................... 171, 178
Programmable Modulation Analyzer ................ 523
Programmable ROM Drawer....................... 591
Programmable Signal Source ...... 344, 348, 350, 353, 366
PROM Programmer ................ccoovuenn. 140, 590
Pulse Adder, Splitter, Inverter ..................... 1328
Pulse Generators ................ .. coiiiiiaan. 315-328
ACCESSOTIES ..ot iie i 323, 328
Pulse/Function Generators ........ 316, 334-338, 341, 342
Pulsers, Logic ......... .. ... . it 123
Q
Q-Meter ... ... ..o 99
Quartz Frequency Standard ....................... 281
Quasi-Peak Adapter ................. . ... ... 483
Quartz Pressure Gauge ........................... 638
Quartz Thermometer .............................. 639
R
Rack Mount Kits ........................ 163, 645, 646
Range Calibrator (for 435A Power Meter) ........... 399
Readers, Card ........... ... .. . i, 583
Recorders
Oscillographic . ............................. 266-271
Instrumentation Tape ....................... 272-274
StripChart .............. .. ... ... .. .... 264-265
XY 258-263
Reflection/Transmission
Test Sets .............. 422, 437, 442, 447, 453, 456, 458
Reflectometer Bridge ............................. 422
Relay Actuator (HP-IB) . ....................... 30, 410
Relay Output Card, Multiprogrammer ................ 50
Resistance Meter . .............. ... ... ... 60, 64-83
Retrofit, Signature Analysis ........................ 130
Return Loss Kit ........ ... ... ... . it 569
Resuscitation Instrumentation ..................... 657
RF Impedance Analyzer ............................ 94
RF Spectrum Analyzers .......... 476, 488, 490, 498, 500
RF Test System ................... ... ... 528
RF Voltmeter ............... . ...ciiiiiiiiiinn.. 63
RMS Voltmeter ............ ... ..., 57, 69-83
Rotary Air Line, Coaxial .......................... 420
Rotary Joint, Coaxial ............................. 420
Rotary Vane Attenuators, Waveguide ............... 407
Rubidium Frequency Standard ................... .. 278
S
S-Parameter Test Sets . ................... 437, 442, 454
Scalar Network Analyzer ..................... 421, 425
Scanner Cards, Multiprogrammer .................... 50
Selective Level Measuring Set ..................... 560
Selective Level Voltmeters ................ 471, 560, 567

Selective Voltmeter ...................... 547, 560, 564
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Self-Test Digital Multimeter ..................... 74-79
Semiconductor/Component Test System ......... 106-111
Semiconductor Parameter Analyzer ................. 112
Sensors, Microwave Power . ................... 400, 403
Series 80 Personal Computers .................. 588-593
Series 80 Software............ ... ... .. ... ... 592, 593
Shorts, Coaxial ................ . i i, 417
Shorts, Waveguide . ................... ... ......... 417
Signal Analyzers .......... ... ... ... ... ... 460-527
Audio ... ... 526
Automatic Spectrum .......... 431, 432, 468, 482, 508
Digital .. ... .. 518
Distortion ............ ... ... 520, 526, 547
General Information ........................ 460-467
Modular Spectrum . ......................... 488-504
Modulation ........... ... il 523
Spectrum ............... .. ... L 460-518
Signal Conditioners ........................... 269-271
Signal Generators
ACCESSOTIES . ...ttt 347
AVIODICS ... ... .. ... 359
General Information ............................ 345
HF, VHF, UHF,SHF ...................... 348-368
Microwave ... 361-368
Programmable .............. ... ... ... 348-355, 366
Pulse Modulator .................... ... ..., 365, 369
Synthesized . ........................... 348-355, 366
Signal Sources .......... ... ... . ol 348-368
Signal Sources, Programmable ............. 348-355, 366
Signature Analysis, Troubleshooting System ......... 129
Signature Analysis ............. .. i L 126
Signature Analysis Stimulus ........... ... ... .. ..., 130
Signature Analyzer, Digital .................. ... ... 126
Signature Multimeter, Digital ...................... 126
Slotted Lines (Coaxial and Waveguide) ............. 416
Sliding Load (Coaxial and Waveguide) .............. 417
SLMS System Software ........................... 563
SMA, SMB, SMC Series Adapters .................. 641
Snap-in Fiber Optic Link ....................... ... 652

Software, Graphics

Software, Logic State Analyzer .................... 140
Software, Oscilloscope Measurement System ......... 178
Software, Series 80 ............ ... ... ... ..., 592, 593
Software, Spectrum Analyzer System ................ 482
Solid State
Displays, Lamps, Arrays ..............ccovnnnn.. 652
Diodes, Transistors, Integrated Products,

Power MOSFETS .............cc0oviieiinnn. 653
Source, AM/FM Test ............................. 355
Source, Signal ....... ... il 348-368
Spectrophotometer, Diode Array .................... 654
Spectrophotometric Detector, Hi Speed .............. 654
Spectrum Analyzers, General Information ........ 460-467
Spectrum Analyzers ...................... 460-517, 571
Spectrum Analyzer Preselector ..................... 503
Stability Analyzer, Frequency ................. 512, 519
Standards: Frequency and Time .................... 276
Standing Wave Ratio (SWR) Meter ................ 416
Stepping Motor Control ............................ 50
Step Attenuators, Coaxial ..................... 407, 410
Storage-Normalizer ...................... 441, 449, 505
Strip Chart Recorders ......................... 264-265
Structural Dynamics ... . ... 515
Sweep Oscillators, General Information ......... 370-372
Sweep Oscillators ................ 311, 313, 370-395, 577
Sweep Signal Generator ....................... 350-353
Sweeper Synthesizer .......... ... ... ... ... .. 366

Swept Slotted Line ............................... 416
Switch Controller, HP-IB . .. ................... 410, 562
Switches
Access, Distribution and Bi-directional ............. 562
Actuators ... ... 42-49
HP-IBDriver ............... ... ....ccivvunn. 410
Coaxial, Microwave OEM . ...................... 419
5-Port Coaxial ................................. 419
SPST 419
VHF Switch, HP-IB ............................. 30
Swivel Adapter ............... .. ... 420
Synchronizer/Counter . ........... ... .. ... L 360
Synthesized Function Generator .................... 340
Synthesized Signal Generators . ............. 348-355, 366
Synthesized Signal Sources ............ 348-355, 368, 517
Synthesized Sweep Oscillator ....................... 394
Synthesizer, Time ................ ... ............. 321
Synthesizers, Automatic ....... 340-343, 348-355, 366-368
Synthesizers, Frequency .............. 342, 343, 348-355,
368, 547, 564, 567
System, Logic Development ....................... 140
System I, System II Cabinets .................. 642, 646
System, Digital Diagnostic ........................ 129
System Monitor ............... ... ... ... ... 591
System Software, Baseband Analyzer ................ 573
Systems Automatic Test ........................... 53
Systems Modem .................................. 615
Systems, Real Time Computer...................... 599
T
Tablet, Graphics ............................. 590, 624
Tape Degausser .................................. 273
Tape Drives ................. e 614
Tape Recorders, Analog Magnetic .............. 272-274
Technical Computers ............. 588, 589, 594-596, 599
[JOSummary ............... ... oL, 600
Telecommunications Test Equipment ............ 531-578
Access Switch . ........... ... ... ... ... 562
Amplifier, Error Detector Input .................. 541
Amplifier—IF ... 574
Attenuator—75 Q General Purpose ................ 574
Audio Channel Selector: HP-IB Controlled ........ 533
Balanced 2/4-wire Audio Channel Selector ........ 533
Baseband Analyzer ............................. 571
Baseband Analyzer System Software .............. 573
Bi-directional Switch ............................ 562
Cable/Conductor Fault Locators . ................. 557
Cable Maintenance and Construction
Test Equipment ........... ... .. ... ........... 557
Carrier Testing . .................. ... . ... 558
Controller: Switch .............................. 562
Converter, 75 @ Unbal/110QBal ... ........... .. 541
Data Generator ................................ 540
Data Line Analyzers ........................... 545
Detector, Error ........... ... .. ... .. ... 536, 537, 540
Down Converter ..........................coo... 576
Error Measuring Set (1 kb/s-50 Mb/s) ............ 535
Error Measuring Set (1 kb/s-150 Mb/s) .......... 540
Error Measuring Set (Bell Compatible) ........... 537
Error Measuring Set (CEPT and .
CCITT compatible) . .......................... 536
Error Rate Measurements . .............. 534-537, 540
FDM Measurements ............... 342, 343, 558-569
FDM Surveillance Software . ..................... 563

Frame Alignment Monitor & Error Detector
HP-IB Controlled Channel Selector



Isolator, PCM Test Equipment ................... 541
Jitter Generator & Receiver ................. 468, 538
Microwave Link Analyzers....................... 574
Microwave Network Analyzer ..421, 425, 450, 458, 459
Microwave Radio Testing . ....................... 570
Modulation Analyzer ........................... 523
Modulator/Demodulator ........................ 578
Pair Identifier ............ ... ..o il 557
Pattern Generator/Error Detector ............. 535-537
PCM Test Systems . ............ccoviiinnnnnn... 533
PCM Testing ........cooiiiiiiiiiiiiinneennnn, 531
Power Meters ........ ... ... ... .. 398
Primary Multiplex Analyzer ..................... 532
Remote Automatic Surveillance Systems .......... 563
Selective Level Measuring Set ................... 560
Selective Level Meter .. ............ 343, 560, 564, 567
SLMS ACCESSOTIES ..\ \vvieieie e iaeeeeaae e 569
Spectrum Analyzer ............................. 5N
Switch: Access ... 562
Switch Controller . . ............................. 562
Telephone Line Analyzer ........................ 544
Transmission Impairment Measuring Set ........... 556
Voice & Data Testing .......................... 542
White Noise Testing ............................ 571
Temperature Measurement ..................... 71, 212
Terminal, Data Capture ........................... 607
Termination Panel, Multiprogrammer ................ 50
Terminations, Coaxial and Waveguide .............. 417
Test Oscillators . ........ ... ..o, 313
Test Sets, Digital Logic ........................... 125
Thermal Printers ................ 275, 583-584, 590, 612
Thermal Graphics Printers .................... 609, 613
Thermistor Sensors, Coaxial and Waveguide . ......... 403
Thermocouple Compensated Multiplexer ............. 45
Thermocouple Power Meters ....................... 398
Thermocouple Power Sensors . . ..................... 400
Thermocouple Scanning Card, Multiprogrammer . ... ... 50
Thermometer, Quartz ............................. 639
TimeBase ......... ... ... ... 259
Time Interval Standard . ........................... 211
Time Module (HP41CA) .....................c.... 583
Time Standard .......... ... ... ... ... ... 276
Time Synthesizer ................................ 321
Timer/Pacer Card, Multiprogrammer ................ 50
Timing Analyzer, Logic ....................... 140, 148
Timing Generator, HP-IB .......................... 31
Touch-Hold Probe ........... ... ... ... ... ..., 71
Tracer, Current ... ... ... ......coiiiiiiiin.. 123
Tracking Generators ........ 486, 490, 496, 498, 500, 503
Training/Logic. . ... ... ... . oo il 133
Train, Microprocessor ............................ 133
Training/Video Tapes . ....................vii... 660
Transceiver Modulation Analyzer .................. 523
Transceiver Test System ...................... 528-530
Transducers, Laser ............................... 636
Transfer Function Analyzer ....................... 508
Transient Digitizers ............................... 171
Transient Recorders .............................. 171
Transmission Impairment Measuring Set ............. 556
Transmission Test Set ............................ 546
Transistor Bias Supply ............................ 455
Transistor Test Fixtures ....................... 452, 454
Transistors .
Bipolar ... ... ... ... 653

GaAs Field Effect ......... ... ... ............. 653

Power MOS Field Effect ........................ 653
Transit Cases ..ot 648
Troubleshooting, Digital .................. 119, 125, 129 -
True RMS Voltmeter ..................... 57, 69-71, 74
Tuners, Microwave .............. ... ... 418
Two-Channel Real Time

Spectrum Analyzer ............... ... ... ... 515-518
Type N Series Adapters ........................... 641
Type NShort ... ... ... . ... . .. . .. 417
U
UHF Signal Generators ....................... 350-355
Ultrasonic Leak Detector .......................... 557
Ultrasound Imaging .............................. 656
Understanding Microprocessors (Video Tape) ......... 660
Universal Bridge ..................... ...t 101
Upconverter Simulator for Microwave

Link Analyzer ............... .. ... ... ... 577
v
Vector Impedance Meters . ..................... 94, 102
Vector Network Analyzer................. 436, 438, 444,

446, 450, 458, 459
Vector Voltmeter . .......... .. ... .. ... ... ...... 448
VHF Generator ............... . 356
Vibration Analyzer ........................... 515-518
Video Interface ......... .. ... ... ... ... .. ... ..., 585
VideoTapes ........... i, 660
Voice/Data Testing .............................. 542
Voltmeters

Analog ... ... 56-63

Digital ............ . ... .. ... 64-83, 300

RFE 63

VeCtor ..o 448
w
Waveform Analyzers.................. 171, 508, 515-518
Waveform Digitizers ............................. 171
Waveform Recorders . ............................. 171
Waveguide

Attenuators . ... ... ... e 407

Coaxial Adapters ................... ... ........ 420

Crystal Detectors  .............................. 415

Directional Couplers ............................ 413

Frequency Meters .............................. 415

Harmonic Mixer ........ ... ... ... 418

Holder . ... .. ... .. . . . . . . . 420

Low-Pass Filters .. .............................. 418

Movable Shorts ............. . ... ... ... ....... 417

Shorting Switch ......... ... ... .. oL 417

Slide Screw Tuners ..................ccovvno. .. 418

Sliding Loads ................................. 417

SlidingShorts .................................. 417

Slotted Section .. ....... ... ... ... ... ... ..... 416

Stand ... ... 420

Terminations ............. . i, 417

Thermistor Mounts ............................. 403

Variable Attenuators ............................ 407
Waveguide-Waveguide Adapters .................. .. 420
White Noise Test Set ........... ... ... .. ........ 571
X
X-Ray Systems, Scientific & Industrial .......... ... 658
X-YRecorders ............... .. ... ... ... ... 258-263

vl
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HP-10C Programmable Scientific ....... ... .......... ... ... 582
HP-11C Advanced Programmable ......... ................. 582
HP-12C Advanced Financial Programmable ............ ... ... 582
HP-15C Advanced Programmable with Matrices ........ .. ... .. 582
HP-16C Advanced Programmable for Digital Electronics

and Computer Science .. ... ... ... ... ... ... ... ......... 582
HP-41C Handheld Computer (Jan. 1981) .................... 583
HP-41CV Handheld Computer with 5X Memory .............. 583
DTS-70 Digital Test Systems ............................... 119
HP-85A Personal Computer ............................... 588
HP-86A Personal Computer .. .............................. 588
HP-87 Personal Computer ... .............................. 589
HP-97 Programmable Printing Calculator ............. ...... 582
100
105A/B Quartz Frequency Standards ........................ 281
140T Spectrum Analyzer Mainframe ........................ 495
141T System Spectrum Analyzers ........................... 494
141T Spectrum Analyzer Mainframe ........................ 494
180 series Plug-in Oscilloscopes  ............................ 199
180C, D High Writing Speed

Oscilloscope Mainframes . ............. ... ... ... ... ... 199
180TR Rack-mount Display Mainframe ............. 488, 490, 492
I81AR, Variable Persistence Storage Mainframes ............. 199
181T, TR Variable Persistence/Storage Display

Mainframes ............ ... ... .. ... 488, 490, 492
182T Large Screen Display Mainframe ............. 488, 490, 492
197B Oscilloscope Camera . .......................ooooo... 213
200
200CD Wide Range Oscillator . ............................. 311
201C Audio Oscillator .. ... ..o 31
204C Oscillator ... ... ... 311
204D Oscillator ... ... 311
209A Oscillator ... .. 311
214B Pulse Generator ............. ... ... ... ... 322
239A Low Distortion Oscillator ........... ... ... .. ...... 312
HP 250 Business Computer System .......................... 601
281 series Coaxial-Waveguide Adapters . ..................... 420
292 series Waveguide-Waveguide Adapters ................... 420
300
334A Distortion Analyzer .......... ... ... oL 520
339A Distortion Measuring Set .. ... ... o 520
346B Noise Source ... ... 405
355 series Coaxial Step Attenuators ......................... 410
360 series Coaxial Low-pass Filters . .................... ... . 418
362A series Waveguide Low-pass Filters ..................... 418
375 series Waveguide Variable Attenuators . .................. 418
382 series Waveguide Precision Variable Attenuators .......... 407
393A Coaxial Variable Attenuator .......................... 407
394A Coaxial Variable Attenuator .......................... 407
400
400E & EL AC Voltmeters . .......... ... .. ... ..., 58
400F & FL AC Voltmeter .............. ... ................. 58
400 GL AC Voltmeter ........ .. ... ... ... i 58
403B AC Voltmeter . ........ ... ... . ... .. 59
410C Voltmeter . ...... ... ... ... 60
41ISESWR Meter ... 416
420C Coaxial Crystal Detector ............................. 414
422A series Waveguide Crystal Detectors .................... 415
423A/B Coaxial Crystal Detectors .......................... 414
424A series Waveguide Crystal Detectors .. ................ .. 415
427A Voltmeter ... . 61
428B Clip-on DC Milliammeter ......................... ... .. 62
432 series Power Meters . ......... .. oo, ...402

435B Power Meter ........ ... ... 399
436A Power Meter .. ... 398
436A-E40 Power Sensor Calibration System ... ... . ... .. .. ... . 399
440A Detector Mount . ....... .. .. ... 416
442B Slotted Line RF Probe . ... ... .. ... ................. . 416
444A Slotted Line Untuned Probe .. ........ ... ... ... .. ... 416
447B Slotted Line Detector Probe ... ... ... .. .............. 416
448B Slotted Line Sweep Adapter Probes ............... ... .. 416
478A Coaxial Thermistor Mount ... ......................... 403
486A scries Waveguide Thermistor Mounts ................. .. 403
489A TWT Amplifier . ... ... ... .. . . 55
491C TWT Amplifier .......... ... ... .. .................. 55

493A TWT Amplifier ... ... ... ............ 55

495A TWT Amplifier ........ ... ... ... ... . ............ 55
500

532 series Waveguide Frequency Metérs .................. ... 415
536A Coaxial Frequency Meter . ......... ... ... ... ... ... 415

537A Coaxial Frequency Meter ............. .. ... ....... .. 415

545A Logic Probe . ... ... .. . . 122
546A Logic Pulser ... ... ... .. ... 123
S47A Current Tracer . .......... ... ... .. ... ... ... 123
S548A Logic Clip ... o 124
600

618C SHF Signal Generator . .............................. 3164
620B SHF Signal Generator ................................ 364
626A SHF Signal Generator . ...... .. ... ... ............... 364
628A SHF Signal Generator ............................... 364
651B/652A/654A Test Oscillators ........................ .. 313
680 Strip Chart Recorder .................. ... .. ...... ... .. 264
700

752 series Waveguide Directional Couplers ............. ... ... 413
774D Coaxial Dual Directional Coupler .......... ... ... ... .. 412

775D Coaxial Dual Directional Coupler ........ ....... ... ... 412

776D Coaxial Dual Directional Coupler ................ ... .. 412
777D Coaxial Dual Directional Coupler ................. ... .. 412
778D Coaxial Dual Directional Coupler .................. .. .. 412
779D Coaxial Directional Coupler . .......... ... ............. 412
786D Coaxial Directional Detector .. ........................ 413
787D Coaxial Directional Detector ... ..... ... ............. 413
788C Coaxial Directional Detector ... ........ .. ...... ..... . 413
789C Coaxial Directional Detector .......... ... ............ . 413
796D Coaxial Directional Coupler ........................... 412
797D Coaxial Directional Coupler ........................... 412
798C Coaxial Directional Coupler ......... ... .. ... .. ... .. 412
800

805C Coaxial Slotted Line ............ ... ... ............ 416
809C Slotted Line Carriage ................................ 416
810B scries Waveguide Slotted Sections .................... .. 416
816A Coaxial Slotted Section ... .. ...... . ............. ... 416
817B Coaxial Swept Slotted Line System ..................... 418
853A Spectrum Analyzer Display .......... .. ... . . .. 488, 490, 492
870A series Waveguide Slide Screw Tuners ................ ... 418
895A General Purpose Power Supply ........ ... . ... ... .. .. 240
900

905A Coaxial Sliding Load ........ .. ... ... ... ... .. ... 417
907A Coaxial Sliding Load . ........ ... ... ... ........... 417
908A Coaxial 50-Ohm Termination ............ . ....... .. ... 417
909A Coaxial 50-Ohm Termination ........... ... ........... 417
910 series Waveguide Terminations . .............. ........... 417
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911A/C Coaxial Sliding Loads ............................. 417
914 series Waveguide Sliding Loads ...................... ... 417
920 series Waveguide Moving Shorts .............. ... ... . 417
923A Waveguide Sliding Short .. ... L 417
930A Waveguide Shorting Switch .......... ... ......... ... 417
932A Waveguide Harmonic Mixer .......................... 418
934A Coaxial Harmonic Mixer ............................. 418

938A Frequency Doubler Set ........... ... .. ... ..., 365

940A Frequency Doubler Set ....... .. ... ... ... ... ... ... 365
1000

HP 1000 Computers and Systems . .......................... 597
1000/6 Microsystem . .......... .. ... ... ... ... 598
1000/16 Computer System . ................................ 598
1000/17 Computer System . ... ............................. 598

1000/60 Computer System . ................................ 598

1000/65 Computer System .. ................ ... ............ 598
1006A Testmobile ......... ... ... ... .. ... .. .. ............ 214
1007A Testmobile . ...... ... ... .. .. ... ... ... ... ..., 214

1008A Testmobile ......... . ... ... ... ... .. .. ... ... 214

1040A Spectrophotometric Detector . ........................ 654
1051A & 1052A Combining Cases .......................... 646
1081B Liquid Chromatograph .......... .. ... ... .......... 655
1084B Liquid Chromatograph .............................. 655
F10B Current Probe .. ... .. ... o 208
IT11A AC Current Amplifier .............................. 208
1112A Inverter Power Supply ....... ... ... . ... ... ...... 212
1117B Testmobile, Oscilloscope . ............................ 215
1120A 500 MHz Active Probe .............................. 209
THI2IA AC Probe ... ... . 447
1122A Probe Power Supply ............ . ... ... .. ..., 208
1124A 100 MHz Active Probe .. ............. ... .......... 208
1200A/B Dual Channel Oscilloscope, 100 pV/div ............. 203
1201B Dual Channel Storage Oscilloscope, 100 uV/div ......... 204
1205B Dual Channet Oscilloscope, S mV/div .............. ... 204
1220A Dual Channel Oscilloscope, 15 MHz ... ... ... 205
1222A Dual Channel, Delay Line Oscilloscope, 1S MHz .. ..., . 205
1304A 32 cm (13 in.) Display ......... ... .. ... ... .. ..., 226
1310B48.3 cm (19 in.) Display ........................ 223,629
1311B35.6 cm (14 in.) Display ........................ 223,629
1317B43.2 cm (17 in.) Display ........................ 223, 629
1321B 53.3 ¢cm (21 in.) Display ........... ... ... ... ... 223, 629

1332A Small Screen Display ............................... 227
1335A Small Screen Display :
1336S Small Screen Display
1340A Display Module ................ ... ... ... ... 226

1345A Digital Display (Jan. 1982) ...................... 224,225
1351A Graphics Generator ............................. 222, 628
13518 Computer Graphics Display System ............... 222,628
1360 Graphics System . ....... ... ... ... ... ... ... .. 630
1610B Logic State Analyzer ................................ 150
1611A Logic State Analyzer ............................... 152
1615A Logic Analyzer ... ... ... ... ... ... ... ... .. ...... 148
1640B Serial Data Analyzer .. ............. ... ... .. ... ... 552
1645A Data Error Analyzer ................................ 556
1645S Data Transmission Test Set .......................... 556
1700 series Oscilloscopes .. ... ... o i i 186
1715A 200 MHz ATime Oscilloscope ........................ 194
1722B 275 MHz ATime Oscilloscope, with Microprocessor . . . . . . 195
1725A 275 MHz ATime Oscilloscope ........................ 194
1727A 275 MHz Oscilloscope (April 1982) ... ... ......... ... 196
1740A 100 MHz Oscilloscope, Third-Channel Trigger

View .o 186
1741 A 100 MHz Oscilloscope, Variable Persistence

Storage, Third-Channel Trigger View ...................... 189
1743A 100 MHz Crystal ATime Oscilloscope,

Third Channel Trigger View ............................. 188
1744A 100 MHz Oscilloscope, Fast Variable

Persistence Storage, Trigger View .. ....................... 189

1745A 100 MHz Oscilloscope . .. ............................ 186
1746A 100 MHz Oscilloscope . .. ........ ... ................ 186
1801A Dual Channel Vertical Amplifier, SOMHz ........ .. ... 200
1805A Dual Channel Vertical Amplifier,

100 MHz ... 200
1809A Four Channel Vertical Amplifier,

T00MHz .. o 201
1821A Time Base/Delay Generator . ........................ 201
1825A Time Base and Delay Generator ...................... 202
1950A Two Channel Expansion Module ................... ... 184
1980A /B Oscilloscope Measurement System (Sept. 1982) ... .. 178
2000
2103LK Computer ... ... . 599
2106AK Board Computer ........... ... ... . ... ... ....... 599
2107AK Board Computer ... ............... ... ............. 599
2109EK Computer . ... 599
2113E Computer ... 599
2117F Computer . ... . 599
2137TA Computer ... ... ... . 599
2156A Computer ... ... . ... ... ... 599
2178A /B Model 60 Computer Systems . ...................... 598
2179A /B Model 65 Computer Systems ... .................... 598
2186A /B Model 6 Microsystem .......................... ... 598
2196A /B Model 16 Computer Systems ... ............... .. ... 598
2197A/B Model 17 Computer Systems . ................. .. ... 598
2250 Measurement & Control Processor ...................... Sl
2333A Multipoint Cluster Controller . ... .. . .. ... ... .. ... 606
2382A Office Display Terminal ............................. 600
2601A Daisywheel Printer . . ............................ 590, 613
2608S Line Printer .. .. ............. . ... ... ... 614
2621B Interactive Display Terminal .. ... .. ... ......... ... ... 600
2622A Display Terminal ...................... ... ... ... .. 601
2623A Graphics Terminal .............. .. ... ........... ... 601
2624B Display Terminal ........ ... ... ... ... ... ....... ... 602
2626A Display Station (Mar. 1981) ......................... 602
2626W Word Processing Workstation .. ... ... ... ... ... ... . .. 602
2631B Printer .......... .. 590, 613
2631G #200 Factory Data Printer .. .................... .... 613
2631G Graphics Printer .. ................ ..o 613
2635B Printer Terminal .. ... ... 613

2645A Display Station ............... ... 603

2647F Intelligent Graphics Terminal . ... .. ... ..... ... .. .. .. 603
2648A Graphics Terminal ............ .. ... . ............ 603
2671A Printer . ... ... o 590, 612
2671G Graphics Printer ............... ... ... .. 590, 612
2673A Intelligent Graphics Printer ........ .. ... ... ... .. 590, 612
2680 Laser Printing System . ........... ... .. ... . ... 614
2804A Quartz Thermometer ............... . ............... 639
2813B Quartz Pressure Probe . .............. ... 638

2816A Pressure Signal Processor .................. ... .. ... 638

2820A Pressure Recording System .................. ... ... 638
3000
HP 3000 Series 40, 44 & 64/Business

Computer Systems . ........... .o 601
3040A Network Analyzer ............ ... ... ... ... ... ... 431
3042A Network Analyzer ............ .. ... ..o, 432

3044A/3045A Spectrum Analyzers .................... ... ... 511

3046A /B Sclective Level Measuring System .................. 567
3047A Spectrum Analyzer System ...... . .. ............. .. .512
3054A Automatic Data Acquisition/Control

System (July 1981) ... ... ..., 37
3054C Automatic Data Acquisition/Control System . ........... 39
3054DL Automatic Data Logger ............................. 40
3056DL Data Logger .. ................. ... ... ... .. ........ 44
3060A Circuit Test System ................................. 120
3074A /M Data Link Adapter .............. ... ... ... ...... 606
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3075A Desktop Data Capture Terminal ...................... 607
3076 A Wall-Mounted Data Capture Terminal ................ 607
3077A Wall-Mounted Time Reporting Terminal .............. 607
3078A Data Coupler ...... ... ... i 607
HEDS-3200 Digital Bar Code Wand . ........................ 652
3310A Function Generator .....................ooiieeei.... 331
3310B Function Generator .......................ccooo.... 331
3311A Function Generator ....................coiieueia... 332
3312A Function Generator ...............c.vivivennnnninne. 333
3314A Function Generator ................................. 334
3325A Function Generator/Frequency

Synthesizer/Sweeper ............... i 340
3335A Frequency Synthesizer .............................. 342
3336A/B/C Synthesizer/Level

Generator .. ...t 343, 564
3350 series Laboratory Automation Systems ................. 654
3388A Reporting Integrator ................ ... ... 655
3390A Reporting Integrator ................ ... ... ... .. 655
3400A RMS Voltmeter .......... ..o, 57
3403C True RMS Voltmeter ................................ 83
3406A Broadband Sampling Voltmeter ....................... 63
3421A Data Acquisition/Control Unit . ........................ 42
3435A Digital Voltmeter .......... ... ... .. ... 68
3437A High Speed Digital Voltmeter ......................... 80
3438A 5-Function DMM; HP-IB ............................ 82
3455A 6% Digit DMM ... 78
3456A Systems DVM (Apr. 1981) ............. ... . ... .. ... 74
3466A 4'4 Digit Autoranging DMM ... ... . ... ... . ... .. 69
3467A Logging DMM . ... ... . ... ... 70
3468A 5% Digit Multimeter (HP-IL) .......................... 66
3468A Digital Multimeter ................ ... ... ........... 582
3478A 5% Digit Multimeter HP-IB) .......................... 72
3495A SCaNNEr .. ... et 49
3497A Data Acquisition/Control Unit ........................ 45
3529A Magnetometer Probe ... ......... ... ... .o 62
3551A Transmission Test Set .......................... ... 546
3552A Transmission Test Set . ........... ... .. .............. 546
3575A Gain/Phase Meter . .......... . ... .. 434
3580A Spectrum Analyzer .......... ... ... o 506
3581A Wave Analyzer ......... ... ... .. el 522
3581C Selective Voltmeter ...............c.ciiveiiieennn.. 547
3582A Spectrum Analyzer ............. ... ... oo 508
3585A Spectrum Analyzer ............ ... ... e 468
3586A /B Selective Level Meter ............................. 564
3586C Wave Analyzer .............. .. ...t 471
3702B IF/BB Receiver (7O MHz IF) ... ... ... ... ... ... .... 574
3710A 1F/BB Transmitter (70 MHzIF) .................... 574
3711A IF/BB Transmitter (70/140 MHz IF) ................. 574
3712A IF/BB Receiver (70/140 MHzIF) .................... 574
3717A 70 MHz Modulator/Demodulator .................... 578
3724A Baseband Analyzer ............. ... ... ... 571
3725A DISPlay ...t 571
3726A Filter Mainframe .......... ... ... ... .. ... 571
3730B Down Converter: RFtoIF .......................... 576
3736B RF Module (1.7t042GHz) ......................... 576
3737B RF Module (3.7t08.5GHz) ......................... 576
3738B RF Module (59t011.7GHz) ........................ 576
3739B RF Module (10.7t0 145GHz) ....................... 576
3743A IF Amplifier ... 574
3746A Selective Level Measuring Set (32 MHz) .............. 560
3747A/B Selective Level Measuring Set (90 MHz) ............ 560
3750A Attenuator: TSQ ... 574
3754A Access Switch . ....... . ... . 562
3755A Switch Controller . ...................... ... ... ... 562
3756A 90 MHz Bi-directional Switch ........................ 562
3757A 8.5 MHz Access Switch ............................. 562
3762A Data Generator ................oiiiiiiiiiiiiiiia.n. 540
3763A Error Detector .. ........... .. 540
3770B Telephone Line Analyzer ............................ 544

3771A Data Line Analyzer (CCITT) ........................ 545
3771B Data Line Analyzer (BELL) ......................... 545
3777A HP-IB-controlled Channel Selector . ................. .. 533
3779C Primary Multiplex Analyzer (CEPT) .................. 532
3779D Primary Multiplex Analyzer (Bell) .................... 532
3780A Pattern Generator/Error Detector .................... 535
3781A Pattern Generator (CEPT and

CCITT Compatible) ............ ... ... .. ... i, 536
3781B Pattern Generator (BELL Compatible) ................ 537
3782A Error Detector (CEPT and CCITT Compatible) ........ 536
3782B Error Detector (BELL Compatible) ................... 537
3783A Frame Alignment Monitor & Error Detector ........... 534
3785A litter Generator & Receiver (CEPT) .................. 538
3785B lJitter Generator & Receiver (Bell) .................... 538
3964A Instrumentation Tape Recorder ....................... 273
3968A Instrumentation Tape Recorder .................... ... 273
4000
4061A Semiconductor/Component Test System ............... 106
4140B pA Meter/DC Voltage Source ........................ 104
4145A Semiconductor Parameter Analyzer .. .................. 112
4191A RF Impedance Analyzer .............................. 90

4192A LF Impedance Analyzer (Sept. 1981) ................... 92
4193A Low Frequency Impedance Analyzer
4204A Oscillator
4260A Universal Bridge ................................... 101
4261A Digital LCR Meter
4262A Digital LCR Meter
4265B Universal Bridge ................................... 101

4271B | MHz Digital LCR Meter ........................... 98
4274A LCR Meter . ... ... o 86
427SALCR Meter .. ..ot 86
4276A LCZ Meter ................... . .. 108
A27TALCZ Meter . ... ... ... . . 109
4328A Milliohmmeter ................... ... ... ... 100
4329A High Resistance Meter .............................. 100
4342A Q Meter ... 99
4440B Decade Capacitor ................. ..., 103
4800A Vector Impedance Meter ............................ 102
4904A Cable Fault Locator ................................ 557
4905A Ultrasonic Leak Detector ............................ 557
4910G Open and Split Locator ....................ccoouun... 557
4918A Ultrasonic Leak Detector ............................ 557
4930A Conductor Fault Locator ............................ 557
4935A Transmission Impairment Measuring Set ............... 550
4936A Transmission Impairment Measuring Set . .............. 551
4940A Transmission Impairment Measuring Set ............... 548

4943A Transmission Impairment Measuring Set . .............. 549

4944A Transmission Impairment Measuring Set ............... 549
4960/4961 Automatic Pair Identifier ........................ 557
5000

5001A Microprocessor Exerciser (6800) ...................... 130
5001B Microprocessor Exerciser (6802, 6808) ... .......... .. 131
5001C Microprocessor Exerciser (8085) ...................... 130
5001D Microprocessor Exerciser (Z80) ...................... 130
5004A Signature Analyzer ...................... ... ... ..... 132
S005A Signature Multimeter ............................... 126
5005B Signature Multimeter .. .. ............................ 127
SO11T Logic Troubleshooting Kit ........................... 125
5015T Logic Troubleshooting Kit ........................... 125

5021A Logic Troubleshooting Kit ........................ ... 125

5022A Logic Troubleshooting Kit ........................ ... 125
5023A Logic Troubleshooting Kit ........................... 125
5024 A Logic Troubleshooting Kit ........................... 125
S5035A Basic LogicLab .......... ... ... ... ... ... ... ..., 133
S035T LogicLab ........ .. ... . ... ... ... ... ... 133
SO036A Microprocessor Lab . ....... ... ... ... ... .. L 133
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5045A Digital IC Tester ............. .. i 114
5046A Digital IC Test System .............................. 114
5046B Digital IC Test System .............................. 114
5060 series Cooling Kits ................ ... ... i, 647
5060 series Control Panel Covers ............................ 647
5060 series Filler Panels ................................... 646
5060 series Rack Adapter Frames ........................... 646
5060 series Rack Mounting Kits ............................ 646
K02-5060A Standby Power Supply .......................... 283
5061 A Cesium Beam Frequency Standard .................... 277
5061 A with Option 004 Tube ............................... 277
E21-5061A Flying Clock (Cesium) .......................... 277
5065A Rubidium Frequency Standard- ....................... 278
E21-5065A Portable Rubidium Time Standard ................ 278
S085A Standby Power Supply .................. ... ... ...... 283
5087A Distribution Amplifier .............................. 282
SIS0A Thermal Printer ......... ... ... .................... 275
5180A Waveform Recorder . .. .............................. 171
5181A Display/Tape Storage Module ... .................. ... 173
5300A Counter Mainframe ................................ 306
5300B Counter Mainframe ................................. 306
5301A 10 MHz Counter Module ............................ 307
5302A 50 MHz Universal Counter Module ................... 307
5303B 500 MHz Counter Module ........................... 307
5304A Timer/Counter Module ............................. 307
5305B 1300 MHz Counter Module .............. e 307
5306A Digital Multimeter/Counter ......................... 307
5307A Frequency Counter Module .......................... 307
5308A Timer Counter Module . ............................. 308
5310A Battery Pack Module ............................... 308
5311B Digital-to-Analog Converter .......................... 308
5312A HP-IB Interface Module ............................ 308
5314A Universal Counter ................................. 305
S5315A & 5315B Universal Counters ......................... 302
5316A Universal Counter (Sept. 1980) ....................... 302
5328A Universal Counter . ................................ 300
5335A Universal Counter (Sept. 1980) ....................... 297
5340A Microwave Frequency Counter ....................... 293
5342A Microwave Frequency Counter ....................... 290
5343A Microwave Frequency Counter ....................... 290
5344S Microwave Source Synchronizer ....................... 292
5345A Electronic Counter ................ ... ... . ....... 286
5355A Automatic Frequency Converter ...................... 289
5356A, B, C Frequency Converter Heads ..................... 289
5359A Time Synthesizer ................................... 321
5363B Time Interval Probes ................................ 296
5370A Universal Counter ................................. 294
5381A Frequency Counter ................................. 309
5382A Frequency Counter .....................ccooiinn... 309
5383A Frequency Counter .................... e 309
5390A Frequency Stability Analyzer ........................ 519
5391A Frequency and Time Data

Acquisition System ... ... . 288
5420B Digital Signal Analyzer .............................. 515
5423A Structural Dynamics Analyzer ....................... 515
5427A Digital Vibration Control System ..................... 518
5451C Fourier Analyzer ................................... 517

5501 A Laser Transducer . .......................ccoiiiin.. 636

5526A Laser Measurement System .......................... 636
5527A Laser Transducer System ............................ 636
5528A Laser Measurement System .......................... 636
5790A Gas Chromatograph ................................ 654
5880A Gas Chromatograph ................................ 654
5985B GC/Mass Spectrometer .............................. 654
5986A GC/Mass Spectrometer .......................c..... 655
5993C series GC/Mass Spectrometers ....................... 655
5995B GC/Mass Spectrometer ... ...l 655

6000

6002A Extended Range DC Power Supply .................... 246
6111A-6116A Precision DC Power Supplies .................. 250
6012A Autoranging Power Supply .......................... 238
6024A Autoranging DC Power Supply ....................... 238
6034A 200 Watt Autoranging System Power Supply ........... 244
6129C-6131C Digitally Controlled Voltage Sources ............ 248
6140A Digital Current Source ................ccovinnnn... 248
6177C Precision DC Current Source ......................... 251
6181C Precision DC Current Source . ........................ 251
6186C Precision DC Current Source ......................... 251
6200B-6209B DC Power Supplies ....................... 233-235
6212A-6218A DC Power Supplies ....................... 233-235
6227B Dual Tracking DC Power Supply ..................... 237
6228B Dual Tracking DC Power Supply ..................... 237
6234A Dual Output Power Supply ...................... 233-235
6235A Triple Output Power Supply ..................... 233-235
6236B Triple Output DC Power Supply................... 233-235
6237B Triple Output DC Power Supply................... 233-235
6253A Dual Output DC Power Supply ....................... 236
6255A Dual Output DC Power Supply ....................... 236
6259B DC Power Supply ......... ... . ... .. 240
6260B DC Power Supply .......... ... ... ... ... .. 240
6261B DC Power Supply ...t 240
6263B DC Power Supply .......... ... .. L. 240
6264B DC Power Supply ......... ... .. 240
6265B DC Power Supply ... 240
6266B DC Power Supply ... 240
6267B DC Power Supply .............. 240
6268B DC Power Supply .......... ... ... ... 240
6269B DC Power Supply .......... ... ... ... 240
6271BDC Power Supply ......... ... ... .. ... 240
6274B DC Power Supply ........... ... 240
6281A DC Power Supply ......... ... .. ... ... i 236
6282A DC Power Supply ........ ... ... . ... 236
6284A DC Power Supply ... 236
6286A DC Power Supply .......... .. ... ... .. 236
6289A DC Power Supply ........ ... ... 236
6291A DC Power Supply . ... .. 236
6294A DC Power Supply ........ ... ... . .. 236
6296ADC Power Supply ........ ... ... 236
6299A DC Power Supply ............. . 236
6434B DC Power Supply ........... ... 242

6438B DC Power Supply ... .. 242
6443B DC Power Supply
6448B DC Power Supply
6453ADC Power Supply ... 242
6456B DC Power Supply
6459A DC Power Supply
6464C DC Power Supply ......... .. ... .. 242

6466C DC Power Supply ......... ... ... . ... ... ......... 242
6469C DC Power Supply .......... ... ... .. ... .. ..., 242
6472C DC Power Supply ................ . ... .. ... 242
6475C DC Power Supply ......... ... ... ... ... 242
6477C DC Power Supply ............ ... 242
6479C DC Power Supply ........... ... ... ... ... .. 242

6483C DC Power Supply ............ ... . 242

6515A High Voltage DC Power Supply ...................... 252
6516A High Voltage DC Power Supply ...................... 252
6521A High Voltage DC Power Supply ...................... 252
6525A High Voltage Power Supply .......................... 252
6824A DC Power Supply/Amplifier ......................... 249
6825A DC Power Supply/Amplifier ......................... 249
6826A DC Power Supply/Amplifier ......................... 249
6827A DC Power Supply/Amplifier ...................... ... 249

6940B Multiprogrammer ................. ... ... ... ... ... 50
6941 B Multiprogrammer Extender
6942A Multiprogrammer
6943A Multiprogrammer Extender ............. ... ... .. ... ... 50
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7000

7004B X-Y Recorder ... ... i 262
7010B X-Y Recorder ............ .o, 258
T01SBX-Y Recorder ........... ... i 258
7034A X-Y Recorder ......... ... 262
7035B X-Y Recorder ............ ..o 259
7044B X-Y Recorder ....... ... .. i 260
7045B X-Y Recorder ........ ... .. i 260
7046B X-Y Recorder .......... . ... 260
7047A X-Y Recorder ....... ... .. . e 260
7130A Strip Chart Recorder,2Pen ......................... 265
7131A Strip Chart Recorder, | Pen ......................... 265
7132A Strip Chart Recorder,2Pen ......................... 265
7133A Strip Chart Recorder, | Pen ................... .. ... 265
7220C 8-Pen Graphics Plotter .............................. 620
7220T 8-Pen Plotter/Paper Advance . ........................ 620
7221C 8-Pen Graphics Plotter .............................. 620
7221T 8-Pen Plotter/Paper Advance ......................... 620
7402A 2-Channel Oscillographic Recorder .................... 266
7404A 4-Channel Oscillographic Recorder ................. ... 266
7414A 4-Channel Oscillographic Recorder .................... 268
7418A 6 to 8 Channel Oscillographic Recorder ................ 268
7470A 2-Pen Graphics Plotter .. ........................ 590, 618
7580A 8-Pen Drafting Plotter .............................. 622
7585A 8-Pen Drafting Plotter . ......................... 622-623
7906 Disc Drive . ... ... . 610
7908 Disc/Tape Drive .......... . it 611
7911 Disc/Tape Drive ..................................... 611
7912 Disc/Tape Drive . ... ... ... .. ... ... ... ... ... 611
7920 Disc Drive ... 610
7925 Disc Drive .. ... .. 610
7933 Disc Drive ........ ... .. . ... 611
T971A Tape Drive .. ... 614
7976 Magnetic Tape Subsystem ............................. 614
8000

8005B Pulse Generator ................ooiuiiiininenenna... 323
8007B Pulse Generator ....................c.ciiiiiiaiaiiin 326
8011A Pulse Generator ............... ... ...l 323,
8012B Pulse Generator ............... ... 324
8013B Pulse Generator ...............ccoiiiiiiiiiiineinnn. 324
8015A Pulse Generator ................... ... 325
8016A Word Generator .............ouuiurineiiiiinananans 167
8018A Serial Data Generator ............................... 169
8080A Mainframe ........... ... ... ... i 328
8081 A Repetition Rate Generator, 300 MHz ............... .. 328
8082A Pulse Generator . ..............c.coviiiiiiiiiiiio... 327
8083A Output Amplifier, 300 MHz ......................... 328
8084A Word Generator, 300 MHz .......................... 328
8091A Repetition Rate Generator, 1 GHz .................... 328
8092A Delay Generator/Freq. Divider ....................... 328
8093A Output Amplifier, | GHz ............................ 328
8111A 1 Hz-20 MHz Pulse/Function Generator .............. 337
8112A Programmable Pulse Generator ....................... 317
8116A Pulse/Function Generator ............. ... 338
8160A Programmable Pulse Generator ....................... 318
8161A Programmable Pulse Generator (Sept. 1981) ........... 318
8165A Programmable Signal Source . ........................ 344
8170A Logic Pattern Generator ............................. 168
8180A Data Generator . . .................... ... 165
8181A Data Generator Extender ............................ 165
8182A Data Anmalyzer ....... ... ... ... ... .. ... cieiiia.. 165
8340A Synthesized Sweep Oscillator ......................... 394
8350A Sweep Oscillator . ............ .. ... ... 374-377
8403A Modulator .......... ... ... 369
8404A Leveling Amplifier . ......... ... ... .. ... 373
8405A Vector Voltmeter ... .......... .o, 448
8406A Comb Generator ..............cooiiiiiiaanniiiiin 505

8407A Network Analyzer .................. .. ... 446

8408B Automatic Network Analyzer ........................ 458
8409C Automatic Network Analyzer ........................ 459
8410C Network Analyzer Mainframe ........................ 450
8410S series Network Analyzers ............................ 457
8411A Harmonic Frequency Converter ...................... 451
8412B Phase-Magnitude Display ....................... 446, 451
8413A Phase Gain Indicator ............................... 456
8414B Polar Display .................................. 446, 451
8418B Auxiliary Power Supply .......... ... ... ... 451
8443A Tracking Generator-Counter ......................... 498
8444A Tracking Generator ......................civiini... 500
8444A Option 059 Tracking

Generator . ........ .. 484, 486, 490, 503
8445B Automatic Preselector ............................... 503
8447 series Amplifiers . ....... ... 54
8450A Diode Array/Spectrophotometer ...................... 654
8470A/B Coaxial Crystal Detectors ......................... 414
8471A Coaxial Crystal Detector ............................ 414
8472A Coaxial Crystal Detector . ........................... 414
8473B/C Coaxial Crystal Detectors ......................... 414
8477A Power Meter Calibrator ............................. 402
8478B Coaxial Thermistor Mount ........................... 403
8481A/H Power SEnSOrs . .......ovveiniiii i 400
8481B Power Sensor .. ....... ... 400
8482A/H Power Sensors ..., 400
8482B Power Sensor . ......... .. ool 400
8483A Power Sensor ...... ... ..o ool 400
8484A Power Sensor .. ... 400

8485A Power Sensor ... ... 400
8491 A /B Coaxial Fixed Attenuators
8492A Coaxial Fixed Attenuator
8493A /B series Coaxial Fixed Attenuators ................... 408

8494A/B/G/H series Coaxial Step Attenuators ................ 410
8495A/B/D/G/H/K series Coaxial

Step Attenuators . ... 410
8496A/B/G/H series Coaxial

Step Attenuators ...... ... ... 410
8497K Coaxial Step Attenuator ............................. 410
8498A Coaxial Fixed Attenuator ............................ 408
8501 A Storage-Normalizer ................................. 441
8502A & B Reflection Transmission Bridges . . . .. e 437, 442
8503A & B S-Parameter Test Sets .......................... 442
8505A Network Analyzer .................................. 438
8507B/C Automatic Network Analyzers ..................... 444
8552A Spectrum Analyzer—IF Section ...................... 494
8552B Spectrum Analyzer—IF Section ...................... 494
8553B Spectrum Analyzer, Tuning Section ................... 498
8554B Spectrum Analyzer, Tuning Section ................... 500
8555A Spectrum Analyzer, Tuning Section ................... 502

8556A Spectrum Analyzer, Tuning Section ................... 496

8557A Spectrum Analyzer .......... ... ... ... e 488
8558B Spectrum Analyzer ............ ... ... ... .. ... 490
8559A Spectrum Analyzer ................ ... ... 492

8565A Spectrum Analyzer .............. L 486

8566A Spectrum Analyzer ............... ... ... ...... 474,479
8568A Spectrum Analyzer ........ ... ... .. oo 474, 476
8569B Spectrum Amalyzer .............. ... ... .. ......... 484
8569B Option E30 External Mixer Kit ....................... 484
8581B Automatic Spectrum Analyzer ........................ 482
8582B Automatic Spectrum Analyzer ........................ 482
8600A Digital Marker . ........................ S ...373, 447
8601 A Generator/Sweeper ..............couiviiveann.. 373, 447
8614A Signal Generator ................. . i 361
8616A Signal Generator ............ ... ... it 361
8620 System Sweep Oscillators ......................... 387,577
8620C Sweeper Mainframe ................ ... ...... ... 387, 447
8640A,B AM/FM Signal Generators ....................... 356

8640B Option 004, Avionics Signal Generator ................. 359
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8654A Signal Generator .............. ... ... ... 360
8654B Signal Generator ............. .. ... .. ... 0. 360
8655A Synchronizer/Counter . ....... ... ... ... .. . 360

8656A Signal Generator ............ .. ... ... oo, 348
8660A Synthesized Signal Generator
8660C Synthesized Signal Generator
8662A Synthesized Signal Generator (Feb. 1981) ........... ... 350

8663A Synthesized Signal Generator ... ... . ... ... . ... ... .. 352
8671A Microwave Frequency Synthesizer ... ............... .. 368
8672A Synthesized Signal Generator ........................ 366
8672A-E24 MW Synthesized Generator (0.1 to 18 GHz) ..... ... 366
8673A Microwave Synthesized Generator ................ .. ... 366
8683A/B Signal Generators ............. ... ... ... .. ... 362

8684A /B Signal Generators ................................ 362

8709A/B Phase-lock Synchronizer ... ... ... ... ... ... ... 457
8717B Transistor Bias Supply ........ ... ... ... ... 455
8721A Coaxial Directional Bridge . .......................... 447
8731-8735 series PIN Modulators ........................... 369
8743B Reflection/ Transmission Test Unit .................... 453
8745A S-Parameter Test Set ................ ........ . .... 452
8746B S-Parameter Test Set . ................... ........... 454
8747A /B Waveguide series

Reflection/Transmission Test Units ....................... 456
8748A S-Parameter Test Set . .............................. 437
8750A Storage-Normalizer .................... 424, 446, 449, 505

8754A Network Analyzer ....... ... .. ... ... ... ............ 436

8755C Frequency Response Test Set Plug-in .................. 424
8755P Automatic Scalar Network Analyzer .................. 425
87558 Frequency Response Test Sets ........................ 421

8761A & B Coaxial Switches .. ............................. 419

8801 A Low Gain Preamplifier .............. ... ... ... .. .. 269
8802A Medium Gain Preamplifier ........................ .. 269
8803A High Gain Preamplifier ............. ... ............ 269
8805A Carrier Preamplifier ............................. ... 269
8805B Carrier Preamplifier ... ............ .. ............... 269
8806B Phase Sensitive Demodulator ...... ... ... ... ... ... .. 270

8807A AC/DC Converter ... 270

8808A Logarithmic Preamplifier ............ ... ... .. ........ 270
8809A Signal Coupler .......... ... . ... .. ... ... ... 270
8815A General Purpose Integrator .......................... 270
8820A DC Bank Amplifier ................ . ... ... ... . ..., 271
8821A DC Bank Amplifier ........... ... .. ... 271
8900C/D Peak Power Meter ............................... 403
8901 A Modulation Analyzer ............. .. ... ... ......... 523
8903A Audio Analyzer ....... ... .. . ... ... 526
8953A Transceiver Test Set ................................ 529
8954A Transceiver Interface . ....... ... ... ............. ... 530
8955A R.F. Test System ................ .. ................. 528

8956A System Interface .. ................ . ... ...... ... .. ... 530

8970A Noise Figure Meter ... ...... ... ... ... .. .......... 404
9000

9111A Graphics Tablet ...... ... . ................. 590, 624
9121D/S 3.5 in.—Flexible Disc Drive .. ... . ....... ... .. ... 608
9130A Single Flexible Disc Drive (8%") ................... 589, 608

9134A Micro-Winchester Disc Drive . . .......... .. ... .. .. 589, 609

9135A Combination Storage Unit ... ... ... ... ... .. ... 589, 609
9138A Mass Storage System . ............... .. ... ..... 589, 609
9411B Switch Controller ................. . ................. 53
9412A Modular Switch ... ... .. . 53

9413A VHF Switch ...... ... ... . . .. 53

9414A Matrix Switch ... ... . . 53
98258, T Desktop Computer . .............................. 596
9826 Computer SYStemM .. ...ttt 595
9836A Desktop Computer . ............... .. ............... 595
9845B, C  Desktop Computer ............ ... .. ... ........ 594
9872C 8-Pen Graphics Plotter ............. ... ............ 620
9872T 8-Pen Plotter/Paper Advance . ...................... .. 620
9876A Thermal Graphics Printer . ............. ... ... ..... .. 609

9878A 1/O Expander . ......... ... ... ... ... ..
9885M/S Flexible Disc Drive (8”) .................
9895A Flexible Disc Drive (8”) ....................
9915A Modular Computer (July 1981)

10000

10001 A 10:1 Divider Probe
10001B 10:1 Divider Probe ........................
10002A 50:1 Divider 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
10008B t:1 Probe ........ ... ... ............. ...
10011B BNC Adapter Tip
10013A 10:1 Divider Probe

10016B 10:1 Divider Probe . .......................
10017A Miniature Divider Probe
10018A Miniature Divider Probe
10019A Cable Assembly ..........................
10020A Resistance Divider Probe
10021A Miniature 1:1 Probe
10022A Miniature 1:1 Probe ....... .. ............
10023A Temperature Probe (Mar. 1981)
10024A IC Test Clip . ... oo
10026A Miniature 1:1 Probe (50 Q)
10027A Miniature 1:1 Probe (50 Q)
10028A Jumper Cable ............................
10029A TV/Video Sync Retrofit Kit
10034A Probe Ground Lead Kit
10035A Probe Tip Kit
10036B Probe Tip Kit
10037B Probe Tip Kit ............................
10040A 10:1 Miniature Divider Probe
10041 A 10:1 Miniature Divider Probe
10042A 10:1 Miniature Divider Probe
10066A HP-1B Probe Interface ................. ...
10069A HP-IB Interface (1615A)
10080A Miniature 10:1 Probe
10081 A Miniature 10:1 Probe
10082A Miniature 10:1 Probe
10083A Miniature 1:1 Probe
10084A Miniature 1:1 Probe ................... ...
10100C 50 ohm Feedthrough Termination
10100B 100 ohm Feedthrough Termination
10110B BNC Male to Dual Banana Plug .......... ..
10111A Shielded Banana Plug to BNC Femalc ... .. ..
10113A Triple Banana Plug to Dual BNC Female
10116A Light Shield for 1220 Series Oscilloscopes
10117A Panel Cover for 1220 Series Oscilloscopes . . . .
10119A Rack Mount Kit for 1220 Series Oscilloscopes
10140A Viewing Hood for 1700 Scries Oscilloscopes
10166A Front Panel Cover (180A, 181A, 184A) ... ..
10173A RF1 Filter and Contrast Screen for 1700 Series
Oscilloscopes ..................................
10176A Viewing Hood for 12.7 ¢m (5 in.) Rect. CRT
10178A Metal Mesh Contrast Screen
for 181 and 184 series Oscilloscopes
10221 A 50 Ohm Probing Tee ...... ... ...........
10229A Retractable Hook Tip Adapter
10230C Clock Probe, Logic Analyzer
10231C Data Probe, Logic Analyzer ............ ...
10233A Cable, 1645A to S5055A or 5150A
10235A Interface Cover for 1645A
10236A Trigger Bus Cable (1600S)
10237A Data Cable (1600S)
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10247A Clock Probe ...... .. ... ... .. . ...l 160
10248C Data Probe ....... ... ... ... ... ... . . ... ... 160
10250A TTL Trigger Probe ....... ... ... ... . .............. 210
10257B Personality Module for 1611A (6800 uP) .. ............ 153
10258B Personality Module for 1611A (8080 uP) .............. 154
10259A Personality Module for 1611A (OF8 uP) .............. 154
10260A Personality Module for 1611A (Z80 uP) ............. 154
10261 A Personality Module for 1611A (6502 uP) ............. 154
10262A Personality Module for 1611A (1802 uP) ........ .. ... 155
10263A Personality Module for 1611A (8085 uP) ............. 154
10264A GP Personality Module for 1611A (May 1980) ........ 153
10266A Personality Module for 1611A (6809 uP) ............. 153
10275A PDP-11 UNIBUS Interface ......................... 158
10276A LSI-11 Interface ........... ... ...... ... .......... 158
10277A,B,C General Purpose Interface ...................... 158
10278A HP 1000 series Interface ........................... 158
10279A NOVA 3 Interface ................. .. ...t 158
10280A microNOVA Interface ............................. 158
10281 A HP-IB Interface (1640A) ........... .. ... ... ..........
10285A L-Series Logic Analyzer Interface ................... 158
10326A Time Interval Standard ... ...... ... ............. 67, 211
10387A Interface, Type 303 Modems (1645A) ................ 556
10388A Interface, CCITT V35 (1645A) . .................... 556
10389A Interface, Breakout Box (RS-232C)

(I685AY .. oo 556
10407B Plug-in Extender (180 system) ....................... 210
10475A 3in. Drawer for 1117B .. ... ... ... .. .............. 215
10476A 8 in. Drawerfor I117B ............................. 215
10496 A HP-IB Interface (1610B) ........................... 159
10501A Cable Assembly ......... ... ... ... ............... 640
10502A Cable Assembly ....... ... ... ... .. ... 640
10503A Cable Assembly ........ ... ... . ... ... 640
10514A Double-balanced Mixer ............................ 418
10525T & 10525E Logic Probes ............................ 122
10526T Logic Pulser .......... . ... .. .. . . ... ... ... 123
10529A Logic Comparator ...............ooviuiuinnnnneo... 124
10533A BCD Interface Cable (5150A, 5300A) ................ 308
10534A Double-balanced Mixer ............................ 418
10541A Reference Boards . ............... ... ... ... .. .... 124
10541B Preprogrammed Reference Boards ................ ... 124
10548 A Service Support Package ........................... 308
10590A Plug-in Adapter (5345A) ....................... ... 287
10595A Board Extender Kit (5345A) ........... ... ... ....... 287
10638A Degausser ... 277
10656A 5035A/T Texts & Lab Workbooks ................... 133
10657A 5035A/T Component & Wire Kit ................... 133
10819A Leather Carrying Case (5300A/B) ................... 308
10833 A/B/C/D HP-IBCables .............................. 29
10834A HP-IB Cable Adapter ........... ... ....... ..o, 29
10842A Extender Board Kit (5342/5343/5344S) .............. 290
10844A Programming Interface Kit (S045A) ................. 115
10845A Program Card (5045A) .............. ... ... .. ... 115
10846 A Program Card Coupon Book ..................... ... Its
10847A 5045A Service Kit . ... . 115
10851A/52A/53A/54A Rack Mount Kits

(5300A/B) oo 308
10855A Broadband Preamplifier ............................ 296
10856A Low Pass Filter Kit . ........ ...................... 308
10871A Service Kit . ... ... . ... .. .. 17
10872A Parallel Interface ............ ... .................. 171
10873A Rack Mount Kit .. .................... ... ... ...... 17
10874A Slide Mount Kit ....... ... ... ... ... . ... ....... 171
11000
11000A Cable Assembly .......... ... ... ... ............... 640
F1001A Cable Assembly . ............ ... ... .. 640
11002A Test Leads ... ... 640
11003A Test Leads .......... .. .. ... ... i 640
[1035A Cable Assembly ........... . ... ... .. L 640
11036A AC Probe for 410C . .............. ... ... .. ....... 60

11075A & 11076A Instrument Cases ........................ 647
11096B High Frequency Probe .............................. 71
11143A Cable Assembly ....... ... ... . ... ... ........... 640
11170A/B/C Cable Assembly .............................. 640
11479A Caseless Version (9876A) ....... ... ... ............. 609
11500A/B Cable Assembly ................................ 640
11501A Cable Assembly .......... ... ... .................. 640
11509A Fuseholder ........ ... ... ... .. .. ................. 347
11511A Coaxial Short . ........... ... ... ... ............... 417
11512A Coaxial Short ............. .. ... .. ... ... ......... 417
11S15A Waveguide Adapter .......... ... .................. 420
11516A Waveguide Adapter . ............................... 420
TISTTA MIXer o e 505

11518A-11520A Waveguide Taper Sections .................. 505
11524A APC-7 to N (female) Adapter
11525A APC-7 to N (male) Adapter
11533A APC-7 to SMA (male) Adapter ..................... 641
11534A APC-7 to SMA (female) Adapter
11536A Probe Tee for 8405A
[1540A Waveguide Stand . .......... ... ... ... ... ......... 420

11542A-11548A Waveguide Holders ........................ 420
11549A Power Splitter for 8405A ... ... ................... 448
11565A Coaxial Short ... ... ... ... ... ... . . 417
11566A Air Line Extension ................................ 420
11567A Air Line Extension ................................ 420
11570A Accessory Kit for 8405SA .. ... ... ... ............... 448
11581A Attenuator Set ................. ... ... .. 408
11582A Attenuator Set ................ ... ... 408
11583A Attenuator Set ................ ..., 408
11588A Swivel Adapter .......... ... ... ... ... ... ... ... 420
11589A & 11590A Bias Networks . ......................... 455
11599A Quick-Connect Adapter for 8745A ................... 456
11600B Transistor Fixture ................................. 452
11602B Transistor Fixture ................................. 452
11604A Universal Extension for 8745A .. ... .. ............... 452
11605A Flexible Arm for 8743A ... ... ... .. ... .............. 456
11606A Rotary Air Line ............ ... .. ................ 420
11607A Small Signal Adapter for 8745A ... . ................ 456
11608A Transistor Fixture ................................. 454
L1609A Cable Kit for 8410S ........ ... ... ... . ... .. .. ... 455
11610B Test Port Extension Cable .......................... 453
11650A Accessory Kit for 8410S ......... ... ................ 455
11652A Reflection/Transmission Kit for 8407A ........... . ... 447
11664A Detector for 8755 .. ... ... ... ... 424
11664B Detector for 8755 . ... ... ... ... ... 424
11664C Detector Adapter for 8755 . ....... ... ... ... ......... 424
11665B Modulator for 8755 .......... ... .. ... ... .. ........ 422
11666A Reflectometer Bridge for 8755 ...................... 422
11667A DC-18 GHz Power Splitter ......................... 422
11668A 50 MHz High Pass Filter for 8755 ................... 423
11672A Service Accessory Kit for 8660A/C .................. 353
11675B Leveling Cable Assembly for 784C .. ... ... ... ... ... 577
11678A Low Pass Filter Kit ........ ... ... ................. 423
11679A /B Extension Cables for 8755 ........................ 423
11683A Range Calibrator ......... ... ... ... ................ 399
11684/5/6/8/9A Low Pass Filters ..................... ... .. 423
11687A Adapter, 50to 75 Q ... ... ... ... 347
11690A Frequency Doubler ... .. ... ... ... ... ......... .. 347
11691D Coaxial Directional Coupler ...................... ... 412
11692D Coaxial Dual Directional Coupler . ................... 412
11693A Limiter ........... ... . . .. . . 505
11694A Matching Transformer, 50-75Q ..................... 505
11697A/B/C Bandpass Filters .............................. 347
11708A Attenuator (for Calibrating 8484A) ............ ... .. 400
11710B Down Converter ...................cvuiuuiineeo .. 347
11712A Service Support Kit (for 8671A, 8672A) .............. 367
L1713A Attenuator/Switch Driver .......................... 410
11714A Service Support Kit (for 8662A, 8663A) .............. 350
11715A AM/FM Test Source ..................cccoviiinn.. 525
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11716A, B Interconnection Kits .. ........................... 410
11717A Attenuator /Switch Rack Mount Kit ............... ... 410
11720A Pulse Modulator .................... ... ... .. ... 365
11721A Frequency Doubler ................. . ... ... ..... 347
11723B Software Application Pac for 8953A & 85F ........... 529
11724A Software Package Pac for 8955A & 9835A .. ......... 528
11725A Software Package Pac for 8955A & 9845A ........... 528
11726A Support Kit for 8673A ... ... ... ... ... ... ... ..... 367
11729A Low Noise Microwave Down Converter .. .............. 514
11790A /B Software Application Pac for

8953A & 9826/36A ... ... ... ... 529
11850A & B Power Splitters . .......................... 437,442
11851A RF Cable Kit for 8505A ....................... 437, 442
11852A 50-75 @ Minimum Loss Pad . ........................ 443
11853A 50 Q Type N Accessory Kit ......................... 443
11854A 50 @ BNC Accessory Kit ............... ... ....... 443
11855A 75 Q@ Type N Accessory Kit ......................... 443
11856A 75 Q BNC Accessory Kit . ........ . ... ... ... 443
11857A/B Test Port Extension Cables

for 8503A & B ... ... 437, 443
11858A Rigid Interconnect Adapter ........................ 443
11863E/F Accuracy Enhancement Program

for the 8409C . ... ... ... ... 459
11866A APC-7 Calibration Kit ............................ 455
11867A RF Limiter .......... .. ... ..o i, 505
11869A Adapter for 86200 Series Plug-ins ............... 386, 392
11870A Low Pass Filter ........... ... ... ... ............ 492
11873A Accuracy Enhancement Program (for 8408B) ........... 458
12000
12030A/L-Series 10-slot card cage .......................... 599
12032A/L-Series 5-slot card cage .......................... 599
12103A-D Memory Cards, 128 kbto 1Mb . ... .. ........... 599

12104A Error Correcting Memeory, S12kb .. ... . ... ... ... . 599
12153A Writable Control Store Card
12156A Floating Point Processor
12157A Battery Backup System .. ........................ ... 599

12158A 25 kHz Power Module . . .. .......................... 599
13000
13064A Tape Degausser ............. .. .coiiiieiinn... 273
14000
14513A Rack Kit (for one unit, 3% in. H) .................... 235
14515A Rack Kit (for one unit, S%4 in. H) .................... 237

14521 A Rack Kit (for Bench Series) ......................... 235

14523A Rack Kit (for two units, 3%2in. H) .................. 235
14525A Rack Kit (for two units, 5% in. H) ................ .. 237
14533B Pocket Programmer . ............................... 248
14534A Pocket Programmer Cable ......................... 248
14535A Interface Kit, DCPS-to-HP 1000 Computers .......... 248
14536A DCPS Chaining Cable ............................. 248
14539A Cable Assembly, DCPS to HP 1000 Computers ... ..... 248
14540A 1000 Cable Assembly, Multiprogrammer-to

HP 1000 Computers ............ ..., 50
14541 A Chaining Cable, 6940B

or6941Bto 6941B ... ... 50
14550C Interface Kit, Multiprogrammer-to-

HP 1000 Computers .............c.ccoiiiiiiiininnnene... 50
14551 A Multiprogrammer Service Kit .................... . ... S0
14555A Multiprogrammer Card Connector .................... 50
14556A Software Library .. ... . ... ... ... ... ... ... ... 50
14557A Cable Assembly for the 69520A ... ... ... ............ 50
14558A Termination Panel .. ... .. ... ... ... ....... ... ... 50

14560A Cable Assembly . ... ... ... .. ... .. .. ... .. ... 50
14561 A Cable Assembly
14562A Cable Assembly
14570A AC Power Controller . ........... ... ... ............ 50
14700A /14701 A Extender Interface Kits

14702A Chaining Cable ....... ... ... ... ... ... ... ... 50
14703A Spare Card Connector ...........c....ouiiiiiianean. 50
14711A Field Service Kit . ...... .. ... . ... ... . ... ..., 50
14728A Buffered A/D Cable .. ............................... 50
15000

15104A Pulse Adder/Splitter .............. ... ... ...... 328
I5115A Pulse Splitter/Inverter ..................... . ....... 328
15116A Pulse Inverter .......... .. ... ... ... i it 328
15179A Rack Adapter Frame .................. ... ........ 323
15452A-15458A 81T0A ACCESSOTIES ... ..o, 168
15506A Frame Alignment Generator ........................ 541
15507A Isolator ... ... . oo 541
15508B Impedance Converter ...............c.cocoviieino... 54]
15508C Converter (75 Q Unbal. - 120Q Bal.) ................. 541
15509A/B Amplifier ........ ... ... ... 541
15510A 75 @ Cable Accessory ... 541
15511A 120 Q Cable ACCESSOTY ... it 541
15512A Cable . ... .. 541
15513A Cable . ... ... 541
15514A Transit Case .. ......... . e 541
15515B Loop Holding Unit . ............ ... ... .. ... ..... 541
15580A 20 MHz High-Impedance Active Probe ............... 569
15581B 25 MHz High-Impedance Passive Probe .............. 569
15582A Return Loss Kit ........ ... ... . . 569
15585A Diagnostic Kit . .............. .. ... ... ... ... 569
15589A Instrument Cart ......... ... ... ... 569
15600A Isolator (3.7t04.2GHz) ........................... 576
15601A Isolator (59t0 6.5GHz) ........................... 576
15602A TIsolator (7.1 t0 8.1 GHz) ........................... 576
15603A TIsolator (10.7 to 11.7GHz) ........................ 576
15609A Remote Extender Cable ............................ 576
16000

16008A Resistivity Cell .......... ... 100
16014A Series Loss Test Adapter ............................ 99
16380A Decade Capacitors ..., 103
16470A/B/C Reference Inductors ........................... 99
17000

17012B Point Plotter ........... ... ... ... ... .. . 262
17012C Point Plotter ........ .. ... .. ... .. .. .. 262
17055A Overhead Transparency Kit ......................... 626
17057A Overhead Transparency Kit .. ........................ 626
17108A Time Base . ........ ... .. i, 259
17170A DC Coupler ... .. .. 262
17171A DC Preamplifier ...... ... ... ... ... ... ... ...... 262
17172A Time Base .. ............ ... ... ... i i 262
17173A Null Detector ......... ... ... . .. 262
17174BDC Offset ......... ... . 262
ITITSA Filter ... 262
LTI76A SCanner .. ... ...t 262
17178A DC Attenuator ..ot 262
17400A High Gain Preamplifier ............................ 266
17401A Medium Gain Preamplifier ......................... 266
17402A Low Gain Preamplifier ................... ... ....... 266

17403A AC Carrier Preamplifier ............................ 266

17580A HP-ISPP Software ................................ 625
18000
18100A Underground Leak Location System

(Duct Prebe) .. ... .. ... . ... ... 557
18107A External Oscillator (2804A) ... ...... ... ... ...... 639
18108A Line Amplifier (2804A) ... ... ... ... ... ... ... .... 639
18109A Diagnostic Kit (2804A) ........... ... ... ... ....... 639
18110A Laboratory Probe and Cal Module,

26 mm (11n.) (2804A) . ... ... .. 639
18111A Laboratory Probe and Cal Module,

232 mm (9.1in.) (2804A) .. ... ... 639
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MODEL NUMBER INDEX

New product listings are printed in bold face type
Dates in parentheses are references to recent HP Journal* articles

18112A Laboratory Probe and Cal Module,
486 mm (19.1 in.) (2804A)
18115A Heavy Duty Probe and Cal Module,
29 mm (1.1in.) (2804A) ... ... .. ... 639
18116A Heavy Duty Probe and Cal Module,

129 mm (5.1in.) (2804A) ... ... 639
18117A Heavy Duty Probe and Cal Module,

179 mm (7.1i0) (2804A) ... . ... 639
19000
19800A Waveform Measurement Library ... ... ... ... . ..... 181
19810A Sequence ROM .. ... ... . ... ... .. 180
19811A Plot/Sequence ROM .. ... ... ..................... 180
19860A Digital Waveform Storage .......................... 179
30000
33300 series Coaxial Step Attenuators ....................... 407
33311B/C Coaxial Switches ................................ 419

33311B-C10 5-Port Switch .. ... ... ... . ... ... ... ... ... 419

33320 series Coaxial Step Attenuators . ...................... 407
33330B, C Coaxial Crystal Detectors ........................ 414
33340A/B Coaxial Attenuator .............................. 408
34110A Carrying €Case ... ... 71
34111A High Voltage Probe . ................................ 71
34112A Touch-Hold Probe ........ ... ... .. ... .. . .. 71
37016A FDM Network Surveillance Software ............. ... 563
37018A/B Baseband Analyzer System Software ............... 573
37200A HP-IB Extender . ... ... ... ... ... 32
37203A HP-IB Extender ............... ... ... ... . ... 32
37203L HP-IB Extender (Plug-InCard) ...................... 32
37213A Modem Card ... ... 615
37214A Modem Interface Card Cage ........................ 615
37215A Modem Interface Card . .................. ... ... ... 615
37216A Terminal Interface Card . ........................... 615
37230A Short Haul Modem ... ............................. 615
37264A Band Defining Filter (for 3726A) .................... 571
37265A Band Stop Filter (for 3726A) ....... ... ... .. ... ... 571
37266A Band Pass Filter (for 3726A) ........................ 571
37267A Adapter Case (for 3726A) .................. ... .. ... 571
37268A Dummy Plug-in (for 3726A) ... .. ... ............ 571
37269A Front Panel Input Connector (for 3726A) ............. 571
37461A Display ... ... 560
39301A Fiber Optic Multiplexer . ........ ... ... .. ......... 652
40000
43804 X-Ray System ... . ... ... 658
43805 X-Ray System .. ... ... 658
43807 X-Ray System .......... .. ... .. 658
50000
52126A Intel Multibus Interface . ........ ... ... ... ... ...... 159
55005A Logic Troubleshooting System ....................... 129
59301A ASCII-Parallel Converter ........................... 30
59303A Digital-to-Analog Converter ......................... 30
59306A HP-1B Relay Actuator ........................... ... 30
59307A HP-IB VHF Switch ... ... . ... ... .. ..., 30
59308A HP-IB Timing Generator ............................ 31
59309A HP-IB Digital Clock .............. ... ... .. ........ 31
59313A HP-IB Analog-to-Digital Converter ................... 31
59401A Bus System Analyzer ............... ... . ... ... .. .. 29
59500A Multiprogrammer HP-1B Interface ............... .... 50
59501 A HP-1B Power Supply Programmer ................ 31, 247
K70-59992 Rack Mount Adapter Kit (5342A, 5343A) ......... 291
K34-59991 A Broadband Linear Phase Comparator ............ 277
60000
61000 Modular Power Supplies (OEM) .............. ... 253-254
61005C DC-to-DC Converter

(single QUtPUL) ... 253-254

61315D DC-to-DC Converter

(triple output) ....... ... .. ... 253-254
62000 & 63000 Modular Power Supplies (OEM) ...... ... . 253-254
62005A-62048G Modular Power Supplies ................ 253-254
62212A-62215G Dual Output Modular Supplies .......... 253-254
62410A Modular Supply Rack Mounting Tray ................ 255
62411A Rack Tray Blank Front Panel .. ..................... 255
62412A Rack Tray Blank Rear Panel ......... ... ... ... .. 255
62413A Rack Tray Cooling Unit (45c¢fm) ................ ... . 255
62414A Rack Slide Kit (for standard cabinets) .............. .. 255
62415A Rack Tray AC Distribution Panel ... ................. 255
62605L, 62605M, 62615M 300-600 W Switching

Power Supplies ............... . ... ... 253-254
63005C 110 W Switching Power Supply ................. 253-254
63300F Modular Power Supplies ........................ 253-254
63315D Triple Output

Switching Power Supply .............. ... ... ... ..., 253-254
64000 Logic Development System ........................... 140
64001S Logic Development System .......................... 140
64030A Development Station Cart ... .................... 163
64100A Development Station ........... ... ... ... ... ........ 140
64110A Development Station .. ........................... .. 140
64200S Emulator, 8080/8085 ......... .. ... .. ... L 142

642108 Emulator, 6800 .. ... ... ... .. ... ... 1

64220S Emulator, 8086/8088 ... ........ ... ... ... ... ..... ... 140
64230S Emulator, Z8001/28002 . ...... ..... .............. 140
64242S Emulator, 6800 ... ... .. ... .. ... ... . ... ... ... ... 140
64250S Emulator, Z80 ... ... ... ... ... L 142
64262S Emulator, 8048 .. ... ... ... ... ... ... ... ... 140
64300A Logic Analyzer (Oct. 1980) ... ... .. ... ............. 144
64500A PROM Programmer (Oct. 1980) ............... ... .. 146
64600S Hardware/Timing Analyzer ..................... ... 140
64620S Software/State Analyzer . ............ .... ... ... ... 140
64650A GP Preprocessor Module ...... . ... ... . ... ... . ... . 140
64940A Tape Cartridge Drive .. ....... ... ... . ............ 140
65105A-65612A 50 Watt Modular Switching

Power Supplies . .......... .. ... . 253-255
69280A Breadboard Card ... ....... ... ... ... ... ... ... .. ... 50
69321B D/A Voltage Converter .......................... ... 50
69322A Quad D/A Voltage Converter Card ... ...... ... ... .. .. 50
69330A Relay Output Card .............. . ................ 50
69331A Digital OQutput Card ................................ 50
69332A Open Collector Qutput Card ......................... 50
69335A Stepping Motor Control Card ........................ 50
69336B Scanner Card ......... ... ... ... 50
69351B Voltage Regulator Card ......................... . ... 50
69370A D/A Current Converter Card ..................... ... 50
69380A Breadboard Output Card ................... .. ...... 50
69422A High Speed A/D Converter Card .. ...... ... ... .. ... 50
69423A Low Level A/D Converter Card ...................... 50
69430A Isolated Digital Input Card ...................... ... 50
69431A Digital Input Card ............ ... ... ... ... ... 50
69433A Relay Output With Readback Card ... .......... ... .. 50
69434A Event Sense Card ... .. ... 50
69435A Pulse Counter Card . ................................ 50
69436A Process Interrupt Card ......................... . ..., S0
69480A Breadboard Input Card ....... ... ... ... ... ... ... . ... 50
69500A Unloaded Resistance Output Card .................... 50
69501 A-69513A Power Supply Control Cards ............... ... S0
69520A Power Supply Programming Card .. ... ...... ... .. .. .. 50
69602B Timer/Pacer Card . ... ... .. ... ..................... 50
69700A-69706A Resistance Qutput Card ... ... ... .. ... .. 50
69709A Power Supply Control Card .. .. ... ... .. ... ... .. ... .. 50
69720A Digital-to-Analog Voltage

Converter Card .......... ... ... ... .. ... 50
69721 A Digital-to-Analog Current

Converter Card .. ... ... ... 50
69730A Relay Output Card ................................. 50
69731B Digital Qutput Card ................................ 50

*A monthly publication of technical information [rom the HP Laboratories.



69735A Pulse Train Output/Stepping Motor

Control Card . ....... .. ... 50
69736A Timer/Pacer Card . ... .. ... ... ... ... ... .. .. ....... 50
69750A Scan Control/Pacer Card ... ... ... ... ... ....... ... 50
69751 A Analog-to-Digital Converter Card . .................... 50
69752A 64 Channel FET Scanner Card .. ... .. ... ... ... ... ... 50
69755A 16 Channel FET Scanner Card ... ................. . ... 50
69770A Isolated Digital Input Card . ................. ... ... 50

69771A Digital Input/Analog Comparator Card ............... 50

69775A Counter/Totalizer Card .................... ... ..... 50
69776A Interrupt Card ... ... ... 50
69790A Memory Card ... ... 50
69793A Breadboard Card ........ .. ... ... ... ...l 50
70000
72021C HP-PLOT/21 Software ............................ 625
80000
82104A Card Reader (41C/CV) ... ... . ... ... ........ 583
82106A Memory Module (41C/CV) .. ... ... ... .. ... ... 583
82143A Printer/Plotter (41C/CV) .......... ... ... ... ...... 583
82153A Optical Wand (41C/CV) ... .................. 583
82160A HP-IL Module .................................... 584
82161A Digital Cassette Drive . ... ... ... ... ... ... ... .. ... 584
82162A Printer/Plotter . ... ... ... .. ... ... ... ... . ..... 584
82163A Video Interface . ...... ... ....... .. ... ... ... ... ... 585
82165A HP-IL GPIO Interface Converter ........... .. ... .. 585
82166A/B HP-IL Converter .. ........................... ... 585
82170A Quad Memory Module (41C/CV) ................... 583
82180A Extended Functions/Memory Module .. ....... ... .. .. 583
82181A Extended Memory Module ... ...... ... ... . ... .. ... 583
82182A Time Module . ... .. ... .. ... ... ... ... .. 583
82500A Custom Modules .......... ... .. ... ..... ... .. 587
82500B Custom Modules ............... ... ....... .. ...... 587
82504A Custom Keyboards . ......... ... ... ... ... ... ..... .. 587
82505A Custom Magnetic Cards . ... oL 587
82900A CP/M System . ............ ... ... .. ... ... .. 591
82901 M Flexible Disc Memory (5%") ................... 589, 608
82902M Flexible Disc Memory (5%") ................... 589, 608
82903A 16K Memory Module

(Series 80 Computers) . ...t i 589
82905B Printer ... . ... 585, 590
82907A 32K Memory Module .. .......... ... ... ... ... ... 589
82908A 64K Memory Module .. .......... .. ... ... . ... .. ... 589
82909A 128K Memory Module .. ... ... ... ... ... .. ... ... .. 589
82912A 9-Inch Monitor 86A) ... ... ... ... ... .. ... .......... 588
82913A 12-Inch Monitor (86A) .. ............................ 588
82928A System Monitor .......... ... 591
82929A Programmable ROM Drawer ... ............... ... 591
82936A ROM Drawer ..................................... 591
82937A HP-IB Interface Card .. .............. ... . ... ..... 591

82938A HP-IL Interface .. ... ... .. ... .. ............. 585, 591

82939A Serial Interface Card ... ... ... ... ... ... ... . .. 591
82940A GPIO Interface Card ... ... ... ... . ... ............ 591
82941A BCD Interface Card .. ......... ... .. ... ... ... ... ... 591
82949A Printer Interface ... .. ... .. ... .. ... . L. 591
82950A Series 80 Modem .. ... ... ... ... ... ... 591
83522A 0.01-2.4 GHz RF Plug-in for 8350A ... ....... ... 380, 381
83525A/B 0.01-8.4 GHz RF Plug-in for 8350A .......... 380, 381
83540A/B 2-8.4 GHz RF Plug-in for 8350A . ... .......... 382, 383
83545A 5.9-12.4 GHz RF Plug-in for 8350A . ............ 382, 383
83570A 18-26.5 GHz RF Plug-in for 8350A ... ........... 384, 385
83590A 2-20 GHz RF Plug-in for 8350A . ............... 378, 379
83592A/B 0.01-20 GHz RF Plug-in for 8350A ........... 378, 379
83594A 2-26.5 GHz RF Plug-in for 8350A .. ....... ... 378,379
83595A 0.01-26.5 GHz RF Plug-in for 8350A ............ 378, 379

84811A Peak Power Sensor .. ........ ... ... .. ... .. ... 403
85010B Basic Measurement Program Pac
for 8501A/8505A & 9825T

85030B Applications Pac for 8507B-9825T ... ... ............. 445
85030C Applications Pac for 8507C-9845T ... .. ............ 445
85031A APC-7 Calibration and Verification .

Kit for 8507B .. ... 445
85032A 50 Q Type-N Calibration Kit .................... 445, 455
85033A SMA Calibration Kit .......................... 445, 455
85033B APC-3.5 Calibration Kit . ........................... 455
85036A 75 Q Type N Calibration Kit

for 8507B .. 445
85040B Reflection/Transmission Test Set ... .......... ... 456, 458
85650A Quasi-Peak Adapter ....... .. ... ... ... ... ... ... 483
85860A Software Pac for

8568A/9825/9866B Opt. 025/98034A ... .................. 482

85860B Software Pac for

8S68A/9825T/98T6A/98034B ... ... ... .. ... ... ... 482
85861A Software Pac for

8566A/9825/9866B Opt. 025/98034A . .................... 482
85861B Software Pac for

8566A/9825T/9876A/98034B ... ... ... ... ... ... ... 482
86200 series Sweeper Plug-ins for 8620C . ... . ... .. .. ... 392,393
86222A & B Sweeper Plug-ins for 8620C ... ... ... ... .. ... 389
86240A /B/C Sweeper Plug-ins for 8620C .. ... ... ... ... .. .. 391
86251A 7.5-18.6 GHz Plug-in for 8620C ... .................. 391
86290A, 86290B & 86290C Broadband Sweeper

Plug-ins for 8620C . .......... ... .. ... ... .. ... ... 390
86720K Frequency Extension Retrofit Kit . ......... ... ... . . 368
88100A Graphics Tablet System Tools . .............. ... .. . 624
88101A Graphics Tablet System Tools ............... ... ... 624
90000
90100A Practical Transistor Series (Videotape) VHS(SP) ... ... 662
90100B Practical Transistor Series (Videotape) BETA T ... ... 662
90100D Practical Transistor Series (Videotape) U-matic .. ... ... 662

90301RA. Understanding Microprocessors (Videotape) VHS(SP) 660
90301RB Understanding Microprocessors (Videotape) BETA 1 . .660
90301RD Understanding Microprocessors (Videotape) U-matic . . 660

90420A Digital Troubleshooting (Videotape) VHS(SP) ...... ... 661
90420B Digital Troubleshooting (Videotape) BETA T ... ... ..., 661
90420D Digital Troubleshooting (Videotape) U-matic ....... ... 661
98032A 16-bit Parallel Interface ..... ...... ............... 594
98033A BCD Input Interface . ............... .. ... ... .. .. 594
98034B HP-IB Interface . .......... ... ... ... ... ... ....... 564
98035A Real Time Clock Interface .......... ... .. . ... .. .. 594
98036A Serial Interface ........... ... ... . .. .. .. ... ... 594
98040A Incremental Plotter Interface ................ ... ... 594
98041A Discinterface . ..... ... ... ... . . 594
98046B Intelligent Datacomm Interface ............ .. ... .. 594
98620A Two Channel DMA Controller/Interface .......... ... 595
98622A 16-Bit Interface ... ... .. ... ... . .. ... . ... ... ... 595
98623A BCD Interface ............. ... ... ... ... ... ...... 595
98624A HP-1B Interface ..................... .. ... .. ... ... 595
98626A Scrial Interface ........ ... ... .. ... .. ... 595
98627A Color Video Interface . ............. ... ... ... ... 595
0960-0054 SMA-female short (50 ohm) ...... ... ... .. ... .. 417
0960-0055 SMA-male short (50 ohm) ... ... ... ... .. ... 417
1250-XXXX Series Adapters and Connectors . ... ... .. 401, 417, 641
1250-1454 BNC Adapter Tip for

HP Miniature Probes .. ... .. ... .. ... .. ... ... 210
1251-2277 Dual Banana plug to BNC Female . ... ....... ... .. 641
1251-2816 Dual Banana plug (for cable) ...... ... ...... ... .. 641
1460-XXXX Series Cabinet Parts .. .. ...... ... .. ... ..... 643
1490-XXXX Series Slide Kits, Casters . ............... ... 647, 651
1494-XXXX Series Slide Kits . .......... ... ...... ... ... .. 644
5040-XXXX Series Rack Frames ... ... ... . ... ... ... ... 646
5060-0789 Cooling Kit ........... ... ... ... ... ... ... ... 647
5060-0796 Cooling Kit ... ... .. .. ... ... ... ... . ... .. 647
5060-X XXX Series Racking Accessories, Covers ... ... ... 646, 647
5061-XXXX Series System I Cabinet Parts .. ....... .. ... 642--645

9211-XXXX Series Transit Cases ....................... 648-651
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HEWLETT-PACKARD INTERFACE LOOP

Low Cost Interface for Battery-Operable Systems

Hewlett-Packard Interface Loop (HP-IL)

The Hewlett-Packard Interface Loop, HP-IL, is a bit-serial inter-
face designed for low cost, battery-operable systems. HP-IL allows
the HP-41 to be used as a system controller, capable of transmitting
and receiving data, and performing a wide variety of information
management and instrument control functions.

In HP-IL systems, devices are connected by two-wire cables leading
from the output port of one device to the input port of the next, until
all devices form a closed loop. This loop structure provides a unique
capability through: auto address assignment, device capability identi-
fication, power ON/OFF control, and error checking.

HP-IL System

Auto Address Assignment

In order to distinguish between devices in the loop, each device must
have an address, a number from 1 to 30. The HP-41, as the controller,
uses the address to specify and control the devices on the loop. HP-1L
enables the HP-41 to assign addresses automatically, starting with
the address | for the device next to the controller in the direction of
the information transfer. -

Device Capability Identification

Most HP-IL devices contain an accessory capability number that
tells the HP-41 its device type, such as “printer” or “mass storage
device”. Upon execution of a PRINT command, the HP-41 polls each
device on the loop until it finds the device that responds with the ap-
propriate accessory ID number for printers. Device capability identi-
fication frees the user from having to know the address of each device
on the loop. This feature also allows software to be run and written
without regard to system orientation, address switches or preassigned
addresses.

Power ON/OFF Control

Several HP-IL peripherals support STANDBY mode. Peripherals
can be powered on or off, under program control, to conserve battery
life. The power ON /OFF feature enables the use of an HP-IL system
for remote applications.

Automatic Error Checking

HP-IL allows for automatic error checking of any data being trans-
mitted on the loop. Because each character must return to the device
that originally sent it, the device compares the returning character
with a copy of the one that was sent. If the two do not match, an error
message is generated.

Hold-Until-Ready Protocol.

HP-IL provides a simple means of coordinating the transfer of data.
Some devices send and receive data at high rates while other devices
work at a slower pace. In the HP-IL system, devices hold each piece
of information until they are ready to receive another. When ready,
they pass the information to the next device. By the time a piece of
information makes a complete loop, all devices are ready to accept
new information. This “hold-until-ready protocol™ assures that fast
and slow devices can operate in the same HP-IL system.

The Versatility of HP-IL

HP-IL is an ideal, low cost interface option for those applications
requiring low power and maximum portability. HP-IL also provides a
link between battery-powered devices and more powerful computa-
tional products. Through HP-IL, an HP-41 Handheld Computer can
pass information to a Series 80 personal computer. Another HP-IL
product, the Converter, allows building an HP-IL interface into mi-
croprocessor-based products, making them compatible with an HP-
IL device.

HP-IB and HP-IL

HP-IL is not intended as a replacement for HP-IB, but rather as a
low cost, low power alternative extending below the traditional scope
of HP-IB in price and performance.

Although HP-IB and HP-IL serve the same basic function-inter-
facing controllers, instruments and peripherals—they differ in many
respects.

1. Because of HP-IL’s lower power consumption, it is usable with
portable, battery-powered systems. Generally, HP-1B is not.

2. HP-IL system components will generally be low cost and have
moderate performance; HP-IB system components are at the medi-
um- to high-end of the performance spectrum and generally cost
more.

3. HP-IL systems work at relatively low data rates. HP-IB systems
work at relatively high data rates.

4. HP-IL allows device separations of up to 100 metres with shielded,
twisted pairs (10 metres with zip cord). HP-IB requires extender

hardware for long distance connections.
The HP-IL Logo.
DESIGNED FOR
' SYSTEMS .

Just as the HP-IB interface is
designated by the HP-1B symbol,
Hewlett-Packard identifies the
HP-IL interface with its
own symbol. Wherever this logo
appears, it indicates that that
mainframe, peripheral, instru-
ment, etc., is HP-IL compatible.

HP-IL and the Future.

HP-IL adds a new dimension to Hewlett-Packard’s instrumenta-
tion and computing capability. HP-1L enables battery-powered pro-
ducts to communicate with each other, and to communicate with
Series 80 personal computers which can pass information along to
larger computers. Watch for new HP-IL controllers, peripherals and
instruments to be added to HP-IL’s ongoing product line.




HEWLETT-PACKARD INTERFACE LOOP

Low Cost Interface for Battery-Operable Systems [A

HP-IL Products and Applications Summary

Model

Application See Page Model Application See Page
HP-41 Handheld |Control: HP-IL Bench/Field HP 82166A A component which can be built
Computer (with Controller 583-585 Prototyping Kit into a device, providing HP-IL 585
HP 82160A HP-IL |Computation: Field HP 82166B capability. -
Interface Module) | Data Collection Volume Ten Pack
Serics 80 HP-IL. Bench Controller HP 3468A Bench/Ficld Automated
Personal computers |Field Data Analyses 589 Digital Multimeter | Measurement
(with HP 82938A |Control Scientific Experimentation
Interface) Lab Bench Experimentation & 66
o : hootin
HP 82161 A Digital |Ficld/Bench Program Storage Trouble S g .
Cassette Drive Ficld/Bench Data Storage 584 Bench/Fleld_Automatcd Service
Field/Bench Data Logging & Diagnostic Tool
Field Data Collection HP 82905B Impact |Bench 80-Column Printer
HP 82162A Field/Bench Hard Copy Printer Utility Hard Copy Ol}lpul 585, 590
Thermal Printer/ |Data Logging 584 Opt. 248, 348, 448 | (for program debugging, d:ata ‘
Plotter Simple Plotting output, and data presentations).
Computational Hard Copy HP 3421A Bench/Field Automated
HP 82163A/B Bench Display Capability Data Acquisition/ | Measurement, Channel Selections
Video Interface Demonstrations 585 Control Unit and Control . .
Instruction Lab Bench Experimentation 42
Program Dcbugging ;‘“C: %?“g"l . ati d
HP 82165A GPIO |Bench Conversion Between l;);[?l Ceoué(cpl?(r)lnmen aton an
Interface HP-IL and Parallel
Digital Data Acquisition 585
Interface From HP-IL to
Most Computers
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HEWLETT-PACKARD INTERFACE BUS

Versatile Interconnect System for Instruments and Controllers m
SYSTEMS

® A versatile interconnect system
that links instruments, desktop
computers, minicomputers, and pe-
ripheral devices into automated
measurement systems

® Very broad selection of HP-1B com-

patible instruments and accessory

devices

There are many applications where the
measurement power of interactive instru-
ments can be further enhanced by coupling
them to desktop or minicomputers. Operat-
ing in a remote mode can provide more exact,
error-corrected results as compared with
conventional manual operation techniques.

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

1) The Hewlett-Packard Interface Bus,
also known as “HP-IB”;

2) Distributed computing through the
growing number of “smart” instru-
ments with internal microprocessors;

3) The broad choice of computers, rang-
ing from “friendly” easy-to-program
desktop computers to more sophisti-
cated computer systems capable of
managing multi-station instrument
clusters and complex data bases.

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

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

® The hardware, documentation and
support that delivers the shortest
path to a measurement system

face standard (IEEE 488-1978 and IEC 625-
1).

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

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

Meanwhile, the 1IEEE Standards Board
approved IEEE Standard 488-1975 “Digital
Interface for Programmable Instrumenta-
tion”, first published in 1975 and again
published in 1978 with minor editorial

changes as IEEE Standard 488-1978. The
IEEE standard is also fully compatible with
the HP-1B. In January 1976, the American
National Standards Institute adopted the
1EEE Standard and published it as ANSI
Standard MC 1.1.

The standardized interface concept is now
well accepted. More than 1500 products, in-
cluding more than 200 from HP, that use the
HP-1B concepts articulated in IEEE 488 are
today available from more than 250 manu-
facturers. As additional instrumentation in-
terface standards evolve from the HP-IB, we
will clearly indicate the relationship of the
Hewlett-Packard Interface Bus to those
standards—just as we have done with IEEE
Standard 488, ANSI Standard MC 1.1 and
IEC Publication 625-1.

Why the HP Interface Bus Name?

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

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

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

Single Source Systems Approach

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

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

® Greater throughput because systems are
generally faster.

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

® Results expressed in engineering or scienti-
fic units, since many systems controllers
are capable of on-line data manipulation.
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® Greater accuracy because system errors
can be measured automatically, stored and
accounted for in the results.

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

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

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

Proper training on system components is
very important for efficient utilization of any
interface sytem. Therefore, we offer training
at sales and service offices worldwide on HP
desktop computers, computer systems and
instruments as they relate to the HP-IB. (Re-
fer to HP-1B Training, Page 28). In the area
of HP-1B support documentation, we offer
general interface technical descriptions, Op-
erating and Service Manuals with program-
ming information, Instrument/Controller
Introductory Operating Guides, Quick Ref-
erence Guides and Application Notes. Tech-
nical assistance during system development
is available from resident systems engineers
specialized in desktop computers, computer
systems and instruments at most local sales
and service offices.

How the HP Interface Bus Operates

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

Every participating device (instrument,
controller, accessory module) must be able to
perform at least one of the roles of TALK-
ER, LISTENER or CONTROLLER. A
TALKER can transmit data to other devices
via the bus, and a LISTENER can receive
data from other devices via the bus. Some de-
vices can perform both roles (e.g., a pro-
grammable instrument can LISTEN to
receive its control instructions and TALK to
send its measurement).

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

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

HEWLETT-PACKARD INTERFACE BUS
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talking to a printer, for semi-automatic data
logging).

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

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

E
—>
>
=

DEVICE A ABLE TO TALK,
LISTEN, AND' CONTROL
{e.g. controller)

DEVICE B ABLE TO TALK
AND LISTEN {e.g. frequency
counter)

DEVICE C ONLY ABLE TO
LISTEN (e.g. signal generator}

DEVICE D ONLY ABLE TO
TALK (e.g. thermometer)

DATA BYTE TRANSFER CONTROL
DAV

NRFD

NDAC
GEN’L INTERFACE MANAGEMENT
IFC

\ REN

Interface connections and bus structure.

HP-1B DIG!

OPT:

STGRAGE
1

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

The DATA BUS consists of eight signal
lines which carry data in bit parallel, byte
serial format across the interface. These sig-
nal lines carry addresses, program data, mea-
surement data, universal commands and
status bytes to and from devices intercon-
nected in a system. ldentification of the type
of data present on the D1O signal lines is in-
dicated by the ATN (attention) signal.
When the ATN signal is true (asserted) ei-
ther addresses or universal commands are
present on the data bus and all connected de-
vices are required to monitor the DIO lines.
When the ATN message is false, then device
dependent data (e.g., programming data) is
carried between devices previously addressed
to talk and listen.

Transfer of each byte on the Data Bus is
accomplished via a set of three signal lines:
DAV (data valid), NRFD (not ready for
data), and NDAC (not data accepted).
These signals operate in an interlocked hand-
shake mode. Two signal lines, NRFD and
NDAC, are each connected in a logical AND
(wired OR) to all devices connected to the in-
terface. The DAYV signal is sent by the talker
and received by potential listeners whereas
the NRFD and NDAC signals are sent by
potential listeners and received by the talker.

The General Interface Management Lines
manage the bus to effect an orderly flow of
messages. The 1FC (interface clear) message
places the interface sytem in a known quies-
cent state. SRQ (service request) is used by a
device to indicate the need for attention or
service and to request an interruption of the
current sequence of events. REN (remote en-
able) is used to select between two alternate
sources of device program data. EOI (end or
identify) is used to indicate the end of a mul-
tiple byte transfer sequence or, in conjunc-
tion with ATN, to execute a polling
sequence.

It is not possible in this limited space to go
into detail on each signal line’s role. But you
should note that every HP-1B device need not
be able to respond to all the lines. As a practi-
cal and cost-effective matter, each HP-1B de-
vice will usually be designed to respond only
to those lines that are pertinent to its typical
function on the bus. (Details appear in each
device’s operation manual.)
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Individual Hewlett-Packard Products Available With HP-IB Capability

Products
related to Model Product name/characteristics Page
Control and 85A/F Personal Computer (uses 82937A Interface) 588
Computation 86A Personal Computer (uses 82937A Interface) 588
87 Personal Computer (82937A Interface built-in) 589
9825B/T Desktop Computer (uses 98034B Interface) 595
9826A Desktop Computer 594
9836A Desktop Computer 594
9845B/T Desktop Computer System 45 (uses 98034B Interface) 593
9915A Modular Computer 595
HP 1000 A600 Computer (2156A; uses 12009A Interface) 599
HP 1000 A700 High Performance Computer (2137A; uses 12009A Interface) 599
HP1000 E-series Computers (2109E & 2113E use 593108 Interface) 599
HP 1000 F-series High-performance computers (2117F uses 59310B Interface) 599
HP1000 L-series Low cost computer (2103L uses 12009A Interface) 599
3075A/3076A Data Capture Terminals 607
3078A Data Coupler 607
Stimulus 3314A Function Generator: 0.01 Hz to 19.99 MHz 334
3325A Synthesizer /Function Generator /Sweeper: 1 pHz to 21 MHz 340
3335A Synthesizer /Level Generator: 200 Hz to 80 MHz 342
3336A/B/C Synthesizer /Level Generator: 10 Hz to 20.9 MHz 343, 564
41408 PA Meter/DC Voltage Source 104
5359A Time Synthesizer: 1 ns accuracy: 50 ps increments, 100 ps jitter 321
6002A Option 001 DC Power Supply: 200 W autoranging. Listen only 246
6034A System Power Supply: 200 W Autoranging w/status-readback 244
6129C Opt. PO50r J99| Precision Voltage Sources: + 50 Vdc at 5 A (requires 59301A 248
Converter)
6130C Opt. PO50r J99|  Precision Voltage Source: =50 Vdc at 1A (requires 59301A 248
Converter)
6131COpt. PO50r J99| Precision Voltage Source: +100 Vdc at 0.5 A (requires 59301A 248
Converter)
6140A Opt. PO5 or J99 Precision Current Source: + 100 mA at 100 Vdc (requires 59301A 248
Converter)
6940B Multiprogrammer (requires 59500A interface) 50
6942A Multiprogrammer 50
8016A Option 001 Word Generator: 9 x 32 bit. Listen only 167
8018A Option 001 Serial Data Generator: 50 MHz, 2048-bit memory. Listen only 169
8112A Programmable Low Cost Pulse Generator: 20 ns to 950 ms Period 317
8116A Programmable Pulse /Function Generator: 1 mHz to 50 MHz 338
8160A Programmable Pulse Generator: 20 ns to 999 ms period 318
8161A Programmable Pulse Generator: 10 ns to 980 ms period 318
8165A Programmable Signal Source: 0.001 Hz to 50 MHz 344
8170A Logic Pattern Generator: 8 x 1024 /16 x 512 bit 168
8180A Data Generator: 50 MHz, 1024 bit/channel 165
8181A Data Generator Extender 165
8340A Synthesized Sweeper: 10 MHz-26.5 GHz 394
8350A Sweep Oscillator: 10 MHz to 40 GHz 374
8620C Option 011 Sweep Oscillator: 10 MHz to 22 GHz 388
8656A Signal Generator: 0.1 to 990 MHz 348
8660A, C Option 005 Synthesized Signal Generators: 10 kHz to 2.6 GHz. Listen only 353
8662A Synthesized Signal Generator: 10 kHz to 1280 MHz. 350
8663A Synthesized Signal Generator: 100 kHz to 2560 MHz. 352
8671A Microwave Frequency Synthesizer: 2 to 6.2 GHz 368
8672A Synthesized Signal Generator: 2 to 18 GHz 366
8672A-E24 Synthesized Signal Generator: 100 MHz to 18 GHz 368
8673A MW Synthesized Signal Generator: 2 to 26.5 GHz 366
59501A Power Supply Programmer: Isolated D-to-A Converter +10 Vdc @ 10 mA| 247
Measurement 436A Option 022 Power Meter: —70 dBm to +44 dBm, to 26.5 GHz 398
853A Spectrum Analyzer Display 488-493
1610B Option 003 Logic State Analyzer: 64 x 32 bit memory 150
1615A Option 001 Logic Analyzer: 256 x 24 bit memory 148
1640B Option 001 Serial Data Analyzer: 2048 bit memory 552
1980A/B Oscilloscope Measurement System: dc to 100 MHz 178
1980A /B Option 826 Waveform Measurement Library: Application Software 181
for the HP 9826 & 9836. 181
1980A /B Option 860 Digital Waveform Storage 179
2250 Measurement & Control System 51
2804A Option 010 Quartz Thermometer: 0.05°C accuracy 639
3040A Network Analyzer: 50 Hz to 13 MHz 431
3044A Spectrum Analyzer: 10 Hz to 13 MHz 511
3437A System Digital Voltmeter: high speed, 32 digits 80
3438A Digital Voltmeter: low-cost, 3% digits 82
3455A %, Digital Voltmeter: 5% or 6% digits, auto calibration 78
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Products
related to Model Product name/characteristics Page
Measurement 3456A Digital Voltmeter: 3% to 6 digit voltmeter 1 nV sensitivity 74
3478A Digital Multimeter: 3'2 to 5% digits; 5 functions 72
(Cont.) 3582A 2-channel Real Time (FFT) Spectrum Analyzer: 20 mHz to
25.6 kHz 508
3585A Swept Spectrum Analyzer: 20 Hz to 40 MHz, 3 Hz BW,
0.4 dB amplitude accuracy 468
3586A/B/C Selective Level Meter: 50 Hz to 32.5 MHz 471, 564
3717A Wideband 70 MHz modem 578
3724 /25/26A Baseband Analyzer 571
3746A 32.5 MHz Selective Level Measuring Set: CCITT and Bell
FDM Systems 560
3747A 90 MHz Selective Level Measuring Set: CCITT FDM systems 560
3747B 90 MHz Selective Level Measuring Set: Bell FDM systems 560
3771A Option 005 Data Line Analyzer: CCITT measurement standards 545
3771B Option 005 Data Line Analyzer: Bell measurement standards 545
3779C Primary Multiplex Analyzer: CEPT 2 Mb /s PCM systems 532
3779D Primary Multiplex Analyzer: Bell 1.5 Mb/s PCM systems 532
3781A/3782A Pattern Generator /Error Detector: CEPT and CCITT
PCM/TDM systems 536
3781B/3782B Pattern Generator /Error Detector: Bell PCM/TDM systems 537
3785A Jitter Generator and Receiver: CEPT PCM/TDM systems 538
3785B Jitter Generator and Receiver: Bell PCM/TDM systems 538
4140B PA Meter /DC Voltage Source 104
4145A Semiconductor Parameter Analyzer 112
4191A RF Impedance Analyzer 90
4192A LF Impedance Analyzer 92
4193A Vector Impedance Meter 94
4262A Option 101 Automatic LCR Meter 97
4274A Multifrequency LCR Meter: 10 steps, 100 Hz to 100 kHz 86
4275A Multifrequency LCR Meter: 10 steps, 10 kHz to 10 MHz 86
4276A LCZ Meter 108
4277A LCZ Meter 108
4943A Option 010 Transmission Impairment Measurement System (TIMS) 545
49444 Option 010 Transmission Impairment Measurement System (TIMS) 545
50058 System Signature Multimeter 126
5180A Waveform Recorder 171
5312A HP-IB interface (Talker) for 5300B Counter System 308
5316A Universal Counter: 0-100 MHz 302
5328A Option 011 Universal Counter: to 512 MHz, 10 ns time interval 300
5335A Automatic Universal Counter: 200 MHz /1.3 GHz, 2ns Time 297
Interval
5340A Option 011 Automatic Microwave Counter: 10 Hz to 18 GHz 293
5342A Option 011 Automatic Microwave Counter: 10 Hz to 18 GHz 290
5343A Option 011 Microwave Frequency Counter: 10 Hz to 26.5 GHz 291
53448 Microwave Source Synchronizer .5 GHz to 18 GHz 292
5345A Option 011,012 General Purpose Plug-In Counter 286
5355A Automatic Frequency Converter plug-in for 5345A 289
5363B Time Interval Probes 296
5370A Time Interval Counter: +20 ps single-shot resolution 294
5420A Digital Signal Analyzer 515
5423A Structural Dynamics Analyzer 515
5501A Laser Transducer: for accurate positioning measurements 636
5527A Laser Transducer System 636
5528A Laser Measurement System 636
6940B Multiprogrammer (requires 59500A interface) 50
6942A Multiprogrammer 50
8182A Data Analyzer: 50 MHz real-time capability; 1024 bit /channel 165
8501A Storage Normalizer for 8505A RF network analyzer 441
8503A & 8503B S-Parameter Test Set: 50 or 75 Ohm, for 8505A 442
8505A RF Network Analtyzer: 500 kHz to 1.3 GHz 438
8566A Spectrum Analyzer: 100 Hz to 220 GHz 474, 479
8568A Spectrum Analyzer: 100 Hz to 1.5 GHz 474, 476
8569B Spectrum Analyzer: 10 MHz to 115 GHz 484
8901A Modulation Analyzer: 150 kHz to 1.3 GHz 523
8903A Audio Analyzer: 20 Hz to 100 KHz 526
8954A Transceiver Interface 530
8956A System Interface 530
8970A Noise Figure Meter: 10 to 1500 MHz 404
85650A Quasi-Peak Adapter 483
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Products
related to Model Product name/characteristics Page
Switching 2250 Measurement and Control Subsystem 51
Scanning 3421A Scanner: to 30 channels; A/D converter 42
Translation 3485A Scanner: to 80 channels, low thermal; (to 40 relay channels) 49
or Timing 3497A Data Acquistion Control Unit 45
3754A 25 MHz Access Switch (requires 3755A switch controller) 562
3756A 90 MHz Switch (requires 3755A) 562
3757A 8.5 MHz Access Switch (requires 3755A) 562
3777A Telecommunications Channel Selector: up to 30 channels; 533
dc to 110 kHz
6940B Multiprogrammer (requires 59500A interface) 50
6942A Multiprogrammer (no interface required) 50
9411B Switch Controller 53
9412A Modular Switch (requires 9411A switch controller) 53
9413A VHF Switch (requires 9411A) 53
9414A Matrix Switch (requires 9411A) 53
11713A Attenuator /Switch Driver (controls coax switches and step 410
attenuators)
37201A HP-IB Extender Twisted-Pair or Modems 32
37203A/L HP-IB Extender: Coax and Fiber Optics 33
59301A ASCIlI-to-Parallel Converter: string to 16 characters 30
59303A Digital-to-Analog Converter 30
59306A Relay Actuator: for programmable switches, attenuators 30
59307A VHF Switch: two 50 Ohm, bidirectional, dc to 500 MHz 30
59308A Timing Generator 31
59309A Digital Clock: month, day, hour, minute, second 31
59313A Analog-to-Digital Converter 31
59501A Power Supply Programmer: isolated D-to-A converter 247
+ 10V dcat 10 mA
Storage 3964A Option 007 Instrumentation Tape Recorder: 4 channel Listen only 273
3968A Option 007 Instrumentation Tape Recorder: 8 channel Listen only 273
9121D/S 3.5" Flexible Disc: 540K bytes (Dual); 270K bytes (Single) of 608
random access storage.
9130A 5%” Single Sided Flexible Disc: 270K bytes of random access
storage. 608
(For HP 86 only).
82901M 5Y%" Flexible Disc: 540K bytes random access storage 608
(dual-drive).
9895A 8" Flexible Disc: 2.36M bytes mass storage (dual-drive). 608
9134A 5Y%" Micro-winchester Disc: 4.6M bytes storage. 609
9135A Combination Storage Unit: 5% Winchester (4.6M bytes) plus 609
5%" Flexible Disc (270K bytes back-up storage.)
9138A Mass Storage System: 5% Winchester (4.6M bytes) and 8” Flexible 609
Disc (2.36 M bytes storage.)
Data Entry, 13518 Graphics Display System 628
Displays 2608S Line Printer: 400 lines /minute dot matrix 614
26318B Alphanumeric Dot Matrix Impact Printer: 132 columns 613
2631G Graphics Dot Matrix Impact Printer: 132 columns 612
2671A Alphanumeric Thermal Printer: 80 columns 612
2671G Graphics Thermal Printer: 80 columns 612
2673A Inteltigent Graphics Printer: 80 columns 612
5150A Option 001 Alphanumeric Thermal Printer: 20 Columns. Listen only 275
7470A Graphics Plotter: ISO A4 and 8% x 11 inch chart size 618
7580A, 7585A Large Format Drafting Plotters 622
9111A Graphics Tablet: graphics input 624
9872C, 98727 Graphics Plotter: multicolor (8 colors) programmable 620
9876A Thermal Graphics printer: 480 lines-per-minute 609
Interface 10833A-10833D HP-IB Interconnection Cables 29
Cabling 10834A HP-iB Interconnection Cable Adapter: 2.3 cm (.91 in) 29
HP-IB 37201A HP-IB Extender: Twisted Pair or modems 32
Extension 37203A/L HP-IB Extender: Coaxial or Fiber Optic Cable 33
Design and 10050A HP-IB adapter for 1602A Logic State Analyzer 159
Servicing 10051A Test Probe for 1602A Logic State Analyzer 159
10066A Probe Interface for 1610A/B and 1615 A Logic State Analyzers 159
59401A Bus System Analyzer 29
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Standard HP-IB Measurement

Systems

Many application requirements can be sat- documented by Hewlett-Packard. Precon- system performance. Installation and service
isfied with a standard HP-1B measurement figured systems save you design and setup contracts are available from your local HP
system — a system assembled, tested, and time, and HP guarantees overall specified Sales and Service Office.

Standard HP-IB Measurement Systems

Application Model Use Controller System name/characteristic Page
3054A 85/9825/9826 Fast, flexible, and precise data acquisition 37
9835/9845 system with a wide choice of controllers
3054C 1000 Computer based automatic data acquisition/control system 39
3054DL 85 Complete data logger 40
30560L 85 Complete data logger 44
Data Logging, 5391A 9825 Frequency and Time Data Acquisition System: 288
Acquisition, over 50,000 four-digit frequency and time interval
and Control measurements per second
30424 9825 Automatic Network Analyzer: complete amplitude and phase characterization, 432
50 Hz to 13 MHz. Group delay optional.
Network 8408B 85 Automatic Microwave Network Analyzer: 500 MHz to 18 GHz 458
Analysis 8409C 9845/9826 Automatic Microwave Network Analyzer: measures trans- 459
mission and reflection parameters, 110 MHz to 18 GHz.
85078/C 9825/9845 Automatic RF Network Analyzers: measures complex impedance, 444
transfer functions, group delay; 500 kHz to 1.3 GHz.
8755P 85 Automatic Scalar Network Analyzer: measures insertion and return loss, 425
) 40 MHz to 18 GHz
3045A 9825 Automatic Spectrum Analyzer: same as 30444, and includes 511
the faster 9825 as computing controller.
Spectrum 85818 9825 Automatic Spectrum Analyzer: covers 100 Hz to 1.5 GHz, 482
Analysis exceptional frequency tuning accuracy and resolution.
85828 9825 Automatic Spectrum Analyzer: covers 100 Hz 482
to 22 GHz; exceptional frequency tuning
) accuracy and resolution.
3047A 9845/9836 Spectrum Analyzer System: high resolution 512
and phase noise measurements
Frequency 5390A 9825 Frequency Stability Analyzer: short and long-term char- ' 519
Stability acterization of precision frequency sources, 500 kHz
Analysis to 18 GHz.
8953A 85/9826/9836 Transceiver Test Sets for AM and FM transceivers, 529
Transceiver 150 kHz to 990 MHz. -
Testing 8955A 9835/9845 RF Test System: for AM and FM 528
transceivers, to 1000 MHz, transmitters to 120 W.
DTS-70 1000 Digital Test System: fast, accurate fault location 119
Circuit on loaded printed circuit boards.
Testing 3060A 9825 Analog and Digital Test System: Fast, accurate fault location 120
on loaded printed circuit boards. Option 100 test microprocessors
5046B 9826 Digital IC Test System: Reduces production 114
Digital IC Testing costs through the isolation of faulty components
prior to printed circuit board loading.
Network 3046A/8B 85 Frequency Division Multiplex (FDM) network surveillance system: 567
Surveillance automatic capability based on HP-85
Semiconductor/ 4061A 9835/9845 Semiconductor /Component Test System: evaluation 106
Component ; 1000 of fundamental characteristics of semiconductor and
Testing electronic components (I-V, HF, C-V, + quasi static C-V)
Pressure 2820B 9825 Pressure recording system: displays, prints, 638
Recording ' and records pressure test data from oil and gas wells.
Used with the 2813B Quartz Pressure Probe.
Power Sensor 436A-E40 85 Calibrates RF & MW power sensors; 3%
Calibration calculates measurement uncertainty.
Good for metrology labs.

7
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HP-IB Training and Support
Hewlett-Packard has field sales people
trained in electronic instruments, desktop
computers and computer systems to assist
you in configuring HP-IB measurement sys-
tems. Also available for technical consulta-

tion are computing controller systems
engineers and HP-IB instrumentation
specialists.

HP-IB training courses on HP-IB control-
lers and instruments are listed below.
Courses are conducted at selected Hewlett-
Packard locations. For specific information
on schedules and locations, contact your
nearest HP office.

Instrumentation Systems

Course Name Duration

® HPIB Programming on the
9826 5 days

Computer Systems

Course Name Duration

® |nstrument Interface 4 days
with HP-IB

Desktop Computer Systems

Course Name Duration

® HP BASIC Programming 4 days

® 9845 BASIC Operating and 5 days
Programming

® BASIC Language 1/0- 4 days
Programming

® 9845 Image Data Base S days
Management

® 9845 Advanced Graphics 4 days

® Engineering Graphics System 3 days
for 9845

® 9826 Basic Language Operat- S days
ing and Programming

® 9826 PASCAL Programming S days

® HPL Operating and S days
Programming

¢ HPL I/O Programming 4 days

® Series 80 Beginners 2 days
Programming

® Series 80 General 1/O 3 days
Programming

3 days

® Series 80 Assemble Language

Service and Warranty
Considerations

Hewlett-Packard has dedicated measure-
ment system service people who perform on-
site maintenance on both customer confi-
gured systems as well as HP configured sys-
tems, irrespective of whether an HP desktop
or minicomputer is used. Service contract
coverage is available to meet your specific
measurement system service needs and can
be tailored to include extended warranty,
calibration and extended hours of coverage.
Contact your local sales and service office for
further information on HP-IB service con-
tract information.

Every HP-1B device and HP configured
system carries a standard Hewlett-Packard
warranty appropriate to that product. The
warranty period for each product will be pro-
vided on request at the time of sale and is
specified in documentation supplied with the
product. HP takes responsibility for standard
HP-IB systems performing as specified.
However, software or interfacing which has
not been provided by Hewlett-Packard as
part of a standard system delivered by HP is
not covered by this warranty.

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

HP-IB Specifications Summary

Interconnect Devices
Up to 15 maximum on one contiguous bus.

Interconnection Path

Star or linear bus network; total transmission
path length 2 metres times number of devices
or 20 metres, whichever is less. Operating
distances can be extended; see pages 32 and
33,

DESIGNED FOR
' SYSTEMS .
Message Transfer Scheme

Byte-serial, bit-parallel asynchronous data
transfer using locked 3-wire handshake
technique.

Data Rate
One megabyte per second maximum over
limited distance; 250-500 Kbytes per second
typical over full transmission path (actual
data rate depends on individual device char-
acteristics).

Address Capability

Primary addresses, 31 TALK and 31 LIS-
TEN; secondary (2-byte) addresses, 961
TALK and 961 LISTEN. Maximum of |
TALKER and up to 14 LISTENERS at a
time,

Control Shift

In systems with more than one controller,
only one can be active at a time. A currently
active controller can pass control to another,
but only designated system controller can as-
sume control over others.

Interface Circuits
Driver and receiver
compatible.

circuits are TTL-

Connector Lock Screw
Compatibility

HP-IB products delivered now and in re-
cent years are equipped with connectors hav-
ing 1SO metric-threaded lock screws, and
stud mounts. (Very early HP-IB products
have non-metric parts, but are readily distin-
guished from the metric by color: metric
threaded parts are black and stamped with
the letter “M” whereas non-metric parts
have a shiny nickel finish). HP-IB Metric
Conversion Kit (P/N 5060-0138) is avail-
able to convert these early instruments.

—
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59401A Bus System Analyzer

The HP-IB (IEEE 488) concept has greatly simplified many of
those things which have in the past made instrument interfacing a
burdensome task. Even so, software errors can occur if the system
designer does not completely understand the bus system or the capa-
bilities of the instruments and other devices being interfaced. Hard-
ware problems can occur if the instruments/devices are not
functioning properly, or if they are not completely compatible with
the bus standard.

The 59401 Bus System Analyzer is especially useful in design and
service work. It simplifies and speeds up the diagnosis of software and
hardware problems by allowing the user to see the status of all bus
lines, including the actual characters on the bus data lines. Because
the 59401 A can also drive all bus lines, it can completely exercise
another Talker, Listener or Controller—which is especially useful in
verifying compatibility of new or user-designed products with the
HP-IB.

There are several choices of analyzer operating speed. 1t may be
operated at one character at a time (useful for software debugging),
at 2 characters per second, or at regular bus speed. It may also be
operated at a variable rate as determined by the external clock input.

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

59401A Specifications

Display: monitors all bus lines. Represents data lines, any memory
location, or DIO front panel switch settings; in octal code and ASCII
character.
Listen mode: stores up to 32 characters of bus traffic in memory for
real time and repetitive testing. In Compare mode, halts bus traffic
when a selected character is present, and user can display any one of
the previous 31 characters stored in memory.
Timing: accept <750 ns; ready <<750 ns.
Talk mode: bus lines can be driven directly from front panel switch-
es; memory can be loaded from front panel switches for driving bus
with a 32 character sequence.
Timing: (1) data changed =500 ns before DAV pulled low; (2)
ATN driven low >1 us before DAV pulled low; (3) DAYV driven
high <<700 ns after NDAC is false; (4) DAYV driven low <700 ns
after NRFD is false, if conditions 1 and 2 are met.
Operating speeds: one character at a time, 2 characters per second,
regular bus speed, or variable rate determined by external clock in-
put; in either Listen or Talk mode.
External clock input: 1 standard power TTL gate input; <10 MHz
repetition rate.

.10833A/B/C/D

10834A

Compare output: provides 1 standard power TTL gate output
(LOW TRUE) sync pulse when bus character is same as front panel
switches.

HP-IB load: 1 bus load (capable of driving 14 other bus devices).

General

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

Power requirements: 100, 120, 220, or 240 V + 5%, —10%; 48 to 66
Hz;, <42 VA.

Size: 145.5 H, 205.1 W, 495.3 mm D (5.730" x 8.075” x 19.500").
Weight: net, 5.64 kg (12.44 1b).

Options and Accessories
5061-0089 front handle kit
10833B 2 m (6.6 ft) bus cable, furnished

59401A Bus System Analyzer

HP-IB Interconnection Cables

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

SPECIAL NOTE: HP-IB cables are not always included with indi-
vidual HP-IB devices, particularly those that normally connect di-
rectly to an HP computing controller. (The HP-IB interface for HP
computing controllers contains the necessary cable and connector).
Product listings in this catalog should be checked to see if HP-IB
cables are furnished.

The 10833 series of cables feature an improved shielding design to
help improve RFT levels in systems. This series of cables, with the RFI
shielding, exhibits significantly lower radiated emissions than pre-
vious HP-IB cables.

The 10834A adapter is a shielded HP-1B to HP-1B adapter. It pro-
vides additional clearance between the HP-1B cable and the rear pan-
el of the instrument. This allows easier access to switches, cables, and
other connectors that may be in close proximity to the HP-IB connec-
tor.

Ordering Information

10833A HP-IB Cable, Im (3.3 ft)
10833B HP-IB Cable, 2m (6.6 ft)
10833C HP-1B Cable, 4m (13.2 ft)
10833D HP-IB Cable, 0.5m (1.6 ft)
10834A Adapter
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59301A

HP-IB Accessory Modules

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

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

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

59301A ASCII-to-Parallel Converter

Accepts byte-serial ASCII characters from the HP-1B and converts
them to parallel output. In operation, ASCII characters transmitted
serially along the bus are converted into 4-bit characters with the first
ASCII character received being interpreted as the most significant
digit. A string of up to 16 characters terminated by linefeed is con-
verted and placed upon the output lines. The linefeed character
causes the 59301 A to output a print command (strobe).

With the 59301A, instruments controlled via BCD can be operated
using HP-IB. For example, the 59301A can be used with HP 6129C
through 6131C and 6140A (Option J99) digitally-controlled power
supplies for HP-IB programmable voltage and current. The 59301 A
can additionally be used to control other functions using its hexadeci-
mal format.

General

Size: 101.6 mmH'x 2129 mm W x294.6 mm D (4" x 8.38" x 11.6").
Weight: net 1.70 kg (3.78 Ib), Shipping 2.33 kg (5.16 1b).
59301A ASCIl-to-Parallel Converter

59303A Digital-to-Analog Converter

Accepts a string of serial ASCII characters and converts any three
consecutive input digits to an analog output voltage, accurate t0 0.1%
in 30 us. Fully programmable via the HP-IB or manually operated
from the front panel. A concentric control on the front panel makes it
easy to select the digit group for conversion and the output mode. The

'Height includes feet. With feet removed height is 88.1 mm (3.45").

Versatile Interconnect System for Instruments and Controllers m
Aﬂ] SYSTEMS

59307A

conversion switch is used to select the three digits of the character
string that the DAC will change into analog voltage. The three output
modes (NORMAL, OFFSET, and PLUS/MINUS) make the con-
verter convenient for use directly with a variety of data logging de-
vices, avoiding the need for auxiliary equipment to shift zero level or
change polarity.

A primary application for the HP 59303 A is to present on a logging
device the data points being taken with a measuring instrument (like
a frequency counter). A controller is not required for operation. Com-
patible logging devices include strip chart recorders, X-Y plotters,
and displays.

General
Size: 101.6 mm H'x 105.9 mm W x 294.6 mm D (4" x4.17" x 11.6").
Weight: net 2.61 kg (5.80 1b), Shipping 3.17 kg (7.04 Ib).

59303A Digital-To-Analog Converter

59306A Relay Actuator

Has six Form-C relays that provide for control of external devices
either manually from front panel pushbuttons or remotely from the
HP-IB. Relay contacts are specified to switch 24 V.dcor 115V ac at
0.5 A. Each relay can be programmed independently or multiple re-
lays can be switched together. Front panel pushbuttons light to indi-
cate the state of each relay.

The 59306A is ideal for providing control of microwave coaxial
switches (HP 8761 A/B) as well as control of microwave programma-
ble step attenuators (HP 8494 through 8496 G/H) using external dc
power supplies.

General

Size: 101.6 mm H'x212.9 mm W x 294.6 mm D (4" x 8.38" x 11.6").
Weight: net 2.64 kg (5.87 Ib), Shipping 3.23 kg (7.18 1b).
59306A Relay Actuator

59307A Dual VHF Switch

This module provides two single pole 4-throw switches controlied
from front panel pushbuttons or remotely from the HP-1B. The
59307A is a dc to 500 MHz 50 Q switch designed to maintain fast
pulse transition times. The switches are independent and bidirectional
for optimum use in multiplexing 50 € signal lines into measuring in-
struments. The 59307A is ideal to switch a standard delay, frequency,
or voltage into a measurement loop for purposes of system calibra-
tion.

General
Size: 10l.6 mmH'x2129mm W x 2946 mm D (4" x 8.38" x 11.6").
Weight: net 2.64 kg (5.87 1b), Shipping 3.23 kg (7.18 Ib).

59307A VHF Switch
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59308A Timing Generator

Provides a timing reference as either a Timer (digital delay gener-
ator) or a Pacer (precision time marker generator). In the Timer
mode, a timing pulse is provided at a specified interval after a trigger
is received. In the Pacer mode, a train of timing pulses of a specified
period is provided on and after the receipt of a trigger.

The timing pulses are output on rear-panel BNC connectors and
signal the HP-1B with appropriate signals. The timing can be set via
the front panel thumbwheel switches, or via HP-IB. Times from | us
to more than a day are available. Trigger inputs are available via HP-
1B commands and rear panel connector. Outputs are available from
both TTL and ECL levels, with switch selection of a squarewave or
pulse output positive- or negative-going edge. Output pulses are 500
ns + 100 ns wide, and rise time is <50 ns into 50 Q.

General
Size: 101.6 mm H'x 105.9mm W x294.6 mm D (4" x 4.17" x 11.6”).
Weight: net 1.70 kg (3.78 Ib), Shipping 2.84 kg (6.31 Ib).

59308A Timing Generator
59309A HP-IB Digital Clock

Displays month, day, hour, minute, and second, and upon command
will output time via the interface bus. Time can be set into the clock
by local control, or by remote commands received from the HP-IB.
The clock accepts a small internal battery which can provide more
than a day’s standby in case of short power interruptions. Additional-
ly, an auxiliary power supply such as the K10-59992 can sustain the
clock for up to one year.
General
Size: 101.6 mmH'x 1059 mm W x 294.6 mmD (4" x4.17"x 11.6").
Weight: net 1.70 kg (3.78 1b), Shipping 2.84 kg (6.31 Ib).
59309A HP-IB Digital Clock

'Height includes feet. With feet removed height is 88.1 mm (3.45").

59313A
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59501A

593 13A Analog-to-Digital Converter

Four channel converter allows analog data with a full scale range of
up to = 10 V dc to be digitized and transmitted via HP-1B to a com-
puting controller.

On command from the controller, the instrument can be pro-
grammed to perform a single conversion or a series of internally-
paced conversions in six selectable rates of up to 200 per second on
one channel, or up to 50 per second on each of four channels. Sam-
pling can also be initiated externally by a TTL transition or contact
closure to ground. Included is a program-controlled reverse channel
capable of driving small lamps, relays or TTL devices.

General
Size: 101.6 mmH'x212.9mm W x 3454 mm D (4" x 8.38" x 13.6").
Weight: net 5.45 kg (12.0 1b), Shipping 6.36 kg (14.0 1b).

59313A Analog-to-Digital Converter

59501A Power Supply Programmer (Isolated DAC)

This single-channel digital-to-analog converter can control a wide
range of power supplies (output voltage, or current), as well as other
analog programmable devices. It may also be used as a low level sig-
nal source, depending on the speed of the controller. It has two output
ranges (0—1 and 0—10 V dc in unipolar mode; —1 to +1 and —10 to
+10 V dc in bipolar mode), as well as photo-isolators which electri-
cally separate HP-IB control and data lines from power supply cir-
cuitry by up to 600 V dc. (Additional details on page 247)

General
Size: 1016 mmH'x212.9mm W x 1946 mm D (4" x 8.38" x 11.6").
Weight: net 2.61 kg (5.80 Ib), Shipping 3.17 kg (7.04 Ib).

59501A Power Supply Programmer

Dimensions—-~max. height x width x depth Net Weight Shipping Weight

Model Description mm {inches) kg (b} kg {Ib)

59301A ASCll-to-Parallel Converter 101.6x212.9%294.6 (4x 838 x11.6) 1.70(3.78) 2.32(5.16)
59303A Digital-to-Analog Converter 101.6x 105.9x 294.6 (4 x 4.17 x 11.6) 2.61(5.80) 3,17 (7.04)
533064 Relay Actuator 101.6x212.9%x294.6 (4x8.38x11.6) 2.64 (5.87) 3.23(7.18)
59307A VHF Switch 101.6x212.9x294.6 (4x8.38x11.6) 2.64 (5.87) 3.23(7.18)
99308A Timing Generator 1016x2129x%2946 (4x8.38x11.6) 2.10(4.67) 3.83(8.51)
59309A HP-IB Digital Clock 101.6x1059x%x2946 (4x417x11.6) 1.70(3.78) 2.84(6.31)
59313A Analog-to-Digital Converter 101.6x212.9x 3454 (4x8.38 x 13.6) 5.45(12.0) 6. 36 (14.0)
59401A Bus System Analyzer 145.5x205.1 x 495.3(5.73 x 8.08 x 19.5) 5.64 (12.44) 1 (20)

59501A Power Supply Programmer 101.6x212.9x2946 (4x838x11.6) 261 (580) 3. 17 (7.04)
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Model 37201A

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

SYSTEMS

® High immunity to electrical interterence
e Muiti-point (multi-drop) capability
e Auto-dialler interface
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| DESIGNED FOR I
SYSTEMS

The 37201A HP-1B Extender overcomes the limited range avail-
able with direct HP-IB cable interconnections. Each 37201A con-
verts parallel data from the interface bus into a serial bit stream,
suitable for transmission to a remote site, and reconverts incoming
serial data to bit-parallel HP-IB format. An HP-1B system can there-
fore be split into two or more discrete parts separated by HP-1B Ex-
tenders and a serial data link. A range of 1000 metres is obtainable if
twin-pair cable is used for the transmission path, and virtually unlim-
ited range is available if a modem link is used. Communication be-
tween Extenders is full duplex, allowing information to flow in both
directions simultaneously.

372014
HP-1B
EXTENDER

[CONTROLLER

TWIN-PAIR CABLE
OR

b TELEPHONE CHANNEL

372014
HP-IB {
A EXTENDER

DEVICE
27

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

A pair of HP-IB Extenders provides a transparent interface be-
tween local and remote HP-IB devices. Program control of the
37201A is seldom necessary. Consequently, HP-IB Extenders can be
added to an HP-IB system usually without any modification of soft-
ware and without writing special routines to control the Extenders.
The 37201 A supports the full range of HP-1B functions with the ex-
ception of Parallel Poll and Pass Control.

Integrity of HP-IB data and control signals is assured by an auto-
matic error-checking protocol, which retransmits any data corrupted
in transmission. The 37201A is in general compliance with each of
the following standards and supports their major capabilities:
® 1EEE Standard 488-1978
® ANSI Standard MC1.1
® [EC Standard 625-1

Twin-Pair Cable Operation

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

Modem Link Operation

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

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

37201A HP-IB Extender
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® Transparent HP-IB extension up to 1000 metres

® HP-IB Transfer rate up to 50 k bytes/s

® Supports all HP-IB functions including Pass Control and
Parallel Poll

J7203A HP-IB EXTENDER
EVLE A
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37203A

Models 37203A, 37203L

® Electrical isolation plus error detection and correction
protect HP-IB fom transmission errors

® Transmission over single low-cost coaxial cable or, with
Option 001, dual optical fiber

37203L
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37203A HP-IB Extender

The 37203A HP-IB Extender overcomes the range limitations im-
posed by the cabling rules of the Interface Bus and provides high-
speed, low-cost extension up to 1000 metres.

37203A’s are used in pairs: each Extender serialises the normally
parallel HP-IB information and transmits it to the other Extender
where it is reconverted back to its original format. The transmission
medium can be a single low-cost coaxial cable for both directions of
transmision or, when Option 001 is fitted, dual optical fiber.

The 37203A is in general compliance with each of the following
standards and supports their major capabilities
¢ [EEE Standard 488-1978
e ANSI Standard MCl1.1
e [EC Standard 625-1

37203L HP-IB Extender

The 37203L is a repackaged version of the 37203A on an L-series
computer card specifically designed for installation in the HP 2250A
Measurement and Control Processor and HP 1000 L-series Comput-
er. [t operates in conjunction with a 37203A or another 37203L at the
other end of the link. The transmission media and distances are the
same as for the 37203A. The 37203L is supplied as a single circuit
card together with two cable assemblies. Power is supplied from the
2250A or Computer mainframe. Operating characteristics are identi-
cal to those of the 37203A.

Operating Characteristics (37203A/L)
Speed/Range

The table below shows the trade-off between maximum byte trans-
fer rate and distance for coaxial cable and optical fiber.

Table 1. Nominal HP-1B Transfer Rates and Response Times

Max HP-1B Max SRQ | Max Parallel
byte transfer | propagation | Poll response
rate (kbytes/sec) | delay (us) time (us)
Coaxial Cable
Short* (at normal speed) 50 14 20
250m (max range at normal
speed) 40 18 25
500m (max range at % speed) 14.2 55 75
1000m (max range at e speed) 2.75 200 270
Fiber Optics (opt 001)
Short* 50 14 20
250m 39 20 25
1000m 25 30 40

*For distances <250m, interpolate between Short and 250m.

Parallel Poll Operation

The 37203 A supports the Parallel Poll function but because of the
absolute transmission delay, a guaranteed response cannot be deliv-
ered within 200 ns, as required by IEEE 488. Instead, the response
from distant devices is returned as rapidly as possible to the polling
controller.

Error Detection and Correction

Data is transmitted across the link in frames. Each frame includes a
cyclic redundancy check code which is rechecked when the frame is
received. Any transmission errors which are detected cause the frame
to be rejected. Data integrity is maintained by automatic retransmis-
sion of the rejected data frame. The presence of errors in the received
data causes the DATA ERRORS indicator on the 37203A front pan-
el to be illuminated.

Transmission Over Coaxial Cable

The standard serial link between Extenders is a single coaxial cable
which is used for transmission in both directions. Coaxial cable was
chosen for this link because it is relatively inexpensive, easy to handle,
and easy to obtain. The use of Belden type 9248B cable (or equiv-
alent) is recommended.

Transmission Over Optical Fiber

Option 00! of the 37203A /L provides the capability of operation
over duplex optical fiber as a user-selectable alternative to coaxial
cable. The use of optical fiber removes the metallic path between the
Extenders and, therefore, eliminates all risk of electromagnetic pick-
up on the link. Option 001 is recommended for use in severe electrical
environments or where the use of electrical signalling is not accept-
able. A further advantage of optical fiber is that it enables a higher
byte transfer rate to be attained for transmission distances greater
than 250m than is possible with coaxial cable (see Table 1).

39200 Series Fiber Optic Cables

Operating temperature: —20 to 70°C.

Storage temperature: —40 to 85°C.

Relative humidity: 95% at 70°C (max).

Max. tensile force on cable: 300N.

Max. tensile force on connector/cable: 100N,

Min. bend radius: 7 mm (0.3 in).

Flexing: 50000 cycles (180° bending at min bend radius).
Crush load: 20 kg (44 1b).

Options (37203A /L)

001: Fiber Optic Interface

301: Rack Mount Adaptor (37203A only)
302: Dual Rack Mount Adaptor (37203 only)

Ordering Information
37203A HP-IB Extender
37203L HP-I1B Extender

3
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DATA ACQUISITION, TEST & CONTROL SYSTEMS

General Information

Hewlett-Packard’s automatic data acquisi-
tion and control equipment serves an ever-
growing role as the world’s industry strives to
increase its productivity. More and more in-
dustries are discovering that automation is
the key to remaining competitive and profit-
able. This section will outline some of the
points that should be considered when evalu-
ating automation solutions.

Industrial automation applications can be
organized into three ideal categories: Test,
Measurement, and Control.

Test

The approach to industrial automation de-
scribed as Test represents a situation where a
product or device is being checked to its de-
sign standards. The variables to be measured
and the requirements for accuracy and preci-
sion are well known. As an example of the
Test philosophy, consider battery testing. A
definite set of variables are measured (output
voltage, voltage under load, output current
charge capacity, etc.). Expected values and
allowable tolerances for all inputs are known
in a test application.

Measurement

A measurement approach to industrial au-
tomation includes applications that evaluate
or research a device, design or phenomenon.
Unlike the Test approach, the measurement
model is not known, in fact the quantities
may not be understood. Measurement is the
gathering of the data to construct a model of
the unknown. As an example, scientists are
researching ways to maximize food produc-
tion by optimizing plant watering methods.
These scientists might adopt a Measurement
philosophy by attempting to characterize the
response of crops to various watering strate-
gies. Quantities they might need to measure
inctude plant weight, growth, leaf tempera-
ture, etc. [t is very likely that as they develop
a model of how a plant reacts to different
watering strategies they will want to measure
other things, i.e., they will seek to improve
their model.

Control

A Control type of application is similar to a
Test application in that the model or process
is well understood. A Control system makes

3056DL

a series of events take place, measures them
and takes corrective action. Consider the se-
quence of events in a metal casting and cur-
ing operation. Because the parts may be used
in aircraft, careful control and documenta-
tion of the process will be needed. For exam-
ple, the controls on the curing oven will be set
according to the particular part being pro-
duced. In addition, to comply with the docu-
mentation requirements the temperature of
the curing oven must be recorded. To insure
against costly rework or scrap, the control
operation needs to sense other critical events
and to take appropriate action.

The three classes of industrial automation
described above are ideal and any real world
apptication would probably be a composite of
all three. However, they emphasize certain
requirements that will help in recognizing
what equipment is best suited to fit a specific
automation application. The following sec-
tions will analyze test, measurement and con-
trol applications in regard to instrument and
computer features.



Accuracy

High accuracy, wide dynamic range and
good resolution  are the requirements for
measurement applications. In these situa-
tions the input signal is frequently small and
high accuracy is needed to aid in developing
the most accurate model possible. In con-
trast, in control and production test applica-
tions the input is well characterized and
therefore the demands of accuracy and reso-
lution may not be as stringent.

Comparison of Analog
Measurement Performance

Sensitivity Resolution Accuracy

34214 1V 1 part in 300,000 01%
3497A 14V 1 part in 120,000 .007%
30544/C 100 nV 1 partin 1,200,000 .0032%
69408 10wV 12 bit .20%

50 WV 12 bit 15%
69424 50 uV 12 bit 2%
22404 104V 12 bit 5%
22504 1564V | 14bit 05%
1000L 625 4V 12 bit 1%
M/C Cards

2250A

6942A

Measurement Speed

Maximizing measurement speed is often a
characteristic of test and control applications
where throughput and production efficiency
are of great concern. As a general rule there
is a trade-off between speed and accuracy—
the longer something is measured, the more
accurately it is measured. Or conversely, the
faster an input is measured, the less accurate
the measurement.

Comparison of Analog
Measurement Speed

Maximum Readings/
Resolution Second
1 part in 300,000 4
34214 1 part in 30,000 23
1 part in 3000 38
34974 1 partin 120,000 | 50

1 part in 12,000 200
1 partin 1,200 300
30544/C 1 partin 1,200,000 | 48

1 partin 120,000 § 210

1 partin 12,000 330
1 part in 2000 5,000

69408 12 bit 7 (integrating converter)
12 bit 20,000

69424 12 bit 33,000

2240 12 bit 20,000

2250A 14 bit 50,000

1000L 12 bit 55,000

M/C Cards

3421A

3497A

O
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Control Features

The Hewlett-Packard products considered
in this section have capability to sense digital
inputs, count pulse trains, close relays and
provide programmable voltage and current
outputs. Consider each product in regard to
your particular application.

Digital | Actus- m:hlo- Pulse

tnput/ tor |Voltage &|Counter Traln
Instrument |Interrupt| Output | Current | Input |Timer |Output
3497A X X X X X —
3054A/C X X X X X —
6940B X X X X X X
6942A X X X X X X
2240A X X X X X X
2250A X X X X X X
1000L X X — — — —
M/C Cards
3421A X X — X — —_

Instrument Intelligence

Applications differ in how much they will
require instruments to do independently of a
computer.

Measurement applications are usually
closely coupled to the computer and place
few demands on the instrument. Test and
control applications may have higher instru-
ment intelligence requirements. In Test ap-
plications the instrument may operate stand
alone from the computer and only report ex-
ceptions to the test limits. In Control applica-
tions it may be desirable for the instrument
to operate separately from the computer to
protect against computer or 1/O link failure.
Some products rely on more powerful micro-
processors that can operate independently of
the main computer. Other products, specifi-
cally the 6940 and 6942, rely on card to card
cabling to provide additional capability.

Relative Rating of

Standalone Product

Intelligence (doesn't  Reading  Program

include computer} Storage  Storage
3421A Low Yes No
3497A Low Yes No
3054A/C Low Yes No
69408 Low No No
6942A Moderate Yes Yes
2240A Moderate Yes Yes
2250A High Yes Yes
1000L NA. NA NA
M/C Cards

Environment

Consideration of the operating environ-
ment is a very important step in choosing a
measurement, test or control system. Any ap-
plication can require that a test, measure-
ment or control system operate in hot, dusty

‘and corrosive environments. In addition, the

electrical environment should also be consid-
ered in regard to the amount of electrical
noise (both common and normal mode) pre-
sent in the area.

While all Hewlett-Packard instruments
are designed to operate in moderately harsh
environments, the 2250A Measurement and
Control Processor has been specially de-
signed to tolerate more harsh industrial con-
ditions. This includes elevated temperatures
and high common mode voltages. Refer to
the 2250A literature for additional informa-
tion.

Integrated Systems

In addition to providing the individual in-
struments and computers needed for auto-
mation, Hewlett-Packard also provides
dedicated SYSTEMS that combine instru-
ments, computers, and software with rack
mounting and integration. Systems range
from the 3054DL Data Logger which pro-
vides an easy to use software package for the
first time user to the 3054A/C systems
which provide utility subprograms that the
customer can use to build his own program.
Systems have the advantage of providing a

6940B

3054DL

more complete solution and allowing the user
to concentrate more on his automation task.

Base Instrument | System

3421A 305601 Data Logger
3497A 3054DL Data Logger
3497A/3456A/ | 3054C Automatic Data
3437A Acquisition / Control System
3497A/3456A 30544 Automatic Data
3437A Acquisition / Controf System
69408 Software Available

69424 Software Available

2240A 9030 System

2250A Software and Integration Available

Customized system integration is also
available using the ATS/1000 system inte-
gration service. This service combines cus-
tomer specified meaurement and control
equipment with HP 1000 computers. Inte-
gration ranges from simple racking and ca-
bling to installation of the system and writing
of software. (See page 597.)

For further information on these products,
please refer to the following catalog pages.
Separate technical brochures are also avail-
able on each product.

Automation Catalog Technical
Hardware Page Brochure #
3421A 2 5953-6912
3497A 45 5952-8886
3054A 37 5952-8897
3054C 39 5952-8865
3054DL 40 5952-8862
3056DL 4 5953-6912
69408 50 5952-4025
69424 50 5952-4034
2240A 51 5953-4230
2250A 51 5953-4288
1000 L 53 5953-4260
M/C Cards
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Description
The 3054A is a computer-based automatic data acquisition and
control system. The 3054A combines speed, precision and a variety of
control functions with full computation and analysis capabilities. The

3054A offers flexibility, convenience, and performance to solve many
data acquisition applications.

The system has the flexibility to make a wide variety of measure-
ments, including outputs of thermocouples, strain gages, RTD’s, flow
meters, and other transducers. The 3054A also has digital inputs and
outputs, voltage and current D/A converters for precision closed-loop
control.

The 3054A offers the convenience of using instrumentation that is
designed as a system. To help the user get started fast, the measuring
system is rack-mounted and pre-tested. System specifications repre-
sent the summation of all instrument errors. An Introductory User’s
Guide is part of the system documentation package which enables the
user to quickly learn how to use the system for his or her application.

The 3054A system performs by combining speed, accuracy and
computational power. Measurement rates from 4500 readings/sec-
ond to 48 readings/second are possible with resolutions from 3% dig-
its to 6% digits. DC measurements of low level transducers can be
made with 100 nanovolt resolution with greater than 150 dB of noise
rejection. An HP desktop computer or mini-computer will automate
the system, store data, linearize transducers, and provide computa-
tion and analysis.

Automatic Data Acquisition/Control System
Model 3054A

Improve productivity in research and manufacturing
Low cost data acquisition

Precision transducer measurements and analysis
1000 analog channels and 1360 digital points
Control functions for closed-loop applications

9826A

The 3054A system is a powerful yet economic system for trans-
ducer measurements.

System Configuration

The 3054A system includes:
The 3497A Data Acquisition/Control Unit is the instrument that
provides the analog multiplexing, digital monitoring, and control
functions using plug-in assemblies. The 20 Channel Reed Relay As-
sembly provides low level guarded switching with <<2 uV of thermal
offset. An isothermal connector is provided as an option to this assem-
bly for thermocouple compensation. Digital input and output assem-
blies are available for monitoring and control. And you get
specialized measurement and control using the Reciprocal Counter
Assembly and the programmable D/A Converter Assemblies. Up to
five of these optional plug-in assemblies can be contained in the
3497A mainframe. Expansion to more than five assemblies is pro-
vided by the 3498A Extender. Each 3498A can hold ten more assem-
blies. A total of thirteen extenders can be supported by one 3497A
mainframe, giving a maximum of 1000 analog channels and 1360
digital channels.

System timing is accomplished through the non-volatile real time
clock in the 3497A.

The optional DVM assembly for the 3497A has | uV sensitivity, 5%
digit resolution, integration, and guarding—capability previously
available only on stand-alone system DVMs. (Refer to page 45.)

The 3456A Digital Voltmeter is a 3'2 to 62 digit integrating volt-
meter with high accuracy, 100 nanovolt sensitivity, and speed to 330
readings/second. Its DC and True RMS AC voltage and resistance
measurement capability reduce the amount of signal conditioning
necessary. The 3456A can detect 100 nanovolt changes in 100 mV
signals at speeds of 48 readings/second. This capability is necessary
for measuring thermocouples with the 3054A system to better than
0.01°C resolution. Common mode rejection of 140 dB makes the
3054A system particularly suited for repeatable low level measure-
ments in the presence of noise.

Q)
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Model 3054A

The built-in memory of the 3456A can store both readings and se-
quences of measurement commands. The 3456A can store internally
up to 350 readings or up to 1400 ASCIT programming characters or
combinations of both readings and programming characters. (See
page 74.)

The 3437A System Voltmeter is a high spced 3% digit DC volt-
meter which provides precisely timed sample and hold readings. Use
it to analyze repetitive signals up to | MHz or transients down to 1
insec. in a fraction of the time required by conventional means. (See
page 80.)

The variety of cabinet options with the 3054A can be configured
to fit a wide range of applications.

Power and Performance in Desktop Computers

The choice of four computers with the 3054A provides a wide range
of capability and performance for automating data acquisition appli-
cations, The desktop computers supported with the 3054A are the HP
85F, 9826A, 9825B and 9845T. The computers automate the system
by controlling the instruments and gathering the data over HP-IB.
All four computers offer easy interaction to greatly simplify the writ-
ing and editing of programs. The friendly languages of the computers
and the 3054A software package make it easy to get started. The pre-
sentation of data is very versatile when using a computer and external
peripherals. Transducer data can be converted to engineering units,
statistical apalyses of the data can be performed and graphical repre-
sentations of the data can be produced. The individual capabilities of
cach computer such as speed, memory size, and output devices should
be constdered for the different data acquisition applications.

Software and Documentation

The system software is an integral part of the 3054A Automatic
Data Acquisition/Control System. Specially written software and
documentation packages are supplied for each of the four computers.
This complete software package greatly simplifies programming and
cnables the user to get started fast.

The complete software and documentation package supplied with
the 3054A includes:

e opcrational verification programs

® system sub-programming routines

® typical application programs

The system verification /diagnostic programs can be used to verify
that the system is in operating condition at the time of installation.
The programming of the 3054A is most effectively accomplished by
combining the system sub-program with other system operations.
Sample application programs are also provided for assistance in de-
veloping functional software.

Racks and Cabinets

Other cabinets may be chosen besides the standard 30" rack for the
3054A. A 16" case is offered as a compact and portable package for
the 3054A. A desk provides rack space for the instrument and a table
top for software development. The 56” cabinet provides space for ad-
ditional equipment and future expansion.

For more information on the 3054A, contact the local HP Field
Engincer or nearest HP Sales Office.

System Options

Input Assemblies for the 3497A

010: 20 Channel, Low Thermal Relay Multiplexer
Assembly

020: Relay Multiplexer Assembly with Thermocouple
Compensation

050: 16 Channel, Isolated, Digital Input/Interrupt
Assembly

060: Reciprocal Counter Assembly

070: 10 Channel, 1202 Strain Gage/Bridge Assembly
071: 10 Channel, 350Q Strain Gage/Bridge Assembly

Output Assemblies for the 3497A

110: 16 Channel Actuator/Digital Output Asscmbly
115: 8 Channel High Voltage Actuator

120: +10V Dual D/A Converter Assembly

130: 0 to 20 mA or 4 to 20 mA Dual D/A Converter
Assembly

140: Breadboard card for custom designs

230: U.S. Clock Format for the 3497A (Month:Day:
Hours:Min:Sec) ‘

231: European Clock Format for the 3497A (Day:
Month:Hours:Min:Sec)

260: Delete Keyboard and Display on 3497A

261: Delcte 3437A SVM and HP-1B cablc

262: Delete 3456 A DVM and HP-IB cable

280: Add 5% digit DVM and current source for the
3497A. NOTE: Only one DVM may be deleted from
system, unless optional 3497A DVM assembly is
added.

298: Add 3498A Extender and connecting cables

Cabinet Options

400: Delcte 30" cabinet; rack-mounting hardware
supplied

416: Add 16" combining case with power strip: delete
30" cabinet

456: Add 56" cabinet with fan and power strip; delete
30” cabinet

490: Add 44530A systems desk with fan, power strip,
and 23" rack space; delete 30" cabinet

496: Add locking drawer, 8” high, for 85A

498: Add locking drawer, 18” high

Software and Documentation Options

841: Complete 3054A System Documentation—85A
842: Complete 3054A System Documentation—9825B
844: Complete 3054A System Documentation—9845T
801: Complete 3054A System Documentation—9826A
{BASIC)

804: Completc 3054 A System Documentation—9826A
(HPL)

Basic 3054A System
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Description

The 3054C Automatic Data Acquistion/Control System combines
precise instrumentation with the power and versatility of HP 1000
computers. The 3054C is similar to the 3054A system except that the
3054C supports software compatible with the HP 1000 series of com-
puters. The 1000 series of computers give you increased analysis ca-
pabilities and can be used to create multitasking, distributed, data
acquisition and control networks. Distributed systems allow you to
control instruments with one computer while another computer in the
network analyzes or processes the data. The multitasking capability
of the HP 1000 allows any computer in the network to simultaneously
control instruments with one program while another program per-
forms other, possibly unrelated, tasks.
Instrumentation

The 3054C consists of a 3497A Data Acquisition/Control Unit and
a 3456A Digital Voltmeter. The 3497A is a card cage instrument that
can be custom configured to meet your needs. Assemblies are avail-
able for A/D conversion, multiplexing, strain gage/bridge comple-
tion, digital inputs/interrupts, counting, actuator outputs, and
voltage and current D/A outputs. The 3456A is a very precise volt-
meter and has the resolution and noise rejection required for measur-
ing low levels in a noisy system environment.
Computers

The 3054C software package is compatible with the HP 1000A, L,
E, and F series of computers. These computers allow you to configure
or expand your system as needed. The L series of computers offers the
lowest cost solution for controlling the 3054C. The HP 1000 A series
offers significantly more computing power at slightly more cost. The
HP 1000 E and F series provides more versatility and the easiest pro-
gram development. The 1000 A, E, and F series computers are recom-
" mended as host computers in a distributed system.

Automatic Data Acquisition/Control System

Model 3054C

@ Precise measurement and analysis

® Execute multiple programs simultaneously

® Communicate to other computers in a distributed
network

DLSIGNED FOR
' SYSTEMS l
Software
The 3054C software package consists of over 35 subroutines that
can be used as building blocks to create a useful measurement pro-
gram. The subroutines allow the user to write sophisticated programs
without knowing instrument programming codes. Included in the
3054C software package are linearization programs for most thermo-
couples, 120 and 350 Ohm strain gages, thermistors and RTD’s. The

routines include error trapping to locate and identify system
problems.

System Configuration
The 3054C consists of the following. The computer, other computer
peripherals and computer operating systems are ordered separately.
3054C
Instruments:
3497A Data Acquisition/Control Unit
3456A Digital Voltmeter
Software and Documentation
3054C Software package consisting of measurement, conversion,
utility and HELP routines.
Rack/Integration
30" Rack (shown) is standard. Other racks are available. Integra-
tion includes HP-1B cables, instrument connecting cables and test
assemblies.
Verification/Installation
The 3054C is installed and tested with the HP 1000 computer at the
customer’s site.

Ordering Information

Basic 3054C Automatic Data Acquisition/
Control System

A
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Data Loggers
Model 3054DL

e 5% Digit Measurement
e Graphics

® Data Analysis
¢ Graduated Software

|m<smnrzr0ﬂ|
SYSTEMS

Description

The 3054DL consists of a precise measurement unit housed inside
an attractive locking cabinet. When you add the computational capa-
bility of the 85F scientific computer, the combination becomes more
than just a data logger—it becomes a complete scientific measure-
ment station with data and program storage, graphics and excellent
measurement performance.
The Measurement Unit contains a 5% digit digital voltmeter with a
dc current source for ohms measurements as well as a 5-slot main-
frame for optional plug-in assemblies. Each slot accepts either a
counter, a low-thermal multiplexer, a thermocouple multiplexer, a
digital input card or a digital output (alarm relay) card. Advanced
noise-rejection techniques such as Multi-Slope Integration and Tree
Switching compliment the 1 microvolt sensitivity of the voltmeter.
The 85F Computer is not only a system controller, it is a full func-
tion BASIC language scientific computer with data analysis capabili-
tites, graphics CRT and printer, and a built-in tape cartridge for both
data and program storage.
Temperature Measurements, whether made with thermocouples,
RTD’s or thermistors, are all specified in terms of total system accu-
racy. The thermocouple reference junction is located on the connector
block and is read automatically via the data logger software.
Resistance can be measured in a 4-wire configuration to eliminate
the effects of lead wire resistance.
The Reciprocal Counter accepts logic-level inputs and can operate
in either a period measurement mode or a totalize mode.
Digital Inputs and Digital (alarm relay) Outputs are available for
monitoring switch positions and controlling external devices.

. Graduated Software

The program, or “software” that instructs the measurement unit is
stored on a magnetic tape cartridge in the 85F computer. This soft-
ware flexibility allows you to choose any one of the three program-
ming methods that fits your need best:

CHANNEL ©1 FUNCTION SELECT

angina dc voltage
recistance

urle

urle

DCV--au

Level 1: Menu entry . . . no programming language required

COMMANDS HELF,NEW.GET,SAVE.LIST

CHAMGE ., TIMING, RUN

channels: function £~labell
C=linearizationd L ;limit
C 3
EXAMFLE 1.32.6

190X, >1w8@.0C4.6a.;

CHANNEL SETUF SAVED---THERMO

1 1-87:J
?

Level 2: Line entry . . . no computer language required . . . just en-
ter data logger information



18 ! SUBPROGRARM Ruscl he85 rev A

Tgece7 17

20 ! P1=Min.P2=Max,P3=0Dffset,Pd=

Minm.PS=Maxm.P&=Tick

38 R3=512%<(P1=P2) ! Min=Max

48 IF R3<>8 THEN 238 ! Abort

%8 ON ERROR GOTO 218

€@ 0 RESCP2-P1)> ! Ranse

’e

f=¥] r

i=1] 0E>=5)>+5%¢ + AND 06>

=2>+2%C(06<2 AND 06>112+CQ6<=1)

100 04=05%16~¢( 1> ' Inter

119 03=SGNC(FP1- ! Direction to
round

128 Q3=(P1-P3>-18~07

Subroutine . . .enter a short BASIC program that uses prewritten
subprograms
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DC Voltmeter (Use Option 010 or 020):
Ranging: Auto or fixed range

A/D Technique: Integrating

Maximum Input Voltage: Hi to Lo: £120 V peak
Lo to Guard: =170 V peak

Any terminal to Chassis: +£170 V peak

Accuracy Temperature
Maximum (90 days) Coefficient
Range Reading | Resolution | (%Rdg.+Counts) }{%Rdg.+Counts)/°C Lin
1V .119999 1wV 007 +5 .00025 + .15 >10t
v 119999 102V 006 +2 0002 + .02 >100
10V 11.9999 100 gV 006 +1 0002 +.01 >10°
100V 119999 1mv 006 +1 00025 +.03  [10MQ +0.5%

For >>90 days, add 10 ppm /month to accuracy

Normal Mode Rejection: 60 dB (50 or 60 Hz + .1%)
Ettective Common Mode Rejection:

ac: 150 dB (50 or 60 Hz +.1%)

dc: 104 dB (100 Channels)

Graphic Presentation is the key to understanding the data. From
the graphic display to the program flexibility to the precise measure-
ment capability, the 3054DL. is the complete data logger.

Graphical Plotting—It Tells the Whole Story

D=14 E=18

3054DL Specifications

The following specifications include all contact resistances, contact
voltages and DVM errors. Accuracy specifications apply when the
3054DL is in an ambient environment of 23°C + 5°, <<85% R.H.
Temperature coefficients are applied when the ambient temperature
is 0 to 18°C or 28 to 50°C.

Level 1 Level 2 Level 3

dc Volts, k ohms X X X Obhmmeter (Use Option 010 or 020):
J, K, T Thermocouples X X X zype: i-\glrzr(::re?-;lret'

E, R, $ Thermocouples X X urrent So : Floating

B, Nn Th | X

1 .ermocoup ® Current Accuracy Temperature

385 Platinum RTD X X Maximum 1 Count Through (90 days) Coefficient
2252 Thermistor X X Range Reading Resolution | Unknown | (%Rdg.+Counts) |(%Rdg.+Counts)/°C
Labels X X X 1000 119.999 imQ ImA 032+5 0028 + .15

- 1k 1.19999 10mQ 100 A 032+5 0028 + .15
Limits, Aarms X X 10k | 11999 | 100m2 | 1044 03245 0028 + 15
Log 30 Channels X X X 100 kQ 119.999 19 10 pA 031 +2 0027 +.02
Log up to 100 Channels X X For >>90 days, add 20 ppm/month to basic accuracy

Frequency, Totalize X X

Histograms, Graphs X X

Strip Cha.rt X X Options:

User Definable Functions ax E b Custom Program- Option # (Choose up to 5 total option cards—

S| DR 3054DL capacity is 5 slots):
axb 010: 20 channel guarded input relay card
Customer Programs X 020: 19 channel guarded input relay card with thermo-

couple compensation. Measures JKERST thermocou-
ples or dc volts

050: 16 channel optically isolated digital input

060: Frequency counter, totalizer

110: 16 channel digital output actuator relay card
230: Clock format: Mo:Day:Hr:Min:Sec

231: Clock format: Day:Mo:Hr:Min:Sec

260: Delete scanner display and controls

Choose one power line option:

315: 100 Volts; 50 Hz

316: 100 Volts; 60 Hz

325: 120 Volts; 50 Hz

326: 120 Volts; 60 Hz

3835: 220 Volts; 50 Hz

336: 220 Volts; 60 Hz

345: 240 Volts; SO Hz

346: 240 Volts; 60 Hz

400: Delete locking cabinet with sliding drawer

841: Add Level 3 software for custom data acquisition
programs

910: Extra set of Level | & 2 software (one set comes
with 3054DL at no charge)

Computer (Order both items to complete the 3054DL)
85F: Computer with CRT, printer, keyboard, graphics,
magnetic tape drive, 82937A HP-IB [/O card, 00085-
15003 I/O ROM, 82936A ROM Drawer

82903A: 16K Memory Module

3054DL: Includes 5% digit DVM, current source, real
time clock, HP-IB interface, sliding drawer and cabi-
net, software Levels 1 & 2, and pre-initialized data tape
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Data Acquisition/Control Unit
Model 3421A

Up to 30 differential channels, 56 single-ended channels
Electronic calibration for repeatable answers

Built-in 5% digit A/D converter with 1 uV sensitivity
HP-iL (standard) and HP-IB (optional) with rear panel
switch

® “Sleep mode” for extended battery life in remote
locations

® Front terminals for convenient DCV, ACV, 2 & 4-wire
ohms, frequency and temperature

* Display shows channels closed, digital states and self-
test conditions

PENSE MPUT
b ey B gt .5 e
i0

| DESIGNEL FOR l
SYSTEMS

Description
The HP 3421A Data Acquisition/Control Unit is the system that
beats the high cost of data logging. Use it for that small data acquisi-
tion project with the assurance that it will quickly pay its own way.
The 3421A scans up to 30 channels, measuring DCV, ACV, 2- and
4-wire Ohms, Frequency, and Temperature. It also reads and writes
digital information and stores up to 30 analog readings. The standard
3421A comes with an HP-IL interface for battery-powered flexibility
or HP-IB for more computational power.
Up to three of the following assemblies may be added to the 3421A
mainframe:
® 10-Channel analog multiplexer/actuator assembly with thermo-
couple compensation
® 8-bit input/8 bit output digital assembly
® Breadboard assembly for custom circuitry

Measurement Integrit
With its 5%, 4'2, 3% digit A/D converter, the 3421 A can resolve

1 uV out of 300 mV to monitor thermocouples, strain gage bridges
and other low-level transducers. Or it can read higher level signals by
auto-ranging up to 300 voits DC.

System Versatility

Each 3421A can scan up to 30 differential channels or 56 single-
ended channels of analog information. The 3421A is battery-
powered, with latching relays that will not change state when the AC
line power is removed. Battery power gives the 3421 A it own uninter-
ruptible power supply.

All functions are remotely programmable via either HP-IL or HP-
IB. Use HP-IL with the 41 CV handheld calculator as a self-con-
tained battery-powered data logger, or use HP-IB with the HP 85F
Personal Computer for more programming performance.

Sprecial 41C/CV ROM ]

o make the 3421 A more convenient for benchtop or field use, a
Data Acquisition Pac (HP 44468A) is available for the HP 41C/CV
handheld computers. Using the HP-IL [/O, this Pac gives the HP
3421 A an operational front panel from the computer’s keyboard us-
ing “soft” keys defined by a keyboard overlay and special ROM. It
also includes a data logger program complete with special keyboard
overlay to allow the user to enter beginning-and-ending scan se-

quence, to define the functions to be measured, to automatically com-
pensate for the most common types of thermocouples and to simplify
storage of data. Prompting is done on the HP 41 handheld computer’s
LCD display. The HP 41C/CV can be equipped with an HP 82182A
Time Module which allows the operator to specify at what time scan-
ning sequences are to take place and at what interval measurements
are to be made.

The 41CV System

Combine the 41CV, the 3421A, the 82161A Digital Tape Drive,
and the 82162A Printer /Plotter to make a portable low-cost data log-
ger. The 44468A Data Acquisition Pac makes programming easy. It
contains a 41CV Control ROM for the 3421A as well as two special
41CV keyboards. Each keyboard is dedicated to providing fast, sim-
ple function programming with the 41CV.

The 85F System (The 3056DL)

The 3421A can also be combined with the 85F Personal Computer
for even easier and more powerful data logging. Dedicated software
enhances the system with Menu programming, Subroutine program-
ming, instrument panel emulation and graphic analysis. It makes
data logging as easy as answering a few questions on the CRT display.




Use thermocouples with the HP 3421 A to measure the temperature
of a bridge section to tell the best time to resurface the roadbed. Or
use the DC voltage function to monitor the galvanic effect that causes
steel reinforcing rods to corrode inside the concrete.

The HP 41CV handheld calculator can turn on the 3421A Data
Acquisition/Control Unit, trigger it to scan a list of 30 channels, in-
struct the digital cassette to store all 30 readings on tape and then
power down the entire system until the next time interval passes.

The 3421A is not limited to portable applications. It is equally use-
ful in laboratory situations, where its 0.01% accuracy, | microvolt
sensitivity and 5% digit resolution assure you of reliable answers.

Digital inputs, actuator outputs and a breadboard assembly give
the laboratory designer a great deal of instrument flexibility while
HP-IB compatibility adds the option of a more powerful instrument
controller.

3421A Mainframe Specifications
The 3421 A mainframe comes with:
e A 5%, 4%, and 3" digit integrating A/D converter
¢ Thermocouple compensation
e Type T thermocouple linearization built in
e HP-IL
¢ 30-reading storage buffer
e LCD 30 channel display with power and error indicators
o Electronic calibration
e Rechargeable battery
e High level command set
All specifications apply for relative humidity less than 85% at 30
degrees C.

DC Voltage
Ranges: 300 mV, 3 V, 30 V, 300 V, Autorange

Basic accuracy: *(.009% Reading + 3 counts); 5% digits
Reading rates: 2 to 35 readings/second

Resistance

Ranges: 300 Q, 3 k, 30 k, 300 kQ, 3 MQ, 30 MQ; Autorange
Basic accuracy: *(.012% Reading + 3 counts); 5% digits
Reading rates: 2 to 35 readings/second

AC Volta%e

Ranges: 3V, 30 V, (300 V with 44469A divider)

Converter type: Averaging

Resolution: 3% or 4! digits

Basic accuracy: 4% digits: + (0.5% Reading + 60 counts), 45 Hz to
500 Hz; + (1% Reading + 60 counts), 30 Hz to 1 kHz

Counter
The counter is part of the mainframe circuit, and is multiplexed
through the channel relays.
Resolution: 65,535 counts
Frequency: 1 Hz to 10 kHz
Modes: Frequency, Totalize

Thermocouple Thermometer
Type T thermocouple linearization is built in. For other thermocou-

ple types, the reference junction temperature is available on each
multiplexer assembly.

Ogtion 020 10-Channel Multiplexer Assembly
ach multiplexer assembly has 10 relays. They can be configured

as 10 multiplexers, 9 multiplexers plus one actuator, or 8 multiplexers
plus two actuators. The actuators are capable of switching 252 VAC.
One 3421 A mainframe can accommodate up to 3 assemblies.

O‘?tion 040 Breadboard Assembly . )
he breadboard assembly is convenient for constructing custom cir-

cuitry. It comes complete with a manual describing the circuit
that enables the 3421A to communicate directly with an 8-bit
microprocessor.

Option 050 Digital /O Assembly )
ption 050 has 8 isolated input lines and 8 isolated output lines for

both monitoring and controlling external digital devices.

Ordering Information

Options

Input and 1/0 Assemblies

020: Ten Channel Multiplexer Assembly with thermo-
couple compensation, connector block.

040: Breadboard Assembly with connector block
050: 8 bit in, 8 bit-out Digital I/O Assembly with con-
nector block

201: Add HP-IB interface. Allows use of EITHER an
HP-IB or HP-IL controller

3421A/41CV System Options

541: Add 41CV for 3421 A control. This option in-
cludes the HP 41CV handheld calculator, 44468A
Data Acquisition Pac with 3421A/41CV Control
ROM, 82160A HP-IL Interface Module for 41CV, and
an 82182A Time Module

561: Add 82161A Digital Cassette Drive (HP-IL)
562: Add 82162A Printer/Plotter (HP-IL)

Power and Frequency Options

315-346: Line Power options from 100 V/50 Hz-240
V/60 Hz

Rack Mount and Manuatl Options

401: Side Handle Kit

907: Front Handle Kit

908: Rack Mount Kit

909: Rack Mount with Handle

910: Extra Manuals

Field Installation Kits

44462A: 10-Channel Multiplexer Assembly with ther-
mocouple compensation, connector block

44463A: Extra connector block for above

44464A: Breadboard Assembly with connector block
44465A: 8 bit in, 8 bit out digital 1/0O assembly with
connector block

44466A: Extra connector block for digital or bread-
board assembly

44468A: Data Acquisition Pac for 41CV

44469A: Six 10:1 dividers for measuring 300 VAC
(One pair comes standard with each Option 020)
Accessories

34118A: Test Lead Kit

3421A Data Acquisition/Control Unit

3
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Data Logger
Model 3056DL

® Up to 60 channels

® Graphics

® Data Stored on Tape

® Menu and Subroutine Software

CESIGNED FOR
E ' SYSTEMS l

Description

The 3056DL Data Logger merges the measurement capabilities of
up to two 3421A Data Acquisition/Control Units with the program-
ming versatility of the HP 85F computer. It comes in an attractive
locking cabinet with two dedicated software packages and all neces-
sary cables.

The Hardware

Each 3421 A Data Acquisition/Control Unit used in the 3056DL
Data Logger has the accuracy and resolution for critical applications.
The basic accuracy is .01%, with a 5% digit A/D Converter, a sensi-
tivity of one microvolt, signal conditioning for thermocouples, DCV,
ACYV, Ohms, and Frequency. Each has a scanning capacity of up to
30 channels as well as 30-reading storage buffer. The 3421A assures
you of precise transducer measurements at a surprisingly low price.

The HP 85F Personal Computer communicates with the 3421A via
cither HP-1L or HP-1B. The 85F has the data logging features you
need all in a single integrated package: keyboard, magnetic tape
drive, graphics printer and CRT.

The Software

Two levels of software come with each 3056DL Data Logger. The
3056DL Menu Software is ideal for the first-time user, yet powerful
enough for an expert.

For the BASIC programmer, there are measurement subroutines in
the 3056DL software. Integrate these subroutines into your own pro-
gramming material to get the optimum speed and efficiency from the
data logger.

® Adaptive Data Logging
® User Definable Functions
® Choose from 18 separate functions

User Definable Functions
There are no less than 17 separate functions to choose from:

*DCV *ACV *Digital Read  eActuate
#2-Wire Ohms 4-Wire Ohms ®Frequency *4-20 mA
Thermocouples: JoK TeE ReS
®2.-Wire RTD #4-Wire RTD 2.2K Thermistor

Each function is selected simply by pressing the appropriate key on
the HP 85F computer.

When the 17 available functions are not adequate, you can generate
your own linearization equation: mX+B, a 5th order polynomial, or
even a BASIC subroutine that you write yourself.

Adaptive Data Logging

When a specified channel exceeds its measurement limits, you can
instruct the system to print to display a warning, or jump to a com-
pletely different measurement routine. For instance, you can scan
slowly while the process you are monitoring is stable, and then adapt
the scanning rate when an out-of-limit condition occurs. This “adap-
tive scanning” philosophy makes efficient use of data storage space
and computer time.

Ordering Information

Options

Input Assemblies

020: 10 Channel Multiplexer Assembly, connector
block

040: Breadboard Assembly, connector block

050: Digital Assembly, connector block

Power Line Options
315-346: Options for 100 V/50 Hz through 240 V /60
Hz

Systems Options

201*: Add HP-IB Interface to the 3421 A (allows the
use of EITHER HP-IB or HP-IL)

202*: Two 3421A’s (both HP-IL) for up to 60 channel
capacity

203*: Two 3421A’s (both HP-IB) for up to 60 channel
capacity

400: Delete 16 in. cabinet, locking drawer

541: Add 41CV, 44468A Data Acquisition Pac for
41CV, 82160A HP-IL Module and 82182A Time
Module

561: Add 82161 A HP-IL Digital Cassette Drive
6562: Add 82162A HP-IL Printer/Plotter

910: Extra set of 3056DL manuals, pre-recorded tape
cartridge

Computer

Order either the 85F or the 85F Option 006. To oper-
ate the 3056DL, you need all three items—the 85, the
extra 16K memory module and the Advanced Program-
ming ROM
85F: Personal computer with graphics CRTs and print-
er, tape drive, 16K memory, HP-IB Interface Card
(82937A), 1/O ROM (00085-15003) and drawer
(82936A)
85F /Opt 006: Same as 85F, but with HP-IL Interface
82903A: Additional 16K Memory Module
00085-15005: Advanced Programming ROM
3056DL Data Logger: Includes one 3421A Data Ac-
quisition/Control Unit with 5% digit DVM, VDC,
VAC, @, Counter, 30-reading storage, HP-IL Inter-
face, sliding drawer and cabinet, software levels 1 and
2. Computer is ordered separately.
* Select no more than one
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Relay Multiplexing
DVM

Real Time Clock
Bridge Completion

| CESIGNED FOR l
SYSTEMS

Description

The 3497A Data Acquisition/Control Unit combines the capabili-
ties of several instruments and is a basic building block of an auto-
matic data acquisition and control system. The 3497A will be used in
an HP-1B automated system and can be viewed as a precision mea-
surement and control computer peripheral.

The 3497A has been designed to be a very versatile and very power-
ful instrument. A basic 3497A consists of a mainframe that includes a
front panel keyboard and display, a non-volatile real time clock, and
an HP-1B interface. Available as an option is a 5% digit integrating
digital voltmeter and current source that occupies a dedicated slot in
the 3497A chassis. Capability is added to the 3497A by using any
combination of plug-in assemblies. Available plug-in assemblies are:

—Relay Multiplexers with or without thermocouple compensation

—Digital Input/Interrupt

—Counters

—Strain gage/bridge completion

—Actuators

—Programmable voltage and current D/A’s

—Breadboard Assembly

Up to 5 assemblies can be added to a 3497A and the 3498A Ex-
tender chassis can hold up to 10 more plug-in assemblies.

High Performance

The 3497A DVM can resolve 1 microvolt signals and is ideal for the
precise measurement of the outputs of thermocouples, strain gauges
and other transducers. Included on the DVM is a programmable cur-
rent source that allows four terminal resistance measurements. The
multiplexer assemblies switch 3 wires (Hi, Lo, and Guard) and add
less than 2 microvolts of thermal offset to the measured signal.

Flexible Hardware Configuration
The 3497A card cage can hold S of any combination of the plug-in
assemblies. This allows the multiplexing of up to 100 3-wire inputs to

Data Acquisition/Control Unit
Model 3497A

Digital Inputs/Outputs
Counter

Programmable D/A’s
Optional RS 232C Interface

3497A

the DVM in a single 3497A or a single 3497 A might contain 60 mul-
tiplexer channels, 16 digital inputs, 16 actuator outputs, and a DVM.
By using the 3498A Extender, up to 1000 analog channels and 1360
digital channels can be controlled, all at a single bus address.

Ease of Use

The 3497A keyboard and display make the 3497A very easy to use
and makes debugging of a 3497A based system easy. The calibration
adjustments for the 3497A DVM are located behind a hinged front
panel; this allows complete calibration of the DVM without removing
it from the test rack. Connections to all of the 3497A assemblies are
made using screw terminals, therefore eliminating the need for
soldering.

Automatic Data Acquisition and Control Systems

The 3497A is an integral part of the 3054A/C Automatic Data
Acquisition and Control Systems. The 3054A consists of a 3456A
Digital Voltmeter for high accuracy measurements, a 3437A Systems
Voltmeter for high speed measurements and a 3497A for multiplex-
ing, digital 1/0 and control. The 3054A includes software compatible
with the HP 85, 9825, 9826, 9835 or 9845 computers. The 3054C is
similar to the 3054A but it does not include the 3437A and the soft-
ware is compatible with the HP 1000 series of computers. The 3497A
is also a part of the 3054 DL data logger.

Al
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Model 3497A (Cont.)

Real Time Clock

The 3497A mainframe includes a quartz referenced non-volatile
real time clock. In addition to providing timing data, the clock can
measure elapsed time, interrupt at a pre-settable time, and output a
programmable pulse train.

Clock Format:
Month:Day:Hours:Minutes:Seconds (U.S. Format)
Day:Month:Hours:Minutes:Seconds (European Format)

General Information
Maximum reading rate: (readings/second)

60 Hz Operation 50 Hz Operation

Digits Displayed Digits Displayed
Auto Zero 5% 4% 3t 5% LY 3
ON 25 100 150 20 83 125
OFF 50 200 300 40 166 250

Modes Max. Time | Resolution Accuracy
Real Time Mode: 1 year 1 second | +(.005% of time +.1s)
Elapsed Time Mode: 10°seconds | 1second | =(.005% of time +.1s)
Time Alarm Mode: 24 hours 1second | £(.005% of time +.1)
Time Interval Mode: 24 hours 1 second | +(.005% of time +.15)
Timer Qutput Mode: 1 second 100 us +.02% of time

Option 001—5"2 Digit DVM and Current Source

The 3497A DVM assembly is a systems quality, 5% digit, 1 micro-
volt sensitive DC Voltmeter. The DVM is fully guarded and uses an
integrating A/D conversion technique; this yields excellent common
and normal mode noise rejection.

Included on the DVM assembly is a three level programmable cur-
rent source. The current source, when used simultaneously with the
DVM, can be used to make high accuracy four terminal resistance
measurements with 1 milliohm resolution. Maximum speed is 300
rcadings per second in 3% digit mode.

Voltmeter Specifications

Delay: 0 to 99.9999 sec. in 100 usec. steps
Buffer size: packed format: 100 readings; ASCIl format: 60
readings
Number of readings per trigger: | to 999
Measurement Speeds

For the 3497A DVM and the relay multiplexer, speeds are given for
measurements on random channels (using software channel selec-
tion) and sequential channels (using external hardware increment).
Speeds include 1/0 times to the indicated computers.

60 Hz operation (50 Hz Operation)

Accuracy
5'2 Digit 90 Days, 23°C = 5°C Input
Range | Max. Display | Resolution 5': Digits A

10V =.119999 1wV +(.007% RDG + 3 counts) 10°Q

10V =1.19999 10 uV =(.006% RDG + 1 count) 10°Q

100V | =11.9999 100 uV +(.006% RDG + 1 count) 10°0Q

1000V | =119.999 1 mv +(.006% RDG + 1 count) 10°Q

Maximum Input Voltage
High to low: 120 V peak

Low to guard: |70 V peak
Guard to chassis: 170 V peak
Current source

Accuracy: 90 days

Range 23°C £5°C
10 A 25nA
100 pA 25.0 nA
1 mA 250 nA

Compliance: >+15 volts
Isolation voltage: 170 volts peak

Number of Digits Computer

Selected 85 9826* 1000L  1000EF
Sequential Channels 52 digits 39( 33) 39 39(25)  30(2%)
using external :
increment 47 digits 97 ( 88) 103 108(79)  88(79)

32 digits 112(107) 123 127 (99) 107 (99)
Ralndom Channels 52 digits 13( 15) 27 21(16) 22(16)
using software 4 digts 14(2) 51 31(28 35(30)

32 digits 14( 23) 55 33(29)  35(32)

#9826 speeds for BASIC operating system

Option 010— 20 Channel Relay Multiplexer
This assembly uses reed relays to multiplex signals to the DVM or

other instruments. Each assembly switches 20 channels, each channel
consists of HI, Lo, and Guard lines. Two channels may be closed per
assembly and relays may be closed in a random sequence or incre-
mented between programmable limits. The low thermal offset of the
relays make it suitable for measuring the outputs of strain gauges and
other transducers. Each channcl can be configured with a filter or
current shunt for additional flexibility.

Input Characteristics
Maximum input voltage: <<170 V peak bctween any two input ter-
minals
Maximum current: 50 mA per channel non-inductive
Maximum power: | VA per channel
Thermal offset: Direct Switched: <1 uV Differential, Tree
Switched: <<2 uV Differential
Closed channel resistance:
In series: 100 @ +£10% in High, Lo and Guard
Relays contacts only: <1 { per contact
Open channel isolation: > 10" Q (Hi to Lo, 40°C, <60% R.H.)
Maximum switch rate: 475/second (using hardware increment)
Rated switch life at 1 VA: 10" operations
All relays are break-before-make
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Option 020—Relay Multiplexer with Thermocouple
Compensation

The option 020 assembly uses the same relay multiplexer as option
010 but incorporates a special isothermal connector block to allow
thermocouple compensation. Two types of compensation (selectable
by the user) are available. A temperature-dependent voltage is gener-
ated for software compensation; this voltage is then used in a comput-
er program to compensate the thermocouple voltage. Hardware
compensation involves inserting a voltage in the measurement circuit
that automatically compensates the thermocouple voltage.

Reference Junction Compensation Comparison

a7
Data Acquisition/Control Unit
Model 3497A [’ﬂ

can also count up or down from a programmable start point. It can
accept a wide variety of input signals including CMOS, open collector
TTL and passive contact closures.

Input Signal Characteristics:
Input Levels:

Software Hardware
Compatible Thermocouples Any mixture One of the following
types: B.EJKRST
Measurement channels available
per assembly 19 2
Reference junction compensation 1o¢
accuracy (23°C = 5° C) '

Option 050— 16 Channel Isolated Digital
Input/interrupt

The option 050 assembly can sense up to 16 channels of digital data.
The first 8 channels can also be used as interrupt lines to detect tran-
sient signals. The assembly can accept a wide range of input levels
and all functions and masks are fully programmable. A five volt sup-
ply is provided for driving external contact closures and open collector
outputs.
Input signal characteristics:

Maximum Input Minimum
Low Voltage High Voltage  Voltage Between Input

Input Level  Maximum Minimum  High & Low Terminals  Current
5V 08V 24V 30V 400 pA
12V 3.0V 7.0V 42y 1 mA
24y 6.0V 130V 2V 2mA

Maximum voltage: + 170 V peak between any terminal and chassis
Logic polarity: Positive True (Negative True is Jumper Selec-
table)
Interrupt Mode (Bits 0-7)
Minimum pulse width: 100 microseconds
Triggering: Each interrupt line is individually programmable for
positive or negative edge triggering.
Masking: Each interrupt line may be enabled or disabled using a
programmable mask.

Option 060— 100 kHz Reciprocal Counter

This option can be used to measure mechanical and low frequency
electronic signals. The counter can measure the period of signals up to
100 kHz and the pulse width of signals down to 18 us. The counter

Input V(Lo) V(Hi)

Level (Maximum) (Minimum)

Range Isolated Non-iso Isolated Non-iso
5V 1.0V 10V 42y 42y
12y 18V 27V 103V 8.0V
24V 26V 6.0V 184V 165V

(5 V level is standard, 12 and 24 volt levels are jumper gelectable. Other voltages can be accepted
using customer supplied resistors.)

Input Circuit: Switch selection of optically isolated or non-isolated
input. Non-isolated input has 19.5 kQ minimum input impedance.

Maximum Isolation Voltage: 170 V peak between any terminal and
ground. Isolated mode only.
Period Mode:
Maximum Input Frequency: 100 kHz
Minimum On Time: 5 us
Minimum Off Time: 5 us
Range Characteristics:
Least Significant Digit (LSD)

Range HP-IB Display
9999.999 s 1 ms 10 ms
99.99999 s 10 us 100 us
0.9999999 s 100 ns 1us
109999999 s 10 ns lus

Accuracy: +(.01% of reading + 2 LSDs + Trigger Error)
Pulse Width:

Minimum Start to Stop time: (Pulse Width): 18 us
Minimum Stop to Start Time: 18 us

Range Characteristics:
Least Significant Digit (LSD)

Range HP-1B Display
9999.999 s 1 ms 10 ms
99.99999 s 10 s 100 ps
0.999999 s s 1 s
099999 s 1 us 1s

Accuracy: +(0.1% of reading + Trigger Error + (2 LSDs or 18 ps,
whichever is greater)).

Totalize/Down Count Mode:

Maximum Input Frequency: 100 kHz

Minimum Pulse Width: 5 us

Range: 0 to 999,999

Option 070— 120 Ohm Strain Gage/Bridge Completion
Assembly
Option 071-—350 Ohm Strain Gage/Bridge Completion
Assembly
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Model 3497 (Cont.)

The option 070/07 ] assemblies may be used to provide bridge com-
pletion for measuring strain gages, RTD’s pressure sensors and load
cells. Each card uses an internal shared half bridge and can complete
10 channels of ' and % and full bridges in any combination. When
used with a +5 V excitation supply (such as the HP 6214A) and the
3497A DVM, the assembly provides .1 uE sensitivity with | xE accu-
racy. Provisions are made for shunt calibration and checking gage
leakage and lead resistance.

Specifications

Sensitivity {excitation voltage at 5 volts) Accuracy
90 Day
Bridge Type 3497A DYM 3456A DVM | Range at Best Resolution | 23°C + 5°C
Y Ay 04 4E 42400 £ 25 4E
Y2 24k 02 yE 21200 yE 54k
Full 14k 01 uE 9500 uE 14E

Excitation Supply Requirements:
V max: 5.4 Vdc; | (out): 250 mA per 10 channels (120 ohm gages)

Option 110 16 Channel Actuator
Option 115 8 Channel High Voltage Actuator
Option 110 consists of 16 mercury wetted form C (single pole-dou-
ble throw) relays. Each relay can be individually closed and can
switch one amp at 100 volts. The actuator assembly can be used to
switch test fixture power or to actuate alarm bells. This flexibility of
this assembly allows it to be used as a digital output or matrix switch.
Option 115 is an 8 channel high voltage actuator assembly that can
switch voltages up to 252 VRMS and currents up to 2 amperes. The
Option 115 assembly is ideal for switching power line voltages to
small motors, alarm bells and lights, motor starters and solenoids.

Option 110 and 115 Specifications

Option 110 Option 115
Switch Form C A
Contact Type Mercury Wetted Dry
Number of channels 16 8
Maximum Voltage 100 V Peak 252 VRMS

48 VDC
Maximum Current | amp 2 ARMS or DC
Maximum Power 100 VA 500 VA AC
60 VA DC

Option 120—Dual Voitage D/A
Option 130—Dual Current /A

Option 120 consists of two 0 to =1 10 V programmable voltage
sources. These sources can be used to provide a programmable test
stimulus or to control voltage programmed devices like power sup-
plies and VCO’s.

Option 130 consists of two 0 to 20 mA or 4 to 20 mA programmable
current sources. These sources, especially when using the 4 to 20 mA
range, can be used as transmitters in industrial current loops and can
drive up to 600 ohms of total loop resistance.

Option 120 Specifications:

Output: 13 bits including polarity

Least Significant Bit: 2.5 mV

Output Range: —10.2375 V to +10.2375 V

90 Day Accuracy: +.070% of programmed value +4.0 mV

Maximum Output Current: 15 mA (output within specifications)
Option 130 Specifications:

Output: 12 bits

Least Significant Bit: 5 uA (0 to 20 mA range)

4 uA (4 to 20 mA range)

Output Range: 0 to 20.475 mA or 4 to 20.380 mA (each source

jumper selectable)

90 Day Accuracy: +0.07% of programmed value +10.0 A

Compliance Voltage: 12.0 volts

Option 140 Breadboard Card

Option 140 is a breadboard card compatible with the 3497A card-
cage. Using this card, 3497A users can construct special purpose as-
semblies that communicate with the 3497A backplane.

Option 232 RS232C Interface

Option 232 to the 3497A deletes the standard HP-IB interface and
adds an RS232C (CCITT/V.24) compatible interface. The option
232 interface is also compatible with the new RS423 (CCITT/V.10)
version of the RS449 interface.

The option 232 interface allows you to remotely locate the 3497A.
HP technical brochure part number 5952-8884 contains additional
information on 3497A option 232.

Option 298 —3498A Extender

The 3498A Extender chassis allows low cost expansion of 3497A-
based systems. Each 3498A can hold up to ten 3497 A plug-in assem-
blies. Use of one or more 3498A’s requires a 3497A (for control); all
required connecting cables are supplied with the 3498A.
Number of slots per 3498A: 10
Maximum number of added analog multiplexer channels (op-
tions 010, 020): 900 channels (45 assemblies)
Maximum number of added non-analog acquisition assemblies
(options 050, 060, 110, 120, 130): 85 assemblies
Maximum number of 3498A’s per 3497A: 13

General

Size (3497A or 3498A): 190.5 mm H x 428.6 mm W x 520.7 mm D
(7% x 16%” x 20%4").

Net weight: 3497A, 20.4 kg (45 1bs.) and 3498A, 20.4 kg (45 1bs.)
with assemblies in all slots.

Shipping weight: 3497A and 3498A maximum with assemblies in
all slots are 26.3 kg (58 Ibs.)

Operating temperature: 0°C to 55°C

Non-operating temperature: —40°C to 75°C

Humidity: to 95% at 40°C except as noted

Operating power: switch selection of 110, 120, 220 and 240 volts
+10%, 48-66 Hz, 150 VA 3497A and 3498A.

Ordering Information

Each 3497A can hold one DVM assembly (Opt 001) and up to 5
plug-in assemblies. Each 3498A (Opt 298) can hold 10 additional
plug-ins. For plug-ins in excess of cardage capacity, order as
444X XX Field Installation Kits.

Required on every order:

e A Clock Format (Option 230 or 231)

¢ A Power Line Frequency and Voltage (Options 315 through
346)

Opt 001: 5% digit DVM and Current Source

Opt 010: 20 channel Relay Multiplexer Assembly
Opt 020: Relay Multiplexer Assembly with thermo-
couple compensation

Opt 050: 16 channel isolated Digital Input/Interrupt
Assembly

Opt 060: 100 kHz Reciprocal Counter;

Opt 070: 120 Ohm Strain Gage/Bridge Completion
Assembly

Opt 071: 350 Ohm Strain Gage/Bridge Completion
Assembly

Opt 110: 16 channel Actuator/Digital Output Assem-
bly

Opt 115: 8 Channel High Voltage Actuator Assembly
Opt 120: Dual Output Voltage DAC Assembly

Opt 130: Dual Output Current DAC Assembly

Opt 140: Breadboard Card

Opt 230: Clock Format (Month:Day:Hours:Min:Sec)
Opt 231: Clock Format (Day:Month:Hours:Min:Sec)
Opt 232: Delete HP-IB Interface, add RS232C Inter-
face

Opt 260: Delete Keyboard and Display

Opt 298: Add 3498A Extender & connecting cables

3497A Data Acquisition/Control Unit
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Description
General

The 3495A Scanner switches analog input signals to an appropriate
measuring device (voltmeter). It can also control external devices
with relay actuator closures. Ideal for many data logging and data
acquisition applications, the scanner can be used for sequential or
random scanning. Any Hewlett-Packard Interface Bus (HP-IB) com-
patible controller can be used to operate the Scanner. Any combina-
tion of four relay assemblies (discussed below) can be used per
scanner mainframe. More than four assemblies requires additional
scanner mainframes.

Five optional relay assemblies are available with the scanner, four
low thermal assemblies and one actuator assembly.

Option 004

Low Thermal Relay Multiplexer Assemblies

These assemblies are used to multiplex signals into a common de-
tector, often a digital voltmeter. Typical applications are the multi-
plexing of low level dc voltages and resistances like the outputs of
thermocouples, thermistors, strain gages and other transducers. Op-
tions 001 and 004 have 10 and 20 channels respectively. Options 003
and 005 have 9 and 19 channels respectively, an isothermal connector
block and a thermistor to sense the temperature of the isothermal
block. This gives options 003 and 005 thermocouple compensation
capability.

Multiplexer Comparison

Option 001 Option 003 Option 004/005
Number of Channels 10 9 20/19
Voltage Maximum 230V Peak 42V Peak 42V Peak
Current Maximum 200 mA 200 mA 40 mA
Thermal Offset <2V <2uV <1V
Isolation >10'0 Ohms >10” Ohms >107 Ohms
Switching Time 10 msec max. 10 msec max. 10 msec. max.
1 msec max.
using 3495A
high speed
controller

Multiplexer Scanner
Model 3495A

Option 002

Relay Actuator Assembly
Applications: process control, actuate visual or audio indicators,
control high current relays, up to 2 X 5 X 2 Matrix switching.

Ten Channel Relay Actuator Assembly: This relay actuator assem-

bly provides ten independently programmable 2-wire closures for
controlling high current relays, distributing low current dc or ac vol-
tages, or external control function. Each two-pole relay can switch
currents up to 2 A rms. Any combination of channels on this assembly
may be closed or opened simultaneously.
Maximum contact ratings: voltage: 100V rms; Current: 2 A rms;
Maximum input voltage: 230V peak; Thermal offset: < 30 4V differ-
ential EMF; Switching time: 40 ms max. (Caution: For use in circuits
fused at 2 amperes or less and less than 200 VA).

General
Operating temperature: 0°C to +55°C
Humidity range: 95% R.H., 0°C to +40°C
Power: 100/120/220/240 +5%, —10%
48 to 66 Hz line operation, <100 VA
Size: 190.5 H x 428.6 W x 520.7 mm D (7.5" x 16.87" x 20.5").
Weight: Depends on options. Net: 18 kg (39.6 Ibs.) maximum with
four relay assemblies. Shipping: 22 kg (48.4 1bs.) maximum.

Option

001: Ten Channel Low Thermal Relay Assembly
002: Ten Channel Relay Actuator Assembly

003: Nine Channel Reference Assembly With Ther-
mocouple Compensation

004: Twenty Channel Low Thermal Relay Assembly
005: Nineteen Channel Reference Assembly With
Thermocouple Compensation

100: High Speed Control Board

Field Installation Kits

44401A Ten Channel Low Thermal Relay Assembly
44402A Ten Channel Relay Actuator Assembly
44403A Nine Channel Reference Assembly With
Thermocouple Compensation

44404A Twenty Channel Low Thermal Relay Assem-
bly

44405A Nineteen Channel Reference Assembly With
Thermocouple Compensation

44413A High Speed Control Board

In addition, options 001 or 004 can be field modified to
include thermocouple compensation by ordering the ap-
propriate terminal connectors.

Additional terminal connectors for:

Ten Channel Low Thermal Relay Assembly 03495-
64101

Ten Channel Relay Actuator Assembly 03495-64104

Nine Channel Thermocouple Reference Assembly
03495-64103

Twenty Channel Low Thermal
03495A-64114

Nineteen Channel Thermocouple Reference Assembly
03495-64115

3495A Scanner

Relay Assembly

)
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Multiprogrammer: Computer Aided Test and Control

Models 6940B and 6942A

Use the MULTIPROGRAMMER to implement customized solutions for your
.......High Speed Data Acquisition

.......Computer Aided Test
.......Control Applications.

First select the MULTIPROGRAMMER, 6940B or 6942A, best suited for

your application.......

HP Desktop Computer

Then, Choose an HP Controller
and Interface Kit ... Use
either a Desktop or
Minicomputer. . .

HP Minicomputer

Then select from a wide range of these MULTIPROGRAMMER CARDS for the MAINFRAMES . . .

( >
Analog inputs
High-Speed Voltage Measurement
Scanning Capability
Temperature Measurement
Current Measurement
Time Interval Measurement
Frequency Measurement

6942A Multiprogrammer

Analog Outputs

DC Power Supply Control
AC Power Control
Voltage Output

Current Output
Resistance Output
Frequency Reference

Digital inputs

® 5, 12, 24, & 48 V Logic
Contact Closures
Pulse Counting

T I TTT YT T
4 2998

Digital Outputs

5,12 V, & Open Collector
Relay Switching
Stepping Motor Control

Event/Alarm Sensing
User-Defined
(Breadboard)

6940B Multiprogrammer

One-Shot Timer
User-Defined
(Breadboard)

L — .. .to control J

YOUR TEST OR PROCESS

g

introduction

The Multiprogrammers’ high speed makes them well suited for
data acquisition and Computer Aided Test applications. Voltage
measurements can be acquired at 33,000 readings per second from a
single channel, or from several thousand channels using the Multipro-
grammers’ scanning capabilities. Digital data can be acquired at a
125 kHz rate. Thousands of Multiprogammers are in use in Comput-
er Aided Testing of electrical and mechanical devices. They improve
quality and productivity throughout the manufacturing process in
areas like incoming inspection, component test, subassembly test, fi-
nal test, life test, and quality control test. Multiprogrammers are also
used in the R&D environment to automate both short and long term
experiments.

The Multiprogrammer Family gives you the choice of two main-
frames: the 6940B and the 6942A. The 6940B is the lower cost solu-
tion. The 6942A is the latest addition to the family and offers
simplified programming and some new, powerful 1/O cards.

Complete Technical Data

If you would like additional information on Multiprogrammer pro-
ducts we have a free, 68-page brochure on the 6940B and one on the

6942A. The brochures include detailed specifications, applications,
programming, interfacing, and ordering information. Ask your HP
Field Engineer for publication 5952-4077 (for the 6940B) or 5952-
4078 (for the 6942A), or use the card at the rear of this catalog.

MULTIPROCRAMMER

Wodet §9408, 63478




DATA ACQUISITION, TEST & CONTROL SYSTEMS

SYSTEMS

HP 2250N Measurement & Control Processor
(Enclosed in NEMA-12 cabinet)

Function/Applications

The HP 2250 Measurement and Control Processor is the nucleus of
a family of HP automation systems that provide powerful capabilities
for laboratory and industrial automation applications. The HP 2250’s
modular hardware structure gives you the versatility of selecting only
the product you need for a cost-effective solution to your specific
automation problem—yet you have the flexibility to expand your ca-
pabilities as your automation needs grow.

The HP 2250 operates in conjunction with an HP 1000 or HP 9800
series computer via the HP-1B, Hewlett-Packard Interface Bus, our
implementaton of IEEE Standard 488-1978 and identical ANSI
Standard MCI1.1. A single HP-1B cable connection is all that is re-
quired to link your computer to the HP 2250, creating a high-perfor-
mance automation system. For those applications that require the
2250 to be remotely located, a coaxial cable or fiber optic HP-1B ex-
tender is available to extend the computer/2250 link up to 1000
metres.

The HP 2250 has a built-in LSI microcomputer and MCL /50 firm-
ware, a software command set comprised of over 100 applications ori-
ented mnemonic commands that can be used in many combinations to
optimize measurement and control operations. MCL/50 Measure-
ment and Control language software is easy to learn and use, allowing
a user who is not a computer scientist to program his applications and
control all 2250 function cards without tying up or intervention from
the host computer. This decoupled operation facilitates a simpler and
faster implementation of your automation solution, and results in
more predictable and repeatable performance.

Measurement and control applications exist in many different envi-
ronments—and the modular HP 2250 hardware is designed with the
flexibility to meet the diverse requirements of these applications. A
comprehensive set of high performance analog and digital function
cards are available to interface to the broad range of sensors and actu-
ators commonly found in laboratory and industrial environments to-
day. Additionally, most function cards include provisions for on-
board signal conditioning modules that permit accurate and reliable
interfacing in demanding industrial applications. Also available are
convenient industrialized field wiring assemblies accommodating up
to 10 AWG wire.

Measurement and Control Processor
HP 2250

Special Features
® High-performance analog measurement capability includes
 [4-bit resolution and 17-bit dynamic range
* 0.08% accuracy from 0 to 50°°C
« 30,000 samples per second average throughput to disc
* 45,000 samples per second paced throughput to disc
¢ 350 Volt common mode protection
* isolated voltage and current outputs

Wide range of function cards are available, with 42 separate, plug-
on signal conditioning modules.

HP MCI./50 high level command set cnables real-time task dele-
gation and decoupled controller operation.

Solid state output relay digital design is ruggedized to ¢nable me-
chanical relay replacement.

All'T/O points can be floated or isolated.

HP 2250N—an M&C processor packaged in a NEMA-12 steel
enclosure that interfaces up to 480 analog/digital points. This rug-
ged industrial cabinet is suitable for harsh manufacturing or out-
door environments. and is sealed against dirt, oil, water. This
configuration is designed for use with the HP 1000 L-Series com-
puter and can either be remoted from the computer over the HP-1B
optic cable or made part of a distributed plant network by plugging
in the HP 1000L microcomputer.

In addition to the 2250N are other racking options that allow confi-
gured M&C systems of up to 2048 analog and digital points.

Ordering Information and Related Products
e HP 2250N NEMA-Mounted Measurement and

Control Processor

HP 2251AN/AR Measurement and Control Unit

HP 2104AN/AR Processor Unit

HP 25501A 16-Channel High Speed Analog Input
Card

o HP 25502A 32-Channel High Level Multiplexer

Card

o HP 25503A 32-Channel Low Level Multiplexer
Card

HP 25504A 16-Channel Relay Multiplexer Card

HP 25510A 8-Channel Isolated Voltage/Current
Analog Output Card

HP 25511A 32-Channel Digital Input Card

HP 25512A 4-Channel Counter Card

HP 25513A 32-Channel Digital Output Card

HP 25514A 16-Channel Relay Output Card

HP 25515A 4-Channel Pulse Generator Card

HP 25516A 16-Point In/16-Point Out Digital Multi-
function Card

For more information on the HP 2250 Measurement and Control
Processor, /O function cards, signal conditioning modules and acces-
sories, contact your local HP Sales Representative, see pp. 667-672.

)
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7 A-Series Measurement & Control Cards
(D]

12060A

12061A

12062A

12063A

Description

The 12060A, 12061 A, 12062A, and 12063 A are plug-in cards for
HP 1000 L-Series Computers. They provide low cost, high perfor-
mance, analog and digital 1/0 for use in distributed measurement
and control applications. The A-series product in which these cards
are used must have a 25 kHz power supply. Hood connectors with
each card allow the user to build cables for connection to his applica-
tion.

12060A 8 Channel Analog Input Card

The 12060A is capable of acquiring up to 55,000 readings per sec-
ond with 12-bit resolution. Auto scanning or single-channel sampling
is possible to 55 kHz. Provisions for external pacing/triggering of
sampling and scanning is provided. The 12060A includes four pro-
grammable full scale ranges from plus or minus 1.28 V to plus or
minus 10.24 V. Maximum resolution is 0.625 mV on the 1.28 V
range. A separate “zero reference” on the card allows the user to mea-
sure actual offset due to temperature drift, and correct readings on all
channels for higher accuracy. The card has 8 differential channels.

12061A 32 Channel Analog Input Expansion Card

The 12061A provides 32 additional differential inputs for the
12060A card. The 12061A card fastens directly onto the 12060A
card, creating a two-board unit that occupies two I/O slots in an
HP 1000 A-series computer. Programming information is passed
from the 12060A directly to the 12061A; analog signals on the addi-
tional 32 channels are in turn passed back to the 12060A for digitiz-
ing. The 12061A includes removable plug-in headers so the user can
add current sense resistors for current loop measurements. These
headers allow the board to be adapted to the specific application with-
out soldering components directly on the board and are easily remov-
able for repair purposes.

12062A 4 Channel Analog Output Card

The 12062A Analog Output Card provides 4 independent bipolar
voltage outputs. Remote sensing per channel provides accurate out-
put voltages to compensate for long distances of field wiring. Undedi-
cated digital outputs may be used in pen up/down control, CRT
display, or X-Y plotters. DMA compatability provides fast analog
updates on a per channel basis or between channels. Programmable
time delay between DMA updates provides signal reconstruction ca-
pability with a full power bandwidth of 20 kHz.

12063A 32 Channel Digital Multifunction Card

Input Characteristics

The 12063A provides 16 fully isolated digital inputs via voltage
threshold opto-couplers. Input voltage levels are selectable by the user
for each channel by installing the appropriately valued resistors on
removable plug-in headers (8 resistors per header = 8 channels).
These headers allow the board to be adapted to the specific applica-
tion without soldering components directly on the board, and are easi-
ly removed for repair purposes. Plug-in opto-couplers (supplied)
allow user selection of ac or dc coupling for each channel by merely
installing the opto-coupler in the ac position or dc position. For ac
coupling, a plug-on jumper is provided for each channel to select 60
Hz ac filtering of the rectified input if desired.

Event Detection

In addition to status, any input may be user programmed to func-
tion as an interrupt to be generated on the rising edge or falling edge
of the input or both (whichever occurs first). This capability is easily
activated by the user via loading the appropriate pattern into the
three registers. The on-card microprocessor takes over to cause the
interrupt to be generated when that event occurs. User programming
is required to service the interrupt.

Debounce Delay

The same microprocessor also provides the user programmable de-
bounce delay up to 246 msec on any input when monitoring contact
closures, and may be used in both status mode and event sense mode.

Output Characteristics

Sixteen form C (SPDT) relay outputs are provided on the same
card. Both the normally open (NO) and normally closed (NC) con-
tacts are available to users. Two removable headers allow for arc sup-
pression devices to be added by the user for each channel without
soldering directly to the board. Each header handles 8 output chan-
nels. Plug-on jumpers select the arc suppression across the NO or NC
contacts. An on-card isolated power supply derived from the 25 kHz
ac supply in the A-Series processor provides coil power for the relays.
This technique minimizes any coupling of relay contact noise in the
computer itself. For ease of servicing, plug-in relays are used.

Ordering Information

10260A 8 Channel Analog/Digital Converter
12061A 32 Channel Analog Input Expansion
12062A 4 Channel Digital/Analog Converter
12063A 32 Channel Digital Multifunction Card
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Customized automatic test systems,
integrated by Hewlett-Packard

ATS /1000 Integration Services

Previously, when building an automatic test system, users had only
two choices: purchase an already-assembled “turn-key” system or
purchase computers and instruments separately and assemble them
on their own. As a result of our experience with more than 1000 HP
automatic test system installations worldwide, HP offers two categor-
ies of system-building assistance, called ATS/1000 Integration
Services.

An automatic test system can be purchased at various levels of com-
pletion, depending on how much assistance the user desires. At the
lowest level, called Racking and Cabling Service, HP consolidates the
equipment, designs cabinet layout and power distribution, then in-
stalls the equipment in cabinets. The user assumes responsibility for
software configuration and testing.

With the highest level of service, Configuration/System Test, the
user receives a fully-integrated, fully-installed system, ready for de-
veloping application programs. HP consolidates the equipment, in-
stalls it in cabinets, configures the operating software, and checks out
the system on-site.

Integration service prices vary, depending on the complexity and
size of the system. A typical system that contains $100,000 of instru-
mentation typically requires $30,000 to $40,000 of integration ser-
vices to be fully configured and tested.

Ordering Information
93283A ATS Racking and Cabling Service
93284A ATS Configuration/System Test Service

Automatic Test Systems
Integration Services and 9400 Switches

Switches for Automatic Test

HP-1B switch products used in HP automatic test systems are avail-
able individually for HP 1000 system users who manufacture their
systems in-house or those who have complex switching requirements
in their HP 1000-based automated test systems. These switches pro-
vide a commercially-available solution for connecting the system to
the unit-under-test (UUT). Three types of switching units are avail-
able, all controlled by a single 9411B Switch Controller that provides
micro-processor control of multiple switch mainframes.

® 9411B Switch Controller
The 9411B is for use on HP 1000 Computer Systems
and is controlled via the HP-1B. It provides control
logic and relay power for the switch mainframes. It
performs comprehensive self-test and fault isolation
of all signal relays in the 9412A and 9414A switch
cards.

® 9412A Modular Switch
Provides high-density, multi-function switching of
signals up to 10 MHz. A built-in 1768-pin (34 x 52)
matrix interface panel improves signal performance
and eliminates “spider web” cabling. The 9412A ac-
commodates five types of switch cards in any combi-
nation up to a total of 25 cards.

® 9413A VHF Switch
Provides modular, flexible high-frequency switching
of pulse and video signals up to 500 MHz. The 9413A
accommodates up to 12 coaxial switch modules.

® 9414A Matrix Switch
Provides maximum flexibility for switching signals
up to 10 MHz. Designed for high-density, high-per-
formance switching, the 9414A allows any UUT pin
to be switched to any instrument in the system. The
16-input matrix can be configured in 30-pin incre-
ments (UUT pins) up to 120 pins. A distribution bus
allows several instruments to share four of the 16 ma-
trix inputs, thus minimizing switching requirements.

HP 9411B
Switch
Controller

HP 9413A
VHF
Switch

HP 9412A
Modular
Switch

I DESIGNED FOR I
SYSTEMS
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AMPLIFIERS

Wide Band Amplifiers
Models 8447A/D/E/F

® Wide band
® Flat response
® |ow noise

| B447D AMPLIFIER 0.1-1300 MHz

HEWLETT-PACKARD

PHE AMP
- GAM 2648
oV DC MAX

8447D

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

High Performance . o
e performance of these amplifiers qualifies them for a number of

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

Specifications

Broadband Frequency Coverage

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

Options

A variety of options are available: Option 001 and Option 011 dual
channel versions with BNC and Type N connectors respectively for
operation with dual channel systems such as oscilloscopes or network
analyzers (or the channels may be cascaded for increased gain); Type
N connectors rather than the standard BNC connectors (Option
010).

General

Weight: net, 1.56 kg (3.4 1b). Shipping, 2.30 kg (5.1 Ib).

Size: 858 Hx 130 W x 216 mm D (3.4" x 5.1” x 8.5").

Power requirements: 110 or 230 Vac + 10%, 48-440 Hz, 15 watts.

Ordering Information
8447A Preamp

8447D Preamp

8447E Power Amp

8447F Preamp-Power Amp

8447A Preamp 8447D Preamp 8447E Power Amp 8447F Preamp-Power Amp
Frequency Range 0.1-400 MHz 100 kHz-1.3 GHz 100 kHz-1.3 GHz 100 kHz-1.3 GHz
Typical 3 dB 50 kHz~700 MHz 50 kHz—-1.4 GHz 50 kHz-1.4 GHz 50 kHz-1.4 GHz
Bandwidth
Gain (Mean) 20dB +0.5dB 2648 £1.5d8 2298+ 15d8
at 10 MHz (20°C-30°C) (20°C-30°C)
Gain Flatness +0.5dB +1.5dB
Across Full
Frequency Range &
Noise Figure <5dB <11 d8 typical s
Output Power > +6 dBm >+7 dBm >+15 dBm ;
for 1 dB Gain S
Compression E
Harmonic -32dB for 0dBm ~30dB for 0 dBm -30dB for +10 ﬁ
Distartion autput output (typical) dBm output =4
Typical Output ~25dBm ~20 dBm 2
for <60 dB S
Harmonic 3
Distortion =
VSWR <17 <20 input <22 =z
<2.2 output 1-1300 MHz [~
1-1300 MHz =
(=]
Impedance 50 8 509 E
Reverse Isolation >304B >40 dB m
Maximum DC 10V +10V
Voltage Input
Options Available 001 001,010,011 010 010




AMPLIFIERS

Microwave Power Amplifiers
Models 489A, 491C, 493A & 495A

TATHDOE CURBENT

e an WOG IPUT
BN

489A

Microwave TWT Amplifiers

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

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

Cathode current in the TWT is monitored by a front panel meter
and can be conveniently controlled by the GAIN adjustment for rated
power output, or for reducing tube current to extend tube life when
full output power is not required. The helix, collector, and anode cur-
rent can be measured at an easily accessible test point board. Com-
bined with the 8350 or 8620 Sweep Oscillator they make an excellent
high power swept source.

Advantages o )

DC coupled modulation circuitry allows power leveling and remote
programming.

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

Applications

Any one of the Hewlett-Packard TWT amplifier series is ideal for
increasing the available RF power from a microwave sweep oscillator
or signal generator when making antenna efficiency and antenna pat-
tern measurements.

Also, they can easily extend the dynamic range of measurements up
to 30 dB where RF substitution is employed in the measurement net-
work.

RF1 susceptibility tests often demand the high quality amplifying
characteristics offered by this TWT amplifier series.

489A-495A Specifications

Output power: | watt for an input of =<1 mW.
Gain: 30 dB at rated output.
Input/output: impedance, 50 Q; connectors, type N female.
Noise figure: <30 dB.
Amplitude modulation:
Sensitivity (typically): modulation input of >—20 V peak reduces
RF output by =20 dB from dc to 50 kHz.
Frequency response (typically): dc to 500 kHz (3 dB).
Pulse response: <1 us rise and fall times.
Size: 133 H x 426 W x 467 mm, (5.2” x 16.75” x 18.38").
Weight: net, 18 kg (40 1b). Shipping, 23.9 kg (53 Ib).

4834 491C 4334 495A
Frequency
range (GHz) 1-2 24 48 7-124
Gain variation with freg.
at rated output: <6 dB <6dB <6dB <6dB
small signal:
across any 10% of band <5dB <5dB <5d8 <58
for 300 MHz
across full band <l24dB <124dB <1248 <12dB

Ordering Information
489A 1 to 2 GHz TWT Amplifier

491C 2 to 4 GHz TWT Amplifier

493A 4 to 8 GHz TWT Amplifier

495A 7 to 12.4 GHz TWT Amplifier

Opt 908: Rack Flange Kit (for all models)
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ANALOG VOLTMETERS

General Information

Selecting An Analog Voltmeter

Analog Voltmeters are used for many ap-
plications from general purpose bench or
field use to special needs of true rms ac detec-
tion.

For measurements involving dc applica-
tions, select the instrument with the broadest
capability meeting your requirements. For ac
measurements involving sine waves with only
modest amounts of distortion (<<10%), the
average-responding voltmeter can perform
over a bandwidth extending to several mega-
hertz. For high-frequency measurements
(>10 MHz), the peak-responding voltmeter
with the diode-probe input is the most eco-
nomical choice. Peak-responding circuits are
acceptable if inaccuracies caused by distor-
tion in the input waveform can be tolerated.
For measurements where it is important to
determine the effective power of waveforms
that depart from a true sinusoidal form, the
True RMS-responding voltmeter is the ap-
propriate choice.

Some analog voltmeters offer multiple
functions such as dc and ac voltage plus resis-
tance measurements.

Analog Voltmeter Accuracy

Before we can discuss meter accuracy, we
must have a familiarity with the various me-
ter scales available. Many instruments have
meter scales marked in both volts and decibel
(dB) units. It should be noted that dB and

Analog Voltmeter Selection Chart

voltage are complements of each other. That
is, if a voltage scale is made linear, the dB
scale on the same meter face will be logarith-
mic or nonlinear. Likewise, if the dB scale is
made linear, the voltage scale becomes non-
linear. The term “linear-log scale” is applied
to an instrument that has a linear dB scale
and, therefore, a nonlinear voltage scale.
Several different types of meter faces are il-
lustrated in Figure 1.

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

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

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

(a}

(b)

(e I RM.S. VOLTS e

DEClsELS
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Figure 1. Four different types of meter
scales available. (a) Linear 0-3 V and 0-
10 V scales plus a dB scale. (b) Linear dB
scale plus non-linear (logarithmic) voltage
scales. (c) dB scale placed on larger arc
for greater resolution. (d) Linear —20 to O
dB scale useful for acoustical and commu-
nications applications.

Model AC VOLTMETERS Voltage Range Frequency Range; Typicat Accuracy Page
3400A RMS VOLTMETER provides rms readings of complex signals. 1 mVto300V 10 Hz to 10 MHz
Has dc output for driving DVM's or recorders (12 ranges) 1% to +5% 57
400E HIGH ACCURACY AC VOLTMETER has dc output (£0.5%) for I mVto300V, 10 Hz to 10 MHz
400 EL driving recorder -60 dB to +50 dB +1% £5% 58
400F FAST-RESPONSE AC VOLTMETER 100 kHz low-pass filter ac amplifier 100 4V to 300 V; -80 dB to +50 dB 20 Hz to 4 MHz; +1% to £4% 58
400 FL
400GL HIGH ACCURACY dB VOLTMETER 20 dB log scale (0 dB=1V) ~80 dB to +60 dB (8 ranges) 20 Hzto 4 MHz,20.2dB t0 0.4 ¢B 58
4038 RECHARGEABLE BATTERY AC VOLTMETER 1 mV to 300 V (12 ranges) 5Hzto 2 MHz; +2% to £5% 59
3406A SAMPLING RF VOLTMETER provides True RMS measurements I mVto3V(8ranges) 10 kHz to >1.2 GHz 63
when used with 3400A. Many accessories +3%to £13%

Model MULTI-FUNCTION METERS Voltage Range (Accuracy) Resistance Range (Accuracy) Page
4274 BATTERY-OPERATED MULTI-FUNCTION METER has 10 DC: 100 mV to1000 V (+2%) 9 ranges 109 to 10 M2 mid-scale +5%: from 0.3 61
MQ dc input impedance and 10 MQ/20 pF ac input impedance AC: 10 mV to 300 V 10 Hz to 1 MHz to 3 on the meter scale (7 ranges)

(+2%) 10 ranges
410C VERSATILE VOLTMETER has 100 MQ dc input impedance DC: +15mVto £1500 V (£2%) 11 ranges 100 to 10 MQ {center scale) 0 to midscale: 60
and 10 MQ2/1.5 pF ac impedance AC: 0.5V to 300 V 20 Hz to >700 MHz 5% or 2% of midscale (whichever
(+3% at 400 Hz) 7 ranges is greater) 11 ranges current: DC: +1.5 yA to
+150 mA (£3%)
Model CURRENT METERS Current Range Frequency Range Page
4288 DC MILLIAMMETER with clip-on probe eliminates direct connection 1 mAto 10 AFS (9 ranges) dc to 400 Hz 62




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

DECIBELS
¥ sin

RS RIGPERBINE

HEWLETT» PACKARD . 3400A RMS VOLTMETER

RANGE ) LINE
48 VOLTS VOLTS o8
-10 .3 1 [}
-20 .1 3 +10
-30 10 +20
-40 30 +30
-50 . - 100  +40
-60 001 300 +50

Description

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

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

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

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

ANALOG VOLTMETERS

10 Hz to 10 MHz True RMS Voltmeter
Model 3400A

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

Specifications

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

DB range: —72 to +52 dBm (0 dBm = | mW into 600%).
Frequency range: 10 Hz to 10 MHz.

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

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

10Kz 50Hz 1MHz 2MH; IMH: 10MHz
[ [ =1 [ x% [ =3 [ 3% |

AC-to-DC converter accuracy: % of full scale (20°C to 30°C)*
10Hz 50Hz 1MHz 2MHz IMHz 10MHz
[ =% | =o7s% [ z2% [ s3% | #5% |

* TC: £0.1% from 0°C to 20°C and 30°C to 55°C.

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

Maximum continuous input voltage: 500 V ac peak at 1 kHz on all
ranges; 600 V dc on all ranges.

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

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

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

Output: negative | V dc into open circuit at fuli-scale deflection, pro-
portional to meter deflection from 10-100% of full scale. | mA maxi-
mum; nominal source impedance is 10009Q. Output noise <1 mV rms.
Power: 115 0r 230 V +10%, 48 to 66 Hz, 15 VA max.

Size: 159 H (without removable feet) x 130 W x 279 mm D (6.25” x
S5.17x 11"); %5 module.

Weight: net, 3.3 kg (7.3 1b). Shipping, 4.5 kg (10 1b).
Accessories furnished: 10110A Adapter, BNC to dual banana
jack.

Accessories Available

11001A Cable, 45 in. long, male BNC to dual banana
plug

11170A Cable, 12 in., male BNC connectors
11170B Cable, 24 in., male BNC connectors
11170C Cable, 48 in., male BNC connectors
11002A Test lead, dual banana plug to alligator clips
11003A Test Leads, dual banana plug to probe and
alligator clip

11076A Carrying Case

Ordering Information
3400A Opt 001 spreads out the dB scale by making it
the top scale of the meter.

Rear terminals in parallel with front panel terminals
and linear log scale uppermost on the meter face are
available on special order.

3400A RMS Voltmeter
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AC Volitmeter, 10 Hz to 10 MHz
Models 400E, EL, F, FL, GL
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Specifications
400E/EL* 400F /FL* 400GL
Voltage range 1mVto 300 VF.S. 12 ranges 100 uV to 300 V F.S. 14 ranges -80dB to +60 dB F. S. 8 ranges
Frequency range 10 Hz-10 MHz 20 Hz-4MHz 20 Hz-4 MHz
Input impedance 10 M@ on all ranges 10 M2 on all ranges 10 MQ on all ranges
<25 pF to <12 pF depending <30 pF to <15 pF depending <30 pF to <15 pF depending
on ranges on ranges on ranges
Accuracy® +{% reading + % range) (% reading + % range) (% reading)
3 mV-300 V ranges 300 »¥-300 V ranges +60 dB range
10 Hz-40 Hz; £(25+2.5) F FL 20 Hz-40 kHz; +0.4 dB
40 Hz-2 MHz; £(1 + 0) 20 Hz-40 Hz; +(2+ 2) +4 40 kHz-100 kHz; +0.2dB
2MHz-4 MHz; £(15+15) A0 Hz-100Hz (1 + 1) +2
100 Hz-1 MHz; ={}2 + 12) +1
4 MHz-10 MHz 1 MHz-2 MHz; (1 + 1) 12 -60 dB thru + 40 dB ranges
3mVrange: £(25+25) 2 MHz-4 MHz: £(2+2) 4 20 Hz-40 Hz; +0.4 dB
10 mV-3V range: £(3.0 + 2.0) for 4 MHz to 6 MHz 40 Hz-500 kHz: +0.2 dB
+(3.75 4 3.7%) for 6 MHz to 10 MHz 500 kHz-2 MHz; +0.4 6B
10V-30V: £(3.5+35) 2 MHz-4 MHz; +0.2,-0.8 dB
1mV range 100 4V range -80 dB range
10Hz-40Hz £ (25+25) 30Hz-60Hz, +(2+2) +4 30 Hz-60 Hz: 0.4 dB
40 Hz-500 kHz; +{1 + 0) 60 Hz-100 kHz: (1 + 1) +2 60 Hz-100 kHz; £0.2 dB
500 kHz-4 MHz: +(2.5 + 2.5) 100 kHz-500 kHz; 100 kHz-500 kHz; + 0.2, -0.8 dB
{1 4+(+0,-7)) +1.-8
Recovery <2 s for 80 dB overload
Qverload *$500 ¥ rms ac, 300V dc *#1200V rms max. input;
1000 V dc max. input
Calibration Responds to average value of input: calibrated in rms value of sine wave. Responds to average value of
Scale ~10 to +2 dB between ranges, 100 divisions on 0 to 1 scale. input: calibrated in rms value of
The dB scale reads —10 to +2 dB; 10 dB between ranges. sine wave. Linear 20 to 0 dB scale,
100 divisions. 20 dB per range. Log voltage scale.
Weight Net, 2.7 kg (6 1). Shipping, 4.1 kg (9 1b)
Size 159 mm H (without removable feet) x 130 mm W x 297 mm D (6.25" x 5.13" x 11"}
Power AC. 115 0r 230V +10%, 48 to 440 Hz, 6 VA max.
DC: External batteries: + and — voltages between 35V and 55 V

* NOTE: 400 EL same as 400E, and 400FL same as 400F, except for calibration. Linear dB scale
—10dBto +2 dB, 10 dB between ranges. Log voltage scales 0.3to 1 and 0.8 to 3, 120 divisions
from —10 dB +2 dB. 400 FL accuracy is % of reading in dB only.

** AC overload voltage decreases with increasing frequency.
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ANALOG VOLTMETERS
5 Hz to 2 MHz AC Solid-State Voltmeter
Model 403B
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Description

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

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

CAsRD

value of the input signal.

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

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

Specifications
Range 0.001 to 300 V rms full scale, 12 ranges, ina 1, 3, 10 sequence.
—60 dB to +50 dB in 12 ranges with 10 dB steps.
Meter Responds to average value of input waveform, calibrated in the rms value of a sine wave.
Frequency
Range 5Hz to 2 MHz
Accuracy Within +2% (£0.2 dB) of full scale from 10 Hz to 1 MHz;
within 5% (£0.4 dB} of full scale from 5 to 10 Hz and from 1 to 2 MHz, except +10% (0.8 dB) from
1 to 2 MHz on the 300 V range (0 to 50°C).
Input 2 MQ; shunted by <60 pF, 0.001 to 0.03 V ranges;
Impedance <30 pF, 0.1 to 300 V ranges.
Maximum Fuse protected (signal ground can be =500 V DC from chassis).
Input
Power 4 rechargeable batteries, 40 hr. operation per recharge, AC line power: 115V or 230V (£ 10%), 50-400 Hz, 2 VA
up to 500 recharging cycles; self-contained recharging
circuit functions during operation from AC line.
Size 159 mm H (without removable feet) x 130 mm W x 225 mm D (6.25" x 5.13" x 8.88").
Weight net, 2.9 kg (6.5 |b). Shipping, 3.6 kg (8 Ib).
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General Purpose Multi-Function Voltmeter
Model 410C

410C with 11036A

Description

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

Specifications

DC Voltmeter

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

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

Input resistance: 100 MQ + 1% on 500 mV range and above, 10 MQ
+3% on 150 mV range and below.

AC Voltmeter

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

Frequency range: 20 Hz to 700 MHz.

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

Input impedance: input capacitance 1.5 pF, input resistance > 10
MQ at low frequencies. At high frequencies, impedance drops off due
to dielectric loss. )
Satfety: the probe body is grounded to chassis at all times for safety.
All ac measurements are referenced to chassis ground.

DC Ammeter

Currentranges: + 1.5 A to =150 mA full scale in 1.5, 5 sequence
(11 ranges).

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

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

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

Ohmmeter

Resistance range: resistance from 102 to 10 MQ center scale (7
ranges).

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

Amplifier

Voltage gain: 100 maximum.

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

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

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

Output impedance: <3 Q at DC.

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

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

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

General

Maximum input: (see overload recovery). DC: 100 V on 15, 50 and
150 mV ranges, 500 V on 0.5 to 15 V ranges, 1600 V on higher
ranges. AC: 100 times full scale or 450 V p whichever is less.
Power: 115V or 230V = 10%, 50 Hz to 440 Hz, 15 VA (24 VA with
11036A ac probe).

Size: 165 mm H (without removable feet), x 130.2 mm W x 280 mm
D (6'2" x 54" x 11") behind panel.

Weight: net, 3.6 kg (8 Ib). Shipping, 6.35 kg (14 Ib).

Accessories furnished: detachable power cord, 11036 A AC probe.

Ordering information

410C with HP 11036A Detachable AC probe
410C Option 002 (less ac probe)
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Description

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

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

Specifications

DC Voltmeter

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

Input resistance: 10 MQ.

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

ANALOG VOLTMETERS

Low-Cost Multi-Function Meter
Model 427A

Overload protection: 1200 V dc.

AC Voltmeter

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

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

Frequency Range
001Vt 30V 100 Vto 300V
10 Hz to 100 kHz 2% of range 2% of range
100 kHz to 1 MHz

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

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

Ohmmeter

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

Open circuit Short circuit
Range Voltage Current
X10 (AR 10mA
X100 01V I mA
X1k v I mA
X10k 1V 100 uA
X 100K v 10 4A
X1IM v m
X10M v 0.14A

General

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

Operating temperature: 0°C to 50°C.

Power: =300 hr operation per battery.

HP 427A. 22.5 V dry cell battery, Eveready No. 763 or RCA VS102.
HP 427A Option 001: battery operation or ac line operation, selecta-
bleonrearpanel. 115V or230V +20%, 50 Hzto 400 Hz,0.7 VA max.
Size: (standard !4 module): 159 mm H (without removable feet) x
130 mm W x 203 mm D (6.25" x 5.13" x 8").

Weight: net, 2.4 kg (5.3 1b). Shipping, 3.2 kg (7 1b).

Accessories Available

HP 11096B High Frequency AC Probe extends range to > 500 MHz.
With the 11096B, you can measure 0.25 to 30 V rms signals out to
500 MHz with better than + 1.2 dB accuracy. Usable relative mea-
surements can be made up to | GHz (3 dB point at 700 MHz). The
11096B is a peak-responding detector calibrated to produce a dc out-
put proportional to the rms value of a sine wave input. Input imped-
ance is 4 MQ shunted by 2 pF.

Options and Accessories

11075A High Impact Case. A rugged case for carry-
ing, storing and operating the 427A

11096B High Frequency AC probe

11001A 45" test lead, dual banana plug to male BNC
11002A 60" test lead, dual banana plug to alligator
clips

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

10111A BNC female to dual banana adapter

Ordering Information
427A Multi-function Meter (includes batteries)
427A Option 001 AC power supply & battery
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1 mA to 10 A Clip-On dc Milliammeter
Model 428B

® No circuit interruption
® No circuit loading

428B

Description

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

The 428B measures current by utilizing a clip-on transducer that
converts the magnetic field around the conductor to an ac voltage
proportional to dc current. This voltage is detected and displayed as

. direct current on the 428B’s meter. Since there is no direct contact

with the circuit being measured, complete dc isolation is assured.

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

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

Specifications

DC current range: 1 mA to 10 A full scale, nine ranges.
Accuracy: 3% of full scale +0.15 mA, from 0°C to 55°C (when
instrument is calibrated to probe).

Probe inductance: <<0.5 uH.

Probe inducted voltage: <15 mV p (worst case at 20 kHz and
harmonics).

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

max. into open circuit in uncalibrated position. 0.73 .01 Vinto 1 kQ
in calibrated position.

Noise: | mA range, <15 mV rms across 1 kQ; 3 mA range, <5 mV
rms across | k; 10 mA through 10 A ranges, <<2 mV rms across
1 kQ.

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

AC rejection: signals > 5 Hz with pk value <full scale affect meter
accuracy <2% (except at 40 kHz carrier frequency and its harmon-
ics). On the 10 A range, ac pk value is limited to 4 A.

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

Probe insulation: 300 V maximum,

Probe tip size: ~0.5 in. (12.7 mm) by 0.66” (16.67 mm) aperture
diameter 0.16 in. (3.97 mm). :

Size: cabinet: 292 H x 191 W x 368 mm D (11.5” x 7.5” x 14.5").
Weight: net, 8.6 kg (19 |b). Shipping, 10.9 kg (24 Ib).

Accessories Available

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

Range: | mG to 10 G full scale, nine ranges.

1 mG = 1 mA conversion factor.

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

Weight: net 0.45 kg (1 Ib). Shipping 0.91 kg (2 Ib).

Ordering Information
3529A Magnetometer Probe
428B Analog Milliammeter (cabinet)
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10 kHz to 1.2 GHz RF Voltmeter
Model 3406A
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Description

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

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

Specifications

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

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

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

10 20 25 100 100 700 1 12
kHz kHz kHz kHz MHz MHz GHz GHz

[ =3 ] =8 [ =5 J =3 [ 5 [ 8 [ +13 |
Input impedance: input capacity and resistance will depend upon
accessory tip used. 100,000 Q shunted by <2.1 pF at 100 kHz with
bare probe; <10 pF with [1072A isolator tip supplied.

Sample Hold Output

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

(operating into =200 kQ load with <1000 pF). Outputis 0.316 V at
f.s. on any range.

Noise: <175 uV rms referred to input.

Accuracy (after calibration): 0.01 V range and above: same as full
scale accuracy of instrument. 0.001 V t0 0.003 V range: value of input
signal can be computed by taking into account the residual noise of
the instrument. Jitter: meter indicates within + 2% pk of reading 95%
of time (as measured with HP 3400A True RMS Voltmeter).

RMS crest factor: 0.001 V10 0.3 V,20dB; 1V, 13dB;3V,3dB.
Meter

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

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

General

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

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

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

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

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

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

Size: 159 mm H (without removable feet), x 197 mm W x 279 mm D
(6.25" x 7.75" x 11"); ¥2 module.

Weight: net, 5.4 kg (12 Ib). Shipping, 6.8 kg (15 Ib).
Accessories: refer to data sheet.

3406A RF Voltmeter
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DIGITAL VOLTMETERS

General Information
[

DVM'’s have historically been optimized
for either a systems environment where speed
is important or for bench applications where
high accuracy, high resolution and low noise
are paramount. In keeping with the prece-
dent set by HP’s high performance DVM,
the 3456 A, HP introduces two new DMM’s—
the 3468A and the 3478A. Both offer the
classical trade-off between speed and accura-
cy by using the same multislope integration
A/D technique introduced in the 3456A.
Both offer 3'2 to 5% digit resolution. Both
are full five function digital multimeters with
dc volts, true rms ac volts, resistance, dc cur-
rent, and true rms ac current. Both are com-
pletely programmable. Both offer complete,
adjustment-free electronic calibration. The
calibration constants are retained in non-
volatile memory by a lithium battery capable
of holding the calibration constants for more
than ten years. And both the HP 3468A and
3478A are attractively low priced.

A new, low cost interface for peripheral
and instrumentation is found in the HP
3468A. It is called HP-IL, the Hewlett-
Packard Interface Loop. The new interface
offers a low power, multidrop serial interface
which allows interfacing between handheld

calculators like the 41C/CV and the series
80 Personal Computers and the HP 3468A
DMM. All of this computational power can
be applied to automate measurements on the
bench or in a production environment.

With the power of a programmable calcu-
lator and the HP 3468A, software can easily
be developed to analyze and store data for a
customer’s specific application. For example,
if a customer needs to measure temperature,
he can use the 41C/CV to linearize the trans-
ducer device and display the results in de-
grees C or F right on the display of the HP
3468A. With a simple 41C/CV program, the
HP 3468A can display in dBm referenced to
any impedance for audio and telecommuni-
cation applications. For applications such as
resistor tolerance or performance testing of a
device, the HP 3468A can easily be pro-
grammed to provide the measurements nec-
essary for tolerance testing.

The new HP 3478 A DMM offers high sys-
tem performance at low cost bench prices.
The HP 3478 A measures dc volts, true rms
ac volts, 2 and 4 wire ohms, and current with
3%, 4Y2, or 5' digit resolution. It measures
dc voltage from 30 mV full scale with 100

nanovolt sensitivity up to 300 volts. This wide

dynamic range allows detection of low level
signals or higher voltages and reduces the
amount of signal conditioning necessary. The
HP 3478A has a 300 kHz bandwidth and 4:1
crest factor to give customers confidence in
true rms ac voltage measurements. Either 2-
wire or 4-wire ohms measurements can be se-
lected with a maximum range of 30 Mohms
down toa 100 microohm sensitivity on the 30
ohm range. 4-wire ohms can be used for re-
ducing errors caused by cable resistance and
relay scanners in a customer’s system or the
2-wire ohms can be used for convenience.
Both .3 A and 3 A ranges of dc and true rms
ac current are provided, completing the func-
tion capability of the HP 3478A.

~
Integration | Determination of Reading ™

Counts during run down proportional to
input voltage
Figure 1. The classical dual-slope integration technique is limited in speed to
how [ast the zero crossing can be detected accurately. In addition. the final
reading is not known until rundown has been completed. Note that the
valtage remaining on the integrator's capacitor is proportional to input level.



HP IC Technology Lowers the Cost
of Multi-slope A/D Conversion
The A/D conversion technique pioneered
by the HP 3456A has been refined with
monolithic clip technology on the HP 3468A
and 3478A to give high performance at very
low cost. In addition, the reduced number of
parts in the new multimeters means reduced
service problems and lower cost of owner-
ship. The basic design contributions of the
multi-slope technique are:
1. Speed
2. Elimination of high speed logic in the
zero comparator.
3. Keeping the run-up slopes steep to effec-
tively extend the range of the compara-

DIGITAL VOLTMETERS

4. Completion of the A/D conversion dur-
ing the measurement.

5. Conversion of the gain errors and timing
errors into offset errors where they can
be subtracted out.

In summary, the design emphasis of the
new HP 3468A and 3478A lets the customer
match his DMM needs to the performance
level required. Either extremely high perfor-
mance in resolution, speed, and accuracy
with the HP 3456A or low cost for automat-
ed bench use with the HP 3468 A & 3478A.
The DMM Selection Chart below can help in
the selection of the DVM for a bench or sys-

General Information

Run Down Period

Sloge = §
100 S qg00t S _
T 1aoms final zero crossing

{east signiticant digit
—-1.2 ms max——m7mMm———————

Figure 2. The Multi-slope Il technique used in the 3456A Digital
Voltmeter employs a four-slope rundown to successively establish
the value of the four least significant digits in the final reading.
Note that the final zero crossing which determines the least signifi-
cant digits is done with the shallowest slope.

tor. tem application.
BENCH DVM’S
de Yolts ac Volts Resistance Current General
Open
Max. | Rdgs/ Sensi- Basic Band- Sensi- | Circuit Over-

DVM's Features Input Sec | Ranges | tivity Accuracy width | Ranges | tivity | Voltage | ac de Ranging range Other
34358 100 mv 5 100

Y digit [ X to 1004V | 7 . kHz to  |10miliQ] <5V Yes Yes |Auto/Manual | 100%

3 diei . llk(c)curﬁc(); ooV | 47 00 ++ (11 % Rdtg 100 0 Battery Power
068 o 10 mill 1200V count) 10 Mg Opt 002
34664 o Autorange 10mv 100

% digt | o True RMS woov | 47 | o | 1w ﬂ(?asguif)g Jo0kz | o umiio | <5V { T ] Yes | uto/Manual | 100 | Seten P ower
P69 o 1 4V sensitivity 1200V 10 Mg fac or de
34674 o Temperature 20 mV 2009

Wpdgt | o Printer/Tmer | 350V | 45 | to | 1 | =LO¥RRE ) LOOKHZ | 0" g niig) < 5 Auto/Hold | 100% | 1ot Measure-
p70 o 4 channels 350V count) ruems | 5o ment Station
SR R 827 3V £(0035% Rdg.| 300KkHz | 3000 Yes Battery-

d Zn o 5 Functions 300V wuth' 5y to 1V +2 counts) | True rms to ImQ | <65V [Truerms| Yes Auto/ N/A | Option 001

e « Low Cost "2 300V 30 Mo Manual HP-IL

p. 66 digit)
SYSTEM DVM’S
dc Volts ac Volts Resistance Current General
Open )
Max. | Rdgs/ Sensi- Basic Band- Sensi- | Circuit Over-

DVM's Features Input Sec | Ranges | tivity Accuracy width | Ranges | tivity |Voltage | ac de Ranging range Other
34387 . 200 mv . 100 ' ,
sagt | Sy o [ov | a7 | T o0 | SCR% a0 | o [tomiia| <5V | Yes | Yes [auto/Monual | 100% | Fiefunction
082 o Low Cosf 1200y count) 10 Ma HP-IB
3437‘A‘ . HP-IB 100 mv +(.03% Rdg HP-IB Int. timer
3% digit o High speed 20V 5700 to 100 gV n 2 counts)A Manual 100% | Sample/Hold
p80 Sample/Hold 10V Hold
34558 g 100 mv o 1009 HP-IB, guarded,
514, 61 digt| & b5 000V] 2 | to | 1w tiolosénﬁ‘ig Tz 1 "o | 1milia | <5 Auto/Manual | 50% | 4 terminas,
p78 1000V 10 M@ Math
3456A « High Perfor- 330 HP-IB, guarded

S| 100 mV 100Q e '
3%, 4%, 5%,] mance (48 with £(.0008% Rdg.| 250 kHz Statistics,
6% digit o Selective 1000 6% 10800 v 100n¥ + 2 counts) | True rms 1th 100, | <95V Auto/Manual | - 20% Pass /Fail,
pi4 integration time digits) Offset, % error
Eorol R WRELL +(0034% | 300kHz | 300 Yes HoB &
digit « 5 Function 300V with 5% to 100 nv Rdg. + Truerms [ to 10040 | 65V [Truerms| Yes Auto/ N/A FL“IeS "
p.72 o Low Cost digits) 300V 2 counts) 30 Mo Manual Functions
314974!\1 . . Selefc:jable 5(3)00 01V (002% R Program. HP-IB, Guarded
3%, 4%, 5% # of digits (50with} ™ +(.002% Rdg. current Built-in mem.
digit o Built-in 120v 5% 1&8 v Ly + 1 count) source Auto/Manual | - 20% Program. current
p45 memory digits) for ohms source

()



©

DIGITAL VOLTMETERS
5% to 3% digit, HP-IL
Model 3468A

® Five Functions
® HP-IL Programmable

e Electronic Calibration
® 5% {0 3'% Digits

" FEEEBED
FEEEHEBE

l DESIGNED FOR I
SYSTEMS

Description

The 3468A is an autoranging 5% to 3% digit DMM with the five
functions of dc volts, true RMS ac volts, 2 and 4-wire ohms, dc cur-
rent and true RMS ac current. It interfaces with HP-IL (Hewlett-
Packard Interface Loop) providing complete programmability of
functions, ranges and modifiers. The 3468A can also be completely
calibrated electronically without any adjustments either from the
front panel or remotely in an automatic calibration system. It is avail-
able with a rechargeable battery and battery charging circuitry for
portable measurements.

HP-IL

The 3468A is fully programmable with HP-IL, a new two-wire ser-
ial interface, and the HP 41C/CV handheld calculators or the more
powerful HP series 80 computers. HP-IL provides automatic mea-
surements and adds computational power to a bench DMM. For ex-
ample, to measure temperature, the HP 41 can linearize a transducer
device and display the results in degrees C or degrees F right on the
display of the 3468A. For audio and telecommunication applications,
the 3468 A can measure ac voltage and the HP 41 can convert to dBm
referenced to any impedance. Or the HP 41 can be programmed to
get data from the 3468A and perform a % error calculation, then
display the results in percent on the 3468A display.

High Performance
The 3468 A has 5 functions with selectable 5%, 4% or 32 digit reso-
lution. DC and true RMS ac voltage measurements are provided

from 0.3 volt full scale range with 1 uV sensitivity up to 300 volts. The
bandwidth of the true RMS ac converter is from 20 Hz to 100 kHz on
all ranges and up to 300 kHz on the 30 V range. Either 2 or 4-wire
ohms measurements can be selected with a maximum range of 30
MQ. Both dc and true RMS ac current capability is provided up to 3
A. All functions on the 3468A incorporate a fast autoranging. The
3468A uses an integrating analog to digital conversion technique for
high noise rejection. The selectable 3'2, 4% or 5 digits of resolution
allows flexibility for choosing speed or noise rejection.

Electronic Calibration

Complete calibration of the 3468A is done electronically, either
manually from the front panel or remotely in an automatic calibra-
tion system. There are no internal adjustments. Complete calibration
of all functions is done without removal of the instrument’s covers,
thus saving valuable time and reducing cost. The calibration proce-
dure for the 3468A involves connecting a calibration standard to the
input, then pressing three keystrokes to store one calibration constant
in CMOS RAM for each range and function. When the 3468 A makes
a measurement, each reading is corrected according to the calibration
constants that have been stored. The internal CMOS RAM used in
the 3468A is powered by a lithium battery to create a non-volatile
memory capable of holding the calibration constants for more than
ten years.

Battery

The optional battery pack includes a rechargeable battery and the
battery charger circuitry for up to five hours of continuous measure-
ments.



DC Voltage
Input characteristics:
Maximum N
Reading
Range (5% digit) 54 digit 44 digit 3% digit
3V +.301000 V 1wV 10 4V 100 4V
3V +3.01000 V 10wV 100 uV Imv
0V +30.1000 v 100 »V Imv 10mv
300V +301.000 V 1mV 10mV 100 mv

Input resistance: .3 V, 3 V ranges: >10" Q
30 V, 300 V ranges: 10 MQ +1%
Maximum input voltage (non-destructive):
Hi to Lo: 301 Vrms or 450 V peak
Hi or Lo to Earth Ground: =500 V peak
Measurement accuracy: +(% of reading + number of counts).
Auto zero ON. 5% digits.

5% Digit Mode:

Tearr21°C TCal* +5°C
Range 24 Hour 90 Day 1 Year
3v 0.005 +4 0.009 + 5 002 +5
3V 0.0035 + 2 0.007 + 2 0.018+2
0V 0.005 +3 0.009 + 3 002 +3
300V 0.0055 + 2 0.009 + 2 0.02 +2

*TCal is the temperature of the environment where the 3468A was calibrated. Calibration should be
performed with the temperature of the environment between 20°C and 30°C.

Temperature coefficient: 0°C to 55°C, §': digits, auto zero ON.
+ (% of reading + number of counts)/°C.

Range Temperature Coefficient
3V, 30V 0.0008+ 5
3V, 300V 0.0007 + .05

Noise rejection: In dB, with 1 kQ imbalance in Lo lead. AC rejection
for 50, 60 Hz +0.1%. Auto zero ON.

AC AC 0C
Display NMR ECMR | CMR
51 digits 80 150 140
4t digits 59 130 140
3 digits 0 70 140

Reading rates:

Maximum reading rate with HP 85A: 32 readings/sec
Maximum reading rate with 41 CV: 2 readings/sec
Resistance (2-wire Q, 4-wire Q)

Input Characteristics:

Maximum input voltage (non-destructive): 300 Vrms or 450 V
peak.

Measurement accuracy: +(% of reading + number of counts)
Auto zero ON. 5! digit display. Accuracy is specified for sinewave
inputs only, >10% of full scale.

1 Year, TCal +5°C.

Maximum N

Range (5 digit) 5' digit 4% digit 3" digit
3000 301.000 9 1 m@ 10mQ 100 m@
3k 3.01000 k2 10ma 100 mQ 19
30k 30.1000 k& 100 mQ ) 10 0
300 k) 301.000 k2 19 10 0 100 0
3MQ 3.01000 MQ 10 Q 100 @ 1k2
30 Mo 30.1000 M2 100 @ 1 k0 10k

Input protection: (non-destructive): + 350 V peak
Measurement accuracy: = (% of reading + number of counts).
Auto zero ON. 5'2 digit display. 4-wire ohms.

Tea* 2 1°C TCal* £5°C
Range 24 Hour 90 Day 1 Year
3000 0.004 +4 0012+4 0017 +5
3 k(-300 k¢ 0.004 + 2 0011+ 2 0.016+2
3IM2 0.005 + 2 0011 +2 0016+ 2
30 M 0.036 + 2 0.066 + 2 0078 +2

2-Wire ohms accuracy: Same as 4-wire ohms, except add a maxi-
mum of 100 mQ offset.

Current through unknown:
Range 3000 3K 30k 300kQ | 3MQ 30 M2
Current 1 mA 1 mA 100 A 10 4A 1gA 100 nA

Maximum open circuit voltage: 6.5 V

AC Voltage (irue RMS responding)
Input Characteristics:

Maximum I
Reading
Range (54 digit) 5'2 digit 4'a digit 34 digit
3V 301000 v 1V 10 4V 100 wV
3V 3.01000 V 10 v 100 uV I mv
30V 30.1000 V 100 WV 1 mv 10mv
300V 301.000 v 1 mv 10mv 100 mv

Input impedance: 1| MQ =+ 1% shunted by <<60 pF.

Ranges
Frequency 3y v,V Jo0v
2050 Hz 1.14 + 163 114 + 102 1.18 4+ 102
50-100 Hz 0.46 + 163 046+ 103 05 +102
100 Hz-20 kHz 0.29+ 163 0.26 + 102 033+ 102
20-50 kHz 0.56 + 247 041 + 180 0.55+ 180
50-100 kHz 1.74 + 882 105+ 825 1.26 + 825
100 k-300 kHz 10.1 + 3720
(30 V range only)
Crest factor: >4:1 at full scale.
DC Current
Input characteristics:
Maximum N
Range (5% digit) 5, digit 4, digit 31, digit
3A +3.01000 A 10 4A 100 pA 1 mA
Maximum input (non-destructive): 3 A from <250 V source; fuse
protected.

Measurement accuracy: +(% of reading + number of counts).
Auto zero ON. 5" digit display.

TCal ~5°C

Range 90 Days 1 Year

3 A, <1 Ainput 014+ 6 017+ ¢

34, >1Ainput 1.0 +30 1.0 +30
AC Current (true RMS responding)
Input characteristics:

Maximum N

Range (5% digit) 51 digit 4 digit 31, digit

3A .301000 A 1 yA 10 4A 100 uA

3A 3.01000 A 10 uA 100 wA 1 mA
Maximum input (non-destructive): 3 A from <<250 V source; fuse

protected.

Measurement accuracy: +(% of reading + number of counts).
Auto zero ON. 5% digit display. Accuracy specified for sinewave in-
puts only, >10% of full scale.

1 Year, TCal =5°C

Ranges
Frequency JA 3A
20-50 Hz 1.77 + 163 25 +163
50-1 kHz 1.1 +163 18 +163
1k-10 kHz 10 +163 17 +163
10 k-20 kHz 1.14 + 163 1.84 + 163

General Information

Operating temperature: 0 to 55°C

Humidity Range: 95% R.H., 0 to 40°C

Power: AC line 48 to 440 Hz, 86 to 250 V, (see configuration)
Battery: (Opt 001) Rechargeable lead-acid; minimum continuous
operation for 5 hours at 25°C; recharge time is 16 hours with 3468A
off and 36 hours with 3468A on.

Size: 98.4 mm H x 238.1 mm W x 276.2 mm D (3.88 H x 9.38 W x
10.88 D).

Weight: 3468A—2.1 kg (4.63 lbs); 3468A with Opt 001—3.1 kg
(6.83 Ibs).

Configuration: Order one power and frequency option at no
charge from below.

Opt 315: 100 V, 50 Hz; Opt 335: 220 V, 50 Hz

Opt 316: 100 V, 60 Hz; Opt 336: 220 V, 60 Hz

Opt 325: 120 V, 50 Hz; Opt 345: 240 V, 50 Hz

Opt 326: 120 V, 60 Hz; Opt 346: 240 V, 60 Hz

3468A DMM with HP-1L and Test Probes
3468A Opt 001, add Rechargeable Battery Pack

67
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DIGITAL VOLTMETERS

3'2 Digit, High Accuracy DMM
Model 3435A

Description

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

Specifications

DC Voltmeter

Ranges: 200 mV Maximum display: *=199.9 mV
2V +1.999V
20V +1999V
200 V +199.9 V
1200 V +1199 V

Maximum input: 1200 V (DC + Peak AC).
Accuracy: | year, 15 to 30°C.

Range Specifications
200 mv +(0.1% of reading + 2 counts)
2Vi0 1200V +(0.1% of reading + 1 count)

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

Input resistance: 10 MQ + 1%.

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

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

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

AC Voltmeter
AC converter: avg. responding rms calibrated.

Ranges: 200 mV Maximum display: 199.9 mV
2V 1.999 V
20V 19.99 V
200V 1999 V
1200 V 1199 V

Maximum input: 1700 V (DC + Peak AC), 107 volt-Hz max.
Accuracy: (with display of =20 counts) | year, 15 to 30°C.
Range Specification
30 Hz-50 Hz +(1.5% of reading +3 counts)
50 Hz-20 kHz +(0.3% of reading +3 counts)
20 kHz-100 kHz +(1.5% of reading +10 counts)

Temperature coefficient: (0 to 15°C and 30 to 55°C) +(0.04% of
reading +0.2 count)/°C.
Input impedance: resistance: 5 MQ. Shunt capacitance: <50 pF.

Ohmmeter
Ranges Maximum display Current through unknown
20 Q 19.99 @ 5 mA
200 @ 199.9 @ 5 mA
2 kQ 1.999 kQ 500 pA
20 kQ 19.99 kQ 50 uA
200 kQ 199.9 kQ SuA
2000 kQ 1999 kQ 500 nA
20 MQ 19.99 MQ 50 nA

Input protection: 250 V rms.
Accuracy: | year, 15 to 30°C.

Range Specifications
209 +(0.5% of reading +12 counts)
200 0-2000 k0 +(0.2% of reading + 2 counts)
20 M2 +(0.8% of reading + 2 counts)

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

Range Specifications
20 0-2000 k@ +(0.04% of reading +0.2 count}/°C
20 MQ +(0.18% of reading +0.2 count)/°C

DC Current and AC Current

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

Maximum input: current: 2 amp (fuse protected). Voltage: 250 V.,

DC Current Accuracy: 1 year, 15 to 30°C.
Range Specifications

200 ¢A to 200 mA +(0.3% of reading + 2 counts)

2000 mA +(0.6% of reading + 2 counts)

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

£ (2% of reading £(1.2% of reading
Current 2000 mA 45 counts) +5 counts)
Range 202 mA +(1.7% of reading +(0.9% of reading
0 0 +5 counts) +5 counts)
200 pA
30H:z 50 Hz 10 kHz
Frequency of Input Signal
General

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

Ranging: automatic or manual on ACV, DCV and ohms. Manual

only on AC & DC current.

Operating temperature: 0 to 55°C.

Humidity: 95% RH, +15 to +40°C.

Power: AC line: 48-440 Hz; 86-250 V (see Ordering Information).

Battery: rechargeable lead-acid 10 hours minimum continuous oper-

ation with full charge. Recharge time: 16 hours operating, 12 hours

nonoperating.

Size: 3435A: 2391 cm W x 9.84cm Hx 27.62cm D (9.4" x 3.9" x
10.9").

Weight: 3435A: 2.41 kg (5.3 1b); 3435A Opt 001: 1.84 kg (4.1 Ib).

Ordering Information

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

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

3435A Opt. 002, Rack and Stack case, AC line power
only. (Rack mount kit not included.)

All orders must include one of the power options: 86—
106 V Opt. 100; 190-233 V Opt. 210; 104-127 V Opt.
115; 208-250 V Opt. 230.
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Description

The 3466A is a 4 digit Multimeter with autoranging volts and
ohms. Functional capability includes ACV, DCV, (AC + DC) V,
ACI, DCI, (AC + DC) |, ©, and diode test. AC measurements are
True-RMS with selectable AC or DC coupling. Available with re-
chargeable batteries or AC power only, it has 1 uV DC and 1 mQ
sensitivity with zero adjustment on lowest ranges to compensate for
external offsets.

Specifications
DC Voltmeter

Voltage Range Maximum Display

20 mV + 19.999 mV
200 mV + 199.99 mV
2V + 1.9999 V
20V + 19999 V
200 v + 19999 V
1200 V + 11999V

Maximum input: = 1200 V maximum DC and peak AC.
Accuracy: (1 yr., 18 to 28°C)

Range + (% of reading + # of counts)
20 mV (.05 + 3)
200 mV (.04 +2)
2V 200V (03 + 1)
1200 V, <<700 V input 035+ 1)
1200 V, >700 V input 055+ 1)

Input resistance: 10 meg @ £ 0.5% all ranges.
Input type: floating, 500 V maximum common to ground.

AC Voltmeter
AC Converter: True-RMS Responding True-RMS Calibrated

Range Maximum Display
200 m Vv 199.99 mV

2V 1.9999 V

20V 19.999 V

200 V 199.99 V

1200 V 1199.9 V

Maximum input: (AC + DC): = 1200V DC; 1700 V (DC + Peak
AC), AC: £600 V DC; 1700 V (Peak AC + DC), 10°V * Hz.
Crest factor: 4:1 at Full Scale.

Accuracy (with display of =10% of range): 1 yr., 18 to 28°C sinus-
oid waveform.

AC TRMS: (20 Hz to 100 kHz)

Frequency Range +(% of reading + # of counts)

20 Hz to 30 Hz (2 + 50)
30 Hz to 50 Hz (1 + 30)
50 Hz to 10 kHz (0.3 + 20)
10 kHz to 20 kHz (1 + 40)
20 kHz to 100 kHz (2 + 150)

DC + AC TRMS: DC + (20 Hz to 100 kHz).

DIGITAL VOLTMETERS

4" Digit Autoranging DMM

Model 3466A
Ohmmeter
Accuracy:
Current 1yr., 18 to 28°C
Ohms Maximum Through +(% of reading
Range Display Unknown +# of counts)
20 Q 19.999 Q S mA .08 +2
200 Q 199.99 @ S mA .08 +2
2 kQ 1.9999 kQ 1 mA 03 +1
20 kQ 19.999 kQ 100 A 03 +1
200 kQ 199.99 kQ 10 kA 03+ 1
2000 kQ 1999.9 kQ 1 A .04 + 1
20 MQ 19.999 MQ 100 nA A5+ 1

Input protection: 250 V RMS or 350 V (DC + peak AC).

DC Current and True RMS AC Current
Current Range Maximum Display

200 A + 199.99 A
2 mA + 1.9999 mA
20 mA + 19.999 mA
200 mA + 199.99 mA
2000 mA + 1999.9 mA

Maximum input: 2 amp rms from < 250 V source (fuse protected).
DC Current Accuracy (1 yr., 18 to 28°C):

Range + (% reading + # of counts)
200 pA through 20 mA (07 +2)
200 mA (0.15 + 2)
2000 mA 0.5+ 2)

AC Current Accuracy: (with display = 10% of range) 1 yr., 18°C to
28°C, sinusoid waveform.
AC TRMS: 20 Hz to 10 kHz.

+ (% of reading +

Range Frequency # of counts)
200 uA-200 mA 20 Hz-30 Hz 2+ 50
30 Hz-10 kHz 09 + 35
2000 mA 20 Hz-30 Hz 2+ 50
30 Hz-10 kHz 1.2 + 20
(DC + AC) TRMS: DC + (20 Hz to 10 kHz).
Diode Test
Function: ++— (k). Range: +=—  (2kQ).

Current source: | mA +1.5%.
Diode voltage drop displayed in volts: 1.9999 volts maximum.

General

Reading rate: 2.4 to 4.7/sec. depending on input level.

Operating temperature: (0 to 55)°C.

Humidity: 95% RH at +40°C.

Power: AC line; 48-440 Hz; 86-250 V.

Battery: rechargeable lead-acid 8 hours maximum continuous oper-
ation with full charge. Recharge time: 16 hours operating, 12 hours
non-operating,

Size: 3466A:98.4mm H x 238.1 mm W x276.2 mm D (3.88" x 9.38”
x 10.88").

Weight: 3466A: 2.9 kg (6.31 Ib). 3466A Opt 001: 2 kg (4.41 b).

Ordering Information

3466A streamlined portable case with handle, AC line
power. Batteries and charger included. Test leads in-
cluded.

3466A Opt. 001, streamlined portable case, AC line
power only.

3466A Opt. 002, Rack and Stack case, AC line power
only. (Rack mount kit not included.)

All orders must include one of the power options: 86—
106 V Opt. 100; 190-233 V Opt. 210; 104-127 V Opt.
115; 208-250 V Opt. 230.

3466A Digital Multimeter

A
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DIGITAL VOLTMETERS

42 Digit Logging Multimeter
Model 3467A

Description

Hewlett-Packard’s 3467A Logging DMM is a total measurement
station, doing jobs that used to require several instruments. The HP
3467A combines a high performance 4% digit DMM, four channel
scanner, digital thermometer, math functions, and printer with timer
in a single instrument. It simplifies setups and measurements and
gives you a record of data in the units you need (°C, dB, etc.). . .unat-
tended or manually. The 3467A can be used to measure DC volts,
resistance, true-rms AC volts, or temperature.

Specifications

DC Voltmeter
Range Maximum Reading
20 mV +19.999 mV
200 mV +199.99 mV
2V +1.9999 V
20V +19.999 V
200V +199.99 V
350V +3499 V

Maximum input: + 350 V from any terminal to ground and between
any two terminals

Accuracy: 6 months, 18°C to 28°C (Assuming 30 minute warmup
and use of zero adjustment):

Range +(% of Reading + Number of Counts)
20 mV 0.05+ 10
200 mV 0.04 + 2

2V —-200V, 350V 0.03 + 1

Temperature coefficient: (0° to 18°C, 28° to 50°C): = (.003% of
reading + 0.15 counts)/°C

Input resistance: 10 MQ =+ 5% on all ranges

Normal mode rejection: > 60 dB at 50/60 Hz +0.1%

Effective common mode rejection (1 KQ unbalance): >>120 dB
at 50/60 Hz =0.1%

Temperature Measurement
Technique: Temperature measurements using thermistors can be
made directly in °C or °F, selectable by an internal switch.
Thermistor linearization is included for the following thermis-
tors: YSI 44007, OMEGA 44007, FENWAL UUA 35J1 or equiv-
alent. (One thermistor is furnished with each 3467A).
Accuracy: The accuracy specification includes ohmmeter accuracy,
thermistor curve fit accuracy, and thermistor self-heating:

—80°C to + 80°C: £0.3°C

+80°C to +110°C: £0.5°C

+110°C to +150°C: +1.3°C

Ohmmeter
Range Maximum Reading Current Through
Unknown

200 Q 199.99 Q S mA

2 KQ 1.9999 KQ I mA

20 KQ 19.999 KQ 100 A

200 KQ 199.99 KQ 10 uA

2 MQ 1.9999 MQ 1 1A

20 MQ 19.999 MQ 100 nA

Input Protection: 250 V RMS or 350 V (DC + peak AC)
Accuracy: 6 months, 18°C to 28°C

Range + (% of Reading + Number of Counts)
200 Q 0.08 + 10
2 KQ 0.03 +3

20 KQ-200 KQ 0.03 + 1
2 MQ 0.04 +1
20 MQ 0.15+ 1

Temperature coefficient: (0°C to 18°C, 28°C to 50°C)
Range
200 Q +(0.002% of reading + 1 count)/°C
2 KQ-2 M@ +(0.002% of reading + 0.1 count)/°C

20 MQ +(0.01% of reading + 0.1 count)/°C

AC Voltmeter
AC converter: True RMS Responding; AC coupled

Range Maximum Reading
200 mV 199.99 mV
2V 1.9999 V
20V 19999 V
200V 19999 V
250V 2499V

Maximum input: +350 V (DC + peak AC), 10" V+Hz from any
terminal to ground and between any two terminals

Crest factor: 4:1 at full scale

Accuracy: Accuracy applies with readings of =9% of full scale; 6
months, 18°C to 28°C; sinusoidal waveform

Frequency + (% of Reading + Number of Counts)
45 Hz-100 Hz 1+ 40
100 Hz -10 kHz 0.2 + 40
10 kHz-20 kHz 1+ 40
20 kHz-100 kHz 2+ 200

Input impedance: 2 MQ =+ 5% in parallel with <100 pF

Printer and Timer

Type: Thermal Printer

Print modes: Manual: Initiates a printout of selected input channels;
Automatic: Scans, measures and prints selected input channels at
preset time intervals

Time interval: 1, 3, 6, 10, 18, 30, 60, or 180 seconds/minutes interval
selectable via front panel pushbuttons

Timer: Internal 24-hour crystal controlled interval timer. Timer
starts at 00:00:00 (HH:MM:SS). A time offset can be manually en-
tered to synchronize the timer with the time of day.

Timer accuracy: Within 1 minute in 24 hours

General
Reading rate: Depends on input signal level. 2 to 4% readings/
second.
Operating temperature: 0°C to +50°C
Thermal paper storage temperature: —40°C to 4+30°C
Humidity: 95% R.H., +40°C without thermal paper
60% R.H., +30°C with thermal paper

Power: 100/120/220/240 +5%, —10%

48 to 440 Hz line operation, <25 VA
Size: 190.5mm H x 212.9mm W x 304.8mm D (7.5" x 8.4" x 12").
Weight: Net: 4.77 kg (10.5 lbs.); Shipping: 5.44 kg (12 lbs.)

3467A Logging Multimeter (includes 1 roll of
thermal paper and a thermistor)



R O

10023A Temperature Probe

10023A Temperature Probe

The Model 10023A Temperature Probe provides the fast, accurate
temperature measurements needed in a wide variety of thermal de-
sign, diagnostic, and testing applications. Surface temperature mea-
surements are read directly in degrees Celsius on general purpose
digital multimeters having an input impedance of =10 megohms. A
pencil-like probe tip easily accesses small components and a press-to-
read switch makes measurements easy.

The probe is a self-contained temperature-to-voltage transducer
with a forward-biased diode chip providing calibrated linear output of
1 mV/°C. The entire electronics assembly, including integrated cir-
cuits and battery is packaged in the probe barrel.

A standard dual banana plug output connector provides universal
connection to digital voltmeters.

10023A Specifications

Electrical

Measurement range: —55°C to +150°C.

Output: | mV/°C.

Short term repeatability: +0.3°C (minimum of 48 hrs).
Accuracy: +2°C from 0°C to 100°C, decreasing linearly to +2°C,
—4°C at =55°C and +4°C, —2°C at +150°C.

Maximum voltage at tip: 600 V (dc + peak ac).

Tip capacitance to ground: approx 0.5 pF.

Thermal response: <<3 s to settle within 2°C of final reading (liquid
measurement) for a 100°C temperature change.

DMM Input R: =10 MQ

General

Operating environment (probe tip to approx 13 mm (0.5 in.)
from probe tip: temperature, —55°C to + 150°C; altitude, to 4600
m (15 000 ft); vibration, vibrated in three planes for 15 min. each with
0.38 mm (0.015 in.) excursion, 10 to 55 Hz.

Operating environment (probe body): temperature, 0°C to 60°C
(battery limitation); humidity (non-condensing), to 95% relative hu-
midity at +40°C, altitude and vibration same as those for probe tip.
Overall length: approx 1.4 m (53 in.).

Weight: net, 85 g (3 oz); shipping, 312 g (11 oz).

Battery life: approx 50 hr (varies with ambient temperature).
Accessories supplied: one replacement battery (1420-0256), one
sliding lock collar (10023-23201), and one probe tip cover (00547-
40005).

Ordering Information

10023A Temperature Probe

10023-60001 Replacement tip, includes pre-calibrated
tip and matching compensation network

11096B High Frequency Probe

DIGITAL VOLTMETERS [,

Voltmeter Accessories
D]

Probes, Dividers, Carrying Cases

34110A Soft Vinyl Carrying Case

34111A
Hi-Voltage
Probe

34112A Touch-Hold Probe

11096 B High Frequency Probe

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

11096B Specifications
Voltage range: 0.25 to 30 V rms.
Transfer accuracy (when used with 10 MQ? *= 10% dc
voltmeter)
100 kHz 100 MHz 500 MHz
+10°C 10 +30°C | 058 | =128 |

Down 3 dB at 10 kHz and 700 MHz.
Response: peak responding. Calibrated to read rms value of sine
wave.
Input impedance: 4 MQ shunted by 2 pF.
Maximum input: 30 V rms ac; 200 V dc.
Cable length: 4 feet long (1219 mm).
Accessories furnished: High-Frequency Adapter; Straight tip;
Hook Tip; Ground Lead.

34110A Soft Vinyl Carrying Case

Carrying case for ' rack size instruments. Inside dimensions of
254 cmx22.9cmx 10.2cmor 10" D x 9" W x 4" T. Zipper flip top
lid and zippered accessory pouch. Has shoulder carrying strap.

34111A DC Hi-Voltage Probe
1000:1 divider will accept up to 40 kV. Input Z = 10" Q. Divider
accuracy meets specifications when connected to 10 MQ input resis-
tance instrument.
Division ratio accuracy:
0~-20 kV
30—40 kV

20—-30 kV 2%

<4% Divider has interchangeable hook

and pointed tip.

34112A Touch-Hold Probe

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

Ordering Information

34110A Carrying Case for 2 Rack Size Instruments
34111A DC Hi-Voltage Probe

34112A Touch-Hold Probe
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DIGITAL VOLTMETER

Low Cost 3’2 to 5'2 Digit HP-IB Multimeter
Model 3478A

® 5 Measurement Functions
¢ Up to 71 Readings/sec

¢ Electronic Calibration
¢ 100 Nanovolt Resolution
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Description

The 3478A provides a low cost, completely HP-IB programmable
solution for system measurements. Selectable 3% to 5% digit resolu-
tion and 5 autoranging functions offer flexibility in automated test-
ing. The 3478A can measure DCV, true RMS ACV, 2 and 4 wire
ohms, and DC and AC current. Simple, fast electronic calibration
eliminates all adjustments to provide a lower cost of ownership.

Performance

Selectable speed and resolution provide the right capability for your
measurement. The 3478A can perform production tests or acquire
experimental data at 71 readings/sec with 3% digit resolution, or take
33 readings/sec with 130 dB of noise rejection using 4% digits. The
5% digit mode offers 100 nVDC and 100 uQ resolution for precise
measurements. True RMS with 300 kHz bandwidth and 4:1 crest
factor provides reliable measurements of AC signals. Fast autorang-
ing makes the first reading useful and accurate.

Designed for Systems

Switchable front/rear inputs permit flexible system connections.
The Voltmeter Complete output and External Trigger input allow
synchronization of the 3478A with a scanner for fast multiplexed
measurements without the delay of software commands. The test pro-
gram can automatically present messages or results on the alphanu-
meric liquid crystal display. The operator can then respond by
pressing the 3478A’s SRQ key to interrupt the controller and start
the next test. Built-in self-test capability assures proper operation.

Electronic Calibration

Complete calibration of the 3478A is accomplished without any in-
ternal adjustment or removing the instrument’s covers. The simple
and fast electronic calibration procedure lowers the cost of ownership.
You only need to connect standards to the 3478A and store calibra-
tion constants in the 3478 A’s non-volatile memory. Calibration can
be done manually from the front panel or automatically using HP-IB.

SYSTEMS

Specifications
DC Voltage
Input Characteristics:
Maximum
Reading Resolution
Range | (3% digit 5% digit 4% digit 3% digit
30 mv +30.3099 mv 100 nv 1aV 10 xV
300 mV £303.099 mV LaV 10V 100 uV
3V +3.03099 V 104V 100 wv Imv
0V +30.3099 V 100wV Imv 10 mv
300 V +303.099 V Tmy 10 my 100 mv

Input resistance: 30 mV, 300 mV, 3 V ranges: >10" Q

30 V, 300 V ranges: 10 MQ +1%
Maximum input voltage (non-destructive): Hi to Lo: 303 Vrms or
450 V peak; Hi or Lo to Earth Ground: +500 V peak
Maximum accuracy: + (% of reading + number of counts). Auto
zero ON.
5% Digit Mode:

TCal* +1°C TCal* +5°C
Range 24 Hour 90 Day 1 Year
30mv 0027 +35 0.03 +41 0.04 +41
300 mV 0005 + 4 0.0074+ 5 002 + 5
3V 00034+ 2 0.0059 + 2 0019+ 2
30V 0005 + 3 0.0074+ 3 002 + 3
300 V 00055+ 2 0.0076 + 2 002 + 2

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

Temperature coefficient: 0° to 55°C, 5! digits, auto zero ON.
+ (% of reading + number of counts)/°C

Range Temperature Coefficient
0my 0.0028 + 5.0
300 my 0.0005 + 0.5
3V 0.0004 + 0.05
30V 0.0006 + 0.5
300 vV 0.0004 + 0.05




Noise rejection: In dB with 1 k@ imbalance in Lo lead. AC rejection

for 50, 60 Hz = 0.1%. Auto zero ON.

Computer

Museum

Measurement accuracy: = (% of reading + number of counts).
Auto zero ON. 5% digit display. 4-wire ohms.

AC AC DC
Display NMR ECMR CMR
5% digits 80 150 140
4%, digits 59 130 140
3% digits 0 70 140
Maximum reading rates (readings/sec):
Line Auto Resolution
Frequency Zero 3% digits 4'; digits 54 digits
Off 71 33 44
60 Hz On 53 20 2.3
Off 67 30 37
50 Hz On 50 17 1.9
AC Voltage (true rms)
Input characteristics:
Maximum
Reading Resolution
Range (5' Digit) 51 Digit 4% Digit 34 Digit
300 mv 303.099 mV 1V 10V 100 v
3V 303099 Vv 104V 100 gV Imv
30V 303099 V 100 uV 1mv 10mv
300 v 303.009 Vv Imv 10mv 100 mv

Tea® £ 1°C Tea* +5°C
Range 24 Hour 90 Day 1 Year
300 0.023 +35 0.027 + 41 0.034 + 41
3009 0.0045+ 4 0012+ 5 0017+ 5
3 k-300 k@ 0.0035 + 2 0011+ 2 0016+ 2
3INQ 0.0052 + 2 0011+ 2 0016+ 2
30 M@ 0036 + 2 0.066 + 2 0078+ 2
Current through unknown:
Range 00 3000 3k 0k 300 K INQ 30 MQ
Current 1 mA 1mA 1 mA 100 uA 10 A 1A 100 nA
DC Current
input Characteristcs:
Maximum .
Roadi Resolution
Range (5% Digit) 5% Digit 4Y; Digit 3%, Digit
300 mA + 303.099 mA 1A 10 uA 100 wA
3 A +3.03099 A 10 uA 100 yA 1 mA

Maximum input (non-destructive): 3 A from <250 V source: fuse

protected.

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

Auto zero ON. 5% digit display.

Input impedance: 1 MQ + 1% shunted by <60 pF

Maximum input voltage (non-destructive):

Hi to Low: 303 Vrms or 450 V peak

Hi to Lo to Earth Ground: +500 V peak

Measurement accuracy: * (% of reading + number of counts).
Auto zero ON. 5% digit display. Accuracy is specified for sinewave
inputs only, >10% full scale.

1 YEAR, Tgal® +5°C

Ranges
Frequency 300 m¥ 3v, 30V 300 V
20-50 Hz 1.14+ 163 1.14 + 102 1.18 + 102
50-100 Hz 0.46 + 163 046 + 103 05 +102
100 Hz-20 kHz 0.29 + 163 0.26 + 102 0.33 +102
20-50 kHz 0.56 + 247 041+ 180 0.55 + 180
50-100 kHz 1.74 + 882 1.05+ 825 1.26 + 825
100 k-300 kHz 10.1 + 3720 (30 V range only)

*T(aqlis the temperature of the environment where the 3478A was calibrated. Calibration should be
performed with the temperature of the environment between 20°C and 30°C.

Crest Factor: >4:1 at full scale

Common mode rejection: With 1 kQ imbalance in Lo lead, >70
dB, at 60 Hz

Maximum reading rates: 3! or 4} digits, 1.4 readings/sec; 5% dig-
its, 1.0 readings/sec. First reading is correct within 70 counts of final
value when triggered coincident with step input. Add 0.6 seconds for
each range change.

Resistance (2-wire Q, 4-wire Q)
Input Characteristics:

Maximum .
Reading Resolution
Range (5"2 Digit) 5% Digit 4% Digit 3% Digit
30 0 303099 100 40 1 mg 10m@
300 @ 303.099 @ Img 10mQ 100 mQ
3k 3.03099 ki 10m@ 100 m2 1 Q
30 k@ 30.3099 kg 100 m@? 1@ 10 9
300 k& 303.099 ka 1 @ 10 ¢ 100 @
3Me 3.03099 M2 10 ¢ 100 @ 1 k@
30 MQ 30.3099 Ma 100 @ 1 ko 10 ko

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

TC8|* +5°C
Range 90 Days 1 Year
300 mA 0.11 + 40 0.15+40
JA(<1A) 014+ 6 017+ 6
JACLA) 10 +30 10 +30

Maximum burden at full scale: | V (3 A range), 0.1 V (0.3 A
range)

AC Current (true rms responding)

Input Characteristcs:

Maximum X
Reading Resolution
Range (5" Digit) 5' Digit 4'; Digit 3% Digit
300 mA 303.099 mA 1 uA 10 A 100 4
3 A 303099 A 10 pA 100 A 1 mA

Maximum input: (non-destructive): 3 A from <250 V source; fuse
protected.

Measurement accuracy: +(% of reading + number of counts).
Auto zero ON. 5! digit display. Accuracy is specified for sinewave
inputs only, >10% of full scale.

1 YEAR, Tgal® £5°C

Ranges
Frequency 300 mA 3A
20-50 Hz 1.54 + 163 224 + 163
50-1 kHz 0.81 +163 1.50 + 163
1 K-10 kHz 0.72 + 163 1.42 +163
10 k-20 kHz 0.86 + 163 1.56 + 163
Maximum burden at full scale: 1 V (3A range)
General

Operating temperature: 0 to 55°C

Humidity range: 95% R.H., 0 to 40°C

Power: AC line 48 to 440 Hz; 86 to 250 V, 25 VA max.
Size: 102 mm H x 215 mm W x 356 mm D (4" x 8” x 14");
3% in. H without feet.

Weight: 3 kg (6.5 Ibs.)

Ordering Information

Choose one N/C power option:

Opt 315: 100 V, 50 Hz; Opt 335: 220 V, 50 Hz

Opt 316: 100 V, 60 Hz; Opt 336: 220 V, 60 Hz

Opt 325: 120 V, 50 Hz; Opt 345: 240 V, 50 Hz

Opt 326: 120 V, 60 Hz; Opt 346: 240 V, 60 Hz

Opt 907: Front Handle Kit (P/N 5061-0088)

Opt 908: Rack Mount Kit (P/N 5061-0072)

Opt 910: Extra Manuals

Model 3478A Multimeter

)
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DIGITAL VOLTMETERS

3% to 67 Digit DVM for Bench/System Applications

Model 3456A

e Up to 330 rdgs/sec
® 100 nanovolt resolution
e Transfer standard performance

® 100 micro-ohm to 1.0 gigaohm measurement capability
® Offset Compensated Ohms (OC Q)
® Fast AC
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Description

This microprocessor-based, fully guarded, integrating Digital
Multimeter is designed for bench or systems. The HP Model 3456A
measures dc, true RMS ac voltage and resistance.

Five full scale dc ranges from 0.1 volt to 1000 volts are provided.
Measurement speed and accuracy can be enhanced for a specific ap-
plication, using the HP 3456A’s selectable integration time (up to
100 power line cycles) and settling time. An operator can select up to
330 readings/second for high speed bursts or one reading every fif-
teen minutes for periodic measurements. Resolution of 100 nanovolts
at 48 readings/second (6% digits) to 10 microvolt resolution at 330
readings per second (3% or 4/ digits) can be selected.

Because the HP 3456 A uses an integration technique with features
such as “Program Memory” and “Reading Store”, the operator can
obtain the fastest possible reading rate with the most noise rejection.
The first reading is correct, every time. The HP 3456 A built-in mem-
ory is divided into two parts (Program and Reading Store). This fea-
ture lets the operator choose the length of program and the number of
readings to be stored. For example, one could store an instrument
command string 8 bytes long in program memory with room for 348
stored readings. The size of the HP 3456A memory is 1400 bytes
long.

Transfer standard performance is assured with the HP 3456A.
With good repeatability and 100 nanovolt sensitivity, accuracy on the
ten volt range is = 0.0008% +2 counts over a 24-hour period at 23°C
+1°C.

Four full-scale, true TRMS ac voltage ranges are provided, with
reading speeds up to 12 per second speed over a 20 Hz to 250 kHz
frequency range with 1 microvolt resolution (6 digits). Best accuracy
is 0.05%. Crest factor is greater than seven at full scale.

Offset Compensated Ohms

A technique called Offset Compensated Ohms is incorporated in
the 3456A. The DMM compensates for any resistance inaccuracies
that may be caused from thermally produced offset voltages in the
circuit under test. In the ohms function, the instrument first measures
the voltage drop across the circuit under test. The voltage measured is
stored in the DMM. Simultaneously, the DMM supplies a fixed cur-
rent through the circuit under test and measures the voltage drop.
Since the thermal error first stored in in the DMM’s memory, it is
automatically eliminated from the measurement.

The measurement range is from 1 m@ to 1.2 G, using either 2 or 4
wire connections.

System DMM

Standard on the 3456A is an isolated HP-1B (IEEE-488) 1/O for
the systems operation. The front panel indicators on the 3456A dis-
play range, function and HP-1B status during remote operation. Also
on the front panel is a SRQ (Service Request) button which can be

SYSTEMS

used to flag or interrupt a computer. With the 3456A’s program
memory and reading storage capability, system programmers and op-
erators can use only one desktop or minicomputer to control numer-
ous test stations, each containing a 3456 A. By depressing the 3456A
numerical entry keys and SRQ, the computer can be instructed to
transfer a measurement sequence to the 3456A. The 3456A can take
measurements and store them while a computer continues its oper-
ation as before the SRQ interrupt.

Another system feature of the 3456A is its hardware scanner ad-
vance capability for scanned or multiplexed system applications. As
soon as the 3456A’s measurement cycle is complete, a TTL signal is
available to trigger an HP 3495A Scanner or 3497A Acquisition/
Control Unit to advance to their next channel. Up to 330 channels can
be scanned per second without computer interaction.

Bench DMM

With a 2 ppm stability, the HP 3456A is a true transfer standard
offering either 100 nanovolt sensitivity or 0.001% accuracy. Other
standard features include fast autorange and easy-to-use math func-
tions. The user can scale, limit test, null and make measurements in
percent error, dB and dBm, as well as themistor compensation in de-
grees F and C. A statistics function key (STAT) enables the operator
to improve the 3456A’s sensitivity, resolution and accuracy by aver-
aging. Averaging reduces random noise fluctuations and improves
sensitivity by a factor of the square root of the number of measure-
ments. For example, for low level signals after 100 measurements, the
actual sensitivity of the 3456A is approximately 10 nanovolts instead
of 100 nanovolts. In addition, STAT enables the operator to recall the
maximum (upper), minimum (lower), and variance.

Calibration of the HP 3456A is fast and convenient since all routine
adjustments are accessible from a concealed door in the front panel.
Should service be necessary, built-in diagnostics and PC Board mod-
ules make the HP 3456 A easy to service.

Specifications
DC Voltage
Input characteristics:
MAXIMUM MAXIMUM
READING RESOLUTION INPUT INPUT
RANGE (5% digit) 6% digit  5%digit 4% digit  IMPEDANCE  VOLTAGE
0.1V 118999V 100V 1V 10V >1000 +1000V
1OV 119999V 1 10 4V 100 4V >1000 peak
100V 119999V 104V 100 2V 1mv >1000
1000V 119999V 100V I mV 10mV  10M0 +.5%
10000V 100000V 1mv 10mV  100mv  10M2 £.5%

Guard to chassis: 400 V peak
Guard to low: +200 V peak



Measurement accuracy: +(% of Reading + Number of Counts).
Auto-zero on and filter off.

24 hour: 23°C +1°C

RANGE 6% digit (=10PLC)? 6% digit(1PLC) 5% digit(1PLC) 4% digit (01 PLC)
0.1V 0022 + 24 0.0024 + 32 0.007 + 14 006+3
LoV 00009+ 4 0.0012+ 5 0.007+ 3 0.06+2

100V 00008+ 2 0.0011 + 3 0.007 + 2 0.06+2
1000V 00011+ 3 0.0014 + 4 0.007+ 2 006+2 .
1000.0 V! 00011+ 2 00013+ 3 0007+ 2 006+2
'Add .02 W ’ % to % of reading.
1000
90 day: 23°C +5°C

RANGE 6' digit (=10PLC)? 6% digit (1PLC)r 5% digit (1PLC) 4% digit (.01 PLC)
01V 0.0034+24 0.0035 + 32 0.008 + 14 0.06+3
10V 00024+ 4 0.0025+ 5 0.007 + 3 0.06 +2

100V 00023+ 2 0.0024 + 3 0.007 + 2 0.06+2
100.0V 00026+ 3 0.0027 + 4 0.007 + 2 0.06+2

1000.0 V1 0.0024 + 2 0.0025+ 3 0007 + 2 006+2

Integration Time in Power Line Cycles (PLC). For 5% digits, multiply counts by 0.1. For 4% digits,
multiply counts by 0.01.

>90 days: 23°C + 5°C
Add +.0006% of Reading/month to 90 day accuracy.
Temperature coefficient: +=(% of Reading + Number of

Counts/°C
5% Digit Display
RANGE 0.1 Lov 10.0V 100.0V 1000.0V
0.0002 0.0002 0002 0.0002 0.0002
Temp Coe. +0.2 +002 +.002 +0.02 +0.02

For 6% digits, multiply counts by 10. For 4% digits, multiply counts by .1

Auto-zero OFF: (5'% digit). For a stable environment =1°C, add 10
counts for 0.1 V range, 1 count for 1 V and 100 ranges, and .1 count
for 10 V and 1000 V ranges. For 6Y digits, multiply counts by 10. For
4% digits, multiply counts for .1.
Filter ON: Rejection is >60 dB at 50 Hz. Add 2 gV for .1 V, 1.0V
and 10 V range and 200 4V for 100 V and 1000 V range.
Response time:
Filter OFF: for preprogrammed settling times (0.0 seconds), error
is <<.005% of input voltage step.
Filter ON: for preprogrammed settling times (.65 seconds), error is
<.01% of input voltage step.

NOISE REJECTION (de:(l k@ unbalancecin Lo)
A ‘] AC3

DC
NMR ECMR ECMR

0Ll PLCor .1 PLC 0 90 140

>]PLC 60 150 140

>1 PLC with filter 120 160 140

%For 50, 60 Hz (depending on option) +.09%
MAXIMUM READING RATES (RDGS/S)
Remote Bench

60 Hz 50 Hz 60 Hz 50 Hz
4+, digit 330 290 200 167
5% digit 210 180 150 125
6': digit 48 40 46 38

For more detail, see “Reading Rates”

AC RMS Voltage (ac, ac + dc)
Input characteristics:

MAXIMUM MAXIMUM
READING RESOLUTION INPUT INPUT
RANGE (5% digit)  6'2digit 5% digit 4% digit IMPEDANCE VOLTAGE
10V 1.19999V 1av 10wV 100 uV 1 Me £.5% =1000V
shunted by peak
100V 11,9999V 10wV 100 4V I my <%0 oF (700 ¥ rms)
10000V 119.999v | 1004V 1 mv 10mv 108 VHZ
1000.0V  700.00V SImv 10mv 100 mv

Measurement accuracy: + (% of Reading + Number of Counts).
Auto-zero on, >1% of scale, and DC component <<10% of AC
component.

24 hour: 23°C +1°C

FREQUENCY IN HZ

Filter OFF 400-20k 20k to 50k 50k to 100k 1100k to 250k
Filter ON 20to 30 30-20k 20kto 50k 50k to 100k 1100k to 250k
6% digit (>1 PLC) 334300 054440  15+1500 5342700 5.0+6300
5% digit (.1 PLC) 34+ 33 06+ 44 16+ 150 54+ 270 50+ 620
4% digit (01 PLC) 39+ 5 11+ 6 21+ 17 59+ 29 51+ 65
90 day: 23°C +5°C?
FREQUENCY IN HZ

Filter OFF 40020k 20kto50k 50k to 100k  '100k to 250k
Filter ON 20to 30 30-20k 20k to 50k 50k to 100k  '100k to 250k
6'2 digit (= 1 PLC)? .35+ 500 074700 17+1700 5542900 5.0+6500
5%, digit (.1 PLC) 36+ 53 084 73 18+ 173 56+ 293 50+ 653

41, digit (01 PLC) 41+ 7 13+ 9 23+ 19 6l+ 31 51+ 67

>90 days: 23°C +5°C(5': digit)
Add + (.004% of Reading + 12 counts)/month to 90 day accuracy. For 6% digit, multiply counts by
10. For 4% digit, multiply counts by .1.

'Frequencies > 100 kHz are specified for 1.0 V and 10 V ranges only.

Zntegration Time in Power Line Cycles (PLC). For 5% digits, multiply counts by 0.1. For 4% digits,
multiply counts by 0.01.

Guard to Chassis: =500 V peak
Guard to Low: =200 V peak

Temperature coefficient: =(% of Recading + Number of
Counts)/°C. (5% digit) =(.008 + 6)/°C for DC component <10%
AC component. Otherwise add +(.008 + 12)/°C. For 6% digit, mul-
tiply counts by 10. For 4! digit, multiply counts by .1.
DC Component >10% of AC Component: (5% digit) Add
+(.05% of Reading + 50 counts) to accuracy. For 6% digit, multiply
counts by 10. For 42 digit, multiply counts by .1. For signals with no
ac component, use the | kHz ac spec.
Crest factor: >7:1 at full scale.
Common mode rejection {1 kQ unbalance in Lo): >>90dB dc to 60
Hz.
Auto-zero OFF: For stable environment = 1°C no accuracy change.
Response time: for preprogrammed settling times, error is <<.1% of
input voltage step.

Filter OFF: 0.06 scconds

Filter ON: .80 scconds

D
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DIGITAL VOLTMETERS

3% to 62 Digit DVM for Bench/System Applications

Model 3456A

Resistance (2 Wr(, 4 WrOCQ, 4 WrOCQ)
Input characteristics:

MAXIMUM CURRENT MAXIMUM MAXIMUM
READING RESOLUTION THROUGH VALID READING OPEN CIRCUIT
RANGE (5% digit) 6% digit 5% digit A%, digit UNKNOWN VOLTAGE VOLTAGE
1000 1199990 100 40 1 mg 10m@ 1 mA 12V 55V
1k 1199.99 ¢ 1 m@ 10mQ 100 m@2 1 mA 12V 55V
100 11.9999 k2 10 m2 100 m 1¢ 100 4A 12V 55V
100 k2 119.999 kQ 100 m@? 19 100 50 uA 6V 9.5V
1 M@ 1199.99 k@ 19 10g 1009 5 A 6V 95V
10M 11.9999 M2 100 1000 1k 500 nA 6V 9.5V
100 M@ 119.999 MQ 1009 1k 10k <500 nA! 5V 55V
1G2 1000.00 MQ 1k 10k 100 k0 <500 nA* 5V 55V

'Ohms source is a 500 nA current source in parallel with a 10 Ml resistance.

Non-destructive overload: 350 V peak
Measurement accuracy: + (% of Reading + Number of Counts).
Auto-zero on, filter off, and 4-wire ohms.

24 hour: 23°C +1°C

RANGE 6% digit (=10PLC)T 6% digit (1PLC)  S% digit(1PLC) 4% digit (.01 PLC)
1009 0.003+24 0.003 +32 0.009 + 14 007 +3
1k 0002+ 4 0003+ 5 0008+ 3 007 +2
10k 0002+ 4 0003+ 5 0008+ 3 007 +2
100kQ 0002+ 2 0003+ 3 0008+ 2 007+2
1M 0006+ 2 0006+ 3 0012+ 2 007 +2
10 M0 0041 + 2 0041+ 3 007+ 2 012 +2
100 MQ 13+ 1 13+ 1 15+ 1 15+1
160 1+ 1 1+ 1 13+ 1 13+1
90 day: 23°C +5°C
RANGE 6% digit(>10PLC)® 6% digit (1PLC)2  S' digit(1 PLC) 4% digit (01 PLC)
1009 0.004 + 24 0.004 + 32 001 +14 007 +3
1kQ 0003+ 4 0004+ 5 0000+ 3 0.07+2
10 k2 0003+ 4 0004+ 5 0009+ 3 007 +2
100 k2 0.003+ 2 0004+ 3 0.009 + 2 007 +2
1 MO 0007 + 2 0007 + 3 0013+ 2 007+2
10 M0 0.042+ 2 0042+ 3 007+ 2 0012+2
100 M2 18+ 1 18+ 1 20+ 1 20+1
1G9 6+ 1 16+ 1 18+ 1 18+1

2Integration Time in Power Line Cycles (PLC). For 5% digits multiply counts by 0.1. For 4% digits
multiply counts by 0.01.

>90 days: 23°C +5°C

Add +.0004% of Reading/month to 90 day accuracy.

2-Wire Ohms accuracy: Same as 4-wire ohms except add a maxi-
mum of .2 ohm offset.

Auto-Zero OFF accuracy: (5% digit). For a stable environment
+1°C, add 10 counts for 100 Q range, 1 count for 1 kQ and 10 kQ
range, and .2 counts for =100 kQ range. Changes in lead resistance
are not corrected in 4-wire ohms. For 42 digit, multiply counts by .1.
For 6% digit, multiply counts by 10.

MAXIMUM LEAD MAXIMUM OFFSET PREPROGRAMMED
RESISTANCE FOR VOLTAGE FOR OFFSET SETTLING TIME
RANGE 4-WIRE OHMS COMPENSATED OHMS IN SECONDS
1000 109 01V 0
1k 1009 AV 0
10 k2 1000 9 AV 0
100 k2 1000 9 5V .0008
1 M@ 1000 2 008
10 M2 1000 2 08
100 M2 10009 08
1 G 1000 2 08

Offset compensated ohms accuracy: same as 2-wire and 4-wire
except maximum reading may be reduced by 9% for large offset
voltages.

Response time: with preprogrammed settling time and <200 pF of
capacitance, first reading is in specification.

Filter is not operational in ohms.

Temperature coefficient: (5'2 digits) + (% of Reading + Number
of Counts)/°C

1kQ
RANGE 1009 100 k2 1Mg 10M2 100 Mo 160
0004 0004 0004 0010 16 16
Temp Coef. +2 +02 +.004 +.004 +0 +0

4%, digit: multiply counts by .1; 6% digit: multiply counts by 10.
MAXIMUM READING RATES (RDGS/S)

{100 TO 10 k? RANGES)
Remote Bench
60 Hz 50 Hz 60 Hz 50 Hz
4%, digit 330 290 200 167
5% digit 210 180 150 125
6% digit 48 40 46 38

For more detail, see “Reading Rates”

Ratio
Type: DC/DC, AC/DC, or (AC + DC)/DC
Method: 4-wire with Volts Lo input common

. Signal Voltage
Ratio = Ref T Voltage—Ref. Lo Voltage

Signal measurement: Same as DC Volts, AC Volts, or AC + DC
Volts :
Reference measurement: Automatically selects .1 V, 1 V,or 10V
DC. Volts range and a 0.0 msec. settling time. Filter is off,
Maximum reference voltages:

Ref. Hi: £12 V

Ref. Lo: £9% of Ref. Hi

Ref. Hi-Ref. Lo: £11.9999 V

Protection: £350 V peak
Accuracy: Total % signal error + total % reference error (same as
1V, 1V,or 10V DC volts)

Reading Rate

Reading rates are with autorange, math, display and filter off. Qut-
put is to internal memory using internal trigger and packed mode.
Packed output in place of internal memory adds .35 ms; ASCII out-
put adds 2.3 ms.
Rates vs. integration time and Auto-Zero: DC volts and 100 Q
thru 10 kQ ranges with preprogrammed settling times (—0.0 sec.).
Also, AC or AC + DC Volts and 100 kQ thru 10 kQ ranges with 0.0
sec. delay.




RATES
INTEGRATION Auto Zero Auto Zero
TIME IN POWER OFF ON

LINE CYCLES (PLC) 60 Hz 50 Hz 60 Hz 50 Hz
0.01 (4% digit) 330 290 210 180
0.10 (5'2 digit) 210 180 120 100
1.00 (6% digit) 48 40 25 20
10.00 (6% digit) 5.8 40 29 24
100.00 (6'2 digit) .57 47 .29 24

Memory
Reading Store: Can store up to 350 readings.

Can be recalled from HP-1B interface or front panel
Program memory: Can execute an internal program which controls
instrument configuration and measurement sequence. Program is in-
put from the HP-IB interface with up to 1400 ASCII characters.
Memory size: Total size is 1400 bytes. Memory used is 1 byte per
ASCII character + 4 bytes per reading stored.

Math Function Specifications

General: Math function specifications do not include error in X (in-
strument reading) or in entered values (R, L, U, Y, Z). Range of
values input or output is 0.000000 x 107" to +1999999 + 10°. Out of
range values send “OL” to display and +1999999 x 10’ to HP-1B.
Pass/Fail: Displays “HI” for values upper limit (U), “LO” for val-
ues lower limit (L), and X for values between the limits, with no intro-
duced error. SRQ mask can be programmed to respond to out-of-
limit conditions.

Maximum execution time: 20 ms

Statistics:
C
Mean (M) = Xl + l_ E (Xx'xl)
Ci=1
2
C ) 1 C
Variance (V) = E (X, - X)° - c E (Xi—X1)
|=l l=l
C-1

Maximum (U) and Minimum (L) are the most positive and negative
instrument readings, respectively. X is displayed during calculation of
statistics.

X, is the first reading taken after enabling statistics and is stored in
the Z register. The number of readings taken (C) is stored in the
count register.

Accuracy of Mean: <« ng'TLll + 1LSD
10

2
Accuracy of Variance: <¢Q%L + 1 LSD

Maximum execution time: 50 ms

Null: X — X, (X, is the first valid reading taken after enabling null
and is stored in the Z register).

Maximum execution time: 15 ms

x2/R

dBm(R): 10 log oW I R is the user-entered impedance.

Output range: —280 to +340 dBm
Accuracy: =.001 dBm
Maximum execution time: 150 ms
Thermistor (F): Converts resistance of thermistor HP0837-0164,
YSI 44007, Omega UUA35J3, and Fenwal UUA35J1 to tempera-
ture in °F.
Output range: —112 to 302°F
Accuracy: —103 <T <+4266°F: =.11°F max.
—112 <T =<+4302°F: =.27°F max.

Accuracy specification does not include any inaccuracies in the actual
thermistor used.
Maximum execution time: 100 ms
Scale: (X-Z)/Y

Accuracy: +1 LSD

Maximum execution time: 60 ms

X
dB: 20 log
Output Range: —620 to +620 dB
Accuracy: .00]1 dB
Maximum execution time: 100 ms
% Error: 100 x (X-Y)/Y
Accuracy: +1 LSD
Maximum execution time: 60 ms

General

Operating Temperature: 0 to 50°C

Warmup time: one hour to meet all specifications

Humidity range: 95% R.H., 0 to 40°C

Storage temperature: —40 to +75°C

Power: 100/120/240 V +5%, —10%, 48 Hz to 66 Hz line operation,
60 VA; 220 V +10%, 48 Hz to 66 Hz line operation, 60 VA.

Size: 88.9mm H x 425.5mm W x 527.1 mm D (3%" x 16%" x 20%")
Weight: Net, 10.49 kg (23.13 Ibs.); Shipping, 13.35 kg (29.38 1bs.)

Ordering Information

10631A: 1 Meter (39.37 in.) HP-IB Cable
10631B: 2 Meter (78.74 in.) HP-1B Cable
10631C: 4 Meter (157.48 in.) HP-IB Cable
10631D: 0.5 Meter (19.69 in.) HP-IB Cable
03456-90001: Operating information supplement
(one furnished with 3456A)

11000A: Test Leads, dual banana both ends
11002A: Test Leads, dual banana to probe and alligator
34111A: High Voltage Probe, 40 kV

Opt 050: Noise rejection for 50 Hz

Opt 060: Noise rejection for 60 Hz

Front Handle Kit (Opt 907) Pt. #5061-0088
Rack Mount Kit (Opt 908) Pt. #5061-0074

Rack Mount Kit (Opt 909) Pt. #5061-0075
Extra Operating and Service Manual (Opt 910)

Model 3456A Digital Voltmeter

A



78

3

DIGITAL VOLTMETERS

5% /6%-Digit DVM with Auto Cal
Model 3455A

e AuytoCal
® Self test
® Bench/system

AL VOLYMETES
REMOTE

[ —— EUNCTION ey
FAST FwinE BHRE
Y. v el T

THQGER pprcoves! < SAMPLE RATE “—y
R B R A3
ieteanal - EeTeReAL | wetuAL o TORMUB DEGRERSK

s AC/DC/OHMS
® High si eed
® Removable reference

PEAR
TERMINAL
L)
21 R SHARD

2wl

BINARY
PROGRAM

Description

Hewlett-Packard’s 3455A Digital Voltmeter is a microprocessor
controlled 5%- or 6%2-digit integrating voltmeter for bench or systems
applications. The standard instrument measures DC volts, AC volts,
and resistance. HP-IB 1/O for systems applications is also standard.

Measuring Speed

The 3455A is fully guarded and has greater than 60 dB normal
mode noise rejection at reading rates of up to 24 readings per second
on all DC ranges. Ohms rcading rates are up to 12 readings/second
and an AC fast mode givcs reading rates of up to 13 readings/second
at frequencies above 300 Hz. (Readings/seconds given for 60 Hz op-
eration and high resolution off.)

Performance

DC mcasurements can be made with up to 1uV sensitivity. Ohms
measurements are made with cither a 2-wire and 4-wire mode. The
High Resolution (6'-digit) mode gives DC and Ohms measurements
with greater than 1 part per million resolution.

True rms

The standard true rms converter gives AC measurements from 30
Hz to | MHz. Complex signals with crest factors of up to 7:1 at full
scale can be measured.

Math

The math functions provide computational capability. The Scale
mode ( = ) allows the user to offset, take ratios, or scale readings to
give readouts in physical units. The % Error mode ( <~ x 100%)
converts readings into percentage change from Y which is entered as
a reference. For the math functions X is the present reading. Y and Z
arc previously cntered readings or numbers entered from the front
panel or by remotc program.

Auto Cal

The auto cal feature gives the user accurate DC volts and ohms
measurements and simplifies calibration of these functions. The DC
and ohms opcrating circuits are checked against internal references
and any errors are corrected digitally. All dc and ohms adjustments
are in a removable reference assembly.

SYSTEMS

Serviceability

Routine maintenance and calibration has been simplified with the
removable reference assembly. Calibration of DC and ochms functions
can be done by replacing the reference assembly with a recently cali-
brated onc. Extra reference assemblies are available as HP accessory
number 11177A. A spare assembly is ideal for one or more 3455A’s.
Calibrate DC and ohms in a 3455A without removing it from the
bench or system. Just return the extra reference assembly to the cal
lab or HP for calibration and have it back in time to calibrate the
3455A next time.

The self-test feature is used to aid in troubleshooting as well as veri-
fying operation of the 3455A. Test verifics proper operation of the
DC measuring circuits by comparing their parameters against prede-
termined limits. If a problem is found, the display is used to assist in
finding the problem area by indicating which parameter is in error.
Detailed troubleshooting can then be used to quickly isolate the
problem.

Specifications
DC Voltage
Ranges Maximum Display
0.1 — +0.149999 V —
1 1 +1.49999 V +1.499999 V
10 10 +14.9999 V +14.99999
100 100 +149.999 V +149.9999 V
1000 1000 +1000.00 V +1000.000 V
Performance

(High Resolution Off)
Accuracy * (% of reading + counts)

24 trs: 23°C + 1°C

Range High Resolution Off High Resolution On
0.1V 0.004 + 4 —

v 0.003 +1 0.003 +4
10V 0.002 +1 0.002 +3

100 & 1000 V 0.004 + 1 0.004 + 3

90 days: 23°C = 5°C

Range High Resolution Off High Resolution On
01V 0.007 + 4 —

1V 0.006 + 1 0.006 + 4
10V 0.005 + 1 0.005 + 3

100 & 1000 V 0.007 + 1 0.007 +3




Input Characteristics
Input resistance: 0.1 V through 10 V range: >10" ohms. 100 V and
1000 V range: 10 megohm +0.1% with Auto Cal. “off.”
Maximum input voltage

High to low input terminals: = 1000 V peak.

Guard to chassis: + 500 V peak.

Guard to low terminal: +200 V peak.
Normal mode rejection (NMR): NMR is the ratio of the peak nor-
mal-mode voltage to the peak error voltage in the reading.
NMR at 50 or 60 Hz +0.1%: >60 dB.
Effective common mode rejection (ECMR): ECMR is the ratio of
the peak common-mode voltage to the resultant peak error voltage in
the reading.
ECMR with 1 k unbalance in low lead at

DC: > 140 dB.

50 Hz or 60 Hz +£0.1%: > 160 db.

AC Voltage (rms Converter)
{High Resolution On or Off)

Ranges: 1.00000 V Maximum Display: 1.49999 V
10.0000 V 14.9999 V
100.000 V 149.999 V
1000.00 V 1000.00 V

Range selection: Manual, Automatic or Remote.
Function selection: ACV or Fast ACV.

Input Characteristics
Input impedance
Front terminals: 2 MQ + 1% shunted by less than 100 pf.
Rear terminals: 2 MQ + 1% shunted by less than 75 pf.
Maximum input voltage
High to low terminals: + 1000 volts peak.
Subject to a 107 volts—Hz limitation.
Guard to chassis: + 500 V peak.
Guard to low terminal: =200 V peak.

Response Time

ACV and FAST ACV

First reading to <<0.1% of step size when triggered coincident with
step change when on correct range (for AC signals with no DC com-
ponent).

Performance (rms Converter)
Accuracy: = [% of reading + counts]' (AC Coupled)*

300Hzt0

Fast ACY 20z 20 kHz 100kHz | 250kHz | 500 kHz
30 Hzto to to to to

ACY 20 kHz 100kHz | 250KHz | 500 kh: 1 Mz
24 hours
239C+1°C | 004440 | 040480 | 1804200 | 404400 | 500+ 2600
90 days
23°C+59C | 005450 | 0504100 | 2004250 | 5004500 | 600+ 3100

'Guard must be connected to low. Specifications are only for input levels above 1% of range.

For AC coupled inputs < 1% of full scale: add 20 counta to above accuracy table, except for AC
coupled inputs above 50 kHz and < 5% of full scale: add 170 counts to above accuracy table. See
footnote 2 for AC/DC coupled inputs.

2For any AC/DC coupled input: add (0.05% of reading + 20 counts) to above accuracy table, except
for an AC/DC coupled input above 50 kHz and <5% of full scale: sdd 170 counts to above accuracy
table.

3Frequencies of greater than 100 kHz are specified for the 1V and 10 V ranges only.

“Accuracy is not specified if the volt-hz product exceeds 107. For inputs > 500 V, muitiply the above
tabled accuracy by 12002 Vin

Ohms
Ranges Maximum Display
High High High High
Resolution Resolution Resolution Resolution

Off On 0Off On
0.100000 k@ - 0.149999 k —
1.00000 kg 1.000000 kg 1.49999 ki 1.499999 kQ
10.0000 k@ 10.00000 kg 14.9999 ki 1499999 ko
100.000 kg 100.0000 k2 149.999 kq 149.9999 kQ
1000.00 kg 1000.000 kg 1499.99 k 1499.999 k
10000.0 k@ 10000.00 kg 14999.9 k2 14999.99 ko

Range selection: Manual, Automatic, or Remote.

Performance
Function selection: 2-wire k{2 or 4-wire kQ.
Accuracy + (% of reading + counts) 4-wire kQ

24 hours: 23°C + 1°C

Range High Resolution Off High Resolution On
0.1kg 0.003+4 —

L kg 0003 +1 0.0025+4
10k 0.005+ 2 0.0045 + 4
100 k@ 0.002 42 0.0020+ 5
1000 ko 001245 0.0120 + 4
10,000 k 010 +5 0.1000 + 4

90 days: 23°C + 5°C

Range High Resolution Off High Resolution On
0.1k 0005+ 5 —

1k 0.005+1 0.0035 +5

10 kg 0.007 + 2 0.0060 + 5
100 k@ 0.004 42 0.0035 +6
1000 k2 0.014+5 0.0135+5
10,000 k@ 0.100+5 0.1000 + 5

2-wire k: all accuracy specifications are the same as 4-wire k(! except add 0.0004 k to all
readings.

Input Characteristics

Maximum voltage generated across unknown: <5 volts for open
circuit; <<4.7 volts for valid reading.

Signal source driving unknown (nominal): 0.1 k2, 1 kQ & 10 kQ
ranges.

Overload Protection
Non-destruction: +350 V peak.

Maximum reading rates for remote operations.

{Readings/Sec)
High Resolution ON High Resolution OFF

Function 50 Hz 60 Hz 50 Hz 60 Hz
DCV 5 6 2 24
Ohms 25 3 11 12
ACV (rms) 1.1 1.3
Fast ACV (rms) 12 13
ACV (Ave) 11 13
Fast ACV (Ave) 12 13

Math

Scale (¥): X is present reading. Y and Z are previously entered
readings, or numbers entered from the front panel or by external pro-
gram.
Maximum number (entered or displayed): +199,999.9.
Accuracy: * (Accuracy of X reading =+ 1 digit of displayed answer).
This assumes no “Y” or “Z” error.
%Error (<5~ X 100%): X is present reading. Y is a previously en-
tered reading, or number entered from the front panel or by external
program.
Maximum number (entered or displayed): +199,999.9.
Accuracy: *+ (Accuracy of X reading + 1 digit of displayed answer).
This assumes no “Y” error.
How to enter numbers in “Y” or “Z”
From a current displayed reading: press STORE “Y” or “Z”.
From front panel: Press ENTER “Y” or “Z”. The front panel is
now set for numerical entry. These numbers are in blue next to the
keys. Enter number and press STORE “Y” or “Z”.
By remote program: send program codes for equivalent front pan-
el operations.

General

Power: 100V, 120V, 240 V +5% —10%, 48 Hz to 400 Hz line oper-
ation; <<60 VA with all options.

Size: 88.9 H x 425.5 W x 527.1 mm D (3.5" x 16.75” x 20.75").
Weight: net, 9.38 kg (20.7 1b). Shipping, 11.8 kg (26 1b).

Options
001: Average converter

3455A Digital Voltmeter
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High Speed 32 Digit System Voltmeter
Model 3437A
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Description

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

There are three DC floating input ranges: 0.1V, 1.0V and 10.0V
full scale with a maximum display of “1999.” Sample and Hold al-
lows the 3437A to be an instantaneous reading voltmeter. The trigger
delay can be set from 0.1us to 1.0 second and the number of readings
can be set from 0 to 9999 readings.

Typical Operation

Example: set Delay to 1 ms and Number of Readings is set to 1000.
The 3437A will now take 1000 readings spaced 1 ms apart upon re-
ceiving one trigger.

Data Output

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

High Speed

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

Systems Capability

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

Applications

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

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

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



16—
G M-
©
£ |
i
3 12 -t
g &
TR
E )
o )
22} 8 §
5 \ ~
o ' P
= " - e
6 N e T
4 L L L 1 i 1 1 I

- 200 0 200 400 600 800 1000 1200 1400

Temperature (Degree C)

Figure 1 shows the performance of a 3437A when used to mea-
sure J type thermocouples. The 3437A can be used to measure
multiple thermocouples at up to 4800 channels per second. Ther-
mocouple linearization routines are provided in the 3054A Data
Acquisition and Control System software.

High speed scanning: multiple input measurement applications
can be satisfied with the 3437A and the HP 3497A Data Acquisition/
Control Unit. Reading rates of up to 475 channels/second can be at-
tained.

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

Data-Sheeted Systems

The 3437A is a component of the 3054A Automatic Data Acquisi-
tion and Control System. The 3054A includes the 3437A for high
speed measurements, the 3456A Digital Voltmeter for high accuracy
measurements and the 3497A Data Acquisition/Control Unit for
multiplexing and control outputs. The 3054A includes an extensive
software package to support the 3437A when used for thermocouple
measurements, high speed scanning, and waveform digitization. The
3437A is also a component of the 3052A Data Acquisition System.

Specifications
DC Volts
Ranges Max. Display Overload Reading
10V +19.98 +99.99
1v +1.998 £9.999
0.1v =.1998 +.9999

Ranging: Manual or Remote.

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

Input Characteristics

INPUT R 5; 1
o1 T

10 Vrange: R = | MQ +20%; C<<75 pF.

1 Vrange: R > 10*Q; C <75 pF.

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

Readings are not internally stored.
For N = 0 the 3437 operates in delay mode only.

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

ASCII: 3600 Readings/s.

Packed: 5700 Readings/s.

Actual Reading Rate is given by
3600 (listen rate)

c

ASCIl:
3600 + listen rate
Listen rate is the maximum speed at which the listener can accept 7 data bytes.
5700 (listen rate)
PACKED: ——mMm8 ————
5700 + listen rate
Listen rate is the maximum speed at which the listener can accept 2 data bytes.

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

Settling Time:

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

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

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

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

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

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

General

Operating temperature: 0 to 55°C.

Storage temperature: —40°C to 75°C.

Humidity range: <<95% R.H., 0°C to 40°C.

Power: 100 V, 120 V, 220 V, 240 V +5%, —10%, 48 Hz to 440 Hz
line operation, <<42 VA with all options.

Size: 88.9 mm H x 212.7 mm W x 527.1 mm D (32" x 83%” x 20%").
Weight: net, 5.6 kg (12 1b 4 0z). Shipping, 7.6 kg (16 Ib 12 o0z).

3437A System Voltmeter
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Description

The 3438A is an autoranging 3% digit Multimeter with 5 functions
of ACV, DCV, ACI, DCI, and . It interfaces to the HP-1B providing
both addressable and talk-only modes. The addressable mode allows
triggering either from the Computer or Controller (remote) or inter-
nally (local). Function and range are selected manually on the front
panel with autoranging of volts and ohms.

Specifications
DC Volimeter
Ranges: 200 mV Maximum display: *+199.9 mV
2V +1.999 V
20V +19.99V
200 V +199.9V
1200 vV +1199 V

Maximum input: 1200 V (DC + peak AC).
Accuracy: (1 year, 15 to 30°C)

Range Specifications
200 mV +(0.1% of reading + 2 counts)
2Vito1200V +(0.1% of reading + 1 count)

Temperature coefficient: (0 to 15°C and 30 to 55°C) = (.015%
reading + 0.1 count)/°C.

Input resistance: 10 meg Q+ 1%.

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

Normal Mode Rejection: >40 dB at 50 Hz and 60 Hz + 0.1%
Effective common mode rejection: (1 kQ unbalance) > 120dB at
50/60 Hz =0.1%.

Response time: <<0.7 seconds to within 1 count of final value on one
range. Add 1 second for each range change.

AC Voltmieter
AC Converter: (average responding RMS calibrated)

Ranges: 200 mV Maximum display: 199.9 mV
2V 1.999 vV
20V 19.99 V
200 V 1999 V
1200 V 1199 V

Maximum input: 1700 V (DC + Pcak AC), 107 Volt-Hz max.
Accuracy (with display of =20 counts) | ycar, 15 to 30°C

Frequency Specifications
30 Hz-50 Hz +(1.5% of reading + 3 counts)
50 Hz-20 kHz +(0.3% of reading + 3 counts)

20 kHz-100 kHz +(1.5% of reading + 10 counts)
Temperature coefficient: (0 to 15°C and 30 to 55°C) =(0.04% of
reading +0.2 count)/°C.

Ohmmeter
Ranges Maximum display Current through
unknown

20 Q 19.99 Q 5 mA

200 Q 199.9 Q 5 mA

2 kQ 1.999 kQ 500 nA

20 kQ 19.99 kQ 50 uA

200 kQ 199.9 kQ S pA

2000 kQ 1999 kQ 500 nA

20 MQ 19.99 MQ 50 nA

Input protection: 250 V RMS.
Accuracy (1 year, 15 to 30°C)
Range Specifications
209 +(0.5% of reading + 12 counts)
200 Q to 2 MQ +(0.2% of reading + 2 counts)
20 MQ +(0.8% of reading + 2 counts)
Temperature coefficient (0 to 15°C and 30 to 55°C)

Range Specifications
20 Q-2 MQ +(0.04% of reading + 0.2 counts)/°C
20 MQ +(.18% of reading + 0.2 counts)/°C

DC Current and AC Curreni

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

Maximum input: current: 2 amp (fuse protected) voltage: 250 V
DC Current Accuracy: (1 year, 15 to 30°C)

Range Specifications
200 kA to 200 mA +(0.3% of reading + 2 counts)
2000 mA +(0.6% of reading + 2 counts)

AC Current Accuracy (With display of =20 counts) | year, (5 to
30°C

2000 mA +(2% of +(1.2% of reading
reading +5 counts)
Current +5 counts)
Range 200 mA (7% of +(0.9% of reading
to reading +5 counts)
200 gA +5 counts)
30 Hz 50 Hz 10 kHz
Frequency of Input Signal
HP-IB
Data output format:
+X. XXX E+ X, Fn CR LF (13 byte, fixed)

DISPLAY EXPONENT FUNCTION

Function Code: DCV, 1; ACV, 2; DCI, 3; ACI, 4;Q, 5
Overload Indication: = 1. XXX E + 9
Talk Modes (Selected by internal switch)
Addressed to Talk
Local: continuously sampling input; outputs on Bus when ad-
dressed to talk.
Remote: samples input only on command from controller.
Talk only (used without controller)
Input: switch selectable, front or rear.
Reading rate: is function of input level and ranging (2.5 to 4.7 /sec.
if in proper range).

General

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

Operating temperature: (0 to 55)°C.

Humidity: 95% RH at +40°C.

Power: 48-440 Hz, 12 watts; 86-106 V Opt 100; 104-127 V Opt
115; 190-233 V Opt 210; 208-250 V Opt 230.

Size: 85.7 mm H x 209.6 mm W x 282.2 mm D (3.4” x 8.25" x
11.5").

Weight: 2.8 kg (6.2 Ib).

3438A Digital Muitirieter
Opt 100, 115, 210, or 230 (specify one)
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Description

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

dB Display

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

Specifications

Ranges

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

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

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

Performance
AC Frequency Range
Slow response: 2 Hz to 100 MHz.
Fast response: 25 Hz to 100 MHz.
Response Time
Fast response: | s.
Slow response: |0s.
Instrument reads final reading £0.1% of input change in stated re-
sponse time.
Display Rate
Fast response: 4 rcadings per s.
Slow response: 2 rcadings per s.

Functions

DC: responds to dc component of input signal.

AC: responds to truc rms value of ac coupled input signal.

AC+ DC: responds to true rms value of dc and ac input signal; read-

ingis  \/(dc)* + (ac rms)*
Temperature coefficient: + (0.1 x reading accuracy*/°C) outside
the 25°C +5°C temperature range.
Accuracy: 90 days (25°C + 5°C, <<95% RH, 17% of range to 190%
of range).

*Data from accuracy charts.

DIGITAL VOLTMETERS

True RMS Voltmeter

Model 3403C
READING_ .
ACCURACY = % OF RANGE + % OF READING)¥*
WGJ% OF RANGE wours] [ % OF READING (VOLTS)
[oc Jocacl x| | o

!S

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

* DC + AC function and slow response time only

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

Input Characteristics

Input impedance: (<10 MHz):

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

Maximum Input Voltage

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

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

Options:
Autoranging (3403C option 001)
Automatic ranging: uprange at approximately 190% of full range;
downranges at approximately 17% of full range.
Autorange time: fast response: | s per range change. Slow re-
sponse: 10 s per range change.
Remote control + digital output + autoranging (3403C option
003): Provides remote control of all front panel functions, ranges,
digital output and autoranging.
dB display (3403C option 006)
Measurement range: 108 dB (—48 dBV to +60 dBV).
Calibrated dB reference: 0 dB= 1.000 V; reference level may be
set for 0 dBm (600Q) by adjusting front panel dB calibration adjust-
ment.
Variable dB reference: reference level may be shifted downward
from calibrated position >13 dB.

General
Operating Conditions
Temperature range: 0°C to 50°C.
Humidity: <95% RH.
Recorder Output
Output voltage: 1 V dc open circuit for full range input.
Output resistance: | kQ + 10%.
Power: 113V or 230V £10%, 48 Hz t0 440 Hz, 35 VA max. (in-
cluding all options).
Input terminals: BNC front panel connector standard for low to high
terminals: rear panel connector available by internally reversing posi-
tion of ac converter module.
Weight: including all options: net, 5 kg (11 1b). Shipping, including
all options: Net, 7.2 kg (16 Ib).
Size: 127 H x 2349 W x 196.8 mm D (5" x 9.25" x 7.75").
Accessories furnished: floating adapter-banana to BNC.

3403C True RMS Voltmeter

Opt 001 autoranging

"Opt 003 remote control + digital output + auto-
ranging

‘Opt 006 dB display

*Options 003 and 006 are ayailable only as factory instalied options.
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COMPONENT MEASUREMENT

General Information
C,RL,D, Q2 0andIC’s

. Frequency Qor1/p Cin farads, L in henries or R in ohms Basic Accuracy
1 1 1
Instrument DC Hz kHz MHz GHz 100 100 107 1077 10-® 106 1072 100 108 0.1% 1% 10% Page
Multi-frequency of of o - 107 l
LCR Meter O°1° , R o °
12744 . . z l 8
Multi-frequency o o o _ 107 l
LCR Meter sieje " " 0 .
42754 - 7 ] 86
LCZ Meter . l
42764 7 W Tr 108
LCZ Meter C .
4277 L 7 L B 108
107
RF Impedance Analyzer C R 2 108
4191A [ - 90
LF Impedance Analyzer C: 10°
41924 L ZR ' )
Vector | Z| Meter Z 10°
41934 * 94
Digital LCR Meter C R
42614 . = 10 96
Digitai LCR Meter C n 107
42624 b il L %6
1 MHz LCR Meter o ¢ R
42718 L 98
Q Meter
43420 L ¢ 9
Milliohm Meter o
43288 " * 100
i 1 10
High Resistance R
Meter [} .
4329 | I 100
Universal Bridge l. R
42608 o L 107 101
Universal Bridge C R
42658 | 10 101
Vector | Z | Meter - i
48004 L 107 * 102
pA Meter /DC Voltage for -
Source
41408* \/ 104
Semiconductor
Parameter Analyzer
41454 v 112
Semiconductor / o o o ~
Component Test System olefe
4061A . o o 5 106
Digital IC Tester
50454 /50464 Functional and DC Parameter measurements on TTL, CMOS, ECL, HTL, and DTL logic families. 114

*Iin amperes, V in volts; (V is test voitage).




impedance |Z|,®,C,R,L,D & Q

Hewlett Packard’s family of component
measurement instruments covers the imped-
ance range from less than one milliohm to
greater than 10" ohms. Instruments range
from the traditional manual null measure-
ment technique to the completely automatic,
microprocessor controlled, systems oriented
type.

The basic characteristics of each instru-
ment are summarized in the selection guide
on the preceding page. This guide is conve-
nient for selecting the most suitable instru-
ment for a particular application or for
considering trade-offs of key characteristics.

Impedance Considerations

Impedance measuring instruments can be
categorized, according to the technique used,
into the bridge, voltage/current and Q meth-
ods. In the bridge technique, circuit condi-
tioning required to achieve a balance or null
condition is detected and processed to indi-
cate the measured value. The voltage/cur-
rent method essentially uses Ohm’s Law in
that a constant voltage or current is applied
to the unknown and the converse current or
voltage is indicative of the unknown value.
The Q method utilizes unique characteristics
of the series resonant circuit to determine Q,
and indirectly L, C and R.

Traditionally, the bridge has been the most
accurate measurement technique. Two ex-
amples are the low-cost, manual HP 4265B
Universal Bridge and the semi-automatic HP
4260A Universal Bridge. Today’s technology
yields automatic, digital readout bridges
with accuracy exceeding the less sophisticat-
ed manual bridges, The HP 4271B 1 MHz
LCR Meter uses a state-of-the-art four ter-
minal pair arrangement to eliminate the mu-
tual inductance of the test leads—a principle
consideration at 1 MHz.

In the past, the voltage/current technique
utilized analog meter readouts for speed and
convenience, but offered less accuracy than
the bridge method. With recent advances in
technology, this is no longer the case. The
new fully automatic digital instruments us-
ing the voltage/current method offer accura-
cy exceeding all but the most sophisticated
manual bridges.

The first of these instruments introduced
by Hewlett-Packard was the 4261A. It offers
fully automatic L, C, R and D measurements
at two test frequencies with excellent ac-
curacy. The HP 4262A is the first of a new
generation of microprocessor-based instru-
ments, featuring three test frequencies and
automatic self-test capability.

New Generation Component
Measurements

Many of these measurements have been ei-
ther not practical, very difficult, or very cost-
ly to make with earlier instruments that were
designed to make measurements only under
relatively limited test conditions. However,
Hewlett-Packard now offers a new genera-
tion of instruments to change the measuring
concept of evaluating electronic components,
devices and circuits—that is, “testing and
evaluating under actual working conditions.”

The addition of the HP 4274A and 4275A
will allow the user to test components under

actual operating conditions. Both instru-
ments feature variable test signal levels, ten
spot frequencies, self test capability, digital
offset to compensate for test leads and fix-
tures, and vector/phase angle measurements.

The HP Models 4276A and 4277A LCZ
Meters are the latest additions to HP’s line-
up of component measuring instruments.
Both instruments are capable of high speed
LCZ measurements under real-world fre-
quency conditions and both have an optional
comparator for fully automatic bin sorting.
These features, along with 4% digit resolu-
tion and a basic measurement accuracy of
0.1%, make the 4276A and 4277A ideal for
either producton line or R & D applications.

Impedance analysis and network analysis
can be performed accurately and efficiently
using the HP Model 4191A RF Impedence
Analyzer and the new HP Model 4192A LF
Impedance Analyzer.

In the frequency range of 1 MHz to 1000
MHz, the 4191 A measures 14 parameters in-
cluding |Z|,|Y],®,R,X,G,B,L,C,D, and
Q, reflection coefficient |T'|, {Tx|, and |T'y|
plus deviation A and A% for all parameters.
The 4192A measures all the preceding pa-
rameters plus Group Delay in the frequency
range from 5 Hz to 13 MHz.

Both 4191A and 4192A have built-in fre-
quency synthesizers and dc bias sources, in-
cluding internal sweep of both frequency and
bias voltage. Basic measuring accuracy for
the 4191A (1 MHz to 1000 MHz) is 1%. Ba-
sic accuracy for the 4192A (5 Hz to 13
MH2z) is 0.3%.

The addition of the HP 4193A enables
in-circuit measurements of impedance mag-
nitude and phase. The 4193A features a
built-in 4 digit synthesizer, sweepable from
400 kHz to 110 MHz. This also offers in-cir-
cuit and component impedance evaluation at
actual operating frequencies.

Semiconductor Measurements

The 4140B pA Meter/DC Voltage Source
is a highly accurate test instrument designed
for basic DC characteristics measurements
such as leakage current, current-voltage
characteristics, quasi-static C-V measure-
ments and those others especially required by
the semiconductor industry for new device
development and for improvement of produc-
tion yields.

The 4140B is also usable for making mea-
surements on electric components and equip-
ment such as for measuring leakage current
or insulation resistance to improve product
reliability.

The 4140B consists of a very stable pi-
coampere meter with a synchronized, dual
programmable DC voltage supply—V, and
Vi (V, includes staircase capability and
ramp voltage generation).

The new HP Model 4145A Semiconductor
Parameter Analyzer provides complete dc
characterization of semiconductor devices
and materials. It is a fully automatic, high
performance, programmable test instrument
designed to measure, analyze, and graphical-
ly display a wide range of semiconductor dc
characteristics, such as hgg, g, and V.

Device stimulus and parameter measure-
ment are performed by four programmable

stimulus/measurement units (SMU), pro-
viding automatic, high speed measurements
and eliminating instability resulting from
connection changes at the DUT. The 4145A
also has two voltage sources and two voltage
monitors for measurement applications
which require more than the four SMUs.

Measurement results are displayed on a
built-in 6-inch CRT, and can be dumped di-
rectly on to an external digital printer/plot-
ter. A built-in flexible disc drive allows
storage of measurement set-ups and mea-
surement results.

Integration into HP-IB System

Adding the HP-IB option to a component
measuring instrument enables the instru-
ment to be incorporated into an HP-IB sys-
tem. This permits high speed measurement
of many components along with arithmetic
processing of measurement data and greatly
increases the efficiency of production line
testing of discrete components, of quality as-
surance tests, or of laboratory evaluations.

For more comprehensive semiconductor
measurement, Hewlett-Packard has pro-
vided the Model 4061A Semiconductor/
Component Test System. The 4061A is a
dedicated HP-IB system that performs effi-
cient, automatic evaluation of the findamen-
tal characteristics of semiconductor and
electronic components. The 4061 A is espe-
cially useful for new component/material
development, quality control, and in the early
stages of semiconductor manufacture,
for monitoring and controlling the wafer
process.

A wide range of characteristics measure-
ments can be done, including doping profile,
surface charge density, minority carrier life-
time and threshold voltage. Software for sev-
en typical applications are provided with the
system.

The 4061A employs a unique switching
sub-system that controls DUT connection
between the LCR meter and pA Meter. This
insures that both impedance and current
characteristics can be measured without
changing the system set-up.

Summary

To assist in the selection of an impedance
meter suitable for your needs, the following
guidelines may be used:

(1) Choose an instrument capable of mea-
suring your device under frequency,
signal level, and dc bias conditions
identical to those of the intended appli-
cation.

(2) Consider the environmental parameters
(lead resistance and inductance, stray
capacitance, temperature variations,
...) that will affect your measurement
and choose a measurement technique
that will tend to counteract them.

(3) Then select the instrument with the
broadest measurement capability
within accuracy and cost constraints.

Hewlett-Packard’s impedance measuring

instruments have been used in numerous di-
verse applications. If you have an unusual ap-
plication or need assistance, contact your
nearest Hewlett-Packard sales office for
information.
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COMPONENT MEASUREMENT

Multi-Frequency LCR Meters
Models 4274A & 4275A

® Test frequencies ~ 100 Hz to 100 kHz
® Test signal level - 1 mV to 5 Vrms
® High Resolution - 5% digit: D=0.00001

* Measure L/C - D/Q/ESR/G; |Z] - 0,
R-X/B/L/C; ALCRZ, A%
® 0.1% basic accuracy

L

4274A
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Description

The 4274A and 4275A Multi-frequency LCR Meters are the most
recent additions to Hewlett-Packard’s new generation of micro-
processor-based impedance measuring instrumentation. Both instru-
ments offer a new measuring concept for the evaluation of LCR
components, complex components, electronic circuits “tested under
actual working conditions”, and semiconductor materials. A mea-
surement under conditions similar to the intended use contributes to
the improvements in quality and reliability of electronic components,
devices and circuits.

Multi-Frequency Capability

To insure the high reliability in circuits and devices, it is most im-
portant that they be tested and evaluated at test signals similar to
those of actual operating conditions.

The 4274 A covers the wide frequency range of 100 Hz to 100 kHz
in 11 spot frequencies and the 4275A has 10 spot frequencies from 10
kHz to 10 MHz, in 1-2-4 step sequence with 1-3-5 as an option. This
feature produces the frequency characteristics of components or de-
vices. In addition, two optional special frequencies (for example: 455
kHz and 10.7 MHz) are available within the frequency range of each
instrument. This wide frequency range selection offers evaluation of
circuit design with a continuously variable test signal over the range
of I mV to 5 Vrms (to 1 Vrm for the 4275A), and with internal dc
bias optionally available with | mV maximum resolution. The test
voltage or current values can be monitored on the 3-digit display for
accurately setting the actual conditions under which the device-un-
der-test will operate.

Multi-Parameter Measurements

The 4274A and 4275A measure equivalent series resistance (ESR),
impedance (| Z|), phase angle (), reactance (X), susceptance (B),
and conductance (G), in addition to the conventional L,C,R,D and Q
parameters in certain combinations with a dual 54 digit display, and
an HP-1B option for systems integration.

This wide selection of 11 parameters provides for more accurate
evaluation of electronic materials or components with high measure-
ment speed for most needed combined parameters; for example, the
C-G measurement of semiconductors, an R-X measurement in circuit
design, or the C-ESR or |Z |-0 measurement of tantalum capacitors.

In addition, a deviation measurement capability (A,A%) for the
L.C.R. and |Z |functions displays the difference between the actual
value and a stored reference, either as a difference value or in percent.
Deviation applications include, for example, a temperature depen-
dence measurement of devices in environmental tests.

Reliable Measurements With 5% Digit Resolution

The 4274A and 4275A measure only the value of the component
and/or device under test, with 5% resolution and 0.1% basic accuracy
by reducing the possibility of errors due to self or mutual inductance,
stray capacitance and/or residual inductance in the test leads or test
fixture used. This measurement is obtained by a state-of-the-art four
terminal pair configuration and a built-in automatic ZERO-offset ca-
pability to compensate for these errors.



® Test frequencies - 10 kHz to 10 MHz
® Test signal level - 1T mV to 1 Vrms
® 0.1% basic accuracy
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COMPONENT MEASUREMENT

Multi-Frequency LCR Meters
Models 4274A & 4275A

® High Resolution - 5% digit; D=0.00001
e MeasureL/C - D/Q/ESR/G; IZI - ©,
R-X/B/L/C; ALCRZ, A%
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The fast measurement speed, high resolution, and high accuracy
can make major contributions for the component manufacturer and
user who is concerned about reducing his costs, improving quality,
and throughput efficiency. In these areas, the 4274A and the 4275A
are ideal for D-measurements of film capacitors or insulation materi-
al (with the high resolution of 0.00001), the C-G measurements of
semiconductors (with maximum resolutions of 0.001 pF, 0.1 nS, re-
spectively), and for the low impedance measurement of aluminum
electrolytic capacitors (with a maximum resolution of 0.001 mQ).

Automatic Semiconductor and Component Measure-
ments With HP-1B

Integrating the 4274A and the 4275A into an HP-IB controlled sys-
tem is an excellent method for improving efficiency and cost savings
both in the laboratory and on the production line. These automatic
measurement systems are assembled by connecting the HP-1B cables
between the instruments to be utilized for a specific task.

A system built around the 4274A and/or 4275A allows the user to
obtain useful data for many diverse applications. For example, the
evaluation of semiconductors based on the frequency dependence of
its C-V characteristics that requires a wide range and fast measure-
ment speeds is easily accomplished with these instruments. The four-
terminal pair input configuration and the automatic zero offset.capa-
bility insures that the measured data is accurate, even in a systems
environment.

Sample Applications
Semiconductor Measurements

The evaluation of a semiconductor can be done with a C-V or G-V
measurement with the multi-spot frequencies featured in the 4274A

| DESIGNED 5Ok I
SYSTEMS

and 4275A, (with C resolution of 0.001 pF and G resolution of 0.1
nS), their two programmable bias sources (maximum resolution 1
mV) and their continuously variable test signal levels (from 1
mVrms).

Of significant use is the evaluation of the doping process and the
measurement of the characteristics of MOS or bipolar semiconductor
materials which employ a C or G measurement with varying dc bias
voltage.

A sample plot of a semiconductor measurement is shown in the fig-
ure below. Such measurements at high speed can offer high reliability
and high throughput efficiency in the semiconductor manufacturing
processes.
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COMPONENT MEASUREMENT

Multi-Frequency LCR Meters
Models 4274A & 4275A (Cont.)

Common Specifications (4274A & 4275A)

Parameters measured:

L: inductance Q:=1/D ©: phase angle
C: capacitance ESR: equivalent series A: deviation for L, C,
resistance R Z
R: resistance G: conductance A%: % of deviation
Z: impedance X: reactance Test frequency
D: dissipation factor B: susceptance Test signal level
(voltage or current)

Parameter combinations:

Display A Display B
Lo Ao
(L: D/Q/ESR D/Q/G
R X/L B/C
1z 0

Measurement frequencies, test signal levels, and full scale
range:

Displays: Dual 5!-digit and single 3-digit; maximum display
199999 (full scale and overrange in high resolution mode), and 4'%-
digit: maximum display 19999 in normal mode. (Number of digits
depends on measurement frequency, test level, and range).
Circuit modes: A~  Series equivalent circuit and
~Lpate  parallel equivalent circuit. Automatic selection avail-
able in AUTO mode.
Deviation measurement: Difference between recallable stored ref-
erence and displayed is deviation value (count or percent).
Display range: —199999 to +199999 counts in AUTO range.
—19999 to +199999 counts in MANUAL range (the sample should
be measurable at the selected range). % Display range: —199.99%
to +199.99%
Ranging: AUTO or MANUAL (UP/DOWN)
Trigger: Internal, External or Manual.
Measurement terminals: Four-terminal pair with guard.
Auto zero adjustment: Automatic normalization of the readout off-
set due to residuals of the test fixture by pushbutton operation.
Normalization range: C << 20 pF, L << 2000 nH, R < 0.5 Q,
G < 5uS.
Self test: Automatic operational verification check indicates pass or
fail condition.
HP-IB data output and remote control: Standard.
Memory back-up for storing measurement conditions: Standard.

MODEL 4274A 4275A
Measurement frequencies 100 Hz-100 kHz, 11 spots (100 Hz, 120 Hz, 200 Hz, {10 kHz-10 MHz, 10 spots (10 kHz, 20 kHz, 40 kHz, 100 kHz,
400 Hz, 1 kHz, 2 kHz, 4 kHz, 10 kHz, 20 kHz, P00 kHz, 400 kHz, 1 MHz, 2 MHz, 4 MHz, 10 MHz; +0.01%
40 kHz, 100 kHz; +0.01%)
Test signal levels 4-ranges (1 mVrms-5 Vrms) 3-ranges (1 mVrms-1 Vrms)
continuously variable continuously variable
Full scale range L 100.00 nH - 1000.0H 100.00nH - 10.00H
C 1.0000 pF - 1.00F 1.0000 pF - 100.00 pF
R.|Z|, ESR, & X 100.00 MQ - 10.000 MQ 1.0000 @ - 10.000 MQ
D 0.00001 - 9.9999 0.00001 - 9.9999
Q(1/D) 0.01 - 9900 0.01 - 9900
G&B 1.0000 S - 100.00S 1.0000 xS - 10.00S
0 0 - +180° 0 - +180°

Accuracy (4274A only): Typical C-D, L-D, R-X and | Z |-0 mea-
surement accuracy values are given below.

Range: full scale range, accuracy: % of reading + counts (D: accura-
cy: % of reading + absolute D value + count)

Cc-D/Q L-D/Q R-X lz|-0
FREQUENCY | D-range: 0.00001-9.9999 D-range: 0.00001-9.9999 (R accuracies apply only 6-range: —180° - +180.00°

RANGE | Q-range: 0.01-9900 (=1/D) Q-range: 0.01-9900 (=1,/D) when R: full scale) (1218 © accuracies apply
(C & D accuracies apply only (L & D accuracies apply only (X accuracies apply only only when |Z1: full scale)
when C: full scale and D: < 0.1) when L: full scale and D: < 0.1) when R: 1/10 of full scale

and X: full scale)

100 Hz C: 1000 pF-1000 mF, 0.1% + 3 L: 100 gH-10kH, 0.1% + 3 R: 100 mQ2-10 M2, 0.1% + 3 [Z]: 100 mQ-10 M, 0.1% + 3

120 Hz D: 0.33% + 0.0008 + 1 D: 0.33% + 0.0013 +1 X: 100 mQ-10 MQ, 0.1% + 13 0: +0.1°

200 Hz C: 1000 pF-1000 mF, 0.1% + 2 L: 100 gH-10kH, 0.1% + 3 R: 100 m@-10MQ, 0.1% + 3 Z[: 100 mQ-10 M, 0.1% + 3
D: 0.32% +0.0007 + 1 D: 0.32% +0.0012 + 1 X: 100 mQ-10 MQ, 0.1% 4 13 8. £0.1°

400 Hz C: 100 pF-100 mF, 0.14% + 1 L: 100 gH-10kH, 0.1% + 3 R: 100 mQ-10 MQ, 0.1% + 3 |Z[: 100 m-10 Mg, 0.1% + 3
D: 0.34% +0.0013 + 1 D: 0.31% +0.0011 + 1 X: 100 m@-10 MQ, 0.1% + 13 @: £0.1°

1 kHz C: 100 pF-100 mF, 0.1% + 3 L: 10 zH-1000H, 0.1% + 3 R: 100 mQ-10 M2, 0.1% + 3 |Z[: 100 mQ-10 M, 0.1% + 3
D; 0.33% + 0.0008 + 1 D: 0.33% +0.0013 + 1 X: 100 mQ-10 MQ, 0.1% + 13 6 +0.1°

2 kHz C: 100 pF-100 mF, 0.1% + 2 L: 10 gH-1000H, 0.1% + 3 R: 100 mQ-10 M2, 0.1% + 3 [2}: 100 m2-10 M2, 0.1% + 3
D: 0.32% +0.0007 + 1 D: 0.32% +0.0012 + 1 X: 100 mQ-10 MQ, 0.1% + 13 8: +0.1°

4 kHz C: 10 pF-10mF,0.14% + 1 L: 10 gH-1000H, 0.1% + 3 R: 100 m2-10 MQ, 0.1% + 3 1Z|: 100 mQ-10 MQ, 0.1% + 3
D: 0.34% +0.0013 + 1 D: 0.31% +0.0011 +1 X: 100 m2-10 MQ, 0.1% + 13 8: +0.1°

10 kHz C. 10pF-10mF,0.1% +3 L: 1 pgH-100H,0.1% +3 R: 100 m2-10 MQ, 0.1% + 3 |Z]: 100 m-10 MQ, 0.1% + 3
D: 0.33% +0.0008 + 1 D: 0.33% + 0.0013 + 1 X: 100 mQ-10 M®, 0.1% + 13 8 +0.1°

20 kHz C: 10pF-10mF, 0.1% + 2 L: 1pH-100H,0.1% + 3 R: 100 mQ-10 M2, 0.1% + 3 |2|: 100 m@-10 M, 0.1% + 3
D: 0.32% + 0.0007 + 1 D: 0.32% +0.0012 + 1 X: 100 mQ-10 M@, 0.1% + 13 0. £0.1°

40 kHz C: 1 pF-1000 F, 0.14% + 1 L: 1pH-100H,0.1% +3 R: 100 m2-10 M2, 0.1% + 3 [Z]: 100 mQ-10 Mg, 0.1% + 3
D: 0.34% + 0.0013 + 1 D: 0.31% +0.0011 +1 X: 100 m2-10 M@, 0.1% + 13 0: £0.1°

100kHz | C: 1pF-1000uF, 0.1% + 3 L: 100nH-10H,0.1% + 3 R: 100 m2-10 M2, 0.1% + 3 []: 100 m-10 MQ, 0.1% + 3
D: 0.33% +0.0008 + 1 D: 0.33% +0.0013+1 X: 100 mQ-10 MQ, 0.1% + 13 0: +0.1°

{Conditions; Warm-up time > 30 minutes, environment temperature: 23°C + 5°C) Refer to technical data sheet for accuracy details.



Accuracy (4725A only): Typical C-D, L-D, R-X and |Z|-® mea-

surement accuracy values are given below.

Range: fuli scale range, accuracy: % of reading + counts (D accura-

¢y: % of reading + absolute D value + count)

c-D/Q L-D/Q R-X zl-0
Frequency D-range: 0.00001 - 9.9999 D-range: 0.00001 - 9.9999 (R accuracies apply only @-range: —180.00° - +180.00°
Range Q-range: 0.01-9900 (= 1/D) Q-range: 0.01 = 9900 (= 1/D} when R: full scale)
(C & D accuracies apply only (L & D accuracies apply only (X accuracies apply only (Z & @ accuracies apply
when C: full scale and D: <0.1) when L: full scale and D: <0.1) when R: 1/10 of full scale only when Z: full scale)
and X: full scale)
C: 10 pF - 100 4F, 0.1% + 3 L: 10 2H - 100H, 0.1% + 3 R: 1000 m ~ 10 M2, 0.1% + 3 [z]: 1000 M - 10 m@, 0.1% + 3
10 kHz D: 0.33% +0.008 + 1 D: 0.33% + 0.0013 + 1 X: 1000 m@ — 10 M2, 0.1% + 13 8 +01°
C: 10 pF - 100 4F, 0.1% + 2 L: 10,H-100H,0.1% +3 R: 1000 m@ - 10 MQ, 0.1% + 3 [2]: 1000 M2 - 10 m@, 0.1% + 3
20kHz D: 0.32% + 0.0007 + 1 D: 0.32% +0.0012 + 1 X: 1000 m@ - 10 M@, 0.1% + 13 9 +01°
C: 1pF - 10 4F, 0.14% + 1 L: 104H-100H,0.1% + 3 R: 1000 mg — 10 M, 0.1% + 3 2] 1000 M0 - 10ma, 01% + 3
40 kHz D: 0.34% + 0.0009 + 1 D: 0.31% + 0.0011 + 1 X: 1000 mg2 - 10 Mg, 0.1% + 13 o £01°
C: 1pF—104F, 0.1% + 3 L LuH-10H,01% +3 R: 1000 m - 10 M2, 0.1% + 3 [2]: 1000 M2 - 10 m2, 0.1% + 3
100 kHz D: 0.33% + 0.0008 + 1 D: 0.33% +0.0013 + 1 X: 1000 m@ - 10 M2, 0.1% + 13 8 +01°
C: 10pF-104F,0.1% + 2 L: 1 4H- 1000 mH, 0.2% + 3 R: 1000 m@ -1 M2, 0.2% + 3 [z]: 1000 M - 1 m, 0.2% + 3
200 kHz D: 0.32% + 0.0007 + 1 D: 0.53% + 0.0023 + 1 X: 1000 m - 1 M8, 0.2% + 13 8 +01°
C: 1pF - 1000 nF, 0.14% + 1 L: 1 4H - 1000 mH, 0.2% + 3 R: 1000 m@ - 1 M2, 0.2% + 3 [2]: 1000 M2 - 1 m@, 0.2% +3
400 kHz D: 0.34% + 0.0009 + 1 D: 0.51% + 0.0021 + 1 X 1000 m - 1 MQ, 0.2% + 13 0 £01°
C: 1pF— 1000 nF,0.1% +3 L: 100 nH - 100 mH, 0.2% + 3 R: 1000 m@ - 1 M2, 0.2% + 3 [z]: 1000 M2 - Tme, 0.2% + 3
1 MHz D: 0.33% + 0.0008 + 1 D: 0.55% +0.0025 + | X: 1000 m@ - 1 M2, 0.2% + 13 8 +01°
C: 10 pF - 100 nF, 0.3% + 3 L LuH-10mH, 0.5% +5 R: 102- 100 kD, 0.5% +5 [2]: 102100 k2, 05% + 5
2 MHz D: 0.55% + 0.0025 + 1 D: 1.0% +0.0033 + 1 X: 109 - 100 k2, 0.5% + 15 8 +02°
C: 1pF - 10F, 1% + 20 + 0.002 pF L LpH-10mH, 1% +5 R: 100 - 100K, 2% +7 [2] 109100 ke, 2% +7
4 MHz D: 3.3% + 0.01 + 1 D: 2.0% + 0.0063 + 1 X: 10 Q - 100 k2 2% + 105 9 +08°
C: 1pf - 10nF, 2% + 20 + 0.002 pF L: 100nH -1 mH, 2% + 7 R: 100 - 100 K2, 2% +7 [z]: 102 - 100 ka. 2% + 7
10 MHz D: 4% + 0011 +1 D: 3.1% + 0.002 4 1 X 100 - 100 k2, 2% + 105 0: +08°

(Conditions: Warm-up time = 30 minutes, environment temperature: 23°C + §°C) Refer to technical data sheet for accuracy details.

General Information
Test signal level monitor:

Model Range Accuracy
Voltage Current
4274A 0.001 Vv 0.001 mA + (3% of reading + 1 count)
- 5.00 Vrms - 100 mArms
4275A 0.001V 0.001 mA + (3% of reading + 1 count)
- 1.00 Vrms —10.0 mArms at <1MHz
+ (10% of reading + 2 counts)
at =1 MHz

Measurement time: (typical) 140-180 ms (>1 kHz); 140-210 ms
=1 kHz (Measurement time depends on range, sample value and off-
set adjustment value).
Z - O measurement time: 170-210 ms >1 kHz; 170-240 ms <1

kHz.

High resolution mode: Approximately 8 times the normal measure-

ment time.

Auto ranging time: 100 ms - 300 ms per range change.

Options
Opt 001: 0 to +35 internal dc bias
Range Steps Accuracy
+ (.000-.999)V Imy + (0.5% of reading + 1 mV)
+(1.00-9.99) 10 mv + (0.5% of reading + 2 mV)
+(10.0- 35.0) 0lv + (0.5% of reading + 20 mV)

Control: 16023B DC Bias Controller or remote control with HP-

IB (opt 10

1)

Opt 002: 0 — £99.9 V internal dc bias (for C < 0.1 uF)

Range: = (00.0 - 99.9) V, 0.1 V steps

Accuracy: *= (2% of reading + 40 mV)

Control: Same as Opt 001
External dc bias: =200 V maximum.
Bias monitor: Rear panel BNC connector monitors internal or exter-

nal input bias.

Opt 004: Frequency steps in 1-3-5 sequence.

Special options: Up to two additional test frequencies can be added
in the frequency range of the 4274A (100 Hz to 100 kHz) or 4275A
(10 kHz to 10.7 MHz). The following special test frequencies are
available and others are available on request:

Option number Frequency Option number Frequency
Fo1 15.7 kHz Fl4 25.2 kHz
F02 32.8 kHz F15 79.6 kHz
FO3 455 kHz F16 252 kHz
Fo4 3.58 MHz F17 796 kHz
FO5 4.19 MHz F18 2.52 MHz
F06 10.7 MHz F19 7.96 MHz
F11 15.75 KKz F21 15.625 kHz
F13 62.5 kHz F25 63.18 kHz

Accessories

16047A: Direct coupled test fixture. Furnished accesso-
ry with the 4274A and 4275A.

16023B: DC Bias Controller, for control of dc bias Opt
001 or 002 Internal Bias Supply when HP-IB option is
not installed. Control range 0 to £99.9 V by setting
thumbwheel switch.

16034B: Test Fixture for chip components

16047B: Test Fixture with Safety Cover

16047C: Test Fixture for high frequencies

16048A: Test leads, BNC

16048B: Test leads, RF miniature

16048C: Test leads with Alligator Clips

16380A: Standard Air Capacitor Set, includes 1 pF, 10
pF, 100 pF and 1000 pF standard capacitors usable to
10 MHz.

Opticns

Opt 001: 0 to = 35 internal dc bias, max resolution;

1 mV steps

Opt 002: 0 to =99.9 V internal dc bias, resolution: 100
mV steps.

Opt 004: Frequency steps in 1-3-5 sequence

Opt FO1-F27: Special test frequencies (each)

Ordering Information

4274A 100 Hz - 100 kHz Multi-Frequency LCR Meter
4275A 10 kHz - 10 MHz Multi-Frequency LCR Meter

A
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COMPONENT MEASUREMENT

RF Impedance Analyzer
Model 4191A

® 1-1000 MHz variable
capability
¢ Direct reading of |Z| — 0, |Y| =0, [T — @;
LeC —ReGeDeQ
R—X,G—B, I'x —Ty

test frequency with sweep
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CALIBRATION

4191A (Shown with Opt 907 Handles)

Description

The HP Model 4191 A RF Impedance Analyzer measures 14 pa-
rameters with a maximum resolution of 44 digits. The internal syn-
thesizer provides variable frequencies from 1 MHz through 1000
MHz covering the UHF, VHF and video bands with automatic sweep
capability. An internal dc bias supply with auto sweep function covers
the voltage range of 40 V in 10 mV steps.

The 4191 A permits reliable measurements over a wide' measuring
range. lts outstanding repeatability, frequency response and accuracy
are made possible by unique error correction capability and specially
designed test fixtures. These features allow the 4191A to be used in
evaluation of electronic materials, components and circuitry.

The internal synthesizer provides a maximum resolution of 100 Hz
(Opt 002) with an accuracy of 3 ppm, allowing small changes in the
resonant frequency of the device under test to be easily detected. The
swept frequency capability aids in the analysis of frequency charac-
teristics of the device.

Two complete front panel settings (parameter selection and the
sweep control) can be stored in a non-volatile memory and recalled at
any time with a single key operation. This, together with the standard
HP-IB interface, makes the 4191A extremely efficient either as a
stand-alone or systems instrument.

These unique features permit very wide applications in: (1) semi-
conductor testing such as surface state evaluation at high frequencies
(C-V/G-V and conductance (G /w-w) characteristics), and the input/
output impedance evaluation of diodes and transistors, (2) resonator,
filter, and magnetic and dielectric materials testing, (3) evaluation of
LCR components such as high frequency chip and leaded compo-
nents, and (4) testing of communications related components such as
cables, connectors, etc.

gt

-9

® High resoluticn—4' digit max
® Wide measuring range— 1 mQ — 100 kQ (|Z])
® Versatile easy-to-use test fixtures
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Specifications

Parameter measured: |Z|—0,|Y |- 0,|T|- 0
R-X, G—B, 'x~Ty
L-ReGeDeQ,C-ReGeDeQ

Display: 44 digit, max display 19999 counts
Deviation measurement (deviation from stored reference):
A: —19999 to +19999 counts
A%: —1999.9 to +1999.9%
Measuring signal (23 = 5°C):
Frequency range: | MHz to 1000 MHz
Frequency step: Standard: 100 kHz, 1-500 MHz
200 kHz, 500-1000 MHz
Opt 002: 100 Hz, 1-500 MHz
200 Hz, 500-1000 MHz
Frequency accuracy: 3 ppm
Signal level (into 50Q): —20 +3 dBm
Frequency control: spot and swept
Measuring mode:
Spot measurement: at specific frequency (or dc bias)
Swept measurement: manual or automatic sweep from start to
stop frequency (or dc bias) at step frequency (or dc bias) rate in
linear or logarithmic form.
Auto calibration:
Automatic error compensation referenced to connected termina-
tions (0 Q, 50Q,08S)
Calibration frequency: 51 frequencies between start and stop
frequencies.
Electrical length compensation: automatic compensation for elec-
trical length of test fixtures.



Compensating range: 0 t0 99.99 c¢cm.

DC Bias:

Internal DC Bias
Voltage range: —40 to +40 V, 10 mV step
Setting accuracy: 0.1% of setting +10 mV
Bias control: spot and swept

External DC Bias

Voltage range: —40 to +40 V

Max allowable current: 100 mA
Key status memory: 2 sets of measuring conditions can be stored
and recalled at any time. These conditions are kept in storage even
when LINE is turned off.
Ranging: Auto/Range hold
Trigger: Internal, External or Manual
Self-Test: Automatic internal program test
HP-IB Data output and remote control: Standard
Measuring Range, Resolution and Accuracy:
Specified at APC-7 UNKNOWN connector for reflect coefficient
measurement at measuring frequency and ambient temperature (0 —
55°C) where calibration is performed after the warm-up time of 40
minutes. Refer to General Information for temperature coefficient
and typical measuring range/resolution and accuracies of other mea-
suring parameters (see data sheet for detailed specifications).
IT|— ©/T'x — I'y Measurement
Measuring range:

[T], x, T'y: 0.0001 to 1.0000

9:0° to +180.00° (0 to == rad.)

I'|, I'x, I'y resolution: 0.0001
I'|, I'x, I'y Accuracy (see graph below):
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General
Temperature coefficient for |I'|, I'x, and I'y: 0.0001/°C (23 =

5°C)

Measuring time: 800 ms or 250 ms (high speed mode)

Frequency switching time: =< 200 ms

Temperature: 0 - 55°C, < 95% RH

Power: 100, 120,220 V = 10%, 240V + 10% — 5%, 48 — 66 Hz, 150
VA max.

Size: 425.5 mm W x 230 H x 574 mm D (16.75" x 9” x 22.6").
Weight: Approx. 24 Kg. (52.8 lbs.)

Accessories furnished: accessory case (with reference termina-
tions included).

Accessories Available

16091A Coaxial Fixture Set

16092A Spring Clip Fixture

16093A Binding Post Fixture

16093B Binding Post Fixture

16094A Probe Fixture

Options

002: 100 Hz/200 Hz resolution synthesizer

004: Recorder Outputs

4191A RF Impedance Analyzer

)



A

COMPONENT MEASUREMENT

LF Impedance Analyzer (5 Hz to 13 MHz)
Model 4192A

® 5 Hz to 13 MHz Variable Measuring Frequency
® Gain-Phase Measurement: Amplitude, Phase and Delay
® Floating or Grounded Devices
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Description

The 4192A LF Impedance Analyzer performs both network analy-
sis and impedance analysis on devices such as telecommunication fil-
ters, audio/video electronic circuits, and basic electronic components.
Both floating and grounded devices can be tested.

Automatic Swept Frequency Measurement of
All Impedance Parameters

The 4192A can measure 11 impedance parameters ( 1Z],1Y],0,R,
X,G,B,L,C,D, Q)overawxderangelz 0.1mQto | MQ, lYl InS
to 10 S)

The built-in frequency synthesizer can be set from S Hz to 13 MHz
with a maximum resolution of 1 mHz. This feature allows accurate
characterization of high Q devices such as crystals. Test signal level is
variable from 5 mV to 1.1 V with 1 mV resolution. Also, an internal
dc bias voltage source provides =35 V at 10 mV increments. Thus,
the 4192A can evaluate components and entire circuits near actual
operating conditions.

Specifications (Complete specifications on data sheet)
Measuring signal (23 +5°C)
Frequency range: S Hz to 13 MHz
Frequency step: 0.001 Hz (5 Hz to 10 kHz), 0.01 Hz (10 kHz to
100 kHz), 0.1 Hz (100 kHz to 1 MHz), 1 Hz (1 MHz to 13 MHz).
Frequency accuracy: + 50 ppm
OSC level: 5mV to 1.1 Vrms variable into 50 Q (amplitude-phase
measurement) or open circuit (impedance measurement).
OSClevel step: | mV (5mV to 100 mV), 5mV (100mVto1.1V)
OCS level accuracy: 5 Hz to 1 MHz: (5 + 10/)% of setting
+ 2mV where fisin Hz. | MHz to 13 MHz: £(4 + 1.5 X F)% of
setting £ 2 mV where F is in MHz.
Level monitor (impedance measurement): Current through or
voltage across sample can be monitored
Control: spot and sweep via front panel or HP-1B
Measuring Mode
Spot measurement: at specific frequency (or dc bias)
Swept measurement: manual or automatic sweep from START
to STOP frequency (or dc bias) at selected STEP frequency (or dc
bias) rate
Sweep Mode: lincar or logarithmic (frequency only)
Recorder outputs: output dc voltage proportional to each measured
value, and frequency or dc bias.
Maximum output voltage: +1 V
Output voltage accuracy: +0.5% of voltage +20 mV
Key status memory: 5 scts of measuring conditions can be stored
and recalled at any time.

HP-IB data output and remote control: standard
Self-test: automatic introspective testing
Trigger: internal, external or manual
Amplitude—Phase Measurement
Parameter measured: relative amplitude B-A (dB) and phase ©
(degrees or radians), B-A and group delay, absolute amplitude A
(dBm or dBV) or B (dBm or dBV), and deviation (A, A%) of all pa-
rameters
Reference amplitude: 0 dBV =1 Vrms,0dBm = 1 mW (with 50 @
termination)
OSC output resistance: 50 Q
Channels A and B: input impedance: 1 MQ +2%, shunt capaci-
tance: 25 pF x5 pF
Display range and resolution:
B-A: 0 to =100 dB*, 0.001 dB (0 to +20 dB), 0.01 dB (+20 to
+100 dB)
0: 0 to +180°, 0.01°
Group delay: 0.1 ns to 19 s, max. resolution 4% digits
AorB: +0.8to —100dBV*,0.001 dB (>-20dB),0.01 dB (<<—20
dB), +13.8 to =87 dBm, 0.001 dB (>-20 dBm), 0.01 dB (<<-20
dBm)
Measuring accuracy (23 *5°C): Specified at BNC unknown ter-
minals after 30 minute warmup (test speed: normal or average)
B-A (Relative Amplitude) and O (Phase) Measurement:
Determined by sum of channel A and B accuracies given below (accu-
racy of each channel changes according to absolute input level)

* Accuracy of relative and absolute gain measurements is specified from 0 dB to + 80 dB.

80 10 -900BV

-70 10 -80dBY

-60 fo -70dBV

-50 to -60dBY
-40 10 -50dBY

-30 to -40dBV
-20 lo -30dBY

0.8 to -20dBY

1M 10M A, B ACCURACY (dB)

0.0

510 100 1K 10K 100K M 10M
MEASURING FREQUENCY (Hz)
FIGURE 1: GAIN MEASUREMENT ACCURACY



100°

-70 to -80dBV

-60 to -70dBY

-50 to -60dBV
-40 to -50dBV

-30 1o -40dBV

PHASE ACCURACY (DEGREE)
WHEN MAKING GAIN MEASUREMENTS

/
-20 to -3048V
0.k
3 0.8 to -200BV
0.01°
510 100 1K 10K 100K ™ 10M

MEASURING FREQUENCY (Hz)
FIGURE 2. PHASE ACCURACY WHEN MAKING GAIN MEASUREMENTS

Impedance Measurement

Parameter measured:|Z| —0,|Y| -0, R—X,G—-B,L-D+«Q+«R
*G,C—D + Q « R « G and deviation (A, A%) of all parameters
Display: 42 digits, max. display 12999 counts

Circuit mode: Series equivalent circuit ( ) and parallel
equivalent circuit ( ). Automatic selection available.

Auto ZERO adjustment: Automatic normalization of the readout
offset due to residuals of the test fixture by pushbutton operation (at
spot frequency)

Measuring range and accuracy (23 =+ 5°C): Specified at BNC un-
known terminals after 30 minute warmup when OSC level is more
than 0.3 V and when auto ZERO adjust is performed (test speed:
normal or average). Accuracy given below is only valid when the mea-
sured value is equal to full scale of each range.

|z| — ©, R — X Measurement: Range:|Z|, R, X: 0.1 mQ to 1.2999
MQ; ©: —180.00° to +180.00°. Accuracy: R accuracy (D = 10); X
accuracy (D =< 0.1)

121. A, X ACCURACY {%)
=
=

1K0._10k@, 100kQ

5 10 100 3 10K 100K ] oM

MEASURING FREQUENCY (Hz)
FIGURE 3: 1ZI, R, X ACCURACY

19

100 1k 10Ki2. 1009

PHASE ACCURACY {OEGREES)

WHEN MEASURING 121

-
510 100 1K 10K 100K ™ 1M
MEASURING FREQUENCY {Hz)
FIGURE 4: PHASE ACCUAACY WHEN MEASURING 21

[Y| —©,G — BMeasurement: Range:| Y|, G, B: | nSto 12.999 S;
©: —180.00° to +180.00°. Accuracy: G accuracy (D = 10); B accu-
racy (D =< 0.1).

I¥1. 6, B ACCURACY (%)

510 100 K 10K 100K ™ 10M

MEASURING FREQUENGY (Hz)
FIGURE §: | Y, G, B ACCURACY

15
1048 100mS

PHASE ACCURACY (DEGREE}

WHEN MEASURING Y4

10045, 1mS, 10mS

0 100 [3 10K 100K ™ oM

MEASURING FREQUENCY (Hz)

FIGURE 6: PHASE ACCURACY WHEN MEASURING |Y|

L—-D+Q, C ~ D « QMeasurement: (automatically calculated from
measured Z/Y values)

Parameter Measuring Range* Basic Accuracy
L 0.01 nH to 1000 H 0.27%
C 0.11F to 199%* mF 0.15%
D(1/Q) 0.0001 to 19.999 0.001 (C-measurement)
0.003 (L-measurement)

*Varies with measuring frequency except for D(1/Q)
* *Accuracy of C ranges over 100 mF is not specified. _

Internal DC Bias: Standard (Impedance Measurement only)
Voltage range: —35 V to +35 V, 10 mV step
Setting accuracy (23 +5°C): 0.5% of setting +5 mV
Bias control: spot and swept, using front panel controls or HP-IB

General
Measuring time (high speed mode):
B-A and O, A or B: 88 to 127 ms (= 400 Hz)
Impedance parameters: 58 to 91 ms (= 1 kHz)
Test level monitor range (impedance measurement):
Voltage: SmVto 1.1V
Current: | pA to 11 mA
Operating Temperature: 0 to 55°C, < 95% RH at 40°C
Power: 100, 120,220 V £10%, 240 V + 5% to —10%, 48 to 66 Hz,
100 VA max.
Size: 425.5 mm W x 230 mm H x 574 mm D (16.75” x 9” x 22.6").
Weight: Approx. 19 kg (41.9 1bs.)
Furnished accessories and parts: 16047A test fixture, 50 Q feed
thru terminations (2 ea.), power splitter, BNC cables (2 ea.), BNC
adapter
Accessories available:
16095A Probe Fixture
16096A 2-port Component Test Fixture
16097A Accessory Kit
16047C 2-terminal Test Fixture
16048B Test Leads (miniature connector)
16048C Test Leads with alligator clip
4274A/4275A’s test fixtures/leads are usable with
4192A

4192A LF Impedance Analyzer
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COMPONENT MEASUREMENT

Vector Impedance Meter (400 kHz to 110 MHz2)

Model 4193A

® 400 kHz to 110 MHz Spot or Swept Frequency

® Measure Impedance Magnitude (10 mQ to 100.0 kQ)
and Phase (—180.0°to +180.0°)

® Test Components In-Circuit and QOut-of-Circuit

® Fixtures Include Low-grounded Probe, Spring Clip
Fixture and Binding Post Fixture
® Standard HP-IB and Analog Outputs
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Description

The HP Model 4193A Vector Impedance Meter measures imped-
ance magnitude and phase. An internal oscillator provides test signals
from 400 kHz to 110.0 MHz. The test signal is constant current be-
tween 10 pA and 100 gA, depending on |Z|range.

Reliable and Accurate Impedance Measurement

The 4193A can measure and display impedance magnitudes from
10 mQ to 100.0 kQ. Impedance phase is displayed from +180.0° to
—180.0°. Accuracy is as good as 3.0% of reading (magnitude) and
3.6° (phase).

Also, the 4193A’s 34 digit resolution makes it easy to see small
changes in measurement results during adjustment procedures, for
example.

Frequency Sweep for Complex Component Testing

When testing complex components like ceramic resonators, it is
useful (1) to sweep frequency to get the big picture and (2) identify
critical impedance points like series resonant point. This requires both
swept measurement and measurements at individual “spot” frequen-
cies. The 4193A can do both.

The 4193A can be tuned to any individual frequency from 400 kHz
to 110.0 MHz with maximum resolution of 1 kHz. If greater frequen-
¢y resolution is required, it can be provided by connecting an external
synthesized source like the HP 3335A or 8656A to the 4193A EXT
OSC input.

Flexible internal frequency sweep is an exciting 4193A feature.
Frequency can be swept linearly over any portion of the 4193A fre-
quency range—or swept logarithmically over the entire 400 kHz to
110.0 MHz range.

Test In-Circuit and Out-of-Circuit Components
Several test fixtures help adapt the 4193 A to your device under test.
For example, the handy L-ground probe is useful for in-circuit test-

ing. The 16099A Test Fixture Adapter and three associated fixtures
help connect to out-of-circuit devices of various sizes and shapes.

Easy to Use—Both Manually and Under HP-IB Control

The 4193A front panel is amazingly simple. In just a few minutes
you can become an expert operator. This is a big time saver over most
other impedance meters which are usually much more difficult to op-
erate. Plus, the 4193A has standard HP-IB, making it a good choice
for automated testing in R&D, incoming inspection, production and
product assurance.

Specifications

Test Signal Output Specifications:
test signal is output from the furnished low-ground probe.
Frequency range: 400 kHz to 110.0 MHz
Frequency resolution:
400 kHz to 9.999 MHz: 1 kHz resolution
10.00 MHz to 99.99 MHz: 10 kHz resolution
100.0 MHz to 110.0 MHz: 100 kHz resolution
Frequency accuracy: =0.01% of setting after calibration.
Frequency stability: + 100 ppm per month (0 to 35°C)
Frequency control:
Spot: spot frequency is set using coarse, medium and fine controls
Full sweep: logarithmic sweep at 43 points over full range of 400
kHz to 110 MHz
Partial sweep: linear sweep from selected START to STOP fre-
quency. Number of steps is selected as 100, 1000 or “HIGH
RESOLN”. When “HIGH RESOLN?” steps is selected, the opera-

”

tor must also select “coarse”, “medium™ or “fine” resolution.



EXT OSC: Increase frequency resolution by connecting an external
frequency synthesizer like the HP 3335A or 8656A.

Input signal level: 0 dBm to +5 dBm

Input impedance: 50 ohms +10%

Frequency range: 400 kHz to 110 MHz
Test level: constant current source

Currentin Voltage! Across

|Z|Range A +20% DUT in pVrms
100 100 1
1009 100 10
1 ke 100 100
10 k2 50 500
100 k2 10 1000

Woltage across DUT depends on |Z | of DUT. The voltage shown is across a |Z|of range value. For
example, 1 Vrms would appear across |Z | of 10 Q on the 10 Q range.

Impedance Measurement Specifications:
Input Configuration: low-grounded probe (furnished)
Residual impedance of probe (at probe tip)
Resistance: <0.55 @
Inductance: <<(4.9 + 10/f) nH where [ is measuring frequency in
MHz
Capacitance: <0.11 pF
Digital display of impedance: 3': digits
[Z]: 0 to 1999 counts (0 to 1200 counts on 100 kQ range)
@: —1800 to +1800 counts
Measurement trigger: internal, external, and manual
Measurement range control: auto, hold, and manual
Measurement range:
|Z|: Five decade ranges: 10 Q, 100 Q, 1 k, 10 k®, 100 kQ
minimum | Z | (sensitivity): 10 mQ
maximum | Z|: 100.0 kQ
©: One range: —180.0° to +180.0°

Recorder output: dc voltage proportional to measured | Z|, © and
measurement frequency.
Output voltage: accuracy specification for all recorder output vol-
esis £(1% + 20 mVdc)
% 0 Vdc (0000 display counts) to +1 Vdc (1999 display counts)
0: —1 Vdc (—180.0°) to +1 Vdc (+180.0°)
Frequency:
Full sweep: 0 Vdc (400 kHz) to +1 Vdc (110 MHz), log sweep
Partial sweep: 0 Vdc (START frequency) to +1 Vdc (STOP fre-
quency), linear sweep
HP-IB remote control and data output: standard
Self-test: standard

General Information

Test Signal Output
Frequency settling time: 5 ms to 300 ms. Best case is when
( T )% is less than 10% (below 10 MHz) and less than 1% (above 10
MHz).
Signal purity:
Spurious: —60 dBc (dBc is dB below carrier)
Harmonics: —30 dBc
Residual FM: measured in a 100 Hz band centered on the carrier
400 kHz to 1 MHz: 40 Hz p-pFM
1 MHz to 110 MHz: 100 Hz p-pFM

Impedance Measurement
Measuring speed: assumes range is fixed; recorder output is OFF
HI SPEED: approximately 150 msec per measurement
NORMAL: approximately | sec per measurement
Ranging time: approximately 400 msec per range plus one measur-
ing interval (e.g., 1 sec in normal mode)
Temperature coefficient at 23°C + 5°C
|Z]: 2 m@/°C
0:0.02¢/°C

|Z|and ©® Measurement Accuracy: in the Table below, “f” is in MHz

T N e N O M
6 Accuracy LT+ L8/ 4 jamers) de8 (3340200 + 7o) deg
| e |y | e
© Accuracy =(15+19/f+ chmS) deg +(3.3 +0.035 + W) deg
e I il I S i
8 Accuracy +(16+18/1+ m) deg +(33+011f+ m—cjum) deg
o 12] Accuracy (29 chsn/tfs]/ rdg + :[(3.2“/04+C ;)Ug?st])/ rdg + + [('744+c55u3nft)3n rdg +
@ Accuracy (214+19/14+ lz,jﬁ) deg | (314053 + o) deg | =83+ 01i 4 ) dee
12| Accuracy £[3.3 JZ(C)OSU(;@)]% rdg +
100 k9 Range 0 ecracy L3O+ 19/ + ﬁf&;@) deg l Not specified l
4 10 20 110

Measuring Frequency in Megahertz

Guideline for use of the |Z|and @ Accuracy Table
1. “" is in MHz.

2. “rdg” is display reading, for example, 50.0 ohms.

3. “counts” is display counts in the | Z |display.

4. “deg” is degrees of arc.

Example: Calculate the|Z|and @ accuracy for a device which gives
4193A readings of | Z|= 50.0 Qand © = —45.0°. Assume an 0.9 MHz
test frequency 100 @ range, and normal measuring node.

[Z]=15000 + [(2.4 + f)%ofrdg+4c0unts]
+

1Z]=5000 + [(2.4 + ) * 202, 4
[Z]=5000Q + 191 Q

0=-450° + (1.5 + —+ |Z|c0unts) deg
©=—450° = (1.5 + 9+ ioo)deg

@ = —450° + 3.68°

Operating temperature/humidity: 0 to 55°C,95% RH @ 40°C.
Note that measurement error in 0°C to 55°C temperature range is
typically double the error in the 23°C = 5°C range.

Power: 100/120/220V +10%, 240 V —10% to +5%, 48 to 66 Hz,
Max 150 VA

Size: 426 mm W x 178 mm H x 498 mm D, (16.75" x
Weight: 18 kg (40 Ibs.)

Accessories furnished: low-ground probe kit includes probe,
spare pins, spare clips, BNC adapter, component mounting adapter,
probe socket and accessory case.

7" x 19.6").

Accessories Available

16099A Test Fixture Adapter: (used with 16092A, and
16093A/B) _

16092A Spring Clip Fixture: (used with 16099A)
16093A Binding Post Fixture: (used with 16099A)
16093B Binding Post Fixture: (used with 16099A)

4193A Vector Impedance Meter
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COMPONENT MEASUREMENT

Digital LCR Meters
Models 4261A and 4262A

e Automatic balancing, ranging & circuit mode selection
e Test frequencies: 4261A...120 (100) Hz and 1 kHz
4262A...120 (100) Hz, 1 kHz and 10 kHz

2eRG ADY
VIS FIXTURE)

¥ )

® Versatile accessories and options
® High reliability

4262A

| CESICNED FOR |
SYSTEMS

Description

The HP 4261 A and 4262A are 3% digital LCR meters that meet
today’s requirements for component measurements. Both instru-
ments feature fully automatic operation over wide measuring range.
Simply select the measuring functions and one of the test frequencies,
and then insert the device to be measured. The instrument does the
rest—automatically selecting the proper measuring range and equiv-
alent circuit mode. The HP 4261 A and 4262A basic features are sum-
marized in the table below.

4261A 42627
Test . 120 (100) Hz. 1 kHz,
Frequency 120(100) Hz 1 kHz 10 kHz
Signal Level 1V. 50 mv (Cp) 1V, 50mV (Cp)
Parameters C-D C-D+Q
Measured L-D L-D+Q
R R (ESR)
A (Deviation)
HP-IB NO YES (OPT)
Digital
Comparation NO YES (OPT.)
BCD Output YES (OPT.) YES (OPT)

In addition to automatic measurements, the 4261 A and 4262A pro-
vide high accuracy (0.2% reading), internal DC bias, and series and
parallel equivalent circuit modes.

These relatively low cost and easy to use LCR meters are capable of
a wide range of applications—measuring electrolytic/ceramic ca-
pacitors, filter coils, pulse transformers, internal resistance of dry
cells and semiconductor junction capacitance, as well as ordinary
LCR components. Extended features of these reliable instruments in-
clude optionally available HP-IB and BCD data output capabilities
and a comparation option which is convenient for production line ap-
plications.

Specifications (Refer to Data Sheet for complete specifica-
tions)

Measurement ranges and accuracies: See table on next page. Accura-
cy applies over a temperature range of 23°C £5°C (at 0° to 55°C,
crror doubles). 10 kHz and Q specifications are given only for the
4262A.

4261A

42617 42627
Parameters L-D.C-D LD-Q.CDQ
measured R R (ESR). ALCR
. 3+t digs 3« %2 digits
Display max. display 1900 max, display 1999
Test Yy 120 (100) Hz, 1 kHz
frequency 120(100) K. 1 khz = 3% 10KkHz 3%
Test signal
level (typical) 1V, 50 mV (Cp mode only)
2 59,

0C bias INT 1.5V.2.2V.6V =5%. selectable

EXT 010+30 | 0to +40V
Eﬂgm::l;n;des auto. parallel. series

. LCR auto, manual

Ranging modes

Do — ] auto, manual
Trigger internal, external, manual
:2?:15|l:1ralrg 5-terminal configuration

Deviation measurement (4262A): Displays the difference between
a stored value (that is, measured value when A LCR switch is de-
pressed) and subsequent measured data.

Offset adjustments (4262A): Front panel adjustments to compen-
sate for stray capacitance and residual inductance of the test fixture.
C: 0to 10 pF L:0to I uH

Self-test (4262A): Automatically checks the 4262A°s basic func-
tions,

General
Measuring time (typical): for a 1000 count measurement on a low
loss component on a fixed range:

1 kHz, 10 kHz: C/L 220-260 ms, R 120-160 ms

120 (100) Hz: C/L 900 ms, R 700 ms
Ranging time:

1 kHz, 10 kHz: 180 ms/range step

120 (100) Hz: 670 ms/range step
Reading rate: INT (internal trigger) approximately 30 ms between
end of measurement cycle and start of the next cycle. EXT (External
trigger) measuring cycle is initiated by a remotc trigger input.



C-D/C-Q Measurement
120 (100} Hz 1000 pF 10.00 nF 100.0 nF 1000 nF 10.00 uF 100.0 »F 1000 uF 10.00 mF
C 1 kHz 100.0 pF 1000 pF 10.00 nF 100.0 nF 1000 nF 10.00 4F 100.0 gF 1000 »F
10 kHz 10.00 pF 100.0 pF 1000 pF 10.00 nF 100.0 nF 1000 nF 10.00 »F 100.0 wF
Range D 0.001 to 1.900 {42614), 0.001 to 19.9 (4262A)
Q*! 0.050 to 1000 (4 ranges, 4262A)
c e 0.2% 1% [
0, 0 4
I:c;curacy o ) At 120 (100) Hz, 1 kHz 0.3% +2 05%+2 1%+2
At 10 kHz 1% +2 5% +2
) 0.2% + (2 + 200/Cx) At 120 (100) Hz, 1 kHz
0.5% + (2 + 200/Cx) At 10 kHz
D(1/Q) o o Cx
Accuracy At 120 (100) Hz, 1 kHz 0.3% + (2 + Cx/500) 1%+(5+ %O)
*2 ot
At 10 kHz 0.5% + (2 + Cx/500) 1%+(5+9 ) 5%+(5+_C_x )
500 500
“'Calculated as the reciprocal of D.
2+ (% of reading + number of counts), Cx is capacitance readout in counts. Accuraciea in this table
apply when D <1.900.
*3Add 0.2 pF for 4261A.
(5% + 2 ts) at 1 kHz.
¢ counte) & : L-D/L-@ Measurement
120 (100) Hz 1000 »F 10.00 mH 100.0 mH 1000 mH 10.00H 100.0 H 1000 H
L 1 kHz 100.0 xH 1000 H 10.00 mH 100.0 mH 1000 mH 10.00 H 100.0H
R 10 kHz 10.00 pH 100.0 xH 1000 ¢H 10.00 mH 100.0 mH 1000 mH 10.00 H
ange D 0.001 to 1.900 (42614), 0.001 to 19.9 (42624)
Q* 0.050 to 1000 (4 ranges, 4262A)
o
— At 120 (100) Hz, 1 kHz 0.3% +2 1% +2
L At10kHz B2 [ 5%+
Accuracy 0.2% + 2%3 At 120 (100) Hz, 1 kHz
“2 PG
03%+2 02%+2 At 10 kHz
At 120 (100) Hz, 1 kHz 0.3% + (3 + Lx/500) 1% + (3 + Lx/500)
D(1/Q) iy Lx
Returacy At 10 kHz 0.5% + (3 + Lx/500) 1% + (3 + Lx/500) 5% +(5+ %O)
LH
P 0.2% +(3+200/Lx) At 120 (100) Hz, 1 kHz
0.5% + (3 +200/Lx) At 10 kHz
*1Calculated as the reciprocal of D.
*2+ (% of reading + number of counts), Lx is inductance readout in counts. Accuracies in this table
apply when test signsl| level is 1 V and D < 1.900.
*3Add 0.2 xH for 4261A.
R (ESR)* ' Measurement
120 (100) Hz
Range 1 kHz 1000 m@ 10.00 ¢ 10000 1000 ¢ 10.00 k@ 100.0 k@ 1000 ko 10.00 MQ
10 kHz
A L 0.3% + 2%2
o e 0.2% +1 |
*'ESR meaauring range is from 1 m& to 19 k@ {typical). These values vary depending on the series
capacitance or inductance vaiue of the device under test.
*2+ (% of reading + number of counts).
*I(5% + 2 t 10.00 MQ t 10 kHz, . .
‘ counts) on fanee 8 : Options available:
4261A ] 42624 Option 4261A% 42624%2
Operating Temperature 0°C to 55°C BCD data output
and humidity 95% RH at 40°C 001 (L/C/R and D simultaneously) BCD data output
100/120/220/240 V + 10% 100/120/220V + 10%, 002 BCD data output
Power requirements 240V + 5% (L/D, C/D, R alternately) -
4866 e ~10% 4866 He 003 BCD remote control
Power Consumption <25VA <55 VA emote _
Sz 1326 Hx213Wx 427 mmD | 147 Hx 426 W x 345 mm D 004 - Digital comparator
(5% "x8e % x16+ %" (5% x16+ %" x13+ %) 101 — HP-IB
Weight (approx.) 7.5 kg (1651 Ibs) 8kg (1751 Ibs) *'Options 001 and 002 are mutually exclusive.

Accessories available: 16061A: Test fixture, direct couple,
S-terminal; 16062A: Test leads with alligator clips, 4-terminal (for
low impedance measurements); 16063A: Test leads wtih alligator
clips, 3-terminal (for high impedance measurements).

Ordering information (426 1A)

16061A Test Fixture

16062A Test Leads

16063A Test Leads

Opt 001: BCD Output (Simultaneous)

Opt 002: BCD Output (Alternately)

Opt 003: BCD Remote Control

Opt 910: Extra Manual

4261A Digital LCR Meter

*?Option combinations 101/001 and 101/004 can not be ordered.

Ordering information (4262A)

Opt 001:
Opt 004:
Opt 010:
Opt 101:
Opt 908:
Opt 910:
16061A Test Fixture
16062A Test Cables
16063A Test Cables

BCD Output

Digital Comparator
100 Hz Test Frequency
HP-IB Interface

Rack Flange Kit

Extra Manual

4262A Digital LCR Meter

A
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COMPONENT MEASUREMENT

1 MHz Digital LCR Meter
Model 42718

m 42718 1MH: DIGITAL LER-DETER
i HewiErr s vankaup

uNRHIAN
v e

| DESIGNED FOR l
SYSTEMS

OFFSEY 4B : REMOTE

IRGGER

®o 0 o o

Description

The HP 4271B 1 MHz LCR Meter meets the requirements of the
lab, manufacturing and where automatic high speed and accuracy
measurements are essential. The four-pair measurement technique

Specifications

has the advantage of reducing errors due to residual inductance, stray
capacitance, and electromagnetic coupling of leads. Offset adjust-
ments are provided to cancel the residuals of the test fixtures.
Typical applications include microcircuit measurements, C-V char-
acteristics of semiconductor devices and passive component tests.

Full scale ranges and accuracy: (When conductance reading is less than 100 counts and resistance reading is less than 1000 counts.)
Accuracy listed in the following table applies over a temperature range of 23°C +5°C.

Capacitance and conductance/dissipation factor: using parallel equivalent circuit.

" Test Capacitance: (Overrange 90%) Conductance: (Overrange 90%) Disslpation Factor*: (Overrange 60%)
ange Sig
Level Fl.[;lil‘::::yle Accuracy** Flll)liL:f:;e Accuracy** ng“::;;h Accuracy**

HIGH 01+7 02+(7+ Nc/1000) 1.0 + (10 + 20000/N¢)
1 LOW 10.000 pF 02+8 100.00 45 0.3 + (7 + 2 Nc/1000) 1.0000 1.0 + (15 + 30000/Nc)

HiGH 0143 0.2 + (3 + Nc/1000) 1.0 + (10 + 10000/Nc)
2 LOW 100.00 pF 02+4 1000.0 8 0.3 4 (3 + 2 Nc/1000) 1.0000 1.0 + (15 + 20000/ Nc)

RIGH 0142 1.2 + (2 + 2 Nc/1000) 10 + (10 + 10000/Nc)
3 LOW 1000.0 pF 02+3 10.000 m$ 12+ (2 + 2 Nc/1000) 1.0000 1.0 + (15 + 20000/N¢)
gene LOW 10.000 nF 04+3 100.00 m$ 1.2 + (2 + 2 Nc/1000) 1.0000 1.0+ (15 + 30000/Nc)

Inductance and resistance/dissipation factor: using series equivalent circuit.

" Test Inductance: (Qverrange 90%) Resistance: (Overrange 90%) Dissipation Factor*: (Overrange 90%)
ange Sig
Level Flgll.:f;;e Accuracy** Flll,lil,:f;;e Accuracy** FL';Iils'S’:::;e Accuracy**
[rax LOowW 1000.0 nH 1.0+15 10.000 2 1.2+ (8 + 2 N /1000) 1.0000 1.0 + (20 + 30000/N| )
HIGH 06+4 1.2+ (2+ 2N /1000) 1.0 + (15 + 10000/N )
2 LOW 10.000 uH 06+6 100.000 12+ (2+ 2N /1000) 1.0000 1.0 + (20 + 20000/N,)
HIGH 02+4 0.3 +(2+ 2Ny /1000) 1.0+ (15 + 10000/N )
3 LOW 100.00 4H 03+6 1000.0Q 05+ (2 + 2N /1000) 1.6000 1.0 + (20 + 20000/R))
HIGH 02+4 0.3 +(2+ 2N /1000) 1.0 +(15 + 20000/N;)
4 LOW 1000.0 uH 03+6 10.000 k& 0.5+ (2 + 2N /1000) 1.0000 1.0+ (20 + 30000/N)
*When reading of L or C is more than 1500 counts. ** £{% of reading + counts), Nc and N_are capacit and induct d in count.

Test frequency: | MHz + 0.01%
Test signat level:

RANGE C measurement L measurement
HIGH LOW HIGH LOW
1 2 mArms £20% 2mArms +20%
2 05Vrms +10% 20mVrms £10% 5mArms +10% 200 uA rms +10%
3 500 phrms +10% | 204Arms £ 10%
4 20mVrms £20% | 20mVrms £20% | 50 wArms £10% 2 yArms £10%

Display: dual 4% digit LED displays.

Ranging: automatic and manual. Remote control with Opt 101.
Measurement terminals: four-terminal pair construction.

Offset adjustment ranges: capacitance <1 pF, conductance
=<1 uS, inductance =100 nH, resistance =< 100 mQ.

DC bias (optional)
Internal source: available; Opt 001, 00.0 V to 39.9 V, 0.1 V steps.
External source: + 200 V max to BNC connector.

General
Measuring Speed
Fixed range: 100 ms to 250 ms for C-G and L-R measurement.
160 ms to 400 ms for C-D and L-D measurements.
Autorange: 100 ms/range step added to above values.
Power: 100/120/220 V +10%, 240 V + 5% — 10%, 48-66 Hz, 80
VA max.

***Test Level is low on range 4 for C and range 1 for L measurements.

Size: 88 mm H x 425 mm W x 496 mm D (3'%,” x 16%" x 19%,").
Weight: 10 kg (22 1b).

Accessory furnished: 16038A Test Fixture for radial and axial lead
components.

Ordering Information®

16022A General Purpose Test Fixture

16023A DC Bias Voltage Controller (used with Opt
001)

16032A Test Leads (BNC)

16033A Test Leads with miniature coaxial connectors
16034A Test Fixture for chip capacitor measurement
16039A Test Fixture with “D” offset.

Opt 001: DC Bias supply; 0.0 V to 39.9 V

Opt 002: C/L BCD output; may be used with Opt 003
for simultaneous outputs +8421 Code

Opt 003: G/R/D BCD output. +8421 Code (see Opt
002)

Opt 004: Parameter Serial BCD output

Opt 101: HP-IB Data Output and Remote Control
Opt 908: Rack Flange Kit

Opt 910: Extra manual

Combined use of Opt 001 and Opt 101 not allowed.

4271B 1 MHz Digital LCR Meter
“HP-IB cable not supplied. See page 29.



® Frequency range: 22 kHz to 70 MHz
® Q range: 5 to 1000

COMPONENT MEASUREMENT

Q Meter
Model 4342A

Description

The direct-reading expanded scale of the 4342A permits measure-
ment of Q from 5 to 1000 and readings of very small changes in Q
resulting from variation in test parameters. The 4342A is solid state

with the elimination of specially matched, fragile thermocouple com- -

ponents.

The 4342A will measure dissipation factor and dielectric constant
of insulating materials. The Q meter can measure coefficient of cou-
pling, mutual inductance, and frequency response of transformers.
RF resistance, reactance, and Q of resistors and capacitors can also
be determined.

Push button operation of frequency range and Q/AQ range selec-
tion provides straightforward measurement. Automatic indication of
meter scales, frequency dials and frequency multipliers are featured,
adding to simplicity and reading speed.

Specifications

RF Characteristics

RF range: 22 kHz to 70 MHz in 7 bands: 22 to 70 kHz, 70 to 220
kHz, 220 to 700 kHz, 700 to 2200 kHz, 2.2 to 7 MHz, 7 to 22 MHz,
22 to 70 MHz.

4342A Opt 001: 10 kHz to 32 MHz in 7 bands: 10 to 32 kHz, 32 to
100 kHz, 100 to 320 kHz, 320 to 1000 kHz, | to 3.2 MHz, 3.2 to 10
MHz, 10 to 32 MHz.

RF accuracy: +1.5% from 22 kHz to 22 MHz; +2% from 22 MHz
to 70 MHz; +1% at “L” point on frequency dial.

4342A Opt 001: +1.5% from 10 kHz to 10 MHz; +£2% from 10
MHz to 32 MHz; £1% at “L” point on frequency dial.

RF increments: approximately 1% resolution.

Q Measurement Characteristics
Q range: 5 to 1000 in 4 ranges: 5 to 30, 20 to 100, 50 to 300, 200 to
1000.

Q accuracy: % of indicated value: (at 25°C)

43424 & 4342A Opt. 001 43428

Q Freq. 22 kHz~-30MHz 30 MHz-70 MH:z
5--300 +7 *10
300—600 10 15
600—1000 115 +20

Q increments: upper scale: 1 from 20 to 100; lower scale: 0.5 from 'S
to 30.

AQ range: 0 to 100 in 4 ranges: 0 to 3, 0to 10, 0 to 30, 0 to 100.
AQ accuracy: = 10% of full scale.

AQ increments: upper scale: 0.1 from 0 to 10; lower scale: 0.05 from
0 to 3.

Inductance Measurement Characteristics
L range: 0.09 uH to 1.2 H, direct reading at 7 specific frequencies.
L accuracy: +3% after substitution of residuals (approx. 10 nH).

Resonating Capacitor Characteristics

Capacitor range: main dial: 25 to 470 pF; vernier dial —5 to +5 pF.
Capacitor accuracy: main dial: +1% or | pF, whichever is greater;
vernier dial £0.1 pF.

Capacitor increments: main dial: | pF from 25 to 30 pF; 2 pF from
30 to 200 pF; 5 pF from 200 to 470 pF; vernier dial: 0.1 pF.

General
Rear Panel Outputs
Frequency monitor: 170 mV rms min. into 50 Q.
Q analog output: 0 to | V =50 mV dc after 15 minutes warmup,
proportional to meter deflection. Output impedance approximately
1 kQ.
Over limit signal output: contact closure at the rear panel. Relay
contact capacity 0.5 A/15 VA,
Over limit display time: selectable, 1 s or continuously on, after
limit exceeded.
Temperature range: 0°C to 50°C.
Power: 115 0r 230 V = 10%, 50—400 Hz, 25 VA max.
Size: 129 mm H x 425 mm W x 414 mm D (5'," x 16%,” x 16%,").
Weight: net, 14 kg (31 Ib). Shipping, 18.45 kg (41 1b).
Accessories available:
HP 16014A: Series Loss Test Adaptor is designed for measuring low-
value inductors and resistors and high-value capacitors.
HP 16462A: Auxiliary Capacitor is designed to extend the Q and L
measurement capability of the 4342A Q Meter. It is especially useful
for measuring small inductors at low frequencies.
HP 16470A Reference Inductors: A range or 20 inductors (any of
which can be supplied separately) which can be used with the 4342A
Q Meter when measuring the RF characteristics of capacitors, resis-
tors, or insulating materials.
HP 16470B Stable Inductors: A set of 4 inductors (any of which are
separately available) which can be used to compensate indicated Q
values and/or instrumental variation in the maintenance of the
4342A Q Meter. They are useable over a range of 800 kHz to 50
MHz with excellent long-term temperature stability.

Options and Accessories

Opt 001: Frequency Range

Opt 910: Extra Manual

16014A Series Loss Test Adaptor

16462A Auxiliary Capacitor

16470A Reference Inductors, set of 20

16470B Stable Inductors, set of 4

16470C Complete set of 24 Inductors (16470A +
16470B)

4342A Q Meter
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COMPONENT MEASUREMENT

Milliohmmeter/High Resistance Meter
Model 4328A/4329A

¢ 20 u( resolution on 1 mf? range
® Four terminal measurement
¢ | ow test voltage

RIS

w@mmr-mmn@ 43288 MICLIBRMAMETER

RANGE

BATT.TEST

4328A

Description

HP’s 4328A Milliohmmeter is a high sensitivity portable instru-
ment for measurement of low resistances. The 1 m{2 to 100 Q measur-
ing range and 20 uQ resolution make the 4328A ideal for measuring
the contact resistance of switches, relays, and connectors and the re-
sistivity of conductors and semiconductors. Series reactances of up to
twice the full scale resistance will not affect the accuracy. The maxi-
mum voltage across a sample, with the instrument at the proper
range, is less than 200 uV peak. Even at incorrect range settings, the
voltage across the sample will not exceed 20 mV peak.

The special probes that allow four-terminal measurement in two
probes are furnished with the 4328A.

The basic 4328A is line operated but Opt 00! permits operation
from rechargeable batteries for 15 continuous hours.

Specifications

Range: 0.001 to 100 ohms full scale in a 1, 3 sequence.

Accuracy: +2% of full scale. No additional error is caused by series
reactance of samples up to two times full scale.

Measuring frequency: 1000 Hz =100 Hz.

Voltage across sampie: 200 uV peak at full scale.

Maximum voltage across sample: 20 mV peak.

Superimposed dc: 150 V dc maximum (external source).
Recorder output: 0.1 V dc output at full scale, output resistance
approx. | k.

Applied current (mA): Constant by range, 150/(full scale value in
milliohms).

General

Power requirements: 115/230 V +10%, 50 to 60 Hz, 1.5 VA,
Weight: 3.2 kg (7 Ib).

Size: 155 mm H x 130 mm W x 279 mm D (6%,” x 5%" x 11”).
Accessories furnished: Model 16005A Probe, 16006A Probe and
16007A/B Test Leads. 16143A Probe Cable.

Ordering Information

4328A Milliohmmeter

Opt 001:Rechargeable battery operation
Opt 910: extra manual

¢ Wide range: 500 k2 to 2 X 10%
® Selectable test voltages: 10 V to 1000 V

4329A

Description

The HP 4329A is a solid-state insulation resistance meter designed
for easy, accurate and direct readings of the very high resistance val-
ues typically found in synthetic resins, porcelain, insulating oils and
similar materials. It is also useful for measurements in electrical com-
ponents like capacitors, transformers, switches and cables. Seven ful-
ly regulated dc test voltages (between 10 and 1000 V) are provided as
test sources.

The HP 4329A is instantly convertible from ungrounded-to-
grounded-sample operation via a simple relocation of the front panel
ground strap from “guard” to “+” position.

The HP 4329A also has a current measurement capability. Minute
currents as low as 0.05 pA can be readily measured.

The HP 16008A Resistivity Cell, designed for use with the HP
4329A, can safely, rapidly and conveniently measure the volume and
surface resistivity of sheet insulation materials (maximum sample
size: 125 mm W x 125 mm D x 17 mm H).

Specifications

Resistance Measurement

Range: 500 k{ to 2 X 10" Q. (Depends on the test voltage).
Accuracy: total accuracy is determined by test voltage and range
used. At low resistance end of each scale, accuracy is + 3%, near cen-
ter scale + 5%, and near the specified upper limit on the meter scale
(a quarter of full scale), accuracy is + 10%. Accuracy is not specified
above these limits. On all voltage ranges, if multiplier is set to Rmax.,
an additional +3% is included.

Test Voltage: 10 V, 25V, 50 V, 100 V, 250 V, 500 V and 1000 V
+3%.

Current Measurement

Range: 5 X 10" to 2 X 10~ A in 8 ranges.

Accuracy: * 5% of full scale deflection (there can be an additional
+ 3% error at the top decade).

General

Recorder output: 0 to 100 mV dc, proportional to meter deflection;
1 kQ output resistance.

Power: 115/230 V *10%, 50-60 Hz, approximately 3 VA.

Size: 166 mm H x 198 mm W x 224 mm D (6, x 7%,," x 82%,").
Weight: 3.5 kg (7.7 1b).

Accessory furnished: HP 16117A Low Noise Test Leads.
Accessory available: Model 16008A Resistivity Cell.

Ordering Information
16008A Resistivity cell
4329A High resistance meter
Opt 910: extra manual
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4260A
4260A Description

Measurements of C, R, L, D and Q are easily made with Hewlett-
Packard’s Model 4260A Universal Semi-Automatic Impedance
Bridge.

Nulling is easily accomplished with a unique auto-balance circuit.
Illuminated pointers (<<CRL>) automatically indicate whether a
null is up- or down-scale. Both range and CRL controls can be set
watching these pointers.

Components may be biased by connecting a battery to rear termi-
nals. An external oscillator and detector can be used for measure-
ments in the 20 Hz-20 kHz range.

COMPONENT MEASUREMENT

Universal Bridge
Models 4260A, 4265B

4265B

4265B Description

Hewlett-Packard’s Model 4265B Universal Bridge provides an eco-
nomical way to make precision measurements of L, C, or R and D or
Q. Components can be measured in ranges of 0.1 uH to 1111 H in
inductance, 0.1 pFto 1111 uF in capacitance and 0.l mQto 1.111 MQ
in resistance with a basic measurement accuracy of 0.2% of reading
for L, C, and R.

Measurement frequency range is 50 Hz to 10 kHz with an external
oscillator, and 1 kHz with internal oscillator.

Specifications
Model 4260A 42658
c 1000 pF to 1000 gF, 7 ranges 1000.0 pF to 1000.0 uF, 7 ranges
F':;'n;f:s'e L | 1000 4H to 1000 H, 7 ranges 10000 4H o 10000 H, 7 ranges
R | 10Qto 10 M@, 7 ranges 1000.0 mQ to 1.0000 M, 7 ranges
Range c 1pFtolnF 1 nF to 100 uF 100 uF to 1000 uF all ranges except — 1000.0 xF range only
L lyHtol mH 1 mH to 100 H 100 H to 1000 H all ranges except — 1000.0 «H range only
R 10mQto 109 10Qto 1 M@ 1 M2 to 10 MQ all ranges except — 1000.0 mQ range only
(%A:f:':::i{] ], (2% + 1 digit) +(1% + 1 digit) (2% + 1 digt) t),( %zo?o/dorfe;ds";g tf%%/ln/oforfesds";g
Range LOW D (series C) HIGH D (parallel C) ' series C parallel C
b 0.001 t0 0.12 0.05to 20 0.001to1 0.1 to 1000
Accuracy + 2 % +(10 D of reading + 4)% 1(5% of reading + 1(5.%. gf rdg + 2 minor
/D of reading -(10+/D of reading ¥ 2% 2 minor divisions) divisions) for 1 /D
Range LOW Q (series L) HIGH Q (parallel L) series L parallel L
0 0.05t0 20 8 to 1000 0.001 to 10 1 to 1000
+(10/Q of reading + 4)% +(5Y ; o ;
il £2 Qo resdng % Sinor sy s 110
Oscillator internal: 1 kHz +2%, 100 mV rms + 20% internal: | kHz +15Hz, <0.4V rms
external: 20 Hz to 20 kHz, <2 V rms. external: 50 Hz to 10 kHz or dc for R-measurement; <4 V rms
DC bias Voltage <6 V, current <10 mA Voltage <250 V, current <10 mA

General (4260A)

Power: 115 or 230 volts + 10%, 50-60 Hz, approx. 7 VA.
Size: 166 mm H x 198 mm W x 279 mm D (6.5" x 7.8" x 11”).
Weight: Net, 5 kg (11 Ib). Shipping, 6.8 kg (15 1b).

Options
Opt 910: Extra Manual

4260A Universal Bridge

General (4265B)

Power: 100/120/200/240 V +10%; 48 to 440 Hz, 5 VA.

Size: 376 mm H x 393 mm W x 115 mm D (14.8” x 15.5" x 4.5").
Weight: Net, 5.5 kg (12.1 1b). Shipping, 7.1 kg (15.7 1b).
Ordering Information

16029A Test Fixture

Opt 910: Extra Manual

4265B Universal Bridge
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COMPONENT MEASUREMENT

Vector Impedance Meter
Model 4800A

® Measures impedance, magnitude and phase

® 5 Hz to 500 kHz

e Analog outputs for impedance magnitude, phase, and
frequency

1R
TR

Description

Vector impedance is a quantity involving both magnitude and phase
and can be graphically illustrated by a vector in the Z, © plane.
Vector impedance describes the ratio of voltage to current and phase
difference between the two.

Impedance of components, complex networks, and other two-termi-
nal devices is measured by simply connecting the “unknown” to HP’s
4800A Vector Impedance Meter, selecting the desired test frequency,
and adjusting the impedance range switch. Both impedance magni-
tude in ohms and phase in degrees are read directly. HP’s Vector Im-
pedance Meter eliminates all the tedium of traditional techniques for
measuring complex impedance. It is a complete system calibrated to
read the complex impedance as measured between the terminals.

HP’s Vector lmpedance Meter measures impedance from | ochm to
10 megohms over a phase range of —90° to +90°. Frequency adjusts
from 5 Hz to 500 kHz in 10 decade ranges. Three controls: impedance
range switch, frequency range switch, and frequency dial, are
arranged on the front panel to assure simple operation.

Besides measuring vector impedance, HP’s 4800A conveniently
measures components. At frequencies that are decade multiples of
1/2m, as marked on the frequency dial, L and 1/C are read directly if
the phase is approximately +=90° respectively. R is equal to the im-
pedance magnitude at frequencies where the phase is approximately
0°. The vector impedance meter also yields Q of circuits and induc-
tors by using either fo/Af, Rp/wL or the wL/Rs technique. A vector
impedance calculator is furnished with each instrument for quick de-
termination of equivalent series resistance, reactance, inductance, ca-
pacitance, and Q.

HP's 4800A is equipped with analog outputs for three parameters:
impedance magnitude, impedance phase, and frequency. These out-
puts may be used in conjunction with a two-pen X-Y recorder to pro-
vide permanent traces. The rear panel provision for an external
oscillator input makes possible swept frequency characterization of
“unknowns”. The impedance meter can be swept over any decade
range of frequency and impedance within the range of the instrument.
Analog outputs can also be connected to a digital voltmeter for a high
resolution, digital readout with excellent repeatability.

Specifications

Frequency characteristics

Range: 5 Hz to 500 kHz in five bands: 5 to 50 Hz, 50 to 500 Hz, 0.5
to 5 kHz, 5 to 50 kHz, 50 to 500 kHz.

Accuracy: +2% from 50 Hz to 500 kHz, +4% from 5 to 50 Hz,
+ 1% at 15.92 on frequency dial from 159.2 Hz to 159.2 kHz, =2%
at 15.92 Hz.

Monitor output: level: 0.2 V rms minimum,; source impedance: nomi-
nally 600 ohms in series with 50 uF.

Impedance measurement characteristics

Range: 1 ohm to 10 megohms.

Meter scale range: | ohm to 10 ohms times impedance range.
Impedance ranges: X1, X10, X100, X1 k, X10 k, X100 k, X1 M.
Accuracy: * 5% of reading.

Phase angle measurement characteristics
Range: 0° to +£90°.

Accuracy: +6°.

Calibration: increments of 5°.

Direct inductance measurement capabilities

Range: 1 uH to 100,000 H, direct reading at decade multiples of
15.92 Hz.

Accuracy: +7% of reading for Q greater than 10 from 159.2 Hz to
159.2 kHz, +8% of reading for Q greater than 10 at 15.92 Hz.

Direct capacitance measurement capabilities

Range: 0.1 pF to 10,000 uF, direct reading at decade multiples of
15.92 Hz.

Accuracy: * 7% of reading for D less than 0.1 at 159.2 Hz to 159.2
kHz, =8% of reading for D less than 0.1 at 15.92 Hz.

Measuring terminal characteristics

Configuration: electrical: both terminals above ground, ground ter-
minals provided for shielding convenience; mechanical: binding posts
spaced %" at centers.

Waveshape: sinusoidal.

External oscillator requirements: 0.9 V +20% into 20 k(2.

Recorder outputs

Frequency: level: 0 to | V nominal; source impedance: 0 to 1000
ohms nominal; proportional to frequency dial rotation.

Impedance: level: 0 to | V nominal; source impedance: 100 ohms
nominal.

Phase angle: level: 0 +0.9 V nominal; source impedance: 1000
ohms nominal.

Accessories furnished: 13525A Calibration Resistor, 006 10A Ter-
minal Shield.

Dimensions: 426 mm W x 133 mm H x 467 mm D (163" x 5%" x
18%").

Weight: net, 10.8 kg (24 Ib); shipping, 13.5 kg (30 Ib).

Power: 115 0or 230 V +10%, 48 to 440 Hz, 29.7 VA.

4800A Vector Impedance Meter
Opt 908: Rack Flange kit
Opt 910: Extra operating and service manual



COMPONENT MEASUREMENT

Standard Air Capacitor Set and Decode Capacitor

1000DF 201%  wexmon rrax vousnce mov &

16380A

16380A Description

The HP 16380A is a set of four air-dielectric four-terminal pair
configuration capacitors with values of 1, 10, 100 and 1000 pF. These
standard capacitors have excellent capacitance stability (=300
ppm/year) and frequency characteristics (100 Hz to 10 MHz). Each
unit is supplied with test certification to 0.01% calibration accuracy
at 1 kHz. This permits direct calibration of capacitance and LCR
meters to an accuracy of 0.1%.

The 16380A can be easily adapted to 3, 4 and 5 terminal configura-
tions, allowing it to be used for calibration of all Hewlett-Packard
LCR meters.

16380A Specifications (at 1 kHz, 23 +5°C)

16381A | 16382A | 16383A | 16384A
Capacitance 1 pF 10 pF 100 pF | 1000 pF
Accuracy +0.1%
Dissipation Factor =0.0001

Dimensions 112 mmH x 142 mm W x 88 mm D
Weight 1.4 kg each, Case: 8.6 kg
General

Frequency Characteristics
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Frequency (MHz;

Models 16380A, 4440B

Temperature coefficient (typ.): +40 ppm/°C (1 pF), +30
ppm/°C (10 p, 100 p, 1000 pF)

Calibration accuracy: +0.01% (certification at 1 kHz supplied).
Stability: 300 ppm/YR (at 1 kHz and 23 +5°C)

4440B Description

The Hewlett-Packard 4440B Decade Capacitor is a high accuracy
instrument providing usable capacitances from 40 pF to 1.2 uF. Its
0.25% accuracy makes it an ideal aid for circuit design or as a work-
ing standard.

The use of silvered-mica capacitors in all four decades provides
higher accuracy, lower dissipation factor and good temperature coef-
ficient. An air capacitor vernier provides 100 pF (from 40 pF to 140
pF) with resolution of 1 pF. Capacitors are housed in a double shield
in such a way that increased capacitance from two terminals to three
terminals is held to 1 pF.

44408B Specifications
Capacitance: 40 pF to 1.2 uF in steps of 100 pF with a 40 pF to 140
pF variable air capacitor providing continuous adjustment to better
than 2 pF between steps.
Direct reading accuracy: +(0.25% +3 pF) at | kHz for three-ter-
minal connection.
Resonant frequency: typical values of the resonant frequency are
450 kHz at 1 uF, 4 MHz at 0.01 uF and 40 MHz at 100 pF
Dissipation factor: for C > 1040 pF, 0.001 MAX at 1 kHz.

for C << 1040 pF, 0.005 MAX at 1 kHz.
Temperature coefficient: << +70 ppm/°C.
Insulation resistance: 5 G2 minimum, after S minutes at 500 V dc.
Maximum voltage: 500 V peak.
Weight: net 2.5 kg (5' Ib); shipping 3.6 kg (8 1b).
Size: 76 mm H x 264 mm W x 152 mm D (3" x 11" x 6).

Ordering Information
16380A Standard Air Capacitor Set
4440B Decade Capacitor :
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COMPONENT MEASUREMENT

pA Meter/DC Voltage Source
Model 4140B

® 3 basic semiconductor measurements:
I, I-V and Quasi-Static C-V measurements
®* Two programmable voltage sources
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Description

The 4140B pA Meter/DC Voltage Source is another in Hewlett-
Packard’s new generation of Component Measurement instrumenta-
tion. 1t consists of an extremely stable picoampere meter and two pro-
grammable dc voltage sources, one of which operates as a ramp and
staircase generator as well as a dc source. These features make the
4140B ideal for making dc characteristic measurements such as leak-
age current, current-voltage characteristics and quasi-static C-V
measurements required by the semiconductor industry for new prod-
uct development and for improving production yields. It is equally
useful in measurements of electronic components and materials to de-
termine leakage currents or insulation resistances.

The 4140B can contribute to the development, production and qual-
ity control of semiconductor devices and to the improvement in the
reliability of electronic components and equipment.

Stable pA Measurements

Stable picoampere measurements can be made with the 4140B with
a maximum resolution of 10-"A. This is made possible by a new mea-
surement technique in conjuction with an offset current capability,
low noise test leads, and an electrostatic and light shielded test fix-
ture. These features provide both stable and fast picoampere mea-
surements.

This measurement technique is very useful in making small leakage
current measurements and determining dc parameters of semicon-
ductor devices or measuring the insulation resistance and leakage
current for dielectric absorption measurements necessary in the
analysis of capacitors or insulation materials.

Synchronized |-V Measurements

The 4140B makes automatic, synchronized current-voltage mea-
surements that have required a large instrumentation system in the
past.

The two voltage sources in the 4140B operate over a range of —100
V to +100 V with a maximum resolution of 10 mV. One operates only
as a stable dc source while the other generates a staircase voltage, a
precise ramp or a stable dc level.

By adding precise, programmable timing capability, we can now
make fast, accurate I-V and C-V measurements. Device stabilization
times, (time between the applied voltage and the subsequent current

| DESIGNED FOR I
SYSTEMS

measurement) can now be programmed from the front panel of the
4140B or via the HP-1B bus.

Quasi-static C-V Measurements

Automatic quasi-static C-V measurements are easily accomplished
by the ramp voltage capability of the 4140B. This measurement is
highly significant in evaluating basic semiconductor characteristics.

The 4140B operates over a capacitance range of 0.1 pF to 1999 pF
with a devoltage ramprate of | mV/sto 1 V/sin | mV/s increments.
Capacitance, which is calculated from the measured current divided
by the ramp rate, can also be provided as a percent of the capacitance
of the oxide film (Cox) over a range of 0.0 to 199.9%. By providing
the output voltage at each capacitance measurement point, we have
the dc (quasi-static) C-V characteristics of the device under test.

HP-IB Capability

Interfacing the 4140B to an HP-IB system improves measurement
efficiency and takes advantage of its high speed (approx 5 ms) mea-
surement rate. Such a system will minimize measurement time of dc
parameters of semiconductors and the insulation resistance and leak-
age current of electric components and materials. This allows rapid
feedback to production for fast evaluation of a new device in the de-
velopment stage.

Specifications

Measurement functions: I, I-V and C-V

Voltage sources: two separate sources (V, and V)
V,: =100 V programmable source/function generator
Vg: =100 V programmable DC voltage source

Measurement Function/Source Selection:

Function Va Vs
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Voitage sweep: auto or manual (pause)

Current measurements:

Displays: current, 3", digits with 2 digit annunciator. Voltage, 3%
digits.

Reference Data

Current Measurement
Current measurement accuracy’

Measurement range: + 1.000 X 10-2A to 1.000 X 10-2A full scale Range Integration Time
in 11 ranges. Short Medium
Overrange capability: 99.9% on all ranges. 10~2 — 10—° 05+3 05+2
Range selection: auto (lowest current range is selectable), and 10> 05+3 0513
manual 10~ 2+4 2+3
Measurement accuracy/integration time: 1011 5410 514
Range Accuracy* Integration Time** (ms) 10— 5420 5410
+ (% of rdg. + counts) Short Medium Long * + (% of rdg. + counts), 23°C
1072 - 10~ 05+2 20 80 320
107" 242 Current ranging times": 21 ms to 3.8 sec. (longer ranging time need-
1071 5+3 80 320 1280 ed for large changes in input signal level, especially on lowest current
0% 5+8 160 640 2560 ranges).

* Accuracy for long integration time. 23°C £ 5°C. humidity < 70%. For short and medium integra-
tion time, see referenca data section.
** Integration times specified at 50 Hz. For 80 Hz operation, multiple time by %.

Zero offset: cancels leakage current of test leads or test fixtures.
Offset range: 0 to =100 X 10-°A.

Trigger: INT, EXT and HOLD/MAN

Input terminal: triaxial

Capacitance-voltage (C-V) measurement

Measurement ranges: 0.0 pF - 100.0 pF and 200 pF - 1000 pF F.S.
in two ranges; 99.9% overrange

Ranging: auto

%C: capacitance change of device under test is displayed as a percent
of the set value of the oxide capacitance (Cox = 100%)

%C range: 0.0% — 199.9%

Cox setting ranges (2 ranges): 0.1 pF — 199.9 pF and 200 pF -
1999 pF

Capacitance calculation accuracy: accuracy is dependent on ac-
curacy of both the current measurement and ramp voltage.

Zero offset: cancels stray capacitances of test fixtures and test leads.
Offset range: 0 to 100 pF

High speed | data output: available with HP-1B interface only.
Outputs current measurement data at 4 ms intervals (max rate).

DC voltage sources
Output modes, Va:

Ve:

Function Va Vs
S L T == o)
WS =
cv |/ /L (DO)

Voltage ranges (Va and Vs): 0to =10.00 Vand 0to = 100.0 Vin 2
ranges, auto range only.
Maximum current: 10 mA, both sources.
Voltage sweep: auto and man (Pause), up/down step in manual
(Pause) mode. Sweep abort standard
Operating parameter setting ranges:
Start voltage and stop voltage: 0 — =10.00 V, 0.01 V steps; 0 —
+100.0 V, 0.1 V steps
Step voltage: 0 — +10.00 V, 0.01 V steps; 0 — £100.0 V, 0.1 V
steps
Hold time: 0 — 199.9 seconds in 0.1 s increments; 0 — 1999 seconds
in 1.0 s increments
Step delay time: 0 — 10.00 seconds in 0.01 s increments; 0 — 100.0
seconds in 0.1 s increments
Ramp rate (dV/dt): 0.001 V/s — 1.000 V/s in 0.001 V/s incre-
ments
Accuracy (at 23°C +=5°C):
Output voltage: + 10V, +(0.07% + 11 mV); £100V, £(0.09%
+ 110 mV)
Ramp rate: typically 0.5%,0- £10V; <5 %, >10 V.
Current limit: 100 A, 1 mA and 10 mA, £10% (VA and Vs)
Output terminals: BNC; L-GND

*When FILTER is on, current ranging time increases 60 ms (50 Hz power line) or 50 ms (80 Hz power
line)

Warm-up time: =1 hour
Common mode rejection ratio: =120 dB (=<2 counts)

Analog Output |, C and Va

Accuracy: =(0.5% + 20 mV)

Low pass filter: 3 position: OFF,0.22 s +20% and 1s +20% applied
to both Va and 1/C data outputs

Pen lift output: TTL low level (=0.8V) during sweep period in [-V
and C-V functions

Recorder output scaling: pushbutton scaling of lower left and up-
per right limits of X-Y recorder

HP-IB Interface’
Remote controlled functions: measurement function, current
range, integration time, 1 data output trigger, voltage sweep controls,
current limit, Va and Ve voltages, zero (offset), self test and param-
eter settings (voltages, sweep/hold/delay times)
Data output:

Measured data (I, C and Va),

Voltage setting (Va and Vs),

Parameter settings
*HP-IB cables not supplied; see page 29.

General Information

Power: 100, 120, 220, V +10%, 240 V +5% — 10%; 48-66 Hz, 135
VA max with any option

Size: 426 mm W x 177 mm H x 498 mm D (16.5” x 7" x 19.6").
Woeight: 14.4 kg (31.7 1bs.)

Accessories Furnished

16053A test leads: Consists of one triaxial cable, two each BNC-
BNC cables and one connection plate with mating female panel-
mount connectors. Cables are one meter in length.

16055A test fixture: for general device measurements. Provides
clectrostatic and light shielding for stable pA measurements.

Accessories Available

16054A connection selector: provides a simple method to select
appropriate connection of low lead for the pA meter section.
16056A current divider (10:1): for use only on the 10 mA range to
extend the measurement capability to 100 mA.

Ordering Information

Accessories

16053A Test Leads (furnished)

16054A Connection Selector

16055A Test Fixture (furnished)

16056A Current Divider (10:1)

Options

Opt 907 Front Handle Kit (P/N 5061-0090)
Opt 908 Rack Flange Kit (P/N 5061-0078)
Opt 909 Rack & Handle Kit (P/N 5061-0084)
Opt 910 Extra Manual

4140B pA Meter/DC Voltage Source
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COMPONENT MEASUREMENT

Semiconductor/Component Test System
Model 406 1A

* Readyto use—supplied with 7 turn-key application pacs

® Reliable impedance and current measurements with one
probing

® Productivity improvement through accurate and fast
measurement over wide range

| DESIGNED FOR I
SYSTEMS

Description

The 4061 A Semiconductor/Component Test System is a dedicated
system for making efficient, automatic evaluation of the fundamental
characteristics of semiconductor and electronic components required
in R & D and production areas. This system employs reliable, accu-
rate measurements and high speed data processing to perform more
reliable evaluations with speed and less manpower. The 406 1A is sup-
plied with 7 sophisticated applications programs and is flexible in
both software and hardware. Thus, the system can output measure-
ment results in nearly any required data format.

The switching subsystem, designed especially for use with the
4061A, allows both impedance and current measurement without
changing DUT connection. Using this new switching subsystem, and
by making impedance measurements, the 4061 A performs evaluation
of Doping profile, Oxide capacitance, Flat band condition, Threshold
voltage, Surface charge, and Minority carrier life time/surface gen-
eration velocity. The 4061A also measures leakage current and re-
verse/forward current-voltage characteristics. Surface state density
evaluation, using both high (e.g., | MHz) and low frequency (Quasi-
static) C-V measurements and data processing are also possible by
making modifications to system software.

The system offers significant improvement in both yield and quality
in production through fast and reliable measurements and evalua-
tions. It is also a valuable evaluation tool for the development of new
materials and devices. The 4061A provides the flexibility to meet the
future measurement requirements of the electronics industry.

System Configuration
The 4061A consists of the following:
4140B pA Meter/DC Voltage Source
4275A Multi-frequency LCR Meter
Switching Subsystem
9835A System Controller
98034B HP-IB Card
98035A Real Time Clock
29402C 56-inch Rack Cabinet

Impedance Measurement

The 4275A Multi-frequency LCR Meter offers excellent flexibility
in measuring the impedance characteristics of semiconductors, LCR
components and electronic materials. The 4275A’s flexibility enables
tests to be performed at test frequencies, test signal levels and DC
bias voltage equivalent to, or very near actual operating conditions.

The 4275A offers up to 5% digit resolution, wide measurement range
(0.01 fF to 199.999 uF) basic accuracy of 0.1% over a 10 kHz to 10
MHz frequency range.

Current Measurement

The 4140B pA Meter/DC Voltage Source offers stable current
from 0.001 pA to 20 mA. Two programmable +100 VDC voltage
sources are also built in. Fast, accurate I-V characterization of FETS
and diodes are made easy using microprocessor timing control be-
tween the voltage sources and pico-ammeter. The 4140B also per-
forms reliable quasi-static C-V measurement with high sensitivity
and stability by using a highly linear ramp biasing technique.

Switching Subsystem

The switching subsystem remotely changes DUT connection be-
tween the 4275A and 4140B. Thus, with one probing, the measure-
ment cabling is automatically controlled and wide measurement
range for both impedance measurements, up to 1 MHz, and current
measurements, down to 0.001 pA are guaranteed.

This switching subsystem includes an 8 bit data 1/0 function with 2
bit interrupt input for interface versatility. Non-HP-1B products such
as IC probers, temperature controls, or component handlers can be
interfaced through this 8 bit I/O. Of course, other HP-IB compatible
products can be interfaced, allowing greater flexibility in both mea-
surement and data processing.

Controller

The standard System controller is the HP 9835A with basic 64 k
byte memory. The 9835A controls measurements and performs com-
plex data manipulation. The derivation of the semiconductor charac-
terization parameters and general data analysis such as statistical
evaluation of the measurement result can be obtained immediately
after measurement.

System Software

System software consists of 7 turn-key application programs, 28
system subroutines, and 4 diagnostics. The application software is
ready to use to perform basic semiconductor characterizations and
component impedance evaluations. System subroutines are usable as
major program subroutines to expand system measurement and data
processing capabilities. The diagnostics isolate parts of the system not
operating properly and can be used to verify system operation before
making measurements.

Furnished Application Software

Semiconductor high/low frequency C/V characteristics, I-V char-
acteristics, C-t characteristics and Zerbst analysis, Impedance Fre-
quency/Bias characteristics, Ideal C-V curve.

Semiconductor Applications
C-V Characteristics

The 4061A measures the C-V characteristics of MIS structures.
Both high frequency C-V (10 kHz to 1 MHz) and low frequency C-V
(quasi-static) characteristics are easily measured. Using data from
the C-V characteristics measurement, a doping profile is easily ob-
tained.
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The 4061 A performs the Zerbst analysis using the C-t measure-
ment data. This analysis is an effective evaluation method for obtain-
ing the semiconductor minority carrier generation characteristics.



I-V and DC Characteristics

Total synchronization between the application of the voltage and
the current measurement is automatically accomplished by the
4061A. This permits the accurate (0.5%) and high speed (35 ms on
the 1 nA range) measurements necessary to measure small leakage
currents in MOS structures, FET’s, and diode static characteristics.
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406 1A System Library

Specifications

For detailed specifications on each of the instruments used in the
4061A, refer to the individual data sheets.
Impedance Measuring Section (4275A)

These specifications are for the 4275A connected directly to the
device-under-test (DUT).
Display: 4'2 digits; 5% digits in high resolution mode
Frequency: 10 kHz to 10 MHz; 10 spot frequencies in a 1-2-4 step
sequence.
Oscillator level: | mVrms continuously variable into open circuit.
Output impedance approximately 100 ohms.
Measurement parameters: C—D+Q+ESR*G, L—D*Q+*ESR-G,
R—X+B+L+C,|Z|-8
Measurement ranges:

C: 0.01 fF to 199.99 uF

L: 1 pH to 19.999 H

[z, R, X: 0.01 mQ to 19.999 MQ

G,B: 0.01 nSt0 19.999 S

D: 0.0001 to 9.9999
- Q:0.01 to 99500
Basic accuracy: =0.1%
Measurement time: Approximately 140 ms to 210 ms
DC Bias (4275A Option 001): 0 to +35 V, 1 mV maximum resolu-
tion.

Current Measurement Section (41408)

These specifications are for the 4140B connected directly to the de-
vice-under-test.
Measurement functions: 1, I-V, and C-V. Synchronized measure-
ments of Current-Voltage (I-V) and Quasi-Static (C-V) are auto-
matically performed.

COMPONENT MEASUREMENT

Semiconductor/Comp. Test Sys.

Model 4061A

Current measurement:

Display: 3" digit

Range: +0.001 X 1072 A to 1.999 X 1072 A

Basic accuracy: +0.5%

Measurement time: approximately Smsto 9 s
DC Voltage sources: Vp and Vg

Output mode: V; S N = v =

Range: Both sources, 0 to £10 V in 10 mV steps; 0 to £ 100 V in
100 mV steps; Ramp Rate, (VA only), 0.001 V/sto 1 V/s
Capacitance-Voltage (C-V Measurement)
Measurement ranges: 0.0 pF to 199.9 pF and 200.0 pF to 1999 pF
F.S. in two ranges; 99.9% overrange.

Switching Subsystem .
The switching subsystem consists of a switch control module an

switching module with interconnecting cables.

Function: Switches connection from DUT to either Multi-frequency

LCR Meter or the pA Meter/DC Voltage source.

System Measurement Range (Only deviations from individual
instrument specifications are listed.)
Impedance measurements (4275A)
Frequency range: 1| MHz
Measurement parameters: C-G
Capacitance: <200 pF (With D=<0.1)

Accuracy: (Accuracy of 4275A) X 1.5 + AC (at 25°C + 5°C).

AC = 1.4 X 107°Cxf* (pF) + 5 counts
Conductance: <12 mS (D <0.1)
*Accuracy: (Accuracy of 4275A) X 1.5 + AG (at 25°C +5°C)
AG = 6 X 107°Cxf(S) + S counts

*After 1 hour warmup and at DUT terminal of switching module f:
frequency in MHz
Cx: Measured capacitance value in pF
At 5°C to 40°C, AC and AG doubles (Example: Assume Cx =
1000 pF and f = 1 MHz). C = (1.4 X 107+ 10°+(1)?) pF + 5 counts =
1.4 pF + 5 counts
Current Measurements (4140B)
Accuracy: (Accuracy of 4140B) X 1.5 + 5 counts

After one-hour warmup and at DUT terminal of switching module
Controller (9835A)

Internal storage: 64 kbytes

Dynamic range: 10** to 107, 0, =107% to —10*

Internal calculation range: 10°'! to 10™*", 0, —107°" to —10°"

CRT display: 80 characters per line; 25 lines

Data cartridge capacity: 217 kbytes

Available Options

Option 001: =100 V internal dc bias; 4275A internal bias is
changed to =100 V with 0.1 V resolution

Option 002: 1-3-5 frequency step; 4275A frequency steps are in a
1-3-5 sequence

Option 030: European date format; 98035A output format is
changed to (day, month, hour, minutes, seconds)

General Information

Operating temperature: 5°C to 40°C

Relative humidity: 70% at 40°C

Power: 100, 120, 220, and 240 V, +5% to 10%, 48 to 66 Hz, 690 VA
Max (520 VA without the 9835A)

Size: Rack Cabinet, 535 mm W x 1635 mm H x 770 mm D (21" x
64.4” x 30.3"); 9835A: 384 mm W x 358 mm H x 496 mm D (15" x
14" x 19.5").

Weight: Rack Cabinet, approximately 125 kg (275 1bs.); 9835A, ap-
proximately 22.3 kg (49 lbs.); Standard System, approximately 190
kg (417 lbs.).

Ordering Information

Option 001: +100 V dc Bias for 4275A
Option 002: 1-3-5 Frequency Steps for 4275A
Option 030: European Date Format

406 1A Semiconductor/Component Test
System
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10s] COMPONENT MEASUREMENT
(ﬁ,ﬂ] LCZ Meters

Models 4276A & 4277A

Model 4276A ® Measure L/C-D/Q/ESR/G,|Z|- ¢, L/C only
® 3-digit frequency setting: 100 Hz to 20 kHz (801 spots) ® 10-bin component sorting-Comparator/Handler Inter-
¢ High speed measurements (1 kHz): 95 ms/meas (4-digit face (optional)
display resolution); 60 ms/meas (3-digit display resolu- ® 0.1% basic accuracy over impedance range of 100 mQ
tion) to 10 MQ
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4276A
CESIGNED FOR
' SYSTEMS .
Description ‘provide 801 and 701 test frequencies, respectively. Test frequencies of
HP’s 4276A and 4277A LCZ Meters are general purpose imped- both instruments are linearly spaced along a logarithmic scale. The
ance measuring instruments designed to measure circuit components most commonly used test frequencies for production line measure-
such as capacitors and inductors using frequency and DC bias condi- ments—100 Hz, 120 Hz z.md | MHz, all of Whlch are SPCC_lfleq n
tions identical to those of the intended application. Both 4276A and MIL/IEC standards are included. Frequency setting resolution is 3
4277A feature variable test frequency (100 Hz — 20 kHz and 10 kHz digits. . i
— I MHz respectively), optional DC bias variable from 0 to + 40 V, Both instruments feature selectable test signal levels'—l V/SQ mVY
multiple parameters (L « C +|Z]+ D+ Q » ESR « G * 6) with fully (4276A)and 1 V/20 mV (4277A)-and both can be equipped with an
automatic high speed mecasurements, and 4% digit resolution. The optional internal DC bias source that is variable from 0 to = 40 V in
4276A has an impedance range of 100 mQ to 10 MQ; and the 4277A, 10mV (0to 10 V) or 100 mV (10 t0 40 V) steps. Thus, bias conditions
10 Q to | M that suit the measurement and the DUT can be selected, an important
Both instruments are ideal for production line, quality control, and consideration for semiconductor C/V measurements. .
circuit design applications, and are versatile enough for stand-alone The above features satisfy most impedance measurement require-
use or systems use under HP-1B control (standard). An optional com- ments for component development and circuit design. HP-1B en-
parator /component handler interface for 10-bin sorting with mea- hances these features.

surement speed of better than 100 ms make the 4276A /4277A a good

; g . X High Speed Measurements
choice for production line testing of discrete components.

The 4276A and 4277 A provide high speed measurements with 3%
to 4% digits resolution. The time required for a C-D measurement, for

Variable Test Parameters: Frequency, Bias, example, is 95 ms (4-digit) or 60 ms (3-digit) at | kHz, and 70 ms (4-
Signal Level digit) or 50 ms (3-digit) at | MHz. Even at 120 Hz, a measurement

HP’s 4276A and 4277A offer variable test frequency, optional in- time of 170 ms (4-digit) or 150 ms (3-digit) is possible. Also, when the
ternal DC bias, and selectable test signal level (HIGH and LOW). instrument is set to L only or C only measurement mode, measure-
This makes it possible to measure components under conditions al- ment time is 45 ms (4-digit) or 35 ms (3-digit) at 1 kHz (if D is less
most identical to those of the intended circuit. than 0.002), and 40 ms (4-digit) or 30 ms (3-digit) at | MHz (if D is

The 4276A (100 Hz to 20 kHz) and the 4277A (10 kHz to 1 MHz) less than 0.01).



Model 4277A

® 3-digit frequency setting: 10 kHz to 1 MHz (701 spots)

e High speed measurements (1 MHz): 70 ms/meas (4-dig-
it display resolution; 60 ms/meas (3-digit display resolu-
tion)

| DESIGNE FOR I
SYSTEMS

COMPONENT MEASUREMENT

LCZ Meters
Models 4276A & 4277A

® Measures L/C-D/Q/ESR/G,|Z]- 0, L/C only

® 10-bin component sorting-Comparator/Handler Inter-
face (optional)

® 0.1% basic accuracy over impedance range of 10 { to
1 MQ
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Such high speeds considerably improve the efficiency and increase
the throughput of high volume measurements like outgoing inspec-
tion on the production line and incoming inspection by component
end users. If an HP-IB system is configured, measurement efficiency
is further improved because HP-1B is capable of packed binary data
output format, which can be processed much faster than the usual
ASCII format. Even when the HP-IB capability is not used, the
4276A/4277A can increase production line throughput if the option-
al comparator/handler interface is used.

Optional Ten-Bin Component Sorting

A 10-bin Comparator /Handler Interface (option 002) is available.
Nine sets of bin limits (high and low) can be input for L, C or|Z].
Also, high and low limits for D,Q,ESR, or G can be set to provide
20/no-go testing.

Multiple bin sorting is especially beneficial on the production line
and in incoming inspection. Test costs can be significantly reduced
using the 4276A/4277A’s high speed measuring capability. When
the optional handler interface is used for automatic component sort-
ing, measurement efficiency is better than that when using HP-IB.
This is because time for data handshake is not needed.

Output data from the handler interface is at TTL or open collec-
tor level, which improves system noise immunity. Particularly,

Option 002 Comparator/Handler Interface

three lines—external trigger and measurement complete signals—are
photo-isolated, so a reliable sorting system free from noise can be
constructed.

Measurement reliability is improved by other comparator features
like front panel lock-out and auto zeroing of fixture residuals.

Plus, all comparator/handler interface functions can be HP-IB
controlled. So a fully automatic component sorting system can be
constructed for the use in outgoing/incoming inspection.

Specifications (refer to data sheet to complete specifications
(Common to 4276A and 4277A)
Parameters measured: C-D+Q+ESR-G

L-D+Q-ESR-G

C only, L only

|z|-© and A(deviation for any parameter)
Display: 4% digits (max), maximum display 19999
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COMPONENT MEASUREMENT

(A/n Models 4276A & 4277A (Cont.)

Measurement circuit modes: Auto, Parallel, and Series
Frequency control modes: SPOT (100 Hz, 120 Hz, 1 kHz, 10
kHz, 100 kHz, 1 MHz), COARSE (10 freqs’/decade), and FINE
(max. freq. resolution).

Test signal level (unknown terminal open):

HIGH LOW
4276A 1Vrms £ 10%* 50mV + 20%*(Cp only)
4277A 1 Vrms = 10% 20mV = 15%
*at 1 kHz only

Output impedance: 100 Q
Ranging modes: Auto and Manual (up-down)
Trigger: Internal, External or Manual
Measurement terminals: 5-terminal (4276A)
4-terminal pair (4277A)
Measurement speed modes: FAST, MED, and SLOW
Offset adjustments: Front panel OPEN and SHORT adjustments
to compensate for residual impedance and stray admittance of the
test fixture.
Test frequencies: 4276A - 100 Hz to 20kHz = 0.01% (801 points)
4277A-10kHzto 1 MHz + 0.01% (701 points)

Step frequency:

Test Frequency Step Frequency
100 Hz-200 Kz 1 Hz
202 Hz-500 Hz 2Hz
505 Hz-1 kHz 5Hz
1.01 kHz-2 kHz 10 Hz
2.02 kHz-5 kHz 20 Hz
5.05 kHz-10 kHz 50 Hz
10.1 kHz-20 kHz 100 Hz
20.2 kHz-50 kHz 200 Hz
50.5 kHz-100 kHz 500 Hz
101 kHz-200 kHz 1 kHz
202 kHz-500 kHz 2 kHz
505 kHz-1 MHz 5 kHz

Compensation frequencies:

4276A: 100, 200, 500, 1k, 2k, 5k, 10k, 16k, 20 kHz
4277A: 10k, 20.2k, 50.5k, 100k, 202k, 505k, 700k, 900k, | MHz
Compensation at other frequencies is automatically done using sec-

Measurement Accuracy and Range: Specified at the front panel
unknown connectors when all of the following conditions are satisi-
fied:

(1) warmup time = 30 min,

(2) test signal level is set to HIGH (1 Vrms)

(3) measurement speed mode: MED or SLOW

(4) ambient temperature is 23°C + 5°C

(5) cable length switch is set to Om (4277A)

(6) OPEN and SHORT adjustments have been made

(7) D = 0.1 (L-D+Q, C-D+Q, and | Z| — ® measurments)

D = 0.002 (4276A)
D = 0.01 (4277A)

Accuracies given in Tables | through 6 are read as + (% of reading +
number of counts) for L, C, and |Z], and + (number of degrees +
number of counts) of ©.
C-D/C-Q (1/D) Measurement Accuracy: Accuracies for C mea-
surements are given in Table 1 (frequencies other than 100, 120, 1k,
and 1 MHz) and Table 2 (100, 120, 1k and 1 MHz only). The
4277A’s C accuracies in the tables are for the full scale value of each
C range.

C only measurements can be made under the following conditions:

L only and C only measurement

Test Frequency Measurement Range D
Al All ranges except for
42764 frequencies the two highest ranges £0.002
at each frequency
42774 1 MHz 1pF-10nF < 0.01

(Refer to the 4276A/4277A data sheet for complete accuracy specifications, including D/Q
accuracies)

L-D/L-Q (1/D) Measurement: Accuracies for L measurements are
given in Table 3 (for frequencies other than Ik, 10k, 100k, and |
MHz) and Table 4 (for 1k, 10k, 100k, and 1 MHz). The 4276A’s L
accuracies given in the tables are for the full scale value of each L
range.

L only measurement can be made under the following conditions:

Test Frequency Measurement Range D
All All'ranges except for
4276A frequencies the two highest ranges =0.002
at each frequency
42774 1 MHz 1 4H - 100 4H < 0.0!

(Refer to the 4276A/4277A data sheet for complete accuracy specifications, including D/Q accura-
cies)

|Z]- ® Measurement: Accuracies for | Z | /© measurements are given
in Table 5 (4276A) and Table 6(4277Ar. Accuracies given in the ta-

ond degree interpolation. bles are for the full scale value of each | Z|range.
DC Bias
Offset ranges: Internal DC bias (Opt.): 0 to +40 V
S 4(272? - < 4372?‘)‘: Bias Voltage Voltage Step Accuracy {(at 23 + 5°C)

OPEN g 50'225 G:§ 248 ~40.010-10.0V 0.1V +(1% of reading + 35 mV)
(<2 -9.99t0-0.01V 001V +(1% of reading + 10 mv)
SHORT lzl= 20 R<20 000t09.95V 001V £(0.3% of reading + 10 mY)
10010400V 01v +(0.5% of reading + 35 mv)

HP-IB interface

Remote control: All front panel control settings and 16064A (Com-
parator/Handler Interface) settings can be controlled using HP-1B.
Data Output: Parameter measured, equivalent circuit, display status,
measured values and decision output of comparator.

Output format: ASCII and packed binary.

Self test: Checks 4276A /4277A’s basic operation.

Output resistance: 1020 Q@ = 10% (4276A)
1040 © + 10% (4277A)
Control: Front Panel or via HP-1B
External DC bias via rear panel: O to = 40 V
Memory Backup (approx. two weeks):
Memory Contents: all front panel key settings, excluding BIAS, off-
set values, reference for deviation and comparator limit data.

Table 1 Table 2
10mF 3% + 4
ImF L 2%+2 | 08%+2 | 2% +4
100,F ) 3% +2 | 5% +2 0.45% + 2| 05% + 2
r---1
104F 0.6% + 2 15%+2 | 25%+2| 1 ) 03% + 2
q VoY oo o3
g [ 1 02945 | osn+2]isn+2]| ! 2643 % |ousu+s R 51
100nF i 0.8% + 3 2% +
< 0.6% + 4 0.3%+5 | 0.5% +5 | | kd I_: 01% +5 | 222
© 10nf U ood% 417 ! 108%+3
- —
InF 6% + 10l F 10 ! 5 ! 045% + 5 : i
+
100pF IINE RN ; 2%+20 | | i 03%+5] 101%+51
- |
10pF \ 12% +4 | 2%t 4 Noawr22| ! 1 !
1pF 0.4% + 2 R 10.3% + 13}
L__4 | S -4
| e S — T ~ ) T T T 100Hz
100 200 500 1k 2k Sk 10k 20k 10k 20k 2006 1M 120Hz 1kHz IMHZ

Test Frequency (Hz)

[:] 42764 Measurement Range

[_ - -] 4277A Measurement Range



1kH —L Table 3 Table 4
100 H | 2%+2 [ 3%+2 1% + 2
10H 5% + 2 3% + 2
n 0.8% +2|1.2% +2 0.4% + 2
g Noomn || | 2% + 2 E_ _____ . ::5"'____‘ 1.2% + 2 :r [
& [TomH | \o4%+2|06%+5 i i 0.2% + 5 prews [T
LmH | |06%+5|09%+5] 1%+5 | | o05%+5 | | 03%+5 [06%+5 | (05%+5 !
100 xH 15%+5 | | 02%+17 1__‘: 09% +5 | 102%+9|05%+51
10 4t CECRE 30 3%+ 1a[02%+9
1uH N I 0.3% + 141
[— [ 't
r T T T LI T L
100 1k 5k 10K 20k 10k 20k 100k 1M 1kHz . 10kHz 100kHz ~ 1MHz
:] 4276A Measurement Range E_“] 4277A Measurement Range
Table 5 Table 6
10 Mg 2% +2/2° +2 4% +2/8° + 2 10% +2/10° + 2
1 Mo 1% +2/1° +2 2% +2/2° +2 5% +2/5° + 2
100 ke 2% r3je0+2
|10k 04% +2/0.4° +2 | 0.8% +2/0.8°+2 2% +2/2° +2 I '
I | 0.3% +3/06°+2 |
Sl100ke| [ 01%+5/0.0°+5 | 02%+5/02°+5 | 05%+5/05°+5 | ! i
100 03%+5/03°+5 | 06%+5/06°+5 | 156%+5/15°+5 | ! 01%+5/0.2°+2 |
1o 07%+2/05°+2 | 14%+2/1°+2 | 35%+2/25°+2 | 103%+10/05°+2 !
100 me 1% +20/1° +2 2% +20/2° + 2 5% + 20/5° + 2

T T
100 1k

Test Frequency (Hz)

:] 4276A Measurement Range

General
Measurement time (typical)

4276A (circuit mode set to AUTO, and test signal level set to
HIGH)
Capacitance measurement: applicable to all ranges ex-
cept for highest range when measuring low loss capacitors
of full scale value.
Inductance measurement: applicable to all ranges except
for lowest range when measuring low loss inductors of full
sg:o%le value.

T 1 T
10k 20k 10k M

I
Parameter Speed Mode
1{ C-06, L-DG MED
150 2 | C0G LDG FAST
H 31 Conly. L onty MED
E 4 | Conly. L only FAST
5 100
E 1
H
]
=
2
50
3
4
0
100 1K 10K 20K

Test Frequency (Hz)

4277A (circuit mode set to AUTO)
Capacitance measurement: applicable to parallel C
ranges when measuring low loss capacitors of full scale
value.
Inductance measurement: applicable to series L ranges
\men measuring low loss inductors of full scale value.

I I T TTTT
Parameter Speed Mods
1 c-06 MED
150> . H c0'6 FAST
- N 3 106 MEO
g
-_E; F—— L L L1-0-6 FAST
E N 3 . ]
s .~ .
E M o] <
H S N 1
H T ST‘“\(\-\u\
2 - h » T
= R 5 roodeder -kl L/Cony
= 5o Vi \ N o~ (me0)_|
4 ‘ 24|
1 | [~ L/C only
i l ‘ i (FAST)
[ | |
10K 100K [

Test Frequency

"_—? 4277 A Measurement Range
_a

Operating temperature and humidity: 0° to 55°C, 40°C at 95%
RH.

Power requirements: 100/120/220 VAC =10%, 240 V + 5% —
10%:; 48 to 66 Hz.

Power consumption: 50 VA max (4276A); 65 VA max (4277A).
Size: 188 mm H X 426 mm W X 422 mm D (7%” X 16%” X 16%").
Weight: approx. 8.5 kg (18.7 1bs.).

Options
Opt 001: Internal DC bias, 0 to =40 V, max resolution 10 mV/
100 mV.
Opt 002: 10-bin sorting for L/C/|Z|and Go/No go testing for D/Q,
interfaceable with component handler, useable only with
4276A /4277A.
limit data input: high and low limits using comparator numeri-
cal keys or HP-1B
limit setting range: 00000 to 19999
decision output: BIN number, LED (high/in/low), or HP-IB
Handler interface: (negative true):
Output signal: (open collector or TTL)
decision outputs: BIN number, high/in/low
index: analog measurement complete, photo isolated
measurement complete: full measurement complete, photo iso-
lated
Input signal: (open collector or TTL)
external trigger: photo isolated

Accessories
Furnished accessories: 16047A Direct Coupled Test
Fixture
Accessories available:
16034B: Tweezer Type Test Fixture for Chip
Components
16047C: Test Fixture
16048A: Test Leads, BNC (Im)
16048B: Test Leads, RF Miniature (1m)
16048C: Test Leads, with Alligator chips (1m)
16048D: Test Leads, BNC (2m)
16064A: Retrofit Kit for Comparator/Handler
Interface (4276A /4277A, Opt 002)
16065A: External DC Bias Test Fixture (<200 V)
Options
001: Internal DC Bias
002: Comparator/Handler Interface
Ordering Information
4276A LCZ Meter
4277A LCZ Meter
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COMPONENT MEASUREMENT

[A/”] Model 4145A

® Fully automatic, high speed dc characterization of semi-
conductor devices and materials
® Four programmable stimulus/measurement units capa-
ble of high resolution, wide range sourcing and sensing
I: 1t pA~100mA, V: 1TmV~100V

® Built-in graphics analysis functions
—marker and cursor provide direct numeric readouts
—line function for automatic calculation of line gradient
and X-Y axes intercept values

® Built-in flexible disc drive for permanent storage of user
programs and measurement results
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l DESIGNED FOR I
SYSTEMS

Description

Designed for production line and laboratory use, the HP 4145A is
the electronics industry’s first stand-alone instrument capable of
complete dc characterization of semiconductor devices and materials.
It stimulates voltage and current sensitive devices, measures the re-
sulting current and voltage responses, and displays the results in a
user-selectable format (graph, list, matrix or schmoo) on a built-in
CRT disptay. An on-board programmable calculator provides real-
time calculation of voltage/current dependent parameters, such as
the current gain (hpg) and transconductance(gmy) of transistors,
which also can be displayed on the CRT. A number of powerful
graphic analysis tools—marker, cursor, line function, interpolation—
enhance the 4145’s basic capabilities and provide fast, accurate anal-
ysis of semiconductor devices, leading to increased production yields
and improved device quality.

Four built-in stimulus/measurement units (SMUs) are the heart of
the 4145A. Each SMU can be independently programmed to func-
tion as either a voltage source/current monitor or a current source/
voltage monitor. Thus, a bipolar transistor, for example, can be com-
pletely characterized in common-base, common-emitter, and com-
mon-collector configurations without changing connections—only
changing the SMUs’ operating modes is required. The HP 4145A is
also equipped with two voltage sources and two voltage monitors for
measurements on devices having more than four terminals, such as
ICs.

The HP 4145A can be controlled from the front panel, via the HP-

IB (standard), or by measurement setups stored on flexible discs.

Displayed information—measurement setups, auto-sequence pro-
grams, measurement results—can be dumped directly onto an exter-
nal digital printer/plotter to obtain publication quality hard copies.
Also, measurement results can be sent via the HP-IB to a computer
for further processing.

Auto Sequence Programs

Measurement programs stored on a 4145A flexible disc can be
linked by an auto sequence program, making it possible to perform a
series of measurements with just one keystroke.

Four User-Selectable Display Formats to Suit the
Evaluation

Measurement results can be displayed in one of four display for-
mats: GRAPHICS, LIST, MATRIX or SCHMOO. After measure-
ment has been made and the results displayed, the softkeys can be
used to access various analysis functions for complete device evalua-
tion. These functions include MARKER for numeric readout of mea-
sured value at any point along a plotted curve, CURSOR for numeric
readout of measured value at any point along a plotted curve, CUR-
SOR for numeric readout of value at any graphic point and for line
positioning, STORE /RECALL for overlay comparisons, AUTO
SCALE for optimum graphic scaling, and LINE FUNCTION for
direct readout of line gradient and X-Y axes intercept values.



Specifications

Measurement

Stimulus Measurement Unit (SMU): Four SMUs are built into the
HP 4145A. Each SMU can be programmed to source voltage and
monitor current, or conversely to source current and monitor voltage.
Each SMU can also be programmed to COM mode. This sets voltage
at 0 volts and current compliance at 105 mA.
Output/Measurement Resolution: Voltage, 47 digits. Current, 4
digits

Voltage measurement input resistance/Current source output
resistance: =10" Q

Maximum capacitive load: 1000 pF

SMU voltage range, resolution and accuracy:

Voltage output range, resolution and accuracy:

Outp;;nvgoeltage Resolution Accuracy Maé(ugg;lt)ut
+20V 1 mV +(0.5% of setting 10 mA
+ 10mvy)

Voltage Monitors (Vm) Characteristics:

Number of monitors: Two

Input resistance: 1| MQ + 1% shunted by 150 pF + 10%
Voltage measurement range, resolution and accuracy:

Measurement . A
Voltage Range Resolution Accuracy
+ 2V 100 wv +(0.5% of reading + 10 mV)
20V I mV +{0.2% of reading + 10 mV)

Voltage Range Resolution Accuracy*? Max. Current
20V I mv £(0.1% of reading + 100 mA
40V 2mv 0.05% of range + 50 mA
+ 100V 5mv 040X ly*) 20 mA

*lout ie SMU output current in amps.
SMU current range, resolution and accuracy:
Current Range Resolution Accuracy"? Max. Voltage
+ 100 mA 100 4A 20V {1 > 50 mA)
40V (20 mA < 1 <50 mA)
100V (1 < 20 mA)

+ 10mA 10 pA +{0.3% + (0.1 +0.2

+1000 pA 1 uh X Voyut/100)%]

+ 100 4A 100 nA

+ 1044 10nA 100V

+1000 nA 1 nA +[05%+(0.1+02

+ 100 nA 100 pA X Vout* /100)%)

+ 10nA 10 pA +[1%+(0.1+0.2

+1000 pA L pA®® X Vout™/100)% + 5 pA]

*Vout is SMU output voltage in volts.
**50 [A resolution in current monitor mode.

1. Accuracy specifications sre given as + % of reading or setting value +% of range.

2. Accuracy tolerances are specitied at 25°C +5°C, after a 40 minute warm-up time, with AUTO
CAL on, and specified at the rear panel connector terminais referenced to SMU common. Toler-
ances are doubled for the extended temperature range of 10°C to 40°C.

SMU Voltage/Current Compliance:

Maximum Voltage compliance: 20 V,40 V, or 100 V, depending on
the output current range.

Maximum current compliance: 20 mA, 50 mA, or 100 mA, de-
pending on the output voltage range.

Compliance setting resolution: Same as current and voltage out-
put/measurement resolution. Maximum current compliance resolu-
tion, however is 50 pA.

Compliance accuracy: Voltage compliance accuracy is the same as
voltage output/measurement accuracy. Current compliance accura-
cy is current output/measurement accuracy * (1% of range + 10
pA).

Voltage/Current Sweep Characteristics: Output from up
to three SMUs or voltage sources can be swept in one of three modes:
VARI, VAR2, or VARI".
VAR1: Linear or logarithmic staircase sweep
VARZ2: Linear staircase sweep. Output from the VAR2 source is in-
cremented after completion of each VAR sweep.
VAR1": Output from the VAR’ source is synchronized with VAR
but at levels proportional to a user-selectable ratio or offset relative to
VARI.
Ratio: £0.01 to =10
Offset: Any value that will not cause VAR’ to exceed maximum
allowable output.
Hold time: 0 to 650 seconds, + (0.5% + 9 ms) with 10 ms resolution
Delay time: 0 to 6.5 seconds, = (0.1% + 5 ms) with 1 ms resolution

Voltage Sources (Vs) Characteristics:
Number of sources: Two

Output resistance: =0.2 Q

Maximum capacitive load: 1000 pF

Characteristics Common to SMUs, Voltage Sources &
Voltage Monitors:

Maximum allowable terminal voltage: 100 V peak across SMU
and V, input terminals, or SMU and Vg output terminals, or be-
tween those terminals and guard; and 42 V maximum from Common
to Ground.

Display

CRT size and screen resolution: 152.4 mm (6 inch) diagonal. 2048 x
2048 points.

Display modes: Graphics, Schmoo, List and Matrix

External CRT analog output: X, Y and Z outputs of 0 to 1 Vdc into
600 Q

Analysis
Calculation: Two user functions can be input and keyboard calcula-
tions can be done using the following 11 operators: +, —, *, /, \/,

EXP, LOG, LN, ** (power), ABS (absolute) and A (dlfferentlal)
Constants available on the keyboard:

q: Electron charge (1.602189 X 107" coulomb)

k: Boltzmann’s Constant (1.380662 X 107 J/°K)

e: Dielectric constant of vacuum (8.854185 X 107" F/m)
Analysis functions: Overlay comparison with STORE/RECALL,
Marker, Interpolate, Cursor, Auto scale, Zoom function (——, ——,
11, I, Line and Move Window.

General Specifications

Operating temperature range: +10°C to +40°C; <70% RH at
40°C, permissible temperature change =<1°C/5 min.

Power requirements: 100/120/220 V + 10%; 240 V — 10% + 5%;
48 to 66 Hz; 270 VA max.

Dimensions: 425.5mm W x 230 mm H x 612 mm D (16.75” x 9.06”
x 24.1").

Weight: 27 kg (59 1bs) approximately.

Reference Data

SMU measurement time: Measurement time = response time +
ranging time + integration time.

SMU response time:

Current Range Setup/Settling Time SMU Wait Time
100 nA to 100 mA 27 ms 0.2ms
I nAand 10 nA 47.5ms
Ranging time: varies from 4 ms to 74 ms
Integration time: SHORT, MED and LONG
SHORT MED LONG
50 Hz 36ms 20ms 320 ms
60 Hz 16.7 ms 267 ms

Accessories Furnished

16058A Test Fixture

04145-60001 Connector Plate

04145-61622 Triaxial Cable (3m), 4 ea.

04145-61630 BNC Cable (3m), 4 ea.

04145-61623 Shorting Connector

04145-61100 5 System Discs with a Head Cleaning Disc
(P/N9164-0168)

Ordering Information
HP 4145A Semiconductor Parameter
Analyzer
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COMPONENT MEASUREMENT

Digital IC Tester
Models 5045A, 5046B

® Large program library
® Test IC's to 24 pins
® Printed record of IC failures

5045A Digital IC Tester

The HP 5045A Digital IC Tester is well suited for high volume
incoming inspection of digital integrated circuits, simple enough to be
used by an unskilled operator. To test a device, all that’s required is a
preprogrammed magnetic card. Insert the card into the front panel
slot, and the tester is ready to provide complete DC parametric and
functional verification. Test programs may be selected from an exten-
sive list contained in our program catalog.

Permanent test results of individual IC failures are available on the
standard thermal printer. Lot statistics are tabulated as testing pro-
ceeds, and are available from the printer. These are useful in docu-
menting parts returned to manufacturers.

Test All These Families
TTL (all versions), CMOS, ECL

Universal pin electronics permit each pin of the 5045A to act as a
forced voltage or current driver for inputs, outputs, open circuit, and
power supplies. This provides the flexibility and capability needed to
test combinatorial and sequential circuits, from gates to RAMs. De-
vices with power supply voltages up to 15 volts (—=7.5 V to +7.5 V)
may be tested. As testing requirements expand, your S045A may be
easily and inexpensively updated by adding new program cards. The
nominal cost of these cards means that your cost-of-ownership re-
mains low while your testing ability is kept current.

* Modify existing device programs
® Generate one-of-a-kind device programs
¢ Change test parameters quickly, simply

50468 Digital IC Test System

The HP 5046B Digital IC Test System is a fully programmable
system consisting of the 5045A IC Tester, 9826A Controller and
2671G Printer. The System provides fast voltage and current test pa-
rameter changes with a few simple keystrokes. This ease of program-
ming provides the ability to write or change IC test programs to meet
your special testing needs. Evaluation and characterization capabili-
ties are tailored to meet the needs of incoming QA departments as
well as component evaluation.

Programming

You may apply the exact voltage and current you want for both the
low and high states for any test. It’s like having 24 programmable
supplies available for a 24-pin IC. This capability is easily accessed
using just a few lines of code. There are multiple programming meth-
ods to choose from, so you can apply just the right pattern for the
device under test. You can key in all the 1’s and 0’s line-by-line, or
write a short program block that automatically generates the device
truth table. For ROMs, the system memorizes the output states of a
known good device and automatically makes them part of the test
program. Whether an input or output, test pattern coding is simple,
direct, and provides a complete test for the device. Up to 16 separate
detailed tests may be programmed to meet your exacting testing
requirements.



DC Parametric and Functional Tests

The 5045A thoroughly tests devices both functionally and parame-
trically to ensure that defective components don’t get loaded into your
PC boards. Functional tests check the ability of the device to operate
correctly, according to its truth table, as an appropriate input stimu-
lus is applied. DC parametric tests check the voltage and current on
devices’ inputs and outputs under various conditions specified by the
manufacturer. These tests eliminate almost all defective devices and
avoid the expense of finding and replacing these bad circuits once
they have been soldered into PC boards and perhaps become part of a
complex system.

Economical ROM Testing

To test the many different truth tables which may be programmed
into ROMs of the same generic type, it is not necessary to buy a card
for each one. A single card containing stimulus information for the
generic ROM type is loaded into the 5045A and the unique truth
table of a known good ROM is “memorized” by the 5045A. The com-
plete program is then recorded on a blank card for further use. Dupli-
cates of any card may be made from the original by programming the
5045A, pressing “write”, and then inserting a blank card. ROMs up
to 64K bits may be tested.

Automatic IC Handlers

The 5045A is designed to work with automatic [C handlers needed
for high volume testing. The Kelvin contacts, as well as the special
circuits which generate the fast rise and fall times for testing digital
circuits, are in a removable test head which can be placed within
inches of the IC being tested. Problems caused by long cables between
handler and tester (ringing, oscillation, slow rise/fall times) are
eliminated.

HP, in cooperation with major automatic handler manufacturers,
has designed custom interface kits for popular handiers. So interfac-
ing the S045A or 5046B and an automatic 1C handler requires noth-
ing more than plugging the two together.

Printer Gives Permanent Copy of Test Results

A built-in thermal printer provides useful test information: A) It
tells whether a program is loaded correctly and what program it is.
B) It records the number of failed and passed IC’s. C) It provides
failure analysis information for each failed IC. In its failure analysis
modes, the printer provides very detailed information; a special volta-
ge/current printout, for example. This makes the printer a digital
multimeter.

Failure Statistics

Failure Statistics are valuable when making decisions on the rela-
tive acceptability of a group of devices. This information may be used
as a vendor tracking tool. The 5045A and 5046B aid you in this deter-
mination by tabulating the number of devices that have PASSED and
FAILED since the tester was programmed. General pass/fail statis-
tics are available on the standard 5045A printer. Detailed lot statis-
tics are available using the 5046B’s FAILURE STATISTICS program.

Condensed Accessories

10844A/B: programming interface retrofit kit; con-
tains all necessary parts, cables, interface board, and
instructions to modify the 5045A for use in the 5046
Digital IC Test System. Order 10844A for use with
9825B and 10844B for use with 9826/9836.

10845A: preprogrammed magnetic card for any device
listed in the PROGRAM CATALOG; min. order, 10
programs. .

10846A: book containing ten coupons, each redeem-
able for one IC program listed in the IC PROGRAM
CATALOG. Coupons are mailed to factory, programs
sent by return mail. Coupons expire after 2 years.
10847A: service kit, allows fault isolation and rapid re-
pair of the 5045A through board replacements, thereby
reducing downtime. The kit includes: all CPU boards,
two pin-drivers, card reader and interface, printer inter-
face and solenoid, front panel control, diagnostic
program card kit and accessories, and carrying case.

Programming Tools

The 5046B system software is stored on one standard 9826A Disk.
The programs are accessible using the special function keys on the
desktop computer. The software package contains the following
programs:

The EDITOR provides the capability to: 1) Enter IC test programs

from the 9826A keyboard. 2) Read and store source programs from
the 9826A disk. 3) Provide on-line editing to modify source programs.

The COMPILER provides the capability to: 1) Do syntax checking
on source program statements. 2) Convert the source program into an
object program. 3) Output the object program to the 5045A IC
Tester.

The DECOMPILER provides the capability to: |) Read an object
program from the 5045A IC Tester. 2) Generate the corresponding
source program.

The PROGRAM ANALYZER is used for error checking and debug-
ging of source programs. It interrogates the 5045A processor as it
executes a test program, then prints the following: 1) Listing of actual
test sequence. 2) Programmed test parameters for each pin in each
test. 3) The logical I’s and 0’s for cach pin in each test.

The FAILURE STATISTICS program provides the following: 1)
Printout of failure by pin for each specific test failed. 2) Summary of
failures and failure percentage for each test in the program.

The FAILURE STATE MONITOR program interacts with the
5045A while an 1C is being tested. When a failure is encountered, it
displays the state (vector) in which the IC failed.

The DATA LOG and HISTOGRAM programs provide detailed pin-
by-pin voltage and current performance characteristics on IC devices.
This provides the ability to carefully evaluate an IC’s characteristics
and design margins for usability in a company’s products. Data is
readily available on the 5046B’s system printer in a large, readable
format.

The STORE and RETRIEVE functions provide the capability to
store and retrieve up to 75 compiled programs on each floppy disk.
This capability eliminates the need to load and store program cards
manually for use with the 5045A.

Ordering the Preprogrammed Magnetic Cards

The 5045A is programmed by prerecorded magnetic cards avail-
able from HP. These cards, covering the most common device types,
are listed in our IC PROGRAM CATALOG (HP Pub. # 5952-7662).
This catalog contains a wide variety of logic families and includes the
majority of common device types. When additional programs are
needed after the original purchase, they may be ordered through your
local HP sales office or by mail with a prepaid coupon.

Condensed Specifications

Universal Pin Drivers

The same circuit drives or monitors each pin whether an input, out-
put, power supply, clock, or open. Voltages and currents are individ-
ually programmable for each pin. No external fixtures required.
VOLTAGE applied to the device under test:

Range Accuracy
-75Vto <-1875V +25mv
-1875V1to +1.875V +15mv
>+1.875Vto+7.5V +25mV
CURRENT applied to the device under test:
Range Accuracy*

~200 mA to <-2.5mA 204 mAor +6%

-25mAto+2.5mA +10pAor +6%

>2.5 mA to 200 mA +0.4mAor £6%
*whichever is greater

Slew rate: >33.3 volts/us.

Ordering Information
5045A Digital IC Tester
5046B Digital IC Test System
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CIRCUIT TEST SYSTEMS

Production Testing of Electronic Printed

Circuit Board Assemblies

The decade of the 1980’s will place new de-
mands on production managers to cut costs,
improve productivity, and increase quality.
Automatic test equipment will become a key
strategy in achieving these three goals. Im-
plementing a specific ATE solution, howev-

er, requires careful assessment of the
production environment to ensure the best al-
location of your test resource dollars.

Failures Are Expensive

Evidence suggests that the cost of finding a
failure in electronic equipment increases by a
factor of ten at each stage in the production
process. Detecting a bad component at the
board level costs $5. The charge to locate a
failure at the system level increases to $50.
Once the system makes it into the field, the
expense becomes $500. While the economic
costs are surprisingly high, the intangible
costs can be even greater. Defects at the

board level dislocate the smooth flow of pro-
duction, and may lead to bottlenecks. Fail-
ures which occur during final testing of the
system can force late deliveries and frustrate
efforts to achieve shipment linearity. Once
the product has left your front door, failures
will undermine customer goodwill and a cor-
porate reputation for quality.

Since the cost of identifying faults in-
creases dramatically at each step in produc-
tion, you want to catch faults as early as
possible. It doesn’t necessarily follow that
100% incoming inspection is the answer.
Your real goal is high turn-on rates in final
test. To achieve high turn-on rates requires
boards that are as close as possible to being
defect-free. As the diagram shows, high-
yield PC boards are a function of both good
parts and good processes.

A number of problems can occur during
the PC board assembly process that will lead

to faults. The fault spectrum includes open or
shorted traces on the board itself, wrong
and misloaded parts, poor solder joints, and
damage to components as the board is assem-
bled. With no testing at the board level, such
process faults can lead to unacceptably low
turn-on rates at final test. With a good board

r Good Parts

Good Boards High

Yield

I Good Workmanship Boards

r Proper Handling
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yield of 60% even a simple product with five
boards would overload final test. The laws of
statistics predict that nine out of ten systems
would fail. Clearly, a good place for thorough
testing is at the board level because it repre-
sents the first opportunity to locate faults
across the entire fault spectrum. But is auto-
matic test equipment worth the investment?

The ATE Advantage

Automatic test equipment will save you
money by unlocking productivity and im-
proving quality. Productivity is increased be-
cause labor-intensive manual testing is
replaced by computer-aided testing. In addi-
tion, component-level diagnostic information
provided by the ATE reduces rework costs.

As your production throughput increases,
so does your capacity. At the same time, de-
livery is improved, providing you with a real
competitive advantage.

ATE will also help you to achieve your
quality goals. Higher quality lowers warran-
ty costs and preserves customer goodwill.
Quality, it has been said, isn’t tested in but is
built in. Quite true. But to improve quality
you have to know what to look for. ATE pro-
vides the critical feedback you need to diag-
nose quality problems and to correct them.
Design errors, for example, can be distin-
guished from flaws in the assembly process.
You can also detect slips in vendor quality
and work with them to find a solution.

Your production operation is unique from
any other. To determine if ATE makes sense
you have to compare your total cost of own-
ership with the savings which accrue from us-
ing ATE. Return on investment calculations
very often show that the test equipment will
pay for itself in a year or less.

Choosing a Circuit Board Tester

There are no simple answers to selecting an
automatic circuit test system. Broadly speak-
ing, you have to consider your production
fault spectrum, hardware performance, soft-
ware quality, and the level of service support
you require from the ATE manufacturer.
There is a broad range of questions that must
be considered in each of these areas:

Will the system test for the spectrum of
faults you expect to encounter? Can it test
present and future board types? Can the sys-
tem verify that it is operating properly? Can

i Operational
Good Components
Boards Misloaded Parts
From Eaul
Assembly ault
Process Spectrum Wrong Parts
Fauity Shorts

it diagnose its own failures? Is the system
easy to service? How good is the system’s
software? Can the ATE vendor provide
prompt, on-site service when you need it?

The diagram illustrates the typical types of
faults you can expect to occur at various
stages of the production process. The mar-
ket place has many potential test solutions.
You can choose from simple shorts testers to
equipment that measures individual compo-
nents on printed circuit cards to systems that
verify the dynamic performance of complete
boards.

Three general types of loaded board testers
are now being used: in-circuit testers, func-
tional testers, and combination in-circuit/
functional testers. The in-circuit test system
locates faults by checking components and
circuit paths without energizing the board.
With functional testers, faults are found by
exercising the board in a manner that emu-
lates its use in the final product.

In-Circuit Board Testers

In-circuit testers contact board nodes
through a bed-of-nails fixture. Spring loaded
pins contact internal points on the loaded
board. Components can be isolated using
electrical guarding techniques and then test-
ed for value, placement, and component type.
In-circuit testers make excellent pre-sceen-
ing tools prior to functional testing. They are
well-suited for detecting manufacturing and
workmanship-related faults which for some
boards account for up to 80% of all faults. In
many cases, workmanship errors are a simple
test for an in-circuit tester but to identify the
same defect with a functional tester can be
time-consuming. An example of this is a
short circuit caused by the wave soldering
process. In-circuit testing has access to nodes
in-circuit, so a simple shorts test will identify
the flaw. On the other hand, most functional
test systems require computer diagnostics
and a guided probe to correctly identify
faults.

Another characteristic of the in-circuit
tester is simple test program generation. The
actual functioning of the PC board is irrele-
vant to the in-circuit tester. Tests are at the
component level only. The tester steps
through the program from component to
component and specific characteristics of
each part are examined.

Functional Board Testers

Functional test systems emulate the elec-
trical environment of the board under test.
Stimulus sources act as input signals to the
circuit, while detectors measure the output
and compare it to the expected response. The
major characteristic of functional testing is
the go/no-go nature of the test. PC boards
with many faults require high fault diagnosis
times which reduce the test system’s capac-
ity.

Combined Test Systems

Individually in-circuit testers and function-
al testers offer advantages and disadvan-
tages. Together they are complementary
testing approaches. The spectrum of faults
not covered by the in-circuit tester will usual-
ly be covered by the functional tester.

As product complexity increases, the need
for high yield PC boards also increases. With
high yield boards, final product test times are
minimized, resulting in lower overall testing
costs. High yield can be obtained by combin-
ing functional testing with in-circuit testing,
as the diagram at the top of the next page
shows. This combination produces yields of
90-99%.

Some test systems can execute both in-cir-
cuit and functional testing. They combine the
best features of each approach into one
stand-alone system. Testers that blend in-cir-
cuit with functional test capability not only
can check for shorts and component errors,
but also can validate the dynamic operational
performance of the PC board circuitry.

HP’s electronic manufacturing experience
has led to the development of two major
automatic board test products, the HP
3060A and the DTS-70. Each system ap-
proaches the problem of PC board testing
differently, focusing on the various types of
boards being manufactured. The HP 3060A
is a combined in-circuit and functional test
system for testing both analog and micro-
processor-based boards, while the DTS-70
Digital PC Board Test System is a functional
tester whose simulator-based architecture
can perform testing to a known level of fault
coverage.

HP’s 3060A Board Test System is an ad-
vanced system that combines the latest in-
circuit testing technology with functional
testing. It can handle the toughest testing
problems.

In-Circuit Testing

There are a number of challenges to mak-
ing accurate in-circuit component measure-
ments. Parallel paths must be nullified.
Components with both real and reactive
characteristics must be measured correctly.
Readings must be accurate over a wide dy-
namic range. And both active and passive
parts must be tested.

The 3060A utilizes advanced in-circuit
testing techniques that allow you to isolate
components in commonly found but difficult
to measure circuit configurations. For exam-
ple, a .01 uF capacitor can be measured to an
accuracy of 4% even when shunted by a | KQ
resistor. The key to this measurement is
phase-synchronous detection, a valuable tool
for measuring parts with significant real and
reactive characteristics.

HP’s instrumentation expertise has al-
lowed us to make some real contributions to
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CIRCUIT TEST SYSTEMS

PC IN-CIRCUIT FUNCTIONAL FINAL PRODUCT
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in-circuit testing. True six-wire measure-
ments, phase-synchronous detection, and
measurement enhancement algorithms com-
bine to yield fault coverage beyond tradition-
al in-circuit methods.

HP’s ADVANCED IN-CIRCUIT TESTING

AD AD

AD

Why In-circuit Testing Isn’t Enough

In-circuit testing is a powerful approach.
But today’s complex products require more
than in-circuit testing. Higher PC board
yields are necessary to maintain acceptable
yield at final test. Functional testing verifies
the dynamic characteristics of the circuit un-
der test, and catches the faults that in-circuit
testing will not find. The addition of ad-
vanced in-circuit testing and functional test-
ing adds an increment to your board yield
shown below.

[LEVERAGE PRODUCT YIELD

il =7} Functional Testing
Advance In-Circuit

Testing

In-Circuit
N = Number of PC Testing

Boards in Product

PCBOARD YIELD (%)
&
S

25 50 75 100
PRODUCT YIELD (%)

In a five-board product, increasing the
yield from 75% to 98% increases final test
yield from 23% to 90%. The HP 3060A com-
bines in-circuit testing and functional testing
into one powerful system, minimizing your
capital investment.

Functional Testing Makes The
Difference

The standard 3060A has a wide range of
sources and detectors useful for testing an-

Solder Splash Shorts

Assembly Damaged
pens Cold Solder Joints

Dynamic Fauits
PC Board Functional
Test Induced

alog and digital circuitry. It incorporates
board level stimulus/response testing to
check components like operational amplifi-
ers, DAC’s, and optoelectronic devices. Cir-
cuit parameters such as frequency and period
can be measured and adjustments made. The
3060A’s functional testing capabilities ex-
tend to analog, digital, and combined cir-
cuits. For example, the 3060A can test a
DAC by applying digital patterns and then
monitoring the analog output voltages.

Signature Analysis

The big news in board testing is the micro-
processor. Conventional testers require mas-
sive data storage to test such circuits. But the
HP 3060A uses an HP-developed technique
called Signature Analysis to test micro-
processor boards. The HP 3060A collects
lengthy bit streams at each node and com-
presses them into four-character hexadeci-
mal codes. These codes can be compared to
expected responses during a test. The HP
3060A’s Digital High Speed Functional Test
(DHSFT) option implements the Signature
Analysis approach.

SIGNATURE ANALYSIS
Stop Start
0100110.............. 01001} nature
Data Stream  em—m——jp] A?malyzer

Node
Signature

Real-Time Support

A board tester represents a potential bot-
tleneck in the production process. If a system
fails, you need immediate help in bringing it
back up. HP has a worldwide network of
Customer Engineers dedicated to keeping
your system up and running. You can count
on rapid response to on-site service calls and
spare part requests. When you need technical
applications advice, HP’s System Engineer-
ing Organization is available at modest cost
to help you get the highest returns from your
HP board test solution. You are buying more
than a piece of hardware; you are buying a
partner you can count on.

Product Functional
Missed PC Board Faults

Infant Failure Parts
Field Induced

Large-Scale Digital Testing

Large, complex logic boards will benefit
from the use of HP’s DTS-70 Digital PC
Board Test System. As a simulation-based
tester, it tells you how effective your test pro-
grams are and what portions of the circuit
are not completely tested. The DTS-70 is a
useful R &D design tool that can help you de-
sign better products. Your test engineers will
value its ability to model feedback loops, find
open traces, and identify intermittent faults.

The DTS-70’s power and flexibility come
from its controller, the HP 1000 Computer
System. Its Real-Time Executive operating
system allows you to simultaneously test
boards and develop new programs. As your
testing needs expand, you can add test sta-
tions and programming terminals without
having to add additional computing power.
The operating system is compatible with
database management software to help you
keep track of test data. The DTS-70 will also
fit into your local area networks.

3060A DTS-70
In-Circuit X
Bed-of-Nails X
Edge Connector X
Function
prd < |
Function
e K
Signature X
Analysis
Board
Simulator X
HP-IB X X
Controller HP 9825T System

1000

Two Million Boards Worth of
Experience

HP circuit test products evolved out of our
own internal experience with board testing.
The HP 3060A, for example, is really a
third-generation product. Today, HP uses
more than 150 in-house ATE systems within
our own plants.

Your production operation is unique, but
we can help you characterize it by comparing
the cost of testing, or not testing at each level
toarrive at your best resource allocation. Let
us help you answer these key test questions.



e High Speed, High Volume Digital Testing
® |solate Faults Quickly and Easily
& Eliminate Production Bottlenecks

Description

The DTS-70 Digital Printed Circuit Board Test System can solve
your digital board testing needs. The DTS-70 can test your boards
and isolate faulty components in seconds. Typical tests take only a
few seconds and isolation of the failed component typically takes less
than a minute. All this testing is performed to a known level of test
effectiveness. The TESTAID board simulation software, provided
with the system, enables you to determine the overall effectiveness of
your testing process, a benefit not possible on hardware comparison
testers. The FASTRACE fault isolation software guides your test op-
erator to probe for the faulty component quickly and easily, all but
eliminating costly manual troubleshooting.

The DTS-70 System is a complete system consisting of the 9571 A
Test Station, the HP System 1000 computer and a complete software
package. The 9571A Test Station comes complete with digital test
unit, programmable power for your board under test, and fault isola-
tion probe. The test station is expandable to do added analog testing
that may be required. The field proven HP Sytem 1000 includes the
21MX Series E computer and 7906A disk. The HP System 1000 pro-
vides both testing and software test generation expandability through
the Real Time Executive operating system. The TESTAID simulator
software and FASTRACE fault isolation software provide powerful
test generation capability and advanced fault isolation which even en-
ables you to isolate intermittent faults.

The DTS-70 is a test system with the capability, expandability, and
reliability you expect from HP.

No More Production Down-Time to Develop Test
Programs

The multi-terminal capability of the DTS-70 allows you to generate
test programs without shutting down testing on your production line.
No longer do you have to choose between production shut downs and
spending tens of thousands of dollars for off-line test generation capa-
bility. All you need is a relatively inexpensive terminal. Need more
programming capability to keep up with new boards? Add up to six
terminals to the DTS-70 for use as programming stations.

High Speed, High Volume Digital Testing

Test complex boards in only seconds compared to the minutes or
even hours necessary for manual test and fault isolation. The DTS-70
is capable of testing tens of thousands of PC assemblies a month for
high through put requirements.

Isolate Faults Quickly and Easily

Troubleshooting and isolation of faulty components is done auto-
matically. The computer instructs your test operator to isolate the
fault in seconds using the guided probe. Avoid time-consuming man-
ual fault diagnosis and reduce the need for highly skilled technicians.

CIRCUIT TEST SYSTEMS

Digital PC Board Test System
Model DTS-70

Eliminate Production Bottlenecks

The DTS-70 can test those complex boards that are so hard to
troubleshoot at your final product test station and which hold up your
shipments. The DTS-70 is capable of testing complex boards with
over 200 MSI components.

How Effective Is Your Test?

Only a simulator-based tester such as the DTS-70 can tell you how
effective your tests are. The DTS-70 not only tells you how effective
your test is, but also which nodes on the board need further attention.
This has improved test quality over manual functional test generation
methods by factors of two or more.

Model Your Designs inR & D

Catch costly design and testability problems before they become
designed-in problems. The DTS-70 TESTAID simulator software
models the behavior of your designs, points out testing trouble spots,
and predicts race and hazard conditions to your designers. Simulation
at the design stage can prevent marginal designs and designed-in
problems from reaching your end-users, preventing high warranty
costs or costly on-site repairs.

Worldwide Service

The DTS-70 Digital Test System is designed and manufactured by
Hewlett-Packard and is backed up by HP worldwide support. HP rec-
ognizes that in a high volume production environment, each hour of
operation affects a large portion of your profit dollars. When you take
delivery of a DTS-70 system, the following support is available to you,
worldwide, to keep your system working for you.

Installation

Installation services will be provided with each purchase of a DTS-
70 Test System. These services consist of site preparation data in ad-
vance of system delivery and installation when your system arrives.

Warranty

A complete warranty program covers the entire DTS-70 system for
90 days beyond the system installation date. This warranty provides
complete repair service during the warranty period.

Customer Assistance Agreements

For system support beyond the warranty period, Customer Assis-
tance Agreements are offered for hardware support and software sup-
port. You may select these services together or you may tailor a
service program to match your individual needs. With the exception
of extremely remote areas, these support programs are available
throughout HP’s worldwide service organization.

Training

A digital test programming course is included for customer person-
nel responsible for developing test programs. This 10-day course
teaches system operation, FASTRACE fault isolation and empha-
sizes use of TESTAID to generate digital test programs. Two enroll-
ments are provided with the purchase of a DTS-70 system.

Documentation

Every DTS-70 System is delivered with a complete set of operating
and service documentation. The documentation set includes system
level manuals, instrument level manuals, software manuals and quick
reference guides.

Field Support Package

For those DTS-70 users who choose to do their own servicing, HP
offers special field support packages in the form of service kits that
contain replacements assemblies. These service kits are designed to
allow a user to support his DTS-70 system. For more information on
these field support packages, contact your local HP field engineer.

Ordering Information
DTS-70
(Depends Upon Test Configuration)
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CIRCUIT TEST SYSTEMS

In-Circuit/Functional Test System
Model 3060A

® Precision in-circuit measurements
® Analog, digital functional testing
® Automatic program generation

Description

The HP 3060A Board Test System combines advanced in-circuit
measurement techniques with functional testing to increase your
manufacturing productivity and reduce your costs. Because the
3060A represents the power of two systems in one, precious capital
investment dollars are conserved. Board handling is minimized and
throughput is increased.

The 3060A Board Test System contributes exceptional perfor-
mance. It is the only test system on the market that offers you the
precision of true six-wire guarding. A broad selection of signal
sources and detectors gives the flexibility to functionally exercise your
analog and/or digital PC boards under actual operating conditions.
Signature analysis lets you tackle microprocessor-based boards with
ease. Combine these hardware features with automatic program gen-
eration software and you have a system offering unparalleled perfor-
mance.

State-of-the-Art Hardware

The HP 3060A combines the best of in-circuit and functional test-
ing hardware. Making accurate in-circuit component measurements
in the presence of parallel paths, reactive parts, and production-floor
EMI requires care. The HP 3060A delivers unsurpassed accuracy
with true six-wire guarding, phase-synchronous detection, and mea-
surement enhancement algorithms, Six-wire guarding is an advanced
in-circuit measurement technique that dramatically extends the
range of circuit configurations that can be tested by eliminating mea-
surement errors introduced by the test equipment. Measurement en-
hancement software corrects for voltage offsets, thermal EMF’s, bias
currents, and source loading. Phase-synchronous detection separates
real and imaginary components in a reactive network or within a sin-
gle part.

Functional testing simulates operating conditions the board is ex-
pected to encounter. A wide range of internal sources and detectors is
built into the HP 3060A. [n addition, you can add external sources
and detectors to meet special test requirements. Both analog and digi-
tal stimuli can be used simultaneously to test even the most complex
hybrid circuits like ph